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OIIMCAHHUE U30BPETEHHUSA
2420-560281EA/011
CIIOCOBBI HOBBILNIEHUS YPOXKASA 3EPHA

Oo0aacTb u3odperenust

Hacrosiee nzo0pereHne OTHOCUTCS K Croco0aM MOBBIMIEHUS YPOXKAHHOCTH paCTEeHHH, a
B YACTHOCTH, ypO)kasi 3epHa Onaronmapsi CHMKEHUIO YPOBHSI 3KCIIPECCHHM W/WIM aKTUBHOCTH
OTUB! u mnocnepyroomei Moaudukamuy ypoBHEH IO MeHbIIeH Mepe OmHOro ¢akropa
TPAHCKPUIIIIMK, TOHOOHOro Oesky, cBssbiBaromemMycs ¢ mpomoropom SQUAMOSA (SBP-
noMeHa), y pacteHuid. Takke ONHMCAHBI TEHETUYECKH MOAM(DHLMPOBAHHBIE PACTEHUS,
OXapaKTEePU30BaHHBIE [0 BBIIIEYKA3aHHOMY (EHOTHIYy, M CHOCOOBI BBIPAIIMBAHUS TAKHX
pacTeHuil.

IIpeanocbiiku co3aaHust H300peTeHUs

Puc npencraisier coO0 BayKHBIN MUIIEBONH MPOAYKT, YIOTPEOISAEMBIH JTFOIbMU BO BCEM
mupe. Pasmep u popma 3epHa prca nmpencranisieT COOOH KIIFOUEBbIe arpOHOMUYECKHE TIPU3HAKHY,
ONpeAeSIIOIINE YPOKANHOCTh U BHELIHUM BUJ 3€pHA. Y pHca, IJINHA, IIUPHUHA U TOJILIHUHA 3€pHA
acconumpyercst ¢ pasMepoM U Gopmoil 3epHa. Y puca ObLIO OXapaKTEPHU30BAHO HECKOJBKO
BAXKHBIX T€HOB, BIMSIOMUX Ha pasmepsl u popmy 3epHa (Fan et al., 2006, Song et al., 2007,
Shomura et al., 2008, Weng et al., 2008, Che et al., 2015, Duan et al., 2015, Hu et al., 2015,
Wang et al., 2015 and Si et al., 2016), HO MOJIEKYJISIPHbIE MEXaHU3MBI, ONPENETAIOIIUE Pa3Mep U
¢dbopMy 3epHa, 1MoKa ele TOUHO HE ONpPEeeNIeHbI.

Heckonpko pakTopoB, KOTOpBIE BIUAIOT Ha MPOIH(Eparuio KIETOK, ONPENeNsoT pa3Mep
3epHa puca. Tax, Harmpumep, reH GRAIN SIZE 3 (GS3) notepu QpyHKIUHN JaeT JIMHHOE 3€PHO B
pesyabraTe yBenuueHus uucna kiuetok (Fan et al., 2006, Mao et al., 2010). GS3 xomupyer
npeamnonaraemMyro y—cyobenuauny G-0Oenka. AHaNOrMYHBIM  00pa3oM, NpearnoiaraeMas
nporena—pocdaraza (OsPPKL1), xommpyemas GL3.1/qGL3, orpanmumsaer mponudeparnuro
KJIETOK, ¥ €€ MyTaHT C moTepeit pyHKuu gaer amuHHoe 3epHo (Hu et al., 2012, Qi et al., 2012,

Zhang et al, 2012). B npoTHBONOJOXHOCTb 3TOMY, THpeAroiaraeMasi CepuH—

kapOokcunentuaasa, konupyemas GS5, u dakrop Tpanckpunuuu OsSPL16, ctumynmpyior,
TJIaBHBIM 00pa3oM, pOCT 3epHa MOCPEICTBOM WX BJMsiHUS Ha uucio kierok (Li et al., 2011b,
Wang et al, 2012). Monyne OsMKK4-OsMPK6 Bamser Ha pocT 3epHa NOCPEICTBOM
yBenuueHus: yucna kietok (Duan et al., 2014, Liu et al., 2015). IIpouecc pa3sMHOXKEHHUS KJIETOK
TAaK)K€ HUrpaeT O4YeHb BAXXHYIO pOJIb B OIpeldeleHUM pa3sMepa 3epHa. Bpicokuii ypoBeHb
skcnpeccun ¢akropa TpaHckpunimmu SPL13 maer miwHHOE 3epHO B pe3ysibTaTe YBEUYCHHSI
el KiieTok (Si et al., 2016). Poct—perynupyromuii pakrop 4 (OsGRF4), konupyemsrit GS2,
acconumpyercst ¢ koaktusaropamu Tpanckpunimu (OsGIF1/2/3), uTo npuBOIUT K YBEITHUEHHIO
pa3Mepa 3epHa MPEUMYINEeCTBEHHO MOCPEACTBOM BO3nelcTBUs Ha pasmep kiertok (Che et al.,
2015, Duan et al., 2015, Hu et al., 2015, Li et al., 2016, Sun et al., 2016). Ot ucciaenoBaHus
MO3BOJISAIOT MPEATONOKUTD, YTO PETyJISILMs TPAHCKPUIILUN UIPAET BAXKHYIO POJIb B POCTE 3€pHA
puca. Boicokuii yposeHb skcnpeccun GW7/GL7/SLG7, KOTOpBIH, BEpPOATHO, y4acTBYET B

OopraHu3alu MI/IKpOpr6OLIeK, AaC€T NJIMHHOC 3€PHO B PE3YJIbTATC YBCJIMYCHUA AJIMHBI KIICTOK



u/um yBenudeHust ux koimuectBa (Wang et al., 2015a, Wang et al., 2015b, Zhou et al., 2015).
Taxum o0Opa3omM, mporeccsl mpoaudepaniy KIETOK U Pa3MHOKEHHs KIETOK KOOPIUHHPOBAHHO
BJIMSIIOT Ha pa3Mep 3epHa puca.

Y OUXUTHH-TIPOTEACOMHBIH ITyTh UTPAET BaJKHYIO POJb B POCTE CEMSIH pUcCa U PAaCTEHUN
apyrux BumoB (Li and Li, 2014, Li and Li, 2016). YOuxutuH MoxeT ObIThb MPUCOEIUHEH K
OeIKaM—MUIIEHSIMH TOCPEACTBOM  yOMxurtuHm3auuu. JleyOmxuruHmsupyromue (GepMeHTsI
(DUB), Takue kak oTyOamH-TIpoTeasa, yOMXUTHH—cneuupudeckas nporeasa, youxutuH—C—
KOHLeBass ruapojaza, Josephins u JAMM  wMoryr oOTWemsitb  YOMXUTHH — OT
yOuxutunusupoBaHHbx 0eskoB (Nijman et al., 2005). B puce, 6enok ¢ HeM3BeCTHOH (PyHKIHEH,
konupyembiii qSW5/GWS, mpennonokuTenpbHO YYCTBYET B NMyTH YOMXUTHHA, a TU3PYIILHS
qSWS5 nmaet mupokoe 3epHo (Shomura et al., 2008, Weng et al., 2008). Crnenyer OTMETHTb, YTO
panee He uneHTuduuupoBanHeii reH GSES B nokyce qSW5/GWS Obut HemaBHO OIMUCAH Kak
reH, orpaHuuuBarommid mupuHy 3epHa (Duan et al., 2017). GSES komupyer Oenok,
ACCOLIMMPOBAHHBIA C TUIA3MaTHYECKOW MeMOpaHOW W coneprkamuii nomensl 1Q, a HU3KUH
yposenb skcripeccuu GSES B HekoTopeIx coprax indica v B OONBIIMHCTBE COPTOB japonica Jaer
mupokoe 3epHo (Duan et al., 2017). YOouxurns—nurasa E3 tuma RING, xonupyemas GW2,
OrpaHUYMBAET POCT 3€pPHA, a €€ MYTaHT ¢ moTepell PyHKIUHN gaeT mupokoe 3epHo (Song et al.,
2007). AnanornuHbeiM oOpa3om, ee romosior DA2 B Arabidopsis orpaHHYMBaeT poct CeMsH
NIOCPEINCTBOM MaTepUHCKOHW Hapy»HOH obonouku (Xia et al., 2013). DA2 u gpyras yOuXuTuH—
muraza E3 BB/EOD1 ¢usuueckn B3aMMOAENUCTBYIOT ¢ peunentopoMm yoOuxutuHa DAL, utO
MPUBOIUT K MOAABJICHUIO pocTa ceMsiH U opranos (Li et al., 2008, Xia et al., 2013). DAT Taxxe
o0azaer nenTuaa3HoONW aKTUBHOCTBIO, KOTOPAsk MOXKET PACLIETIIATh YOMX UTHH—CIIELIN(PUIECKYTO
nporeazy (UBP15/SOD2) (Du et al., 2014, Dong et al.,, 2017). Takum oOpa3om, Moxudukanus
OeJKOB MOCPEACTBOM YOMXHTHHA WIpPaeT BAXKHYIO pOJIb B OIpPENENeHUH pasMepa CeMsiH
pacTeHui.

Puc ynorpebmsitor B nuiy Oosee, yeM MOJIOBHHA HaceJdeHus: Bcero mupa. HecMotpsi Ha
3HAYUTENbHBI mporpecc B cOope yposKkas, MAOCTHTHYTBHIH Oyaromapsi HCHOJIb30BAHUIO

o 1-3
MOJIYKaPJIUKOBBIX PACTCHUU W MNPHUMECHCHUIO TIe€TEPO3UCa MOBBIICHUE YpOXKasd puca,

,
BO3MOYKHO, TPEBBIIAIOIIEE YPOXKal CYIIECTBYIOUIUX SJHMTHBIX COPTOB, SIBJISIETCS OCHOBHOM
3aaa4en nis pI/ICOBOHOB4. JIns BBIXOJIA 3a Mpenesibl yPOKaHnHOCTH CYLIECTBYIOIINUX COPTOB PHUCA,
OBUT TPEeNIoKEeH WAUOTUITUYECKUH METOA, M 3TOT MEeTO[ ObLI MPUMEHEH B MPOrpamMmax IIo
pI/ICOBOI[CTBy4_7. C navana 1990—x romos, cneuuanucramu MexayHaponHoro HuctutyTa
uccnenoBanus puca (IRRI) Opu1 BeIBemeH psim coptoB puca «HoBoro tumay (NPT), rme
CTPYKTypa 3TUX PACTEHHH OTIMYAETCS OT CTPYKTYPBI OOBIYHBIX COPTOB, TO €CTh, 3TH PACTCHHUS
UMEIOT 0oJiee KPYITHbIE METENIKH, MEHee CTepHJIbHbIe moderu u Ooyiee mpodHbie cTtedin. XoTs
HEeCKOJbko copToB puca NPT Oputm koMMepueckw peannsoBaHbl6’7, OIHAKO, TE€HETUYECKas
OCHOBa UX (poHOTHIA OBUIA OOBSCHEHA TOJNILKO HA YPOBHE JIOKYCOB KOJIMYECTBEHHOTO MPH3HAKA
(QTL)®. ABropamu Gsuto 0GHapy:xeHo, uro NPT1 xomupyer ren OTUBI, To ects, oTybanH—
nooOHY0 TPOTeasy, 00JaNaAIIyI0 1eyOUXUTHHH3UPYIOLIEH aKTHBHOCTHIO.

HezaBucumo ot 9TOro, JAJjAd HaHbHefILHeFO BBIABJICHUA MCEXAHU3MOB OIPCACIICHUS



pasmepa u (QopMbl 3€pHA, aBTOpaMH OBLIO HUASHTU(UIMPOBAHO HECKOJIBKO MYTAHTOB IIO
pa3mepy 3epHa puca (Duan et al., 2014, Fang et al., 2016). ABropamu OblT OXapaKTepH30BaH
MYTaHT C IIMPOKHUM U TOJCTHIM 3epHOM 1 (wtgl—1), KOTOpBIi HaeT IUPOKOe, TOJICTOE, KOPOTKOE
u Tsokenoe 3epHo. WTG1 komupyer OTUBI, To ecTb, TOT € caMblii T'€H, KOTOPBII
npucytcTByeT B jJokyce NPT puca. Ceepxskcnpeccus WTGI naer y3koe, TOHKOE M AJIMHHOE
3epHO. Takum 00pa3oMm, aBTOPBI HACTOSILIErO HM300pPETEHUs] OMPENeTHIN OTYyOaHH—TIOJOOHYIO
nporeasy WTG1 kax BakHbIi (akTop, onpenenstomuii pa3mep 1 GopMy 3epHa, a TaKkke APyrHe
BaKHbIE arpOHOMHYECKHE MPHU3HAKH, BKJIIOYAsl OOLIYI0 YPOKAWHOCTH CEbCKOXO3SHCTBEHHBIX
KYJBTYP.

CnenoBarenbHO, HEOOXOOUMO TIOBBICHTH YpOJKalh 3€pHA KOMMEPYECKH LEHHBIX
CEeJIbCKOXO3STICTBEHHBIX KYJIbTYP, TaKUX Kak pHC. JTa mpobiiemMa MOXKET ObITh peleHa ¢
UCTIOJIb30BAHUEM HACTOSIIIETr0 H300PETEHMSI.

CymHocTb n3o0pereHust

ABTopamu ObpUIO HeokHIaHHO oOHapykeHo, yro reH OTUBI (Takke W3BECTHBIA U
obo3Hauaembiii kak «NPT1», «DEP5» u «WTGIl», rme yka3aHHblE TEPMHUHBI MOTYT
UCTIONIB30BAThCSI KAK CHHOHUMBI) COXPAHSET KOJMYECTBEHHBIN MPU3HAK YPOXKAWHOCTHU 3epHa. B
YaCTHOCTH, aBTOpaMH ObUIO HEOXKUAAHHO OOHAPYKEHO, YTO HMHIMOMPOBAHHWE WJIM OTMEHA
SKCIIPECCUN WM AeyOMXUTHHA3HOW AaKTUBHOCTH JTOro Oelka MPHUBOAWUT K IIOBBILICHUIO
AKTUBHOCTH MEPUCTEMBI, K YBEJIMYEHUIO YMCIA 3€PEH Ha METENKY, K YBEJINYeHHIO MacChl U
LIMPUHBI 3€pHA U, YTO CaMO€ BaXXHOE, K MOBBILICHUIO YpOXKasi 3€pHa.

B omHOM ©3 CBOMX aCHeKTOB, HACTOsIIee H300peTeHHEe OTHOCHTCS K CrIocoly
NOBBIIIEHNSI YpO’Kasi 3€pHA PACTEHHs, TJe€ yKa3aHHBIH Croco0 BKIIOYAET CHIDKEHHE YPOBHS
SKCIPECCUU TI0 MEHbINeH Mepe OAHOW HYKJIEHHOBOH KHCIIOTBI, KOTUPYIOLIeH OTyOanH—
nonobHyro mporeasy (OTUBI1), w/unu CHUXKeHHE aKTUBHOCTH OTyOaMH—TIOAOOHON mpoTeasbl.
IIpennovrurenpHO, YKa3aHHOE MOBBILIEHUE YPOJKasl 3€pHA BKIIOYAET YBEJIUYCHHE 110 MEHbIIEH
Mepe 4YHclia 3epeH, YMCiia 3epeH Ha METENIKy, MacChl 3epHa, LIUPUHBI 3€pHA, TOJLIUHBI 3epHA
W/WJTH MaCChI THICSTYU 3€PEH.

Crioco® MOXeT BKJIFOYATh BBEIEHHE MOCPEICTBOM OAHON MyTallMH MO MEHbLIEH Mepe B
OJIHY TMOCJIEOBATEIBHOCTh HYKJIEMHOBOH KUCIOTHI, koaupyromyto nonunentun OTUB1 w/mmum
npomotop noymnentuaa OTUB1. Myranuein moxer ObITh MyTalusi ¢ oTepeil GyHKIMH Win ¢
YaCTUYHOHN moTepeil (yHKUMH, WHIN HHCEepUUMs, AeNenus W/WiaM 3aMmeHa. [IpennouTHTensHO,
MyTaluen sBIseTCsl JE0Oass MyTalus, KOTOpas MOXKET CHIKATh YPOBEHb SKCIPECCHU HIIH
aktuBHoctu OTUBI.

Ecnmu sToT cmoco® BKIIOYAeT BBEACHHWE MYTALMH, TO TaKas MyTalUs MOXKET OBITh
BBEJIEHA MMOCPEICTBOM HAIEICHHOH MOAU(UKALUN reHoMa, a npeanodyrureabHo, ZFN, TALEN
wim CRISPR/Cas9. AnprepHaTHBHO, B HEKOTOPBIX BapHAaHTaX OCYIIECTBIECHUS H300pETEHUS,
MyTalysi MOXKET OBITh BBEAEHA MOCPENCTBOM MyTareHesa, a npeanodrurensHo, TILLING wmu
uHcepuun T-/IHK.

B npyrux BapmaHTax OCYINECTBJIEHUS H300peTeHMs, CHoco0 MOXKET BKIJIOYATh

ucnosp3oBanne PHK-uHTEppEepeHny st CHIKEHHUs] WM OTMEHBI SKCIPECCHH HYKJIEUHOBOM



kucyaotsl OTUBI.

B HeKOTOpBIX BapHaHTax OCYLIECTBJIEHHs M300peTeHUs, YKa3aHHAs YPOXKaHHOCTb Oblia
MOBBIIIEHA IO CPaBHEHHUIO C YPOXKAWHOCTBIO PACTEHUS AMKOIO THUMA WU KOHTPOJBHOIO
pacTeHus.

B HekOTOpBIX BapMaHTax OCYLIECTBJIEHHs M300pETeHUs, MyTalus MPHUBOAUT K
CHIDKEHUIO MJIM OTMeHe ieyOouxuruHasHoi aktusHocti OTUBI.

Hacrosimee wn300peTeHne TakKe OTHOCHUTCSI K T€HETHUECKH MOAU(PHLINPOBAHHOMY
PaCTEHUIO, €ro YacTH WM KJIETKE, I7le YKAa3aHHOE PACTEHHUE COAEPKUT IO MEHbIIEH Mepe OHY
MYTalLMK0 IO MEHBbLIEH Mepe B OJHONH HYKJIEMHOBOHN KHCJIOTE, KOAUPYIOILEH MOJUNENTUA
OTUB1 w/umu npomotop OTUBI.

PacTenne MoxeT ObITh OXapaKTEPU30BAHO MO CHUKEHUIO WJIM OTCYTCTBHIO 3KCIPECCHU
nojunentuaa OTUB1. AnbTepHaTUBHO WJIHM JOMOJHUTENBHO, YKa3aHHOE PACTEHHUE MOXKET ObITh
OXapaKTEPU30BAHO MO CHIKEHHIO WJIM OTCYTCTBUIO eyOnxutuHasHoi akrusHoct OTUBI.

B HeKoTOphIX BapHMaHTaX OCYIIECTBIEHHUs HW300pPETEHUs, YKAa3aHHOE pPAaCTEHHE
XapaKTEepU3yeTCsl MOBBILIEHUEM ypOKas 3€pHa, MPEANOYTHUTENBHO, €CIU YKA3aHHOE PAaCTEHUE
CPAaBHUBAIOT C KOHTPOJIBHBIM PACTEHUEM WM PACTEHUEM JUKOIO THUIA. Y KA3aHHOE MOBBILIECHHE
ypOXKast 3€pHa BKJIFOYAET yBEIMYEHUE IO MEHBIIEH MEPE YUCJIA 36PEH, YHUCIIA 3€PEH HA METEIIKY,
Macchl 3€pHa, IIUPUHBI 3€PHA, TOJIIUHBI 3€PHA, MACChl THICSYM 3€PEH W/WUJIM yMEHbIICHHE
JJIVHBI 3€pHA.

B HeKOTOpbIX BapHaHTaX OCYIIECTBJICHHsS U300pPETEeHNUs, yKa3aHHON MyTaluell sBIseTcs
MyTalysi ¢ THOoTeped WM ¢ 4YacTU4HOM mnoreped ¢yHkuuu. I[IpenmouTurensHO, yKa3aHHON
MyTaluen sIBJISETCs] HHCEePLMs, Aeenns W/ uian 3amena. [IpeanouturenbHo, MyTaluei sBisieTcs
mobast MyTalus, KOTOpasi MOXKET CHIDKaTh yPOBEeHb dkcnpeccuu nin aktusHoctT OTUBI.

B HEKOTOpBIX BapHaHTax OCYIIECTBICHUS M300pEeTeHHs, MyTalHsi MOXKeT ObITh BBEICHA
IIOCPEICTBOM HaLleNIeHHOH Monudukaiuu renoma, a npeanouturensHo, ZFN, TALEN wmn
CRISPR/Cas9. AnbrepHaTHBHO, MyTallUsi MOXeT ObITb BBEIEHA MOCPEACTBOM MyTareHesa, a
npennoututenbHo, TILLING unu uncepiun T-JIHK.

B HeKOTOpBIX BapuaHTaX OCYIUECTBJICHUS HW300pETEHUs, pAaCTEHHE BKJIIOYAET
koHcTpyKuuto 1t PHK—uHTEpdepernnu, KoTopasi CHIKAeT YPOBEHb SKCIIPECCUU TOJIHUIIENTHIA
OTUBI1. B onaom u3 npumepos, koHcTpykuus st PHK-unaTepdepenunn conepxur SEQ ID
NO: 210 umu cocroutr u3 SEQ ID NO: 210 wnu ee BapuaHTta, Kak OBLIO ONPENEJCHO B
HACTOSLIEH 3asiBKE.

YacTero pacTeHusi, NPEeANOYTUTENBHO, SIBJIIETCS 36PHO UJIN CEMEHa.

Hacrosimmee wn3oOpereHne Takke OTHOCHTCS K CIIOCOOY BBIPAIIMBAHUS PACTEHHS C
NOBBIIIEHHON YPOJKaHHOCTBIO 3€PHA, I/Ie YKa3aHHBIA CIOCO0 BKJIIOYAET BBEACHHE MO MEHbLIECH
Mepe OJHOM MYyTallMM MO MEHbIIEH Mepe B OAHY IMOCJIEN0BATEIbHOCTb HYKIEMHOBOW KUCIIOTBI,
konupyromyro nonunentunx OTUB1 w/unu npomorop nomunentuaa OTUB1. MyTauuei MoxxeT
OBITh MyTaLUs C MOTepel PYHKIMU WK C YACTUYHOHN morepeil QyHKIMH, a MPENIOYTHTENbHO,
UHCEPLVs, JeNenust w/unu 3amena. IlpeanodyrurenbHo, MyTanuel sBiseTcs: o0as MyTarlus,

KOTOpasi MOKET CHIXKATh YpOBeHb sKcnpeccuu uinu aktusHoctu OTUBI.



B HEeKOTOpBIX BapuaHTaX OCYIIECTBJIEHHUS MU300PETEHNUs, MyTALUIO BBOIST MTOCPEICTBOM
HaneneHHoi momgupukauuu reroma, a npexanouturenbHo, ZFN, TALEN umn CRISPR/Cas9.
AnbTEepHATUBHO,  MyTalMl0  BBOAST  MOCPEACTBOM  IIOCPEACTBOM  MyTareHesa, a
npeanoututenbHo, TILLING unu uncepuuu T-/IHK.

Hacrosimee wn3o0OpeTeHne TakKke OTHOCHTCS K CrocoOy BBIPAIMBAHUS PACTEHUS C
HOBBILIEHHOH YPO’KaHOCTBIO 3€pHA, TA€ YKa3aHHBIN CIIOCO0 BKJIIOYAET BBEJEHHE B YKA3aHHOE
pecTeHne M OSKCIPECCHI0 B YKAa3aHHOM pacTeHuu KoHcTpykuuu i PHK-umnTepdepenumy,
KOTOpasi CHIDKAaeT YPOBEHb 3KCIPECCUH WM OTMEHSET SKCIPECCHUI0 HYKIEHMHOBOH KHCIOTHI
OTUBI1. B onnom u3 npumepos, koHcTpykuus st PHK-unTepdepenunu conepxur SEQ ID
NO: 210 umu cocrour u3 SEQ ID NO: 210 wnu ee BapuaHta, Kak ObLUIO ONPENECHO B
HACTOsILIEN 3as1BKE.

CriocoObl corflacHO M300PETEHHI0 MOTYT TAK)Ke BKJIOYATh OIEHKY YPOBHS MOBBIICHUS
[0 MEHbLIEeH Mepe yposkas 3epHa, I7le Yka3aHHas OlLleHKa BKJIIOYAeT ONpefesieHHe MOBBILICHMUS
[0 MEHbLIEH Mepe uYucia 3€peH, Yucia 3epeH Ha MeTEeJIKYy, Macchl 3€pHa, IIUPUHBI 3€pHa,
TOJIIIMHBI 3€PHA, MACChl THICSYH 3€PEH W/WUJIM YMEHbIUIEHHUS JUINHBI 3epHa. [IpenmnodTuTensHo,
yKa3aHHOE YBeJIMYEeHHE CPABHUBAIOT C KOHTPOJIbHBIM PACTEHHEM WM PACTEHUEM JIMKOIO TUIIA.

CriocoObl  cOrflacHO M300PETEHHI0 MOTYT TaKKe BKIIIOYATh OLEHKY CHIDKEHHS WU
OTCYTCTBHSI 3Kcrpeccuu HykienHoBouW Kuciotel OTUB1 w/unm OmEeHKY CHUKEHUS WIH
OTCYTCTBHUSI AKTHUBHOCTH, a MPENNOYTHTEIBHO, NEeyOMXUTHHA3HOH AKTUBHOCTH ITOJIUIMENTHAA
OTUBI.

CriocoObI cornacHO M300PETEHHI0 MOTYT TaKKE BKJIIOYATh PEreHEpALdI0 PacTEeHUs U
CKPUHHHT Ha MOBBIIIEHUE YPOKas 3epHa.

Hacrosiee n3o0pereHne Takke OTHOCUTCS K PACTEHUIO, K YaCTH PACTEHMS HIIH K KJIETKe
pacTeHusi, TMOJYYEHHbIM WM IOJY4aeMbIM JIIOOBIM OJHMM WM OOJiee M3 ONMHCAHHBIX BBIIIE
C1Ioco0O0B.

Hacrosiiuee n3o0peTeHne Takke OTHOCUTCS K CIOCOOy MaeHTH(UKALUU W/Hiu orOopa
pacTeHus, KOTOpoe OyZeT naaBaTh TIOBBILICHHBIH YypOXKail 3epHa, NPEATNOYTUTENIbHO, IO
CPAaBHEHHIO C PACTEHHEM JIUKOTO THIIA WJIM KOHTPOJBHBIM PACTEHHEM, ITIe YKa3aHHBIA CrIocod
BKJIFOYAET JI€TEKTUPOBAHME B PACTEHMM WU B 3apOJBIIIEBOI IIa3Me pPacTeHMsI MO MEHbLIei
mepe oxHoro noymmopdusma B reie OTUB1 w/unmu B mpomorope OTUBI1, u otdop ykazaHHOTO
pacteHust uiaM ero moromctea. llommmopdu3mMoM MoKeT ObITb WHCEpLHs, AeNenus Wi
3aMeHa. JTOT Crmocod MOXKET TaKKe BKJIOYaTh HHTPOTPECCHI0O XPOMOCOMHOH obiactw,
comepxaiieil mo MeHblield mepe omauH nonumopdusm B reHe OTUBI1 w/mmm B mpomortope
OTUBI, Bo BTOpO€ pacTeHHE€ WM B 3apOABIIIEBYIO IJIa3My 3TOTO PACTEHHUs C MOJIy4deHHEM
pacTeHusl WM 3apObIIIEBOH I1a3Mbl PACTEHHUS C UHTPOTpeCcCUe.

B onHom BapuanTe 000T0 M3 BhIMEONMUCAHHBIX acnekToB, nomunentuny OTUB1 moxer
BKJIFOYATh, WA COCTOSTh U3 HEE, aMUHOKHUCIOTHYIO nocienoBareabHOCTh SEQ ID NO: 1 unu ee
(YHKIMOHAIBHBIN TOMOJIOT MJIM BapHaHT. B apyroMm BapmaHTe OCyLIECTBIEHHS H300pEeTEHUs,
HykjaeuHoBass kuciaora OTUBI1 Bxirodaer, uiMm COCTOUT U3 Hee, IMOCIENOBATEIbHOCTh

HYKJIEMHOBOM KHUCNOTBI, KoTtopas koxupyeT SEQ ID NO: 1. B npeanodyrurenbHOM BapuaHTe



OCYIIECTBIIEHHS] M300pETeHHs, HYKJIEHHOBAsA KHCJIOTa OTCYTCTBYET BKIIFOYAET, WJIM COCTOUT U3
Hee, IMOCJIeAOBATEIbHOCTh HYKJIEHHOBOM KHUCIOTHI, BbiOpaHHyo u3 SEQ ID NO: 2-5, wiu ee
(YHKIMOHANBHBI BAapHUAHT MJIK TOMOJIOT. B OIHOM W3 TNpPUMEpPOB, TOMOJIOI MOXKET HMTh
NOCJIEI0BATENbHOCTD HYKJIEMHOBOW KUCJIOTBHL, KoTopas koaupyer mnonunentun OTUBI,
onpeneneHHelii B SEQ ID NO: 14-20, unu ee (QyHKUMOHAJIbHBIA BapUaHT, ONpENENEeHHBIN B
Hacrosuen 3asaBke. [IpennouTuTenbHO, NOCIE0BATENBHOCTh HYKJIEMHOBON KUCIOTHI TOMOJIOra
OTUBI Bsibupatot u3 SEQ ID NO: 7-13 unn ee QyHKIIMOHAIBHOIO BAPUAHTA, ONPEAEICHHOIO
B HACTOsILIEH 3asBKe.

B npyrux BapuaHTax JHOOBIX BBIIIEONHMCAHHBIX ACHEKTOB, MOCJIEIOBATEIbHOCTD
HyKJIenHOBOM KkucaoTel mpomoropa OTUBI1 mosker BkimoudaTh, unu coctoste U3 Hee, SEQ ID
NO: 6 nmn ee QpyHKIMOHAIBHBIA BapUaHT WM TOMOJIOT. B OIHOM BapHMaHTe OCYINECTBIICHHS
u3o0perenus;, romosor BeiOpaH u3 SEQ ID NO: 21-27 nim ux (yHKIHMOHAJIBHOTO BapUaHTa,
OTIpe/IeNIEHHOI0 B HACTOSLIEH 3asBKe.

PacTenne, mpeanoYTHTENBbHO, BBIOPAHO M3 pHCA, MINEHHUIBI, KYKYpy3bl, COH, COpTO,
KalycThl U suMeHs. B opHOM mpumepe, pacreHueM sBisercs puc. B apyrom npumepe,
pacTeHueM sBJsieTcs MiueHuna. B npyrom npumMepe, pacTeHUeM sIBJIE€TCS KyKypy3a.

Hacrosimee m3oOpereHne Takke OTHOCHTCS K KOHCTPYKLMH HYKJIEWHOBOH KHCJIOTBHI,
cojieprKalllell MocCiIe0BaTebHOCTh HYKJIEMHOBON KHCJIOTHI, KOAUPYIOIIYIO 1O MeHbIIEeH mepe
onuH JIHK-cBsi3pIBarOIINI TOMEH, KOTOPBIM MOKET CBS3bIBATHCS IO MEHBILIEH MeEpe C OAHOMU
MOCJIEIOBATEIbHOCTRIO—MHUIIEHbI0 B reHe u/miu B npomorope OTUBIL. B omnom mpumepe,
nocnenosatenbHOCTh JIHK—cBsi3piBaromero nomena seiopana u3 SEQ ID NO: 28, 34, 38, 42, 45,
48, 51, 54, 57, 60, 63, 66, 69, 72, 75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 106, 110, 114, 118,
122, 126, 130, 134, 138, 142 u 146 wnu nociaenoBaTebHOCTH, KOTOpasi MO MEHbIIEH Mepe Ha
90% unentnuna oxgHout u3 SEQ ID NO: 28, 34, 38, 42, 45, 48, 51, 54, 57, 60, 63, 66, 69, 72, 75,
78, 81, 84, 87, 90, 93, 96, 99, 102, 106, 110, 114, 118, 122, 126, 130, 134, 138, 142 u 146.

B omHOM BapuaHTe OCYyLIECTBICHHS U300peTeHMs], KOHCTPYKLIUSI HYKJIEMHOBOIN KHCJIOTBI
COZIEPIKUT IO MEHBLIEN Mepe OUH MPOTOCHENCEPHBIHN 3JIEMEHT, Iie TPOTOCHIENCEPHBINA 3JIEMEHT
cogepxut JIHK—cBsi3biBatomuii moMeH. B ogHOM BapuaHTe OCYIIECTBJIEHUsS] H300pETEeHUS,
TIOCJIEIOBATEIBHOCTD MPOTOCIIENCepHOro dieMenTa Bhidpana u3 SEQ ID NO: 29, 35, 39, 43, 46,
49, 52, 55, 58, 61, 64, 67, 70, 73, 76, 82, 85, 88, 91, 94, 97, 100, 103, 107, 111, 115, 119, 123,
127, 131, 135, 139, 143 u 147 unu nocnenoBaTeIbHOCTH, KOTOpasi 1Mo MeHblied mepe Ha 90%
unentuyHa SEQ ID NO: 29, 35, 39, 43, 46, 49, 52, 55, 58, 61, 64, 67, 70, 73, 76, 82, 85, 88, 91,
94,97, 100, 103, 107, 111, 115, 119, 123, 127, 131, 135, 139, 143 u 147.

KoHCTpyKkLMsl MOXET Takke BKIJIIOUYATh IOCIEN0BATENbHOCTh HYKJIEMHOBOW KHCJOTHI,
komupyromyro  mocnenoBarenbHocth PHK  CRISPR (cr—PHK), rme  ykasaHHas
nocnenosaTenbHOCTh cr—PHK copep:xut nocnenoBaTeapHOCTE NPOTOCHEUCEPHOTO 3JIEMEHTA U
JOTIOJIHUTENIbHbIE HYKJIEOTHbl. KOHCTPYKIMSA MOKET TakKe BKJIIOUYaThb IOCIEN0BATENbHOCTD
HYKJIEMHOBOW KHCJIOTBI, Koaupyrouyro TpaHcakTusupyomyw PHK (tracr—PHK). B omnOom
BapHaHTe OCyIleCTBIeHUs m3o0perenus, tracr—PHK Bxmouaer, umin cocrout u3 Hee, SEQ ID

NO: 30 wnu ee PyHKIIMOHATBHBIN BapHAHT.



B npyrom BapuaHTe OCyIIECTBICHUS] N300pETeHNs, KOHCTPYKLUS HYKJIEHHOBONW KHCIIOTBI
COZIEP>KUT MOCNIEA0BATEIbHOCTh HYKJIEMHOBOI KUCIIOTHI, KOAUPYIOLIYIO IO MEHbIIEH Mepe OHY
onnonenovyeunyo pykosomsmytro PHK (oupPHK), rme ykasannas oupPHK conepxkut
nocnenosarenbHOCTh tracr—PHK u nocneposarensnocts cr—PHK wunu  mportocnelicepryro
NIOCJIEIOBATENbHOCTh. B OTHOM BapuaHTe OCYIIECTBJIEHUs M300pETeHMs, MOCIEN0BATEIbHOCTD
oupPHK conmepskuT, Wi COCTOUT M3 Hee, MOCIeN0BaTeIbHOCTh, BbIOpaHHyto u3 31, 36, 40, 44,
47, 50, 53, 56, 59, 62, 65, 68, 71,74, 77, 80, 83, 86, 89, 92, 95, 98, 101, 104, 108, 112, 116, 120,
124, 128, 132, 136, 140, 144 u 148, unu nocienoBaTeIbHOCTb, KOTOpPasi IO MEHbIEH Mepe Ha
90% unentuuna 31, 36, 40, 44, 47, 50, 53, 56, 59, 62, 65, 68, 71, 74, 77, 80, 83, 86, 89, 92, 95,
98, 101, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144 u 148,

B ngpyrom cBoeM acmekTte, Hacrosimee H300pETeHHE OTHOCHTCS K KOHCTPYKIHH
HYKJIEMHOBOM KHCJIOTBL, COAeprkalllell IO MeHblIell Mepe OJHY HYKJIEHHOBYIO KHUCIOTY,
konupyrowmyrw  monekyany — oupPHK, rme  monekyma  oupPHK  cBaseiBaercs ¢
MOCJIEIOBATEIbHOCTRIO—MUIIIeHBI0, BhiOpanHOi n3 SEQ ID NO: 28, 34, 38, 42, 45, 48, 51, 54,
57, 60, 63, 66, 69, 72,75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 106, 110, 114, 118, 122, 126, 130,
134, 138, 142 u 146 wnu ee BapuaHTa. B mNpeanodTUTENBHOM BapUAaHTE OCYILECTBIICHUS
n300peTeHMs, MOCIe0BATEIbHOCTh HyKJIenHOBOH kucyioTsl oupPHK BeiOpana u3 31, 36, 40, 44,
47, 50, 53, 56, 59, 62, 65, 68, 71, 74, 77, 80, 83, 86, 89, 92, 95, 98, 101, 104, 108, 112, 116, 120,
124, 128, 132, 136, 140, 144 u 148 unu ee BapuaHTa.

B opHOM U3 mpuMepoB, MOCIENOBATENbHOCTb KOHCTPYKLMM HYKJIEMHOBOH KHCIJIOTbI
BbiOpana u3 SEQ ID NO: 33, 37, 41, 105, 109, 113, 117, 121, 125, 129, 133, 137, 141, 145 u 149
WINM €€ BapUaHTa, e YKa3aHHBbIM BapUAHT UMeEeT MOCIEeN0BATENbHOCTb, KOTOPasl MO MEHbLIEH
mepe Ha 75%, Oonee mnpenamodTHTENbHO, MO MeHblied wMepe Ha 80%, eme Oonee
NPEeANOYTUTENIPHO, 10 MeHblIeld mepe Ha 90%, a HamnOosee MPEeaNOYTUTENIBHO, MO MEHbLIeH
mepe Ha 95% unentnuna SEQ ID NO: 33, 37, 41, 105, 109, 113, 117, 121, 125, 129, 133, 137,
141, 145 u 149.

B HeKoTOpBhIX BapuaHTaX OCYLIECTBJICHHsS W300pETEHUs, KOHCTPYKLHUS MOXKET OBITh
(PYHKLIMOHAIBHO TPHUCOEIMHEHa K MPOMOTOPY, a MPEANOYTHTENIbHO, K KOHCTUTYTHBHOMY
IIPOMOTODY.

B HEKOTOpBIX BapHaHTax OCYIIECTBJIEHUS W300pETEeHUs, KOHCTPYKLHS HYKJIEHHOBOM
KHCJIOTBI TakK€ COAEPXKUT IOCHENOBATENbHOCTh HYKJIEMHOBON KHCIOTBHI, KOAUPYIOIIYIO
¢epment CRISPR. B omnom mpumepe, ¢depmentom CRISPR moxer OpiTh Oenok Cas, a
npeanouTuTensHo, Cas9 nin ero GyHKIUOHANBHBIA BAPHAHT.

B anpTepHATHBHOM BapHaHTE OCYIIECTBICHHS H300pETeHNs, KOHCTPYKLUS HYKJICHHOBOH
kucyiotel konupyeT 3¢gdexkrop TAL. B HeKOTOpPBIX BapHaHTAaX OCYIIECTBIIEHUS WU300pETEHUsI,
KOHCTPYKLUSI HYKJIEMHOBON KHUCJIOTBI COMAEPKUT MOCEN0BATEIbHOCTh HYKJIEHNHOBOM KHUCIIOTBI,
KOaupyrowmyw no Menewen Mepe oauH JHK-cBAsbBaromumii OOMEH, KOTOPBIA MOXKET
CBSI3bIBATHCS 110 MEHbINEH Mepe C OJHOW IOCIIeOBATEbHOCTPIO—MHIIEHBIO B T€HE W/WIN
npomorope OTUBI1. B omnom npumepe, nocnenosarenbHocTs JIHK—cBs3biBatomero nomena
BbiOpana u3 SEQ ID NO: 28, 34, 38, 42, 45, 48, 51, 54, 57, 60, 63, 66, 69, 72,75, 78, 81, 84, 87,



90, 93, 96, 99, 102, 106, 110, 114, 118, 122, 126, 130, 134, 138, 142 u 146 umm
NOCJIEI0BATENBHOCTH, KOTOpasi Mo MeHblueil mepe Ha 90% unentuuna opHoi uz SEQ ID NO:
28, 34, 38,42, 45, 48, 51, 54, 57, 60, 63, 66, 69, 72,75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 106,
110, 114, 118, 122, 126, 130, 134, 138, 142 u 146, a Taxxke COAEPKUT MOCIEIOBATEIBHOCTD,
KOAMPYIOIYIO 3HIOHYKJIeasy unu ee JIHK-—pacwennsaromuii noMeH. DHIOHYKJIEA30l MOXKET
obrTh Fokl.

B npyrom cBoeM acmekte, HacTosllee H300peTEeHHE OTHOCUTCS K OIHOLENOYEYHOM
pykoBozsiern moniekysie (oup) PHK, roe ykasannas oupPHK comepxut mocnenoBaTenbHOCTh
cr—PHK u nocnenosarensHocTh tracr—PHK, rae mnocnenosarenpHocTh oupPHK wmosker
CBSI3BIBATBLCS [0 MEHbBIIEH Mepe C OJHOM MOCjenoBaTeIbHOCThIO, BhiOpaHHOU 3 SEQ ID NO:
28, 34, 38,42, 45, 48, 51, 54, 57, 60, 63, 66, 69, 72,75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 106,
110, 114, 118, 122, 126, 130, 134, 138, 142 u 146, unu nocienoBaTeNbHOCTH, KOTOpas MO
MeHnbluel Mepe Ha 90% unentuyna onHolt uz SEQ ID NO: 28, 34, 38, 42, 45, 48, 51, 54, 57, 60,
63, 66, 69, 72, 75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 106, 110, 114, 118, 122, 126, 130, 134,
138, 142 u 146.

Hacrosimee wu300peTeHne Takke OTHOCUTCS K BBIACNEHHOH KIJIETKE PAaCTEHUs,
TpaHC(HEUMPOBAHHOM IO MeEHbIIEeH Mepe OHOH KOHCTPYKLHEH HYKJIEHHOBOH KHCIIOTH,
OTIpPeNIeIEHHON B HACTOSIIIEH 3asBKE; WM K BBIIEIIEHHON KIJIETKE PACTEHUs, TPaHC(HEUPOBAHHOMN
[0 MEHBbUIEH Mepe OJHON KOHCTPYKLHUEH HYKJIEHHOBOMW KUCJOTBI, ONPEAEIEHHON B HACTOSILEH
3as1BK€, U BTOPON KOHCTPYKLHEH HYKJIEMHOBOW KUCJIOTBI, 1€ YKa3aHHAsl BTOPasi KOHCTPYKLUs
HYKJIEMHOBOM KUCJIOTBI COAEPKUT MOCIEAOBATENbHOCTh HYKJIEMHOBON KHUCJIOTBI, KOAUPYIOILYIO
6enok Cas, a mpeanouturenpHo, Oenok Cas9 wnu ero (yHKIMOHAJNBHBIA BapuaHT. BTopas
KOHCTPYKLIUSI HYKJIEMHOBOH KHCJIOTBI MOXET ObITh TpaHC(ELUpOBaHa 0, BO BPEMsI UJIH IOCTe
TpaHC(eKIMU ONpeneNeHHON 34eCh KOHCTPYKLHMM HYKJIEMHOBOH KHCJIOTBL B npyrom cBoem
acrieKkTe, HacTosIiee M300peTeHHe OTHOCHTCS K  BBIIGNICHHOW KJIETKE  pacTeHMs,
TpaHchenrpoBanHoi MonekyJion oupPHK, onpeneneHHolt BbIwe.

Hacrosimmee wu3oOpereHne TakkKe OTHOCUTCS K TEHETHYECKH MOAU(PHLUPOBAHHOMY
PaCTEHHIO, TTIe YKA3aHHOE PACTEHUE CONEPKUT TPAHC(HEIIMPOBAHHYIO KJIETKY, ONPEACICHHYIO B
HacTosmeit 3asBke. HykiewHoBasi kucnora, koaupyromas oupPHK, w/wunm HykienHOBas
KHCJI0Ta, Konupyromas 6eyok Cas, MOryT ObITh HHTETPUPOBAHBI B CTAOMIIbHOM (hopMme.

Hacrosimee m3oOpereHne Takke OTHOCHUTCS K CIIOCOOY TOBBIIIEHHs! ypoXkash 3€pHa
pacTeHwsl, rie YKa3aHHbBIH CIOCO0 BKIIIOYAET BBENEHHE B PACTEHHE U HKCIPECCHIO B PACTEHUHU
KOHCTPYKLMU HYKJIEMHOBOM KHUCIOThI uin MoJekyael oupPHK, onucaHHbIXx B HacTrosen
3asBKe, I7le NMPEANOYTUTEIBbHO, YKAa3aHHOE MOBBIIIECHHE PACCMATPUBAETCA IO OTHOLIEHHUIO K
KOHTPOJIBHOMY PpACTeHHIO WJIM pAacTeHHI0 nukoro Ttuma. Hacrosimee wnzoOpereHue Takxke
OTHOCHTCSI K PACTE€HUIO, ITOJIYYEHHOMY HJTH IOy 4aeMOMY 3THM CITOCOOOM.

Hacrosimee wu3o0pereHne Takke OTHOCUTCS K CIOCOOY TONYyYEHUS Te€HETUYECKU
MOIU(PHUIMPOBAHHOTO PACTEHHs, ONPENEICHHOrO B HACTOSIIEH 3asBKe, I'/ie YKa3aHHbBIN CIOco0
BKJIFOYAET:

a) oTOOp YacTH PacTeHUs,



b) TpaHchexkumoo N0 MeHblLIeH Mepe ONHOW KJIETKM YacTH PacTeHHs NyHKTa (a)
KOHCTPYKLMEN HYKJIEMHOBOU KuCioThl uin oupPHK, onpeneneHHbIMU B HACTOSIIIEH 3as1BKE;

C) pereHepauui0 [0 MEHbLIEH Mepe OJHOr0 pacTeHUs. MPOUCXOASIIET0 OT
TpaHC(hELUPOBAHHON KJIETKU WIIH TPAHC(ELIMPOBAHHBIX KJIETOK;

d) otOop omHoro wiu Gonee pacTeHHIA, MOJYYSHHBIX B COOTBETCTBHU C MYHKTOM (C) U
HUMEIOLINX TOHW)KEHHBIM YPOBEHb 3KCIPECCUU IO MEHBLIEH Mepe OAHON HYKJIEHMHOBOMN KUCIOTHI
OTUB1 B yka3aHHOM pacTeHHH.

B onmpyrom cBoeMm acmekTe, HacTosiee U300pPETEHHWE OTHOCHTCS K  CIOCoOy
MoIU(UKAIMY, & PEINOYTHTEIBHO, TIOBBIMIEHHUST YPOBHEH (PakTopa TPaAaHCKPHUIILUH, TOTOOHOTO
Oenky, ces3biBatoiemycsi ¢ mpomoropom SQUAMOSA (SBP-nomena), rae ykasaHHbIH CrOco0
BKJIIOYAET TMOBbIIIEHHEe ypoBHs skcrpeccun unu aktuBHocTh UBCI3 wnm cHukeHue uiu
oTMeHy skcnpeccuu unu aktusHoct OTUB1, kak onucaHo B HacTosIIel 3asBKe.

Onucanue yeprexei

Hacrosimmee n300peTeHne TakKe ONMUCAHO HA HIDKECIEOYIOIIUX HEOTPAHUYHBAROIIUX
yepTexax.

Ha ¢urype 1 nokazano nosuumnonHoe kinoHuposanue qNPT1. (a) BHemHmii i 3penoro
pacrenust. RILS2 Opin BbiBenmeH B pesynbrare ckpemmBanus Chunjiang06 (CJ06) x IR66167—
27-5-1-6. Macmra6: 20 cm. (b) Mopdonoruss merenku. Macmrtad: 5 cm. (c—e) CpaBHeHue
RILS2 ¢ pomutensimu ¢ Touku 3peHus (¢) uucna 3epeH, (d) uucna moberoB u (e) muamerpa
crebnsa. JlaHHBIE mpencTaBieHbl Kak cpegHee £ cp. kB. oml. (n=30). Hamuume Tex ke cambIx
CTpOouHBIX OyKB O3HauaeT He3Haunmmoe pasnuuue cpennux (P < 0,05). (f) Kapruposanue QTL
IUTsL OTIpeAeNIeHHs] 4YHClia 3epeH, uucina mnoleroB u nuamerpa credns. (g) IlosunmonHoe
kjoHupoBanue NPT1. Jlokyc Obul KapTUpOBaH Ha T€HOMHO# oOmactu pazmepom (14,1 T.m.o.,
¢nankuposanHoit P139 u P143. Uucna Mexny CTpOKaMH O3HAYAKOT YHCIO PEKOMOMHAHTOB
mexay qNPT1 u yka3aHHBIM CMEXHBIM MapkepoM. BbulO mpencka3aHo, 4TO TNeH—KaHAUAAT
NpOAyLMpPYEeT JABa albTepHAaTUBHBbIX TpaHckpunra. (h) Bapuantsl mocnemoBaTenbHOCTEH B
nokyce NPT1 B mpoOMOTOPHOI U KOAUPYIOIIEH 00aCTsIX, YKa3aHHBIX B g.

Ha ¢urype 2 mnokazan wu30bitok Ttpanckpunta OsOTUBI, accounupoBaHHOTO C
BETBJICHUEM METENKH U ypoxkaeMm 3epHa. (a) VYposHum Ttpanckpunta OsOTUBI,
NpUCYTCTBYIOLIEro B opranax pacreHuii NIL. R: kopenn; C: crebenp; LB: mnactunka yimcra; LS:
BHarajuine aucrta, SAM: mepucrema Bepxymku nmodera;, YP0.2, YP6, YP12: mononbie MeTenku
cpenHel AIUHBI, COOTBETCTBEHHO, 0,2 cM, 6 cM u 12 cM. OTHOCUTENbHBIE YPOBHU 3KCIIPECCUU
BbIpak€Hbl KaKk OTHOCUTeNbHbIe kKormuu Ha 1000 xonwuii puca Actinl. JlaHHble peaCTaBIEHbI KaK
cpennee + cp. kB. oml. (n=3). (b) Mopdonorus pacrenus. Macmrad: 20 cm. (¢) Mopdonorus
merenku. MacmTad: 5 cMm. (d) Mopdonorus 3epra. Macmrad: 2 mm. (e—j) KommgectseHHOe
cpaBaenne nByx NIL. (e) Bpemsi oOpaszoBanusi ronoBHbix mereniok. (f) Beicota pacrenwms. (g)
Umncno noberoB Ha pacrenue. (h) Uncno BropuuHbIx BeTBel Ha Merenky. (i) Uwucno 3epeH Ha
metenky. (j) Macca 1000 3zepen. (k) @ororpadus mepucremsl Bepxymku nodbera. Macmrab: 50
MKM. (1) @ortorpadus crebmust, momydeHHas Ha CKAHUPYIOIIEM 3JIEKTPOHHOM MHKPOCKOIIE.

MacmTad: 25 mxm. (m) Cocyaucras cucrema credst. (n) O0miee 41cao KPYIHBIX U HEOOIBIINX
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COCYAHCTBIX MYYKOB, NMpeacTaBieHHbIX B (m). (0) OOmuit ypokaii 3epHa Ha pacteHue. JlaHHbIE
NpEACTaBIEHbl Kak cpenHee = cp. kB. om. (n=288). Bce ¢eHorunumueckue naHHble ObLTH
NOJIy4€HbI TSI PACTEHUH, BBIPAIIEHHBIX HA OPOLIAEMbIX PHCOBBIX MOJSX B HOPMAJbHBIX
YCIOBHUAX KyJIbTUBUPOBaHUs. Jls1 BbMHCIEHHsS BEJWYMH P HCrmonb3oBanmu (—KpUTEpHi
Creronenra.

Ha ¢urype 3 mnokazano B3aumozeiictBue OsOTUBI1-OsSPL14, perynupyromee
apxutekTypy pactenus. (a) Ananusel BiFC. N—konerr YFP—meuennoro OsSPL14, SBP—nomena
wim nenerupoBanHoro Bapuanta OsSPL14 ko—TpaHcopMUpOBaK B MPOTOILIACTHI PUCA BMECTE
¢ C—xonuom YFP-meuennoro OsOTUBI.1. Ilanenu (cneBa HampaBo):. okpamuBanue DAPI,
curHan YFP, muddepenumanbubiii uHTepdepupyrOmMUi KOHTPACTHBINH areHT, OOBbeIUHEHHbIH
kaHan. Macmrad: 10 mxm. (b) CosmectHass ummyHomnpeuunutauus OsOTUBI1.1-GFP u
OsSPL14. 1B, UmmynoOnoT; IP, mmmyHonperunuranus. (¢) Mopdonorus pacrenus. Macmrad:
20 cm. (d) Mopdomnorus merenku. Macmrab: 5 cMm. (e) M30biTok Tpanckpunra OsSPL14.
TpaHCKpHUIILHS IO CPAaBHEHHIO C YPOBHEM TpPaHCKpHUNUUH y pacteHnit ZH11 Obina mpunsTa 3a 1.
JlaHHbIE TIpencTaBieHbl Kak cpennee + cp. kB. om. (n=3). (f) Uncno noberos Ha pacreHue. (g)
Uucno 3epen Ha metenky. (h) Juamerp crebns. Bee peHoTHNMUecKrne naHHbIe ObUTHA MOJTYYEeHbI
IUI pPAaCTeHUH, BBIPAIEHHBIX B IOJI€ B OOBIMHBIX YCIOBHAX KyinbTuBHpoBaHus. [lanusie B (f-h)
NpeACTaBIeHbI Kak cpenHee + cp. kB. omr. (n=120). Hanuume Tex ke caMbIX CTPOUYHBIX OYKB
O3HauaeT He3Haunmoe pasnuuune cpennux (P < 0,05).

Ha ¢urype 4 mnoxazano, uro OsOTUBI crumympyer pasnoxenne OsSPL14. (a)
Axkymymsimust OsSPL14 B pacrenusx ZH11 u ZH11-nptl. HM306siTok Genka HSPOO Obin
UCTIONIB30BaH B KadecTBe 3arpy304Horo koHtposs. (b) OOpaboTka MHIHOMTOPOM MPOTEACOMBI
MG132 crabunmmsupyer OsSPL14. OOmme Oenku SKCTParupoBaM U3 MOJIOIBIX METENIOK
(mmHoH < 0,2 cm) pacrenuit ZH11, ob6paborannbx O wiu 50 mxkM MG132. MmmyHoOGnOT
3oHaMpoBanu  aHturenamu nporuB  OsSPL14  wumum  mporuB  HSP90. (¢) OsOTUBI
necrabunmmsupyer OsSPL14. Jluzatel monombix Mmetenok pacrenuin ZH11 w ZH11-nptl
coBmecTHO nHKyOupoBaimu ¢ GST-OsSPL14 B npucyrcrBun uin B orcyrcteun His—OsOTUBI.
Jluzatel cobupanu B pa3jMyHblE MEPUOIbI BPEMEHU U IMOABEPrajii MMMYHOOJOTTHUHIY JJIst
ouenkn akkymyJssiiuu OsSPL14 u HSP90. (d) Youxutunmanus OsSPL14. DkcrpakTel Oenka
MOJIOZIBIX METEJIOK IO/IBEPTAIM HMMYHOIIPELIUITUTALIUN C HCIIOJIb30BAHUEM aHTU—MYyC aHTHTeNa,
a 3aTeM aHAJIM3HPOBAIN C UCIOIB30BAHHEM KOHBIOTATOB LETIeH aHTUTEN NMPOTUB YOMXHUTHHA,
youxurnHa K48 wmm ybuxurnna K63. (e) Flag-OsSPL14 moker ObiTb MOmugpuIMpOBaH
nocpencTsoM cBsizbiBaHusd K48—yOuxutnna. Ilporormactel puca ko—Tpancdernuposanu Flag—
OsSPL14 u HA-yOuxutnHom (HA—Me4eHHbIM yOMXHUTHMHOM IHMKOTO THMA HJIH YOMXUTHHOM
K48R) u youxurunusuposanssie ¢popmel Flag—OsSPL14 monseprain MMMYHONPELUHTALIIH C
ucronb3oBaHueM aHTu-Flag aHTuTeNna, a 3aTeM aHAJM3UPOBAIU C HCIOJNb30BaHHEM aHTH-HA
aaturena. (f) K63—cBszannas yOuxurunumzammst OsSPL14  perymupoanmace OsOTUBI.
IIporomnactel puca korpancheunposamu Flag-OsSPL14 u HA-ybuxutnnom (HA—mMedeHHbIM
yOuxuruHoM nukoro tumna, youxurnaom K48R, K63R, K480 unu K630) B npucyTcTBun mi B

orcyrctBur Myc—OsOTUBI1, nocne dero nus3atsl coOupanu U NOABEPraJd UMMYyHOOJIOTTHHTY
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s oueHkn akkymyssinuu OsSPL14, a mpoanann3upoBaHHbIe yOUXUTHHU3UPOBAHHbBIE (POPMBI
Flag—OsSPL14 onucansl B (e).

Ha ¢urype 5 mnpoummoctpupoBan ¢uiorenernueckuii aHamu3. Yenoseueckas
nocienosarenbHocth OTUB1 u ee oprosorm mbimeit (MmOTUBI1), Arabidopsis thaliana
(AtOTUBI1), cou (GmOTUBI), kykypy3sl (ZmOTUBI1), copro (SbOTUBI), sumens
(HvOTUB1), muennusl nonder aukoro tuna (TuOTUB1) u puca (OsOTUB1) Obutnt B3sTHI U3
www.ncbi.nlm.nih.gov. Yucna cmpaBa O3HAYAIOT IOJNOKEHHE OCTATKOB B KAXKAOM OeJke.
UneHTH4HbIE OCTATKH MOKA3aHbI TEMHBIMU IITPUXOBBIMH YYaCTKAMH, KOHCEPBATUBHBIE OCTATKU
NOKa3aHbI CBETJIBIMH IITPUXOBBIMH YHACTKAMH, a BApUaOeIbHbIE OCTATKU HE 3aIITPUXOBAHBI.

Ha ¢urype 6 mnokazano BmusuHue ¢ynkuuonansHoro OsOTUB1 Ha apxutekrypy
pacteHust u ypoxaii 3epHa. (a) Mopdonorus 3penoro pacrenus. Macmtad: 20 cMm. (b) Myrauu
norepu ¢pyukuu OsOTUBI, nonyuennsie nocpeacreom CRISPR/Cas9. (¢) Bpems o6pasoBanust
rojioBHbix MeTenok. (d) Beicora pacrenusi. (e) duamerp Bepxuero mexkmoysnus. (f) YUucno
noberos Ha pacterue. (g) Jnmuna merenku. (h) Uncno nepudHbIX BeTBel Ha Metenky. (i) Yucno
BTOPUYHBIX BeTBeW Ha MeTenky. (j) Hucno 3epen Ha merenky. (k) Macca 1000 3epen. (1) O6muit
ypoXKaii 3epHa Ha pacreHue. JlaHHBIE MPENCTaBJeHBI KaK cpenHee = cp. kB. om. (n=288). Bce
(deHoTHUNIMUECKNE [aHHBIE OBLTM TOJNYYeHbl Ui PACTEHUI pHCa—TIaJg, BBIPALIEHHBIX B
HOPMAaJIbHBIX YCJIOBHSIX KyJbTHBUPOBaHUs. Hanmnmume Tex ke caMbIX CTPOYHBIX OYKB O3HAYAET
He3HaunMoe pazmuue cpenanx (P < 0,05).

Ha ¢urype 7 npommmoctpupoBan anann3 Ha skcrpeccuro pOsOTUBIL::GUS. (a)
Oxcnpeccust GUS B maruaHeBHbIX npopoctkax. MacmTad: 1 cm. (b) Konunku kopHeit pacrenuit
nokasansl B (a). Macmrab: 200 mkm. (¢) Ilomepeunnnii cpes GUS—okpaineHHONW 30HBI
yIUIMHEHHs] KOpHs, moka3aHHoW B (a). Macmrab: 200 mkm. (d) ITomepeunsiii cpe3 creOuns.
Macmta6: 100 mxwm. (e) Paznuunbie craguu obpasosanust metenku. Macmtad: 1 cm. (f) Koxypa
KOJIOCKOB IO OIJIOAOTBOpeHust. Macirad: 1 mm.

Ha ¢urype 8 nokaszana cyoknetounas sokanmuzanus OsOTUB1.1-GFP. (a) Dkcnpeccus
OsOTUBI1.1-GFP B 30He yamuHenus kopusa. Macmrad: 20 mxm. (b) Dxcnpeccuss GFP B
MPOTOIJIACTAX, BBIAECJIECHHBIX U3 BJarajuina JuctbeB pactenuil ZH11, cBepxskcnpeccupyromumx
OsOTUBI1.1-GFP. Macmrab: 10 wmkm. Ilanenm (cneBa HampaBo). curHan GFP,
muddepenHunanbablil nHTephepupyromuil kKoHTpacTHel areHT (DIC), 00beMHEeHHbIH KaHaT.

Ha ¢urype 9 mnpencrasnen ¢enornn pacrenuit ZH11, cBepxskcrnpeccHpyrOmuX
OsOTUBI.1. (a) B 1Byx He3aBHCHUMBIX TPAHCTEHHBIX JHHUSAX HAOIIOAAIOCH MTOHIKEHHOE YUCIIO
noOeroB u kapiukoBocTh. Macmtad: 10 cum. (b) Pasmep merenku ymenbmaics. Macmrad: 5 cm.
(¢) Habmomancst Hekpo3 nuctbeB. Macmrad: 3 M. (d) AnonrTo3 Obul MHAYLHPOBAaH B
YIUIMHEHHBIX JINCTBSIX, KaK ObUIO MPOAHAIM3MPOBAHO MYTEM OKPAIIWBAHUS CHHUM JBAHCOM.
MacmTad: 3 mMm. (e) M30brrok Tpanckpunta OsOTUBI.1. B mononoit merenke. Tpanckpunmms
MO0 CPaBHEHHIO C YPOBHEM TpaHCKpuriuu y pacteHuii ZH11 Ovuia mpunsita 3a 1. JlaHHBIE
NpeACTaBIeHbI Kak cpenHee = cp. kB. om. (n=3). (f) BeicoTa pacrenus. (g) Yucno noderos Ha
pacrenue. (h) Yucno 3eper Ha merenky. /laHHble mpencraBieHbl Kak CpeqHee £ Cp. KB. OIL

(n=60). Bce ¢eHoTunuueckue npaHHbIE OBUIM TOJYYEHbI JUIsI PACTeHUH puca—TIaay,
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BBIPAIEHHBIX B OOBIUHBIX YCIOBHSIX KyJbTHBHpPOBaHUs. Hammuune Tex jxe caMbIX CTPOYHBIX OYKB
O3HauaeT HesHauumoe pasnuuune cpennux (P < 0,05, manenu f-h).

Ha ¢urype 10 mnoxkaszano, uro OsOTUB1 oOnamaer akTHUBHOCTBIO paCIIETLICHUS
terpamepoB K48— u K63—cBsizanHOro yOnxutuHa. AKTUBHOCTD pacliernjeHus terpamepos K48—
u K63—cesizannoro youxuruna (Tetra—ub) anamusuposanu ¢ ucnonbs3oBanneM OTUBI, His—
OsOTUB1.1 wmu OTUB1.2. HUcxonmuse BemectBa (Ubs) u mpomykThl MX paciieruieHHs
[Tpumepbr  (Ubs), mumepbr (Ub,) u monomeprr (Ubi)] nomeuensr cieBa. IIpomykTsl
BU3YAJIU3UPOBAJIA C MOMOIIBI0 BecTepH—ONoT—aHanu3a ¢ MCMOJb30BAHHEM AHTHTENIAa MPOTUB
yOUXHUTHHA.

Ha ¢urype 11 mnoxaszano Bausaue skcnpeccun dvenosedeckoro OTUBI wmm ero
OpTOJIOTOB Ha apxuTekTypy pactenus ZH11-nptl. (a) Mopdonorus pacrenusi. Macmrad: 20 cm.
(b) Mopdonorust merenkn. Macmrad: 5 cm. (¢) HU30birox Tpanckpunta OTUB1 (wnmm ero
OPTOJIOrOB) B MOJIOABIX MeTelKax nmo cpaBHeHHto ¢ ypoHeM OsOTUBI B pacrenusix ZH11-
nptl. JlanHbIe IpencTaBieHbl Kak cpegHee + cp. kB. oml. (n=3). (d) Yucno noberos Ha pacTeHue.
(e) Yucno 3epen Ha metenky. (f) [luamerp BepxHero Mexxnoysnius. J{aHHbIe MpencTaBIeHbI KaK
cpennee *+ cp. kB. om. (n=30). Bce enoTunmueckre naHHple OBUTM TOJYYEHBI JJISI PACTCHHM
puica—TIanau, BBIPAIIEHHBIX B HOPMAJbHBIX YCJIOBUSX KyJNbTHBUpOBaHMA. Hammume Tex ke
CaMBbIX CTPOYHBIX OYKB O3Ha4aeT He3HaunMoe pasnudne cpenaux (P < 0,05, manenu d—f).

Ha ¢urype 12 mnoxkaszano, uro B3aumopeiicteue mexay OsOTUBI u OsUBCI13
peryJaupyer apxXuTeKTypy pacreHus. (a) AHanu3bl Ha NPUCYTCTBHE ABYX KOMIIOHEHTOB B
apoxckax. (b) AHamu3el Ha WHrHOMpPOBaHHE C HCHOJIB30BaHHEM pekoMOWHAHTHBIX GST-
OsOTUB1 u His—OsUBC13. (¢) Ananussl BiFC B nporomnacrax puca. Macmrab: 10 mxm. (d)
Mopdonorust Tpancrennbix pactenuit ZH11. Macmta6: 20 cm. (e) [lonepeuHnslii cpe3 BepXHUX
mexxayy3nmuid. Macmrab: 500 mxm. (f) Brnusune OsUBC13 Ha cTemneHb BETBJIEHUST METEJKH.
Macmrab: 5 cm. (g) Pasmep u ¢opma 3epna. Macmrad: 2 mm. (h) M30bTox TpaHckpunra
OsOTUBI B mononoit merenke 1o cpaBHeHUro ¢ yposHeM B ZH11. /lanHble npeacTaBieHbl Kak
cpenuHee * cp. kB. oml. (n=3). (i) Yucno noberos Ha pacrenue. (j) Hucno 3epeH Ha metenky. (k)
Macca 1000 3epen. (1) [luameTrp BepxHero mesknoysnusi. JlaHHbIE MPeNCTaBIEHbI KaK CpeaHee +
cp. kB. omr. (n=30). Bce ¢peHoTHIMYECKUE NaHHBIE ObLTU TOTYYEHbBI JIsl PACTEHHI pUCa—TIaaH,
BBIPAIEHHBIX B HOPMAJBHBIX YCJIOBHAX KYJbTHBHpPOBaHMs. Hammuue Tex ke caMbIX CTPOYHBIX
OyKB O3HauaeT He3HaunMoe paznuune cpennux (P < 0,05, manenn i-1).

Ha ¢urype 13 mokasano, uto SBP—nomen Heobxonum st B3aumoneiicteusi OsSPL14—
OsOTUBI. (a) AnHamu3bl Ha HaJU4HWEe JABYX KOMIIOHEHTOB B MAPOXKIKAX MOATBEPAMIIH
B3aumoneiicteue Mexny C-konmamu OsOTUBI u  OsSPL14. (b) Cxemaruueckoe
NPEACTABICHNUE [EeJeTUPOBAHHBIX M HENEJIETUPOBAHHBIX BapuaHToB OenkoB OsSPL14,
ucnons3yembix B aHanu3ax BiFC. (¢) Ananusbl BiFC. MacmTad: 10 Mkm.

Ha ¢urype 14 nokazano, yto OsOTUB1 B3aumozeiicTyer ¢ pakTopaMu TPaHCKPUIILIHH
SPL puca. Ananusbl BiFC Obutn mpoBenieHbl ¢ MCIOIB30BaHHUEM IPOTOILUIACTOB puca, rae C—
koHel YFP—-meuennoro OsOTUBI.1 Obu1 kotpancopmupoBan N-koHoM YFP—MedeHHbIX

OsSPL. Ilanenu (cneBa HampaBo): curHan YFP, nuddepeHuunansHeiii uHTEepdepupyromui
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koHTpacTHBIH areHT (DIC), o0benuHenHbIii kaHan. MacmTab: 10 MM,

Ha ¢urype 15 mokazano, yro OsOTUBI u OsSPL14 aHTaroHUCTUYECKH PEryIHPYIOT
obmue respi-muineHu. (a) Unucno u nepexpoiBanne OsSPL14—axkrusupoBanubix 1 OsOTUBI-
uHruoupoBaHHbeIx reHoB-MuneHeil. CexBenupoBanne PHK ocyimecTsisnu ¢ ucnoiap3oBaHueM
MoJonbix Metenok (mmuHoi <0,2 cm) pactenuii NIL. (b) M36srTok OsSPL14—perynupyemoro
reHa, OLEHMBAEMOrO0 B MOJOAOW MeTejlke MO cpaBHeHur0 ¢ yposHem B ZHI11. JlanHble
IpEe/ICTaBIeHbI KaK CpeiHee £ cp. KB. oul. (n=3).

Ha ¢urype 16 mnokazano BiusiHue B3aumoneiicteus OsSPL14-OsOTUBI1 Ha
appunnoctp cBsizbiBaHuss JJHK OsSPL14. Ananu3 Ha KOHKYPEHTHOE CBSI3bIBAHHE C OEJKOM
OsSPL14-GST ocymecteisiin ¢ ucnonb3oBaHueM 10x, 20x u 50X HeMEYeHHBIX 30HIOB,
copepxaunx MotuBbl GTAC—-60okc npomoropa rena DEP1 wiu ¢ ucnons3oBanuem 1%, 2x u 4x
HeMe4YeHHbIX THOpuAHbIX OenkoB Myc—OsOTUB1.1, cooTBEeTCTBEHHO.

Ha ¢urype 17 ykazaHbl IOCIEIOBATEILHOCTH MPAMEPOB, HCIIONb3yEMbIE B aHAJN3E HA
KOHCTpyKLMH 1 TpaHckpuntel JJHK.

Ha ¢urype 18 nmokaszano, uto WTG1 Bnusier Ha pa3mep, GOpMy B MaccCy 3epHa.

(a) 3epHo puca—magau Zhonghuajing (ZHJ) n wtgl-1.

(b) 3epHo kopuuneBoro puca ZHJ u wtgl—1.

(c) Ilomepeunslii cpe3 3epeH kopuuneBoro puca ZHJ u wtgl-1. KpacHeiMu nuHUSIMU
MOKa3aHa TOJIIIMHA 3epHa.

(d) domna 3epra ZHJ u wtgl—1 (n>50).

(e) lInpuna 3epra ZHJ u wtgl—1 (n>50).

(f) lupuna 3epra ZHJ u wtgl—1 (n>50).

(g) Macca 1000 3epen ZHJ u wtgl—1. Bruta m3mepeHa mMacca Tpex MmapTHi oOpas3IoB
(n=3).

Benuuunel B (d—g) o3HavaroT cpenHee + Cp. KB. OLIL “P <0,01 mo CPaBHEHHIO C
ponurenbckoi nunuel (ZHJ) no t-kputepuro CTbroieHTA.

Maciirad: 3 MM (a—c).

Ha ¢urype 19 mokazano, yto WTG]1 Bimser Ha pasmep MeTenkH, GOpMYy METEIKU U
YHCJIO 36pPEH Ha METEJIKY.

(a,b) Pacrennst ZHJ (a) u wtgl—1 (b). PacTenusi, BolpalieHHbIe HA OPOIIAEMOM PHUCOBOM
T0JIe, BBIKATBIBAJIN M BHICAKUBAIIM B TOPIIKH I OJy4YeHus poTorpaduu BCEro pacTEHHUsL.

(c, d) Ynmuuennsie muctbs ZHJ (¢) u wtgl—1 (d).

(e) Merenku ZHJ (cnera) u wtgl—1 (crpaBa).

(f) Beicora pactenuit ZHJ u wtgl—1 (n>10).

(g, h) Mnuna (g) n mmpuna (h) mucrees ZHJ u wtgl—1 (n>10).

(i) Amuna merenku ZHJ u wtgl—1 (n>10).

(j) PaccrostHue Mexxay KaxIoi MepBUYHON BETBBIO U MIEHKOH MeTenku (n>10).

(k, 1) Yucno nmepBuuHbIX BeTBel MeTenku (K) M 4MCIO BTOPUYHBIX BeTBe Merenku (1)
(n>10).

(m) Yuco 3epen Ha meTenky (n>10).
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Benuumubl B (f-m) o3HauaroT * cp. kB. om. P<0,01 mo cpasuenmo ¢ ZHJ mo t—
kputeputo CTbIOZIEHTA.

MacmTad: 10 cm (a, b); 1 cm (c, d); 5 cMm (e).

Ha ¢urype 20 mnokazano, uto WTGI1 komgupyer oTyOamH-1omoOHYIO mpoTeasy ¢
neyOUXUTHHU3UPYIOLIEeH aKTHBHOCTBIO.

(a) rer WIG1. B He3zamTpuxoBaHHBIX paMKax MOKa3aHbl 5’— U 3’—HETpaHCIUPYEMbIe
obnactu. B 3amTpuXOBaHHBIX paMKax MOKa3aHbl KOMUPYIOLIME MOCIEAOBATEIbHOCTH. Takxke
nokazanbl cTapT-koaoH (ATG) u cron—komoH (TAG). wtgl—1 comepkut 4 1m.0.—AeNenuo B
00J1aCTH CThIKA «9K30H—MHTPOHY YE€TBEPTOrO UHTPOHA.

(b) Mapkep dCAPS1 nposiisiics Ha ocHoBe MyTauuu wtgl—1. Jnsg ruaponuza ITP—
NPOAYKTOB UCTIONB30BAIH pecTpUKTUpYroIuii pepmeHT Hpy1881.

(c) OT-I1LP—anamn3 WIGI1 B merenkax ZHJ u wtgl—1. Myrtauus wtgl—1 npusBoauna x
monudpukanmu crotaiicuara WIGH.

(d, ) benok WTG1 (d) u myrupoBannsiii Oenok witgl—1 (e). benok WTGI1 conmepskur
noMeH otyOamHa. MyTtupoBaHHbIid Oenok wtgl—1 umeer N—koHIEBYO 00J1acTh, YaCTh JOMEHA
oTyOanHa U HEPOACTBEHHBIN MenTH (3eJIeHast paMKa).

(f) 3epno puca—manau ZHJ, wtgl-1 u gWIG1; wtgl-1. gWTGI1; wtgl—1 o3nauaer, uTo
reHOMHas nocyenosaTenbHOCTh TeHa WIG1 Obua npeBparneHa B MyTanT wtgl—1.

(g) 3epHo xopuuHeBoro puca ZHJ, wtgl—1 u gWTG1; wtgl—1.

(h) ITomepeunslii pa3pe3 3epeH kopuunHeBoro puca ZHJ, wtgl-1 u gWIGI; wtgl-1.
KpacHbIMU TUHUAMY NIOKA3aHA TOJIIMHA 3€PHA.

(i-k) Jlnmna 3epHa (i), mupuHa 3epHa (j) 1 tonmuHa 3epHa (k) ZHJ, wtgl-1 u gWIGI;
wtgl—1 (n>50).

() WTG1 obnamaer neyOMXUTHHH3HpPYIOIIEH akTHBHOCTBIO in vitro. MBP-WTGI
pacmerusier His—-UBQ10 in vitro, a MBP, MBP-WTG1"¢""' y MBP-WTG]POBECTISHAER o
pacuemsitor His—UBQI10. Antu—His u antu—MBP anTuTena ObuiM HCMONB30BaHbI s
nerexruposanust His—UBQ, u pacmemwum His—UBQ10, MBP, MBP-WTG1"¢'"' u MBP-
WTG1POBECTISHATR - rpetcTBEHHO.

Benuuunel B (i-k) 03Ha4aT + Cp. KB. O “P<0,01 no CPaBHEHHUIO C POIUTEIBCKOU
muaueit (ZHJ) no t—xpureputo CThroAeHTA.

Macmrad: 3 mm (f=h).

Ha ¢urype 21 nokasana skcripeccust u cyoMounekyisipHast jokanusanus WTGH.

(a) Oxcnpeccuro WIG1 B KOPHSIX U JIMCTHSIX MOJIOJBIX MIPOPOCTKOB M B PA3BHBAOLIMXCS
metenkax pazmepoM oT 1 cm (P1) no 15 cm (P15) ananusupoBaiv ¢ MOMOIIBIO KOJTUYECTBEHHOMN
OT-IIIIP B peanbHOM BpeMeHH. BemuyuHbl MaHbl Kak cpeaHee + Cp. KB. OO JJISI Tpex
nyOJIMKaTOB.

(b—d) Oxcmpeccuto WIG1 wuccrnenoBaii ¢ HCMOJNB30BAHHEM TPAHCTEHHBIX PACTEHUMN
proWIG1:GUS. Ilokazana aktuBHOCcT GUS B 8—nmHeBHbIX mpopoctkax (b), B Koxkype
Pa3BHUBAIOIUXCS KOJIOCKOB (C) M Pa3BUBAIOIIUXCS MeTenKkax (d).

(e—g) cyOknerounas nokanuzauuss GFP-WTGI1 B knerkax xopHeit pro35S: GFP-WTGI.
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ITokazaner ¢ayopecueniuss GFP GFP-WTGI (e), okpamuBanue DAPI (f) u oOpenuHeHHbIE
n300paskeHus (g).

(h) CyOknerounoe ¢ppakuMOHHPOBaHHE U UMMYHOOJIOT—aHanu3bl Jluctes pro35S: GFP—
WIGI1 ucnonp3oBanu ans BblAeNeHUs (Ppakuuu nuToruiazmarudeckoro 6enka (C) u ¢ppakuun
snepHoro Oenka (N). MMMyHOOJIOT-aHa M3 MPOBOAMIIM C HCIOJIb30BAHHEM AHTHTENA MPOTHUB
GFP. Bip, 0enok, CBSI3bIBAIOIIMNCS C JIIOMHMHAJIOM, HCIOJb30BaJl B  KAuyeCTBE
HuTOIa3MaTudeckoro Mapkepa. I'ncron H4 ncnonp3oBanu B KaueCTBe sIIEPHOTO Mapkepa.

MacmTab: 5 MM (b), 2 mm (c), 10 mm (d) u 10 MM (e—g).

Ha ¢urype 22 nokaszaHo, uro cBepxdkcnpeccuss WIG1 naer y3koe, TOHKOE M JJTHHHOE
3€pHO.

(a) 3epHo puca—manau TpaHcreHHbIX JuHUN Zhonghuajing (ZHJ) u proActin: WIG1.

(b) 3epHo KOpUYHEBOTrO puca TpaHcreHHbIX uHUN ZHJ u proActin: WIGH.

(c) Tlomepeunsbliii paspe3 3epHa TpaHcreHHblx pacteHuit ZHJ u proActin: WIGI.
KpacHbIMHM TUHUSIMH NTOKa3aHa TOJIINHA 3€pHA.

(d—f) Mnuna (d), mupuna (e), u ronuuna (f) 3epua ZHJ u proActin: WIG1 (n>40).

(g) Yposensb skcnpeccun WIG1 B Tpancrenubix juausx ZHJ u proActin: WIG1. Bbeiio
OLIEHEeHO TpU NyOmKaTa.

Bemuunubl B (d—g) o3HauaroT cpemmee £ cp. kB. om.  P<0,01 1O CpaBHEHHIO C
ponutenbckoi mnauel (ZHJ) mo t—kpurteputo CTerofeHTa.

Macmrad: 3 MM (a—c).

Ha ¢urype 23 mnpousumoctpupoBaHa wuneHtudukanus wmytauun wtgl-1 meromom
MutMap. CexBeHupoBaHue BCEro reHoma BbIBIIIO OAHY Aeneuuto B reHe LOC-0Os08g42540,
kotopbiii uMeeT uHaekc SNP/INDEL=1.

Ha ¢urype 24 nokasano ¢unorenerndeckoe nepeBo WTG1 u ero romonoros. I'omonoru
WTG1 Opumm monyueHsl myTem noucka B 0Oase mannbix (https://blast.ncbi.nlm.nih.gov).
®dunorenernyeckoe nepeso romonoro WTGI KOHCTpywpoBanu MeETOAOM IPUCOECTUHEHHUS
COCeNHMX KOHLIOB ¢ momoibio mnporpamMmmbl MEGA7.0. Uucna B mpuUMEYaHUSIX O3HAYAKOT
nporeHt 1000 GyTcTpen—ayOauKaTos.

Ha ¢urype 25 nokaszano BeipaBauBanue WTG1 u ero romosnoros.

benku Oryza sativa (MSU_Locus: LOC_0Os08g42540), Caenorhabditis elegans
(C.elegans, NP_506709), Homo sapiens (OTUB1, AK000120; OTUB2, AK025569), Mus
musculus {Mus musculus, NP 080856), Drosophila melanogaster, {D.melanogaster, NP
609375), Chlamydomonas reinhardtii {C.reinhardtii, CHLREDRAFT 55169), Zea mays (Zea
mays, ACG38232), Hordeum vulgare (Hordeum vulgare, BAJ96717), Triticum urartu (Triticum
urartu, EMS61506), Arabidopsis thaliana {A. thaliana, Atl g28120) u Glycine max {Glycine
max, XP 014623731) wucnonp3oBaiu MJJisi BbIpaBHUBaHUS. KpacHbIMH TpPEyroJIbHUKAMHU
NOKa3aHbl KOHCEPBATHBHbIE AMUHOKHUCIIOTBI B MPEANOJIOAraeéMoil KaTaJUTHYECKOH Tpuazie
LIUCTENH-TIPOTAae3bl, & B KPACHBIX paMKax IOKa3aHbl KOHCEPBAaTHUBHBIE MOCJENOBATENbHOCTU B
oTy0anH-TI0J00OHOM IOMEHE.

Ha ¢urype 26 nokazano, uto ceepxaskcnpeccuss WIG1 Bnusier Ha pa3sMHOXKEHHE KJIETOK
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B KOXKYyp€ KOJIOCKOB.

(a, b) Cpennsist anuHa (a) u mwupuHa (b) BHEIIHMX >MHUAEPMANbHBIX KIETOK B HUKHEH
L[BETKOBOH dernye TpaHcreHHbIX pacteHuid ZHJ u proActin: WIG1. beuto oneHeno Oonee, uem
100 xnerok (n >100).

(c) Uucno BHEIIHUX SMNUAEPMANbHBIX KIETOK IO AJIMHE 3€pHA HI)KHEH LBETKOBOW
yemryd. J{is moacyera yucia KJIeTOK HCIOIb30BAN IBAALATh 3epeH (n=20).

(d) Yncno BHEMIHMX SMUAEPMAIbHBIX KJIETOK MO IIUpHUHE 3epHaA. [ moacuera yucia
KJIETOK MCIIOJIb30BAJIU ABAALATH 3epeH (n=20).

Benuuuner B (a—d) maHbl Kak cpemHee + Cp. KB. OIIL “P<0,01 mo CPaBHEHUIO C
ponurenbckoi unuel (ZHJ) no t—xputepuro CThroi€HTA.

Ha ¢urype 27 npencrasneHs! npaiimepsl, Hcnosbdyemble B [Ipumepe 2.

Ha ¢urype 28 nokasan caitnencuar PHKu OsOTUBI. (a) Caitnencunr PHKu OsOTUBI1
umeer ZH11-nptl-nmonobusiii ¢penorun, Macmmrad: 20 cm. (b) Yposau skcnpeccun OsOTUBI1
TpaHCreHHBbIX pacTteHuid. (¢) TonmuHa cTedisi TpaHCTeHHBIX pacTeHuwil. Macmtad: 5 mm. (d)
ApXUTEKTypa METEJIOK TPAHCTeHHBIX pacTeHui. MacmTtab: 5 cm. (e) Popma 3epHa TPaHCTEHHBIX
pacrenmii. Macmrad: 5 mm. (f) ©Popma yATUHEHHBIX JUCTHEB TPAHCTEHHBIX PACTEHHM.
MacmTad: 5 cm.

Ha ¢urype 29 nokasan ¢peHoTHI pacTeHUH CO CHIDKeHUEM ypoBHelH skcnpeccun OTUB1
nocpencrsoM PHKu. (a) Hucno nepBudHbIX BeTBei Ha Metenky. (b) Unmcno BTOpHUHBIX BEeTBEH
Ha MeTteniky. (¢) Hucno 3epen Ha metenky. (d) JnmuHa merenku. (e) Boicora pactenus. (f) OOmmit
ypOsKail 3€pHa Ha pacTeHUE.

IToapoOHoe onucanue n3odpeTeHust

Hacrosimee wu3oOperenune Oojee mnoapoOHO oOmmMCcaHO HIKE. B Himkeciaeayromumx
pasnmenax, pasjMuYHbIE acleKTbl H300peTeHusi omnpeneneHbl Oosee moapodHO. Kakmbiit
OIIpeAeNeHHbIH TaKUM O0pa3oM acHeKT MOXeT ObITb OOBEOUHEH C JIFOOBIM IPYTUM acIeKTOM
WIN aCTIeKTaMH, €CJII 3TO HEe OrOBOPEHO 0c000. B wacTHOCTH, 000I NMpPU3HAK, YKA3aHHBIN KakK
NPEATIOYTUTENIbHBIA MM TPEUMYIIECTBEHHBIH, MOXET ObITb OOBEOHMHEH C JIIOOBIM IPYruM
NPU3HAKOM HJIM TTPU3HAKAMH, YKA3aHHBIMHU KaK MPEAMOYTUTEIbHbIE HITH IPEUMYLIIECTBEHHBIE.

Hacrosimmee w3o0pereHne MOKeT OBITh MPAKTHUYECKH OCYLIECTBIEHO, €CJIH 3TO HE
OTOBOPEHO 0CO00, ¢ MOMOINBI0 CTAHIAPTHBIX METONOB, NMPHUMEHSEMbIX B 00JacTh OOTaHUKH,
MUKPOOHMOJIOTUH, KYJIbTUBUPOBAHUS TKAHEH, MOJEKYJISpHOW OWOJIOTHMH, XHMHUH, OHOXHMUH,
TexHosoruu pekoMOnHaHTHBIX JIHK 1 GnonH(popMaTuku, KOTOpble U3BECTHBI CIIELUAINCTAM B
naHHOM obnactu. Takue MeTopl MOAPOOHO ONMHMCAHBI B JINTEPATYpE.

Ucnonb3yeMble 371€Ch TEPMHHBI «HYKJIEHHOBAas KHUCIOTa», «IOCJIEN0BATENbHOCTD
HYKJIEHHOBOM  KUCJIOTBD», «HYKJIEOTHUI», «MOJIeKyJa HYKJIEHHOBOW  KHCJIOTB» WU
«ronuHykKyeotun» BkIrodaroT Mmonekyiel JHK (manmpumep, x/IHK wmm renmomnyro JIHK),
monekynbsl PHK (nanpumep, MPHK), npuponsble, MyTHpOBaHHbIE, CHHTETHUECKHE MOJIEKYJIbI
JHK wnu PHK, u ananoru JIHK wnu PHK, nonydenHble ¢ MCIONB30BaHUEM HYKJICOTHIHBIX
aHaJIOrOB. DTHU MOCJIENOBATENIBHOCTH MOTYT OBITh OJHOLIETIOYEYHBIMH HJIM JABYXLENOYEUHBIMH.

Taxkumun HYKJICUHOBbIMHU KHCJIOTaMU WJIn MOJIMHYKJICOTUAAMHA ABJIAKOTCA, HO HE
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OrPAaHUYMBAIOTCS MMM,  KOAUPYIOIIHE  MOCJIEAOBATEIbHOCTH  CTPYKTYPHBIX  I'€HOB,
AQHTUCMBICJIOBBIE MOCJIEIOBATEIbHOCTH U HEKOJUPYIOLIHUE PEryJIATOPHBIE MOCIEI0BATEIbHOCTH,
kotopble He koaupyroT MPHK, nnu OenkoBble MpOAYKTBL. DTH TEPMHUHBI TAKXKe BKIFOYAIOT I'eH.
Hcnonp3yeMblil 3leCh TEPMHUH «T€H» HIIM «T€HHAas IOCIEeNOBATEIbHOCT) YHOTpeOiseTcs B
IIMPOKOM CMBbICIE U O3HadaeT HykjienHoByro kuciory JHK, accouumposanyro ¢
Ouonornyeckoit ¢pynkuueit. Takum 0Opa3oM, reHbl MOTYT BKJIIOYATh HHTPOHBI U K30HBI, KaK U B
FeHOMHOW  TOCJIENOBaTENbHOCTH, MJIHM  MOTYT  COAEPKATb  TOJBKO  KOAMPYIOLIYIO
nocnenoBatebHOCTh, kak u B kJIHK, w/wnu moryr Brimodats k/JIHK B koMOuHarmm ¢
PEryJISTOPHBIMU NOCIEA0BATEIbHOCTIIMU.

Hcnonp3yemMble 31€Ch TEPMUHBI IOJHUIENTUA» U «OENOK» SIBIISIOTCS CHHOHUMAMH H
O3HAYaIOT aMUHOKHUCJIOTHI B TOJMMEPHOH (popme JI0OOW UIMHBI, CBS3aHHBIE OPYT C APYrOM
NENTUAHBIMH CBSI3SMU.

ACHeKTBl HacTOsIIEero M300peTeHus] BKIIOYAT MeTonbl pekomOmHaHTHBIX JIHK u
HCKJIFOYAIOT BAapPUAHTBI, KOTOpPbIE OCHOBAHBI HCKIIIOUUTEIBHO HA KYJBTHUBUPOBAHUHM PACTEHUN
TPAAULIMOHHBIMU METOJAMU CEJEKLUU.

Cnoco0bI NOBbILIEHHS] YPOKANHOCTH

B cooTBercTBuu € 3TUM, B IEPBOM CBOEM aCIEKTe, HACTOSIIIEE N300pETEHNE OTHOCHTCS K
croco0y MOBBIMIEHHS] YPOKAHHOCTH PAaCTEHHH, I'/le YKa3aHHBINA CIIOCO0 BKIIIOYAET CHUKEHUE HITH
OTMEHY 3KCIIPECCUU IO MEHbIIEH Mepe OIHON HYKJIEHMHOBOW KHCIIOTBI, KOOUPYIOIEH oTy0anH—
nonoOHyr0 npoteasy (obo3Hawaemyro 3aech «OTUB1Y (6enok, CBSI3BIBAIOIIHUICS C aTbIECTHIOM
yOUXUTHHA W CONEp’KAIUN JTOMEH ONyXOJU SIMYHUKA 1)), W/WINM CHWKEHHE WA OTMEHY
aktuBHoctH nosnunentuna OTUB1 B ykazanHoMm pacrenuu. IlpennouturenpHO, HacTosliee
n300peTeHne OTHOCUTCS K crnocoOy moBbiieHust ypoxkas 3epHa. OTUB1 wmoxker Takxke
oboszHauatbess 3mech «NPT1», «DEPS» wmmu «WTGl», m 3Tu TepMuUHBI MOTyT OBITh
UCIIOJIB30BAaHbl KaK CHHOHHMMBI. B OZHOM BapHaHTe OCYIIECTBJIEHHUS H300peTeHusi, Crocod
MOJKET CHHJKaTh, HO HE OTMEHATD dKcrpeccuto n/unu aktuesHOCTE OTUBI.

TepmuH «yposkaiiy B OOMIMX YepTaxX O3HAYAET U3MEPHMOE NOCTHKEHHE SKOHOMHYECKON
LIEHHOCTH, OOBIYHO CBSI3aHHOE C YKA3aHHOW CEJIbCKOXO3SIMCTBEHHON KYJIbTYPOH, B KOHKPETHOH
00JlacTH M B KOHKPETHBbIH mepuoj BpemeHH. OThenbHble YacTH PACTEHUH HENOCPEICTBEHHO
BHOCAT CBOH BKJIaJ B YpPOXKail B 3aBUCHMOCTH OT WX KOJHYECTBA, Pa3MEPOB W/WUJIH MAacChl.
ANBTepHATUBHO, (PAKTUYECKHM YpOKaeM SIBJIIETCS] YPOKall CENbCKOXO3SHCTBEHHON KYJIbTYPHI
Ha KBaJPATHBIA METP B IO, KOTOPBIA OMpPEIENseTCs MyTeM AeJIeHHs o01mero oobemMa npoayKTa
(BKJTFOUast COOpaHHBIN U OLIEHEHHBIN MTPOAYKT) HA 3aCESTHHBIC KBAPATHBIE METPHI.

TepMuH «NOBBIIEHHE YPOXKANHOCTH», ONPEAENSeMbI B HACTOSIIEH 3asiBKE, MOXET
BKJIFOYATh JIFOOOH MM 1O MEHbLIEH Mepe OAMH M3 HIKECIEAYIOLINX MPU3HAKOB U MOXKET OBITh
OTpe/eNieH MyTeM OLIEHKH OJTHOTO WK OoJiee mapaMeTpoB: (a) yBEIMUEeHHON OuomMacchl (Macchl)
onHOW wmiu Oojee dYacTell pacTeHWs, HAaO3€MHBIX YacTel (3aroTaBIMBAaEMbIX YacTed) WU
YBEJINYEHHOW OMOMAacCChl KOPHEH, YBETMYEHHOro oObeMa KOpHeH, YBEIMYeHHON AITNHBI KOPHEH,
YBEJIMUEHHOTO JUaMeTpa KOpHeW WM yBeJIWYeHHOW Ouomacchl JIHOOOW Apyro dvactu

3aroTOBJIMBAEMON HacTH. Y BeIWYeHHas Ouomacca MOXeT ObITh BBIpa)K€Ha Kak I/pacTeHHe WU
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kr/rektap; (b) yBeIUYEHHOH YpOKallHOCTH CEMSIH Ha paCTeHHUE, KOTOpPasi MOXKET BKJIFOYATh OHO
WM HECKOJBKO NPU3HAKOB: YBEIMYEHHOW OMOMacchl (Macchl) CEMsH Ha PAacTeHHE WA €ro
OTAENbHON 4acTH, (C) YBEIUYEHHON CKOPOCTH HaIMBa ceMsiH, (d) yBeTMUeHHOro YHciia HaJUThIX
ceMsiH, (€) TOBBILIEHHOTO IOKa3aTessd YPOKaWHOCTH, KOTOPBI MOXET OBITh BBIPAXKEH Kak
OTHOLICHHE YPOXKaWHOCTH 3aroTaBJIMBAEMbIX YaCcTeH, TAKUX KaK ceMeHa, Kk obmeit onomacce, (f)
YBEJIMYEHHOM BCXOKeCTH/3()(HEKTUBHOCTH MpOopacTaHusi, (g) YBEIHUEHHOTO YUCIa UIH pa3Mepa
WJIA MAcChl CEMsIH WJTH CTPYYKOB, MM O000B, miu 3epHa, (h) yBenudeHHOro oobeMa ceMsiH (UTO
MOKeT OBbIThb Pe3yJbTaTOM H3MEHEHHS COCTaBa (TO €CTh, OOLIero COAEpKaHUs M COCTaBa
JUMUAOB (TaKXKe HA3bIBAEMBIX 37€Ch MacjoM)), OenkoB W yriaeBoaos), (1) yBETHUEHHOU
(MHOUBUIYyaIbHOW WJIM CpenHeH) IUIomanu cemsiH, (j) yBeNM4YeHHOW (MHIWBUAYAJIBbHOW WU
cpenHel) muHBI ceMsiH, (K) yBenmueHHOH (MHIUBUAYAIbHON MM CpeaHel) mupuHbl ceMsiH, (1)
YBEJIMYEHHOTO (MHIWBUAYAJIBHOTO HIIM CPEIHEro) MeprMeTpa CEMsiH, () MOBBIIIEHHOTO POCTa
WM BETBJICHUS, HANPUMeEpP, COLBETUH C OONBIIMM UYHCIOM BETBEH, (N) YBEIMUEHHON CBEXKeH
MacChbl WJIM HAIlOJHEHHOCTHU 3€pHA, (0) YBEJIMYEHHON MAacChl KOJOCa, (pP) YBEJIUYEHHOU MAaCChI
Toicsty 3epeH (TKW), koropas MokeT OBITh BBIYMCICHA HUCXOAS W3 YHUCIA MOJCYUTAHHBIX
HATIOJIHEHHBIX CEMSH M UX OOLIed Macchl M MOXKET ObITh pe3yJbTaTOM YBEIMYEHHs pasMmepa
CeMSTH W/WJT MaccChl CeMsiH, () YMEHBIIEHHHOTO YHCJia OECIUIOAHBIX TOOEroB Ha pacTeHue u ()
Oonee xpenkux uiam OoJee CHIBHBIX COJIOMHUH MM cTeOjei. Bce mapamerpsl mpuBomsaTcs 1o
OTHOIIEHHIO K PACTEHHUIO TUKOTO THUIA WJIH K KOHTPOJIBHOMY PACTEHHIO.

IIpenmodTurensHO, MOBBIIIEHHBIM yPOXKAW BKJIOYAET IO MEHbIIEM Mepe OIHO
yBEJIMYEHUE N0 MEHbILIEH Mepe YMCia 3epeH, YHcia 3€PeH Ha KOJIOC WM Ha METENKY, MacChl
3epHa, IIMPUHBI 3€pPHA U TOJINMHBI 3€PHA, MAacChl THICSYU 3€peH. Y POKAHHOCTb SIBISIETCS
MIOBBIIIEHHOHN 110 CPABHEHMIO C YPOXKAMHOCTBIO KOHTPOJIBHOIO PACTEHUS MM PACTEHUS JTUKOTO
tuna. Tak, HampuMmep, ypoXKaHOCTh ObLta moBbIeHa HA 2%, 3%, 4%, 5%, 6%, 1%, 8%, 9%,
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19% wnu 20%, 25%. 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% wunu 95% 1o CpaBHEHUIO C YPOKAHHOCTBHIO
KOHTPOJIBHOTO PACTEHMsI WM PACTEHUS TMKOTrO THIA. B OJHOM M3 BapUAHTOB OCYLIECTBICHHUS
U300peTeHMs, YPOKANHOCTD MOKET ObITh TOBbIIIeHa Ha 20—50%, a Ooyiee MpennovTUTEIHHO, Ha
5-15% wunu Oonee MO CpPaBHEHHUIO C YPOKANHOCTBIO KOHTPOJBHOTO pacTeHus. [loBbIlIeHHE
ypOoskasi 3epHa MOXKeET OBITh OLIEHEHO MyTeM OIPENeNIEHUs] OAHOTO HITH OoJiee MapaMeTpoB: YUCa
3epeH, YHCIa 3€PeH Ha METENIKy, MacChl 3€pHa, LIMPUHBI 3€pHA M TOJIIUHBI 3€PHA, MAacCChl
THICSYM 3€PeH /WM 4YHCia TUIOAOHOCAIMX ToberoB Ha pacreHue. CreuanucT B JaHHOU
o0yacTd MOKET OmnpenenuTh JEOOOH M3 BBILEYKA3aHHBIX IapaMETPOB YypoKas 3epHa
W3BECTHBIMH METOIAMH.

Hcnonp3yeMble 31€Ch TEPMUHBI KCEMEHA» U «3€PHO» MOTYT PAacCMaTPUBATHCS 37€Ch KaK
CHHOHHMBI. TepMHUHBI «IOBBIIIEHUE», «YJNYULICHUE» WIN «YCUJICHHE)» TAaKXKe HCIIONB3YIOTCS
3/1€Ch KaK CHHOHHMBI.

TepMuH «CHW)XKEHHE» O3HA4YaeT CHWKEHHE YPOBHEH 3KCIPECCHM W/WIN aKTHBHOCTHU
OTUBI Ha 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% wumu 90% wunu 6ojee o CPAaBHEHUIO C

YPOBHEM Yy paCTCHUsI AUKOIO TUIIA WM KOHTPOJBHOI'O PACTCHUS. TepMI/IH (KCHMIKECHUE» MOXKET
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OXBaTbIBaTb, & MOXXET U HE OXBAaTbIBaTb, OTMEHY OKCIPECCUH, a MPEANOYTUTENbHO, OH He
OXBaTbIBAET TaKyl0 OTMeHY. TepMUH «OTMEHa» 3KCIpeccUuH o3HadaeT, uTo skcnpeccuss OTUB1
He oOHapy>kuBaercs, uiau ¢pyHkunonanbHbiil nomunentun OTUB1 ve npoayuupyercs. Meroast
ompeneneHus ypoBHs skcmpeccun w/mimm  ero aktuBHoctn OTUBI1 xopomo u3BeCTHbI
crieLuaiicTaM B HaHHOW oOsactu. Takoe CHMXKEHHE MOXKeT ObIThb HW3MEpPEHO JIFOOBIM
CTaHIAPTHBIM METOJOM, M3BECTHBIM CIELMATUCTaM B JaHHOH oOmactu. Tak, Hampumep,
CHIDKEHHE YPOBHEW SKcIpeccuy W/uim conepskanus no menbuieln mepe OTUB1 mosker ObITh
noKasarejieM ypOoBHeH Oeska /WM HyKJIEeMHOBON KHCJIOTBI M MOXKET OBbITh ONpPEAesIeHO JIObIM
U3BECTHBIM METOJIOM, TaKMM KaK, HO HE€ OrPaHMYHBAIOIIUMCS HMH, JiE0Oast ¢opma rejb—
anektpodopesa wuiam xpomororpaduu (Hampumep, BIXKX). B omHOM u3 BapuaHTOB
OCYIIECTBIICHHS H300PETEHHs, MyTaLUsl CHIDKAET M OTMEHSIET AeyOMXUTUHA3HYIO aKTHBHOCTD
OTUB1. B cooTBeTcTBUM C 3THM, CIOCOO MOXKET BKJIOYATh OLIEHKY IeYOMXUTHHA3HOM
AKTUBHOCTH O€Nlka CTaHAAPTHBIMH METONAMH, TaKUMH KaK TIpUMeHeHHe (PIIyOpecCleHTHOro
neyOMXUTHHA3HOTO cyOcTpara.

B mpenmoutuTensHOM BapHaHTe JOOOT0 M3 OMHCAHHBIX 37€Ch aCMEKTOB M300pETeHMHs],
skcnpeccus w/wu aktuBHOCTE OTUB 1 siBjIsieTcst MOHMKEHHOH, HO HE OTMEHEHHOI.

TepMuH «mo MeHblell Mepe ofHa MyTauus» o3HadaeT, uro eciau ren OTUBI
NPUCYTCTBYET B BHIE OoJiee, 4eM OAHOH KOIMWHU HIIM TOMOJIOra (C TOH ke CaMOW WJIM HEMHOTO
OTJIMYAIOIIEHCs TTOCIEI0BATEIBHOCTHIO), TO 10 MEHbINEH Mepe B OAHOM I'€HE MPUCYTCTBYET IO
MeHbIIeH Mepe ogHa MyTauus. [IpennouTurensHo, YTOOBI BCEe T€HbI ObIIIM MyTHPOBAHHBIMH.

B onHOM M3 BapuaHTOB OCYIIECTBIEHHUS M300pETEHHs], COocOO BKIFOUAET BBEIEHHUE IO
MEHbLIEH Mepe OAHONW MyTaluH, MPEeANOUYTUTENbHO, B 3HIOTeHHbIN reH, kogupyromuii OTUBI,
w/umn B npomorop OTUBI. IlpeanodrurenpHO, yKa3aHHOW MyTalMed SBISETCS MyTalusl B
xonupytomer obnactu rena OTUB1. AnprepHaTHBHO, yKa3aHHOW MyTalMel SBISETCS MyTarlys
B HUHTPOHHOW mnociaenosarenbHoctd min B 5’-UTR. B npyroMm BapuaHTe OCYyIIECTBJIEHUS
u300peTeHus], MO MEHbIIeH Mepe OHA MyTaLMUs WA CTPYKTYpHAs MOAU(UKALHA MOXKET ObITh
BBeneHa B npomotop OTUBI Tak, utobsl ren OTUB1 He skcnpeccupoBaiics (TO €CTh, Y4TOOBI
JKCIIpeccusi ObUTa OTMEHEHA) HITH SKCIPECCHPOBAJICS HA MOHWKEHHOM YPOBHE, KaK ONMpeaesieHO
B HACTOsILIEH 3asiBKE. B abTepHATMBHOM BapHUaHTE OCYLIECTBICHUS H300PETEHHsI, 10 MEHbILEH
Mepe omHa MyTanust MokeT ObITh BBeeHa B TeH OTUB1 tak, uroObl MOOU(UIIMPOBAHHBIN T'€H
HE 3KCIpPeCCHUpOBajl MOJTHOPa3MEPHBIH (TO eCTh, dKCIpeccupoBan ycedeHHbni) 6enmok OTUBI1
WIH He 3KCIPEeCCHpPOBaN MOJTHOCTHIO (yHknmoHanbHbl Oenmok OTUBIL. Takum obpasom,
axktuHOCTh nonunentuaa OTUB1 Moxer paccMaTpuBaTbCsl Kak MOHM)KEHHAs WM OTMEHEHHas
KaK ONHMCAHO B HACTOsIIEH 3asBke. B moOoM ciyuae, MyTanust MOJKET IPUBOJIUTE K SKCIIPECCHH
OTUBI ¢ orcyTcTBHEM OHMOJOTHUECKONW aKTUBHOCTH 1N Vivo, C €€ 3HAYUTEJIbHBIM YMEHBIICHUEM
win u3menenueM. AnbrepaarusHo, OTUB1 mMoxkeT BooOIIe He SKCITPECCHPOBATHCA.

B omHOM W3 BapMaHTOB OCYLIECTBIIEHHs M300pETEHUs, IOCIEAOBATENBHOCTh TI'eHa
OTUBI comepXuT uAM COCTOUT M3 HeE, IOCIEAOBATENbHOCTb HYKJIEUHOBOW KUCIIOTHI,
omnpenenenHyto B moboi n3 SEQ ID NO: 2-5, nnu ee pyHKINOHATIBHBIN BApHAHT UM TOMOJIOT,

u xoxupyet nonunentun, onpeneneHHsiii B SEQ ID NO: 1, unu ero QyHKIIMOHAIBHBIA BapHAHT
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WJIM TOMOJIOT.

Tepmun «mpomotop OTUB1» o3HadaeT o0nacTh, MPOCTUPAIOINYIOCS 110 MEHbBIIEH Mepe
Ha 2,5 T.mo. Beiue kogoHa ATG OPC OTUBI. B onHOM u3 BapuaHTOB OCYILECTBJICHMUS
u3zobpereHusi, mocienoBaTenbHOCTh npomoTopa OTUBI1 Brirodaer, Wiu COCTOUT M3 Hee,
NOCJIEI0BATENbHOCTD HYKJIEMHOBON KHUCNOTHL, omnpeneneHHylo B SEQ ID NO: 6 unu ee
(YHKIIMOHAIBHBIA BapHaHT MM romouior. [Ipumeps! romonoros npomotopa ykasassl B SEQ ID
NO: 21-27.

B Brimeyka3aHHBIX BapuaHTax, «IHIOTEHHAS» HYKJEHMHOBAs KUCJIOTAa MOXKET O3Ha4aTh
HaTUBHYIO WJIM MPUPOJIHYIO MOCIEA0BATENbHOCTh B FreHOMe pacTeHus. B onHOM u3 BapuaHTOB
OCYIIECTBJICHUS] M300peTeHusi, 3HIOreHHas mnocnenoarenbHocTh reHa OTUBI1  comep:kut
arob0yo u3 SEQ ID NO: 2, 3, 4 win 5 ¥ KOOUPYET aMHUHOKHCIIOTHYEO TOCIENOBATEbHOCTD,
onpenenennyo B SEQ ID NO: 1 unm ee romosioru. B 00beM HacTosiero n3o0peTeHus: Takxke
BXOAST (DYHKIMOHAJIbHBIE BAapUAHTHI (ONpENEJICHHbIE B HACTOSINEH 3asBKE) M TOMOJIOTH
UICHTU(UIMPOBAHHBIX BBILIE IMOCIENOBATEIBHOCTEH. [IpUMeEpBl TOMOJIOTOB NPENCTAaBIIEHbI B
SEQ ID NO: 7-27. B COOTBETCTBMM C O5THUM, B OJHOM W3 BapHaHTOB OCYLIECTBJIECHMUS
n300peTeHnsi, TOMOJIOr Koxupyer nojumentn, BbiOpanHbii w3 SEQ ID NO: 14-20, wmm
COIEPIKHT, WIN COCTOMT M3 HEE, MOCIEeNOBATENbHOCTh HYKJIENHOBOH KHUCIIOTHI, BBIOPAHHYIO U3
SEQ ID NO: 7-13.

TepmuH «(pyHKIMOHANBHBIA BapHaHT» (MM «BapUAHT»), HCHOJIB3YEMbIH 37€Ch CO
ccputkoit Ha modbie SEQ ID NO: 2-210, o3Ha4yaeT nmocieoBaTeIbHOCTh BAPUAHTA WA YacTh €€
IIOCJIEIOBATENIbHOCTH, KOTOPBIE COXPAHSIOT OHOJOTMYECKYI0 (YHKLHIO TMOJHOPa3MepHOH
HeMOAM(DULIMPOBAHHON TOCIEA0BaTENbHOCTH. (MYHKIIMOHAIBHBIA BapUaHT TaKXKe BKIIOUAET
BAPUAHT  MPEACTABISIOLIEr0  HHTEPEC TIeHa, KOTOphIH  uMeeT  MoaM(pUKaLuu B
HIOCJIEIOBATENIbHOCTH, HE BIUSIOIUE Ha (DYHKLHUIO, HAPHMEp, B HEKOHCEPBATUBHBIX OCTATKaX.
B o0bem HacTosIero n300peTeHuns Tak)Ke BXOAUT BAPUAHT, KOTOPBIH, MO CYIIECTBY, HACHTUYEH
MIPECTaBJICHHBIM 371€Ch MOCIE0BATENIbHOCTSIM IUKOrO THIIA, TO €CTh, IMEET TOJIbKO HEKOTOphIe
MOIU(UKAIMU TTOCIEIOBATEIbHOCTH, HAIIPUMEDP, B HEKOHCEPBATUBHBIX OCTATKaX, W SIBJISETCS
OMONOrnYecku AakTHBHbIM. MonuuKauu B MOCIEIOBATEIBHOCTH HYKJIEWHOBOH KHCIIOTHI,
KOTOpbIe TMPUBOIAAT K MPOAYLHMPOBAHHUIO APYroil aMHMHOKUCIOTHI B JaHHOM IOJIOKEHUH, HE
BIMSIIOINEH Ha (PYHKLIHMOHAJIbHbIE CBOHCTBA KOJUPYEMOTO TOJMIIENTHAA, XOPOIIO H3BECTHBI
CHeLUaINCTaM B AaHHOW oOnactu. Tak, Hampumep, KOJOH aMHHOKHCIIOTHI aJlaHWHA, TO €CTb,
ruapooOHON aMUHOKHUCIIOTBI, MOXET OBITh 3aMEHEH KOJOHOM, KOAMPYIOLIMM APYrod MeHee
ruapooOHBI OCTATOK, TAKOH Kak TJHOMH, Wiu Oonee runpodoOHBI OCTaTOK, TaKOH Kak
BQJIMH, JIEHLIMH WM U30JIEHIIMH. AHAJIOTHYHBIM 00pa3oM, MOAU(HUKALINH, KOTOPbIE TPUBOIAT K
3aMeHe OJJHOTO OTPHLATENIbHO 3apsDKEHHOro OCTaTka Ha ApPYroH, HampuMep, acnapariHOBOM
KHMCJIOThl Ha TJIyTAMUHOBYIO KHCIJIOTY, WJIM OJHOTO MOJIOKUTEJIbHO 3apsKEHHOIO OCTaTKa Ha
Apyroi, Hampumep, JU3WHA Ha apruHUH, MOTYT TakKXke, Kak U OXKMIAeTCs, MPOAyLHMpOBATh
(YHKIMOHABHO >KBHUBAICHTHBIH MPOAYKT. Takke He ClenyeT OXWUAaTh, YTO HYKJIEOTHIHbIC
3aMeHbl, KOTOpbI€ NPUBOAAT K W3MEHEHUI0 N—KOHLEBbIX U C—KOHIEBBIX 4YacTell MOJIEKYJbl

MNOJIMIICIITHAA, 6y}]yT HU3MCHATH AKTHBHOCTL IIOJIMIICIITHIA. Kancz[a;l U3 MNPCATIONKCHHbIX
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Monu(pUKAIMA BXOIUT B KOMIIETCHIMIO CIIELHATNCTa OOBIYHON KBadu(pUKALUU, U ObUIO
OTIPENIENIEHO, YTO OHA HE M3MEHsET ONOJIOTHUECKYI0 aKTUBHOCTb KOAUPYEMBIX TPOAYKTOB.

B onHOM M3 BapHaHTOB OCYIIECTBJICHUS N300peTeHNs, (PYHKIIMOHANBHBIA BAPUAHT UMEET
MOCJIEIOBATEIBHOCTD, O0IIast HIEHTUYHOCTh KOTOPOM COCTABIISIET IO MeHblel Mepe 25%, 26%,
27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%,
43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%.
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, T0%., 71%, 2%, 13%, T4%,
75%, 6%, 17%, 18%, 19%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% wunu mo meHwiie Mepe 99% MO CPaBHEHUIO C
MOCJIEIOBATEIPHOCTHI0 HEMOAU(DUITUPOBAHHON HYKJIEHHOBOW KHUCJIOTHI WJIM aMHHOKHCJIOTHOM
MOCJIEIOBATENbHOCTBIO.

Ucnonb3yeMblil 31ech TEPMUH «roMoJsior» Takke o3HauaeT npomorop OTUBI wumum
oprosor reda OTUBI1, nmpoucxoasimuii oT pacTeHUi Ipyrux BUAOB. ['oMOJOr MOXET UMETh, B
NOPSIZIBE  VBEJIMYEHUSI TPENIOYTHTEIbHOCTH, TOCIENOBATENbHOCTb, 00Ias HISHTUIHOCTb
KOTOPOW COCTaBJIIET MO MeHbIer mepe 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%,
34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%,
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%,
66%, 67%, 68%, 69%, 70%, T1%, T2%, 3%, T4%, T5%, 16%, T7%, 18%, T19%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V7%,
98% wunu no menHbluel mepe 99% Mo CpaBHEHUIO C AMHUHOKHCJIOTHOM IOCJIENOBATEIbHOCTHIO,
npeacrasiaeHHo SEQ ID NO: 1 unn mo0o0ii n3 nocneaoBaTeNbHOCTEN HYKJIEHHOBON KHUCIIOTBHI,
npeacrasiaeHHor SEQ ID NO: 2 wim 6. B oqHOM 13 BapHaHTOB OCYLIECTBJIEHUS M300peTeHNUs,
o01mmas UAEHTUYHOCTDh MOCJIENOBATENbHOCTEN COCTaBIsAET 110 MeHbluel mepe 37%. B onHom u3
BApUAHTOB OCYLIECTBJIEHHs H300peTeHus, o0Ias MASHTHYHOCTb IIOCIENOBATENbHOCTEH
cocrasisieT 1o Menblueit mepe 70%, 71%, 72%, 713%, 74%, 15%, 16%, 17%, 18%, T19%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, v 99%, a Haubonee npeanoyturenbHo, 90%, 1%, 92%, 93%, 94%, 95%, 96%,
97%, 98% wnu no meHbluel mepe 99%.

B ob0wvem HacTosimero wu300peTeHHs] BXOAST TakkKe (PYHKIMOHAIbHBIE BApPUAHTBI
romonioroB OTUBI1, onpeneneHHbIX BbILIE.

«OTUB1» (0enok, CBA3BIBAOIUNACS C abACTUAOM YOUXUTHHA U COAEPKAIIMA JOMEH
OMyXONH SIMYHUKA 1) KomupyeT oTyOamH—TonoOHyro mpoTeasy. Kak oOCy»knmanoch BbIIIE,
«OTUB1» moxer Takxke obo3Hauarbes 31aech «<NPT1y», «DEPS» wnu « WTG1», 1 5TU TepMUHBI
MOTYT OBITh UCTIOJIb30BAHBI KAK CHHOHUMBI.

OTUBI xapakrepusyercss HaJuuueM psiia KOHCEPBAaTHUBHBIX JIOMEHOB, BKJIIOYasl, HO He
OrpaHUYMBASCh UMH, OTYOAMH—TIONO0HBII TOMEH.

B npyrom BapuaHTe OCyIIECTBIEHHS H300pPETEHHUs, IOCIENOBATENbHOCTh OTyOanH—
no00HOTO IOMEHA MPEICTaBIIeHA HIKE:

SEQ ID NO: 211

PYVGDKEPLSTLAAEFQSGSPILQEKIKLLGEQYDALRRTRGDGNCFYRSFMESY
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LEH
ILETQDKAEVERILKKIEQCKKTLADLGYIEFTFEDFEFSIFIDQLESVLQGHESSIGAEELL
ERTRDQMVSDYVVMFFRFVTSGEIQRRAEFFEPFISGLTNSTVVQFCKASVEPMGEE
SDHVHIIALSDALGVPIRVMYLDRSSCDAGNISVNHHDFSPEANSSDGAAAAEKPYITL
LYRPGHYDILYP

AMUHOKMCIIOTBI, BbineneHHble :kupHbiM B SEQ ID NO: 211, ofpa3yior
KaTaJIUTUYECKYIO TpUamy,

mwi SEQ ID NO: 212

SPILQEKIKLLGEQYDALRRTRGDGNCFYRSFMFSYLEHILETQDKAEVERILKKI
EQCK
KTLADLGYIEFTFEDFFSIFIDQLESVLQGHESSIGAEELLERTRDQMVSDY VVMFFRF
VTSGEIQRRAEFFEPFISGLTNSTVVQFCKASVEPMGEESDHVHIIALSDALGVPIRVM
YLDRSSCDAGNISVNHHDFSPEANSSDGAAAAEKPYITLLYRPGHYDILYPK

B coorBerctBuM € 3TUM, B OJHOM H3 BapHAHTOB OCYIIECTBJICHUS H300pETEHUs,
NOCJIeN0BaTeNbHOCTh HyKiIenHoBor kucinotel OTUB1 (komupyromas) konupyet 6enok OTUBI,
comepskamuii Mo MeHbleil Mepe oauH SBP—momeH w/wimm oTyOauH—TONOOHBI JTOMEH,
OTIpeieNIEeHHbI HIDKE, UM UX BapUaHT, IJi€ YKa3aHHbII BapHaHT MMeEET IOCIEeI0BaTENbHOCTD,
o011ast HIEHTUYHOCTh KOTOPOH COCTABIISIET 1O MeHbInel mepe 25%, 26%, 27%, 28%, 29%, 30%,
31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%,
47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 5T7%, 58%, 59%, 60%, 61%, 62%,
63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, T1%, 12%, 73%, T14%, 5%, 16%., T7%, 718%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% wnu no menbLIei Mepe 99% 1O CPaBHEHHIO C MMOCIENOBATEIbHOCTHIO SEQ
ID NO: 211 wmm 212. B mnpeamodTUTENbHOM BapuUaHTE OCYLIECTBICHUS H300peTeHus,
nomunentun OTUBI xapakrepusyercss Hanmu4ueM IO MeHbIIEH Mepe OJHOro OTyOamH—
nomqoOHOr0 JOMEHAa M HMMEeT TOCJeN0OBaTeIbHOCTh, KOTOpash Mo MeHblned mepe Ha 75%
romojiormyHa SEQ ID NO: 211 wnm 212. B npyrom BapuaHTe OCYINECTBJICHUS U300pETEeHUS,
6enok OTUBI1 comep’XKUT KaTaJIUTUYECKYIO TPHALy W, NMPEATIOYTUTENBHO, copepkut SEQ ID
NO: 211 wm SEQ ID NO: 212 wwuium wux BapuaHT, ONPENeIeHHBbIH BBIIIE, TI7e
MOCJIEI0BATENBHOCTD 3TOTO BapUaHTa COAEPKUT IO MEHblIeH Mepe acmapTtaT U LIUCTEHH
(mpenmouTtuTensHO, B ToJoxkeHusx 4 w 7) wwim tuctumuH B SEQ ID NO: 211
(TIpeArOUYTHTENBHO, B IEPBOM ITOJIOKEHUH).

JlBe mocCenoBaTeNbHOCTH HYKJIEHMHOBBIX KHUCJIOT WM MOJIUIENTHAOB HAa3bIBAIOTCS
«UJIEHTUYHBIMU», €CJIU IOCJIE0BATEIbHOCTh HYKJIEOTHAOB WM aMHUHOKHCIIOTHBIX OCTaTKOB,
COOTBETCTBEHHO, B JIBYX IOCJIEOBATEbHOCTSIX ABJISIOTCS OAMHAKOBBIMHU TPU MX BBIPABHUBAHUH
HA MaKCHMaJIbHOE COOTBETCTBHE, KaK OMHCAHO HIDKE. TEePMHMHBI «UASHTUYHBII» WA MPOLIEHT
«UOEHTUYHOCTH» B OTHOIIEHUH JIBYX HJIM OOJie€ HYKJIEHHOBBIX KHCJIOT WM TMOJHIIETITHIHBIX
NOCJIEIOBATENILHOCTEH, OTHOCATCA K JABYM WM 0Oojiee  NOCIEAOBATENbHOCTSAM WM
MOJMOCIEA0BATENbHOCTSM, KOTOpbIE SIBJIAIOTCS OAMHAKOBBIMU MJIM HMEIOT ONPEENIeHHBbIN

MNPOLCHT OAWHAKOBLIX AMHWHOKUCJIOTHBIX OCTATKOB WJIM HYKICOTUAOB IpPpU CpaBHCHUU U



23

BbIpaBHUBAHUHW Ha MAKCUMAJIbHOC COOTBCTCTBUE I10 BCEMY OKHY CpPaBHCHHUA, KakK OBLIO
ONpENeNeH0 C MOMOLIBIO  OJHOTO U3  HHUYECHEAYKOWHUX  aJrOPUTMOB  CPaBHEHHs
HOCJIeI[OBaTeJIbHOCTeﬁ HJIK IYTEM PYYHOT'O BbIpaBHHBAHUA U BU3YAJIbHOTO Ha6J'I}O,I[eHI/I$[. Ecmm
NpOUCHT HUACHTUYHOCTHU HOCJIGI[OBaTeJIbHOCTefI UCIIOJIB3YECTCsA B OTHOLICHUH O€NKOB HJIH
NEeNTHAOB, TO CUMUTAETCs, YTO MOJIOKEHUs OCTATKOB, KOTOPBIE HE SIBIISIFOTCSI MIEHTUYHBIMH,
4acTO OTJIMYAKOTCA KOHCEPBATHBHBIMU AMHHOKHCJIOTHBIMU 3aMEHaMH, IA€ aMHHOKHUCIOTHBIE
OCTaTKH OBLIN 3aMEHEHBI IPYTUMH AMHHOKHCIOTHBIMH OCTATKAMHU CO CXOAHBIMU XMMHYECKHIMHU
CBOWMCTBaAMH (HAmpuMep, 3apsiioM WU TUAPOPOOHOCTHIO) a, CJIENOBATENbHO, HE H3MEHSIOT
(YHKLIMOHAJbHBIE ~ CBOHCTBA  MOJEKyJbl.  Eciam  MOCHenoBaTEIbHOCTH  OTJIHYAKOTCS
KOHCCPBATUBHBIMH 3aMCHAMU, TO MPOUCHT UACHTUYIHOCTHU HOCJ'IGI[OBaTeJIbHOCTeﬁ MOKET OBIThb
CKOPPEKTHPOBAH B CTOPOHY IOBBIMIEHUS OJIsI KOPPEKUH KOHCEPBATUBHOI'O XapaKTepa 3aMeEH.
Metonpl TakoW KOPPEKLHH XOpPOLIO H3BECTHBI CHEHaNCTaM B JaHHOW obnmactu. Jlns
CPaBHEHUsI IIOCJIENOBATEIbHOCTEH, OOBIMHO OAHY MOCIEAOBATEIBHOCTh BBIOUPAIOT B KA4eCTBE
5TaJIOHHOM NOCJIENOBAaTENBbHOCTU, C KOTOPOI CPAaBHUBAIOT TECTUPYEMbIE MOCIEN0BATEIbHOCTH.
HpI/I HCIIOJIB30OBAHUU aJITOPHUTMaA CPABHCHUSA HOCHGI[OBaTeJIbHOCTefI, TECTUPYCEMBIC U 5TAJIOHHBIC
NOCJIE0BATEIbHOCTU BBOJSIT B KOMIIBIOTED, OTIpEeAEINSAIOT KOOpAMHATBI
MOAIOCIIEIOBATENIbHOCTH, €CJIM 3TO HEOOXOAMMO, M BBIUHCISIIOT TapamMeTpbl ajJropuTMa
NPOTPaMMBbl  TIOCJIEIOBATENILHOCTH. MoOryT OBITh HCIOJB30BaHBI MApaMETPhl MPOrPaMMbI IO
YMOJYAHHIO, JTHOO MOTryT OBbITh BBIOPAHBI AJBTEPHATHBHBIE MapaMeTpPhbl. 3aTe€M C TOMOIIBIO
ajaropurma CpaBHCHHA HOCHGI[OBaTeJIbHOCTefI BBIMUCJIAOT MMPOLCHT HUACHTHUYHOCTHU
NOCJIE0BATENIbHOCTU JJIs1 TECTUPYEMBIX IMOCJIEAOBATENIBHOCTE MO CPABHEHUIO C STaJOHHOM
NOCJIEI0BATENBHOCTHIO HA OCHOBE MapaMeTpoB nporpammbl. HeorpaHndyusaromyumyu npuMepamu
aJTOPUTMOB, KOTOpBIE SIBJISIOTCS MOAXOASIIUMU [JIsl ONpPEAeSeHHUs] NMPOLIEHTAa HAEHTUYHOCTH
IOCJIEIOBATENILHOCTEH M CXOACTBA MOCJeNoBaTeNbHOCTEH, sABJstoTCs anroputmbl BLAST wu
BLAST 2.0.

[Monxonsiimue TOMOJOTH MOTYyT ObITb HMASHTU(OULIUPOBAHBI MyTEM CpPaBHEHUS
HOCHGHOBaTeHbHOCTef/i 151 I/II[eHTI/I(bI/IKaLII/Iﬁ KOHCCPBATUBHBIX JTOMCHOB. Cl’IeLII/IaJII/ICTaM B I[aHHOI\/JI
00J1aCTU U3BECTHBI nporpaMmbl MPEACKA3aHUA, KOTOPBIC MOTYT OBITb HCITOJIB30BaHBI JJIA
I/II[eHTI/ICI)I/IKaLII/II/I TaKHX HOCHGI[OBaTeJIbHOCTefI. CDYHKLII/UI romMoJiora MOXET OBITH
UAeHTU(QUIIMPOBAHA KaK OIMUCAHO B HACTOSIIIEH 3asiBKe, W, TAaKUM OOpa3oM, CIEIHUAIHCT B
JaHHOW OOJIACTH CMOXKET TMOATBEPAUTh (YHKLHUIO, HANpUMep, €eCJAH OHa HW30BITOYHO
5KCIIPECCUPYETCsl B PACTEHUU.

Takum o00pa3oM, HYKJIEOTHIHBIE IIOCIEJOBATEIBHOCTH COTJIACHO H300pETEeHHI0 U
OMUCAHHBIE 3€Ch MOCJIICAOBATCIBHOCTH MOIYT TaKKe OBITb HCIOJIB30BAHBI JJIs1 BBIACJICHUA
COOTBETCTBYIOIMX IOCJEIOBATENbHOCTENl M3 APYrUX OPraHU3MOB, & B YAaCTHOCTH JAPYTUX
pacTeHHi, HampuMep, CeNbCKOXO3SHCTBEHHBIX KyJbTyp. Takum oOpa3oM, METONbl, Takue Kak
[P, rubpuamzanmss W T.OI. MOTYT OBITb NPUMEHEHbl Ui WACHTUPHUKAIMH TaKUX
NOCJIE0BAaTEIbHOCTEN UCXOMs U3 TOMOJIOTHH 3TUX TOCIE0BATENbHOCTEN ¢ ONMCAHHBIMU 3/1€Ch
NOCJIE0BATENbHOCTAMU. TOMONOrus MOCAENIOBATENbHOCTE W JOMEHOB C XapaKTepHOM

CTPYKTYpOH TaKkk€ MOXKET YUWUTBIBATBCS MMpPHU HAEHTU(QUKALWU U BBIACJICHUH TOMOJIOTOB.
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ITocnenoBaTenbHOCTH MOTYT OBITh BBIAENEHBI MCXOAS W3 OO0mMeH MASHTUYHOCTH WX
NoCJIeoBaTeNbHOCTE WM WX (parMeHToB. B Meromax ruOpuanszaumy, BCs W3BECTHAS
HYKJIEOTHJIHAs MTOCJIEOBATEIbHOCTh WJIM €€ YacTh HCIOJB3YIOTCS B KA4eCTBE 30HIA, KOTOPBIH
CEeJIEKTUBHO rUOpUAN3yeTCs c APYyTUMHU COOTBETCTBYIOLIIMH HYKJICOTUAHBIMU
NOCJIEIOBATENIbHOCTSAMY, TPUCYTCTBYIOLIMMU B TOMYJIALUN KJIOHHUPOBAHHBIX (PParMeHTOB
renomuoit JIHK umu ¢parmentos k/IHK (to ectb, 6ubmmorex renomubix JITHK wnu k/IHK)
BBIOPAHHOTO PACTEHHsl. DTH 30H/BI I THOPUAM3ALUK MOTYT NMPEACTABIATh COO0H (hparMeHTsI
renomuoit JIHK, ¢parmentst k/IHK, ¢pparmentsr PHK win apyrue omuroHyKJIeOTHIbI, H MOTYT
OBITh TOMEYEHBbI JETEKTUPYEMOW TPYNION WU JIOOBIM JIPYTMM IETEKTHPYEMbIM MapKEPOM.
Mertoapl monyueHHsl 30HAOB Uit ruOpuam3armu 1 KoHcTpyupoBanus KJIHK u reHoMHBIX
OubnmnoTek OOBIYHO W3BECTHBI CIEIHMATUCTAM M OMHMCAaHBI B PYKOBOACTBE Sambrook, et al.,
(1989) Molecular Cloning: A Library Manual (2d ed., Cold Spring Harbor Laboratory Press,
Plainview, New York).

I'uOpuansanust TaKMX MOCIENOBATENLHOCTEH MOXET OBbITh OCYINECTBJIEHA B YCIIOBHSX
OTPENEeNeHHON JKEeCTKOCTH. IIom TEPMHMHOM <CKECTKHE YCJIOBUS» HIIH <OKECTKHE YCJIOBHUS
rHOpUAN3alNY» TIOPa3yMEBAIOTCSl YCIOBHS, NPU KOTOPBIX 30HA OyneT ruOpHIu30BaThCs C
NOCJIEIOBATEIbHOCTPIO—MHIIEHBIO B JIETEKTHPYEMO OOJNbIIEH CTENeHH, 4YeM C APYTUMH
NOCJIEIOBATENbHOCTAMH (HAampuMep, MO MEHbIIeH Mepe B 2 pas3a IO CPaBHEHUIO C (OHOM).
VCoBUsSL KECTKOCTH 3aBUCST OT TMOCIENOBATENbHOCTH M OYyAyT OTIMYATBCS B PA3THUHBIX
cnydasx. Ilyrem perynsiun ycnoBUH JK€CTKOCTH TMOPUAN3ALUN W/ UM MIPOMBIBKA MOTYT OBIThH
UICHTU(QHUIUPOBAHBI IOCIENOBATENbHOCTU—MHIIEHH, KOoTOpble Ha 100% KOMIUIEMEHTapHbI
30HAY (rOMOJIOTMYHOE 3O0HAMPOBAaHME). AJIBTEPHATHBHO, YCJIOBUS JKECTKOCTH MOKHO
peryJmpoBaTh Tak, YTOOBI 3TO AOMYCKAJIO HEKOTOPOE HECOOTBETCTBHE B IMOCIEAOBATEIbHOCTH,
HO TakK, 4TOOBI MOKHO OBLIO AETEKTHPOBATh OOJiee HU3KKE CTENEHH CXOACTBA (TeTepOIOrHIHOe
3oHaMpoBanue). Kak mpaBuio, 30HA HMeeT IJIMHY MeHee, 4eM mnpudmmsurenpbHo 1000
HYKJIEOTUIOB, a MPEANOYTUTENIbHO, MeHee, ueM S00 HyKJIeOTHIO0B.

Kax mpaBuiio, yCcioBHsl )KECTKOCTH MOTYT MPEACTABISTh COOOH YCIOBUS, PU KOTOPBIX
KOHIIEHTPAIMSI COJIU COCTaBJIsIeT MeHee, 4eM mnpudiausutenbHo 1,5 M uoHoB Na, a 0ObIuHO,
npubnusutensHo ot 0,01 go 1,0 M wmonoB Na (wnm apyrux comeid) mpu pH 7,0-83, a
TEMIIEpaTypa COCTABJISIET MO MeHbineld Mepe npubmmsutrenbHo 30°C Isi KOPOTKUX 30HIOB
(mampumep, ot 10 mo 50 HykJI€OTHIOB) W, MO MeHblLIeH Mepe mpubmusutenbHo 60°C s
JUIMHHBIX 30HAOB (Hampumep, Oomee, dvem S50 Hykimeotunos). [IponoKHUTENBHOCTH
ruOpuan3auyu OOBIMHO COCTABIIIET MEHee, 4eM NpUONM3uTeNnbHO 24 dYaca, a dYaie BCero
npuOIU3NUTENBHO OT 4 10 12 yacoB. Y CIOBUS KECTKOCTH MOTYT OBITh TaKXKe JOCTUTHYTHI MyTEM
no0aByeHUsI IeCTaOMIIN3NPYIOIINX aAreHTOB, TAKUX Kak (popmMaMu.

B nppyrom BapmaHTe OCYINECTBIIEHUs H300pETEHUs, HCIONb3yeMbIil 37eCh BapHaHT
MOJKET BKJIIOUaTh MOCJIENOBATEIBHOCTh HYKJIEWHOBOH KHUCJIOTBI, KOAWPYIOIIYIO TMOJUIENTH/
OTUBI, ompeneneHHblii B HACTOSILEM ONMCAHMM, TIZA€ YKa3aHHas IOCJIEN0BATENbHOCTD
cnocoOHa  ruOpUAM30BaTbCA B ONPEAENIEHHBIX  371eCh  YCJOBUSAX  JKECTKOCTH  C

MOCJIEIOBATEIbHOCTBIO HYKJIEMHOBOM KUCIOTHI, onpeneneHHoi B SEQ ID NO: 2-5.
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B onHOM M3 BapHaHTOB OCYIIECTBIIEHHS H300PETEHHs, CIIOCO0 BKIIFOUAET CHIDKEHHE HITH
OTMEHY, a MPENNOYTUTENbHO, CHIDKEHHE SKCIPECCHH IO MEHbLIeH Mepe OJHOW HYKJIEHHOBOH
kucyaoTel, komupyrowmen nomunentun OTUBI wunu cHuwkeHue Wi OTMEHY aKTUBHOCTH
nonunentuna OTUBI, kak omucaHo B HACTOsIIEH 3asBKe, TIe€ yKa3aHHBIH CIIOCOO BKIIKOYAET
BBEJICHUE 10 MEHbIIEH Mepe OJHOM MyTaluu 10 MeHbIIEeH Mepe B OJUH I'eH W/ MU B IPOMOTOP
OTUBI, rne yxasanssiii red OTUB1 comeput uiu COCTOUT U3:

a. TIOCIIENIOBATEIbHOCTH  HYKJEMHOBOM  KMCJIOTBI, KOAUPYIOINEH  IOJHIENTHN,
onpenenenHbiii B ogquoit u3 SEQ ID NO: 1 u 14-20; unn

b. mocnenoBaTebHOCTH HYKJIEMHOBOH KUCIIOTHI, onpeneneHHoi B onHoi uz SEQ ID NO:
2—-13; unmu

C. TIOCJENOBATENIbHOCTH HYKJEHMHOBOW KHUCJIOTBHL, O0INas HIEHTHYHOCTh KOTOPOH
COCTaBJISIET MO MeHbluel mepe 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% wunu no MeHbLICH
Mepe 99% 1o cpaBHEHUIO C TocaenoBaTenbHOCTsIMHE () uiu (b); win

d. mocnenoBaTenbHOCTH HYKJIEHHOBON KUCIOTHI, koaupytoeil nomunentun OTUBI, kak
OTNPENEeNeHO B HACTOSIIEH 3asiBKE, U CHOCOOHOH THOpPHON30BATHCS B ONPEAETICHHBIX 31ECh
YCIIOBHSX JKECTKOCTH C MOCIIEIOBATEIBHOCTBIO HYKJIEMHOBOH KUCIIOTHI 110 JIobomy 13 (2)—(c),

u rae npomotop OTUBI1 coaepKUT UK COCTOUT U3:

€. MOCJIEeI0BATEIbHOCTH HYKJIEMHOBON KUCHOTHL, onpeaeneHHoil B SEQ ID NO: 6 u 21—
27;

f. mocnenoBaTeNbHOCTH HYKJIEHMHOBOM KHCIOTBI, O0Ias HMAEHTUYHOCTb KOTOPOH
COCTaBJIsieT 10 MeHblueit mepe 75%, 76%, 77%, 78%, T19%, 80%, 81%., 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% wunu no MeHbIIEe
mepe 99% 1o CpaBHEHUIO C MOCIENOBATEIbHOCTHIO (€); UITH

g. TOCIEeNOBaTeIbHOCTH HYKJIEHHOBOW KHCJIOTBI, CIOCOOHOW THOPUAM30BATHCS B
OTIpeIeNIEHHBIX 3/1€Ch YCIOBUAX JKECTKOCTHU C TMOCIEN0BATENIbHOCTBIO HYKJIEMHOBOMH KHUCIIOTHI IO
nrobomy u3 (e)—(f).

B npeamodTuTeNbHOM BapHAaHTE OCYINECTBJICHUS H300PETEHUs, MyTalHs, KOTOPYIO
BBOAST B OSHAoreHHeld reH umu npomotrop OTUBI ganst caiieHCHHIa, CHUIKEHHUS WIH
WHTHOUPOBaHUs OHMOJIOTHMYECKON AaKTHBHOCTH W/WJIM YPOBHEW 3KCIpPecCHM TeHa win Oeka
OTUB1, moxet ObITh BbIOpaHa U3 MyTaLMHA CIEAYIOIIUX THUIIOB:

1. «MHCCEHC—MYTallUN, KOTOpass ~ TpPencTaByisieT  coO0ol  MOnuU(pHUKALHIO
NOCJIEIOBATENbHOCTH HYKJIEHHOBOH KUCIIOTBI, MPUBOISINYIO K 3aMEHe OIHONW aMUHOKHCIIOTBI Ha
APYTYIO aMUHOKHUCIIOTY,

2. KHOHCEHC—MYTALlUM» WM «MYyTaLHUU CTONM—KOIOHA», KOTOPbIE MPEACTABISIIOT COOOMH
MOIU(HKALMIO B MTOCIEIOBATEIBHOCTH HYKJIEUHOBOH KHUCJIOTBI, KOTOPast IPUBOIUT K BBEEHHIO
NPEXIEBPEMEHHOIO CTON-KOAOHA M, TaKUM O0pa3oM, K TEPMHHAIMH TpPaHCIALUU (C
o0pa3oBaHHEM yCEUeHHOTo Oejika); Te B PACTEHUSX, KOIOHBI TEPMUHALUN TPAHCISIIUA MOTYT
obiTh BbIOpanbl M3 «TGA» (UGA B PHK), «TAA» (UAA B PHK) u «TAG» (UAG B PHK); n

TaKiM 00pa3oM, Jio0asi HyKJIEOTHIHAs 3aMEHa, WHCEPLUS U JAeJIeUsl MPUBOIUT K 00pa30BaHUIO
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OJTHOTO M3 3THUX KOIOHOB uIsl TpaHcisiiuu 3peioil MPHK (B pamke cUMThIBaHUS) U IpeKpalnaeTr
TPAHCIISALIUIO.

3. «MHCEPLMOHHON MyTallM» OJHOTO WiIN Oojiee HYKJIEOTHUAOB WIM OOHON mim Oonee
AMHHOKUCJIOT M3—3a A00aBle€HUs OJHOrOo MWiIM 0Oojiee KOJOHOB B  KOJUPYIOIIYIO
NOCJIEI0BATENBHOCTD HYKJIEHHOBON KUCJIOTBI,

4. «OeneuMoHHOW MyTalUW» OJHOro Win Oonee HYKJIEOTHIOB WM OJHON miam Oosee
AMMHOKHCJIOT M3—3a JIeJIeLH OHOrO Win OoJsiee KOJOHOB B KOAMPYIOLIEH MMOCIe10BATEIbHOCTH
HYKJIEUHOBOM KHCIIOTBI,

5. «MyTauMM €O CIOBUIOM pPaMKH CUUTBHIBAHHUS», KOTOpas NMPUBOAUT K TPAHCISALUU
MOCJIEIOBATEIbHOCTH HYKJIEMHOBOM KHUCJIOTBHI B IPYrOH paMKe CUMTBIBAHUS, PACHOJIONKEHHOU
HIOKe 3TONH MyTtauuu. MyTtanus CO CIBUIOM pPaMKU CUMTHIBAHUS MOXET MPOUCXOAUTH IO
Pa3NUYHBIM TPUYMHAM, TAaKUM KaK HHCEPLUs, AeJeUUs WM OYIUTMKAIHs OJXHOTrO miu Oolee
HYKJIEOTUJIOB.

6. «KMyTaLUU caiiTa CIUIAfiCHHTa», KOTOpasi MPEACTaBISIET COOOH MYTALUIO, IPUBOISIIYIO
K MHCEpLIUH, AL WU 3aMEeHE HYKJICOTUAOB B CANTE CIUIAlCHHIA.

Hcnonb3yemble 31eCb TEPMUHbBI KMHCEPLIUSY, «AENeLUs» WIH «3aMeHa» MOTYyT O3HadaThb
MHCEpLUIO, AENEeLUI0 WIM 3aMeHy IO MEHblIell Mepe OJHOro, IBYX, TpeX, 4eThbIpex, MsATH,
LIECTH, CEMH, BOCbMM, AEBSITH WU JECATU HYKJIEOTUIO0B. B ONHOM KOHKPETHOM BapUaHTe,
yKa3aHHasi MyTalllsi MOXKET BKJIFOUATh 110 MEHbLIEH Mepe OfHY U3 CIEeAYIOIINUX 3aMeH:

— Cna T B monosxkernu 1135 SEQ ID NO: 2 unu 5,

— G na C B nonoxkenun 1462 SEQ ID NO: 2 wnu 5; w/unu

— G na C B nonoxkenuu 1798 SEQ ID NO: 2 unnu S.

B npyroMm [OMOJMHUTENBPHOM WM AJbTEPHATUBHOM BAPUAHTE OCYLIECTBJICHMUS
U300peTeHus, yKa3aHHOW MyTalueld sBJSIETCS HMHCepLMs OIHOH AaMHUHOKHCIOTBHL —a
npennoututenbHo, T B monoxkenuu 2234 SEQ ID NO: 2 unm 5.

B npyroMm [OmMONHUTENPHOM WM aJbTEPHATUBHOM BAapUAHTE OCYLIECTBJICHMUS
U300peTeHus, YKa3aHHOW MyTalueill sBJIAeTCS HeJelus IO MEHbIIeH Mepe 4YeThIpex
HYKJIEOTHJIOB, & MPEANOUYTUTENBHO, YeThIpeX HYKJIeoTuAoB, noguepcHyThix B SEQ ID NO: 3.
OToN MyTanueil SBIAIOTCS MyTalMsl B IOCJIENOBaTENIbHOCTH CIUIafiCMHra 5K30Ha—HMHTPOHA,
npuBOAALIast K OOpa3soBaHHMIO MyTHpPOBaHHOW mocnenoBarenpbHocTn CDS,  coneprkameit
YEeTBEPTYI0 MHTPOHHYIO IMOCIENOBATEIbHOCTD, onpeneneHHyo B SEQ ID NO: 153 (uerBepTsiit
UHTPOH MOTYEPKHYT). B pesynbraTte, MyTanus wtg NpUBOANT K MPEXKIEBPEMEHHON TEPMUHALIUN
npenckasanHoro Oenka (kak onucano B SEQ ID NO: 154).

B npyroMm JOMOJMHUTENBPHOM WM aJbTEPHATUBHOM BAapUaHTE OCYLIECTBJICHMUS
n300peTeHus], yKa3aHHONW MyTauuel MoxkeT ObiTh 3ameHa G Ha A B mojoskenuu 1824 SEQ ID
NO: 155.

BooOmme rosopsi, cneunanucTaM B JaHHOH 00JIACTH OYEBHUIHO, YTO IO MEHbBIIEH Mepe
OJlHA MyTallusi, ONpEeeNeHHas BbIIE U NPUBOASINAS K WHCEPLUH, AENELUU WIH 3aMeHe IO
MEHBbIIEH Mepe OJHOW HYKJIEHMHOBOM KHUCJIOTHl WJIM AMHUHOKHUCIOTBI MO CPAaBHEHUIO C

nocnenoBaTebHOCTEI0 Tpomotropa OTUBI wmnu HyknenmHoBol kuciotel win 6enka OTUBI1
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IOUKOTO THITA, MOKET BJIMATH Ha Ouojiorndeckyro aktuBHOCTE Oenka OTUB 1. IIpeanoururensHo,
yKa3aHHasi MyTaLusl OTMEHSIET HIIM CHIXKAeT eyOnxutuHasHyro aktuBHocTh OTUBI.

B oxgHOM U3 BapuaHTOB OCYIIECTBIIEHHUS] M300pETEHHs, MyTalMIO BBOIAAT B SBP—nomen
u/unu oTyOanH-1on00HBIN noMeH. [IpennouTuTenbHo, YKa3aHHON MyTalnel sSBJISIETCs My TaLHsl
C moTepel WM ¢ YaCTUYHOM moTepeil PyHKLNH, TaKkas KaK MPeKAeBPEMEHHBIH CTON—KOAOH HIIN
AMMHOKHCJIOTHAsI 3aME€Ha B BBICOKOKOHCEPBATUBHOI 00JacTH, KOTOpast, Kak ObLIO MPEeACKa3aHo,
UrpaeT BAKHYIO poJib B 00pa30BaHMU CTPYKTYpHI Oenka. B npyrom BapuaHTe OCyINECTBIICHUS
u3obperenus;, myrauuio Boast B mpomotop OTUBI, u Takol MyTaruei siBisieTCsi IO MEHbIIEH
Mepe AeNenus /WM WHCEPLHs MO MeHbIIEH Mepe OTHOW HYKJIEWHOBOH KHCIOTHI. Takke
BKJIFOYEHbl M JPYrH€ OCHOBHBIE 3aMeHbl, TaKuW€ Kak JeJlelud, KOTOpble YAAIOT
(dyHKIMOHATBHBIE 00JIACTH TPOMOTOPA U CHIXKAIOT ypoBeHb 3kcrnpeccun OTUB1. B ogHOM 13
BAPUAHTOB OCYINECTBIEHUS] M300pPETeHUs], MyTalusi MOXET OBbITb BBEACHA B TIOJOXKEHHE II0
MEHbBIIEH Mepe OJHOW AaMHHOKHCIIOTBI, KOTOpas oOpa3yeT KaTaJUTHYEeCKYI TpHUaay,
OTpENeNIeHHYIO BbIIe. Tak, HaImpuMep, YKa3aHHOH MyTanuell MOKeT OBITh MO MEHbLIEH Mepe
OZlHA, & MPEANOYTUTENBHO, BCE HUKECIEAYIOIINUE 3aMEHBIL:

— D na E B monoxxennu 68 SEQ ID NO:1

— C na S B nonoxkernu 71 SEQ ID NO:1 w/unu

— H na R B monoxxenun 267 SEQ ID NO:1.

B omHOM M3 BapHaHTOB OCYINECTBIIEHHUS] N300PETEHUs], MyTaLlUsl MOJKET OBITh BBEZIEHA B
npomotop OTUBI, u no mensiueii Mmepe onny MyTanuto Beoaar B ren OTUBI.

B onHOM BapumaHTe OCyLIECTBIEHHS H300pPETEHUs, MYTALHI0 BBOAAT C IOMOIIBIO
MyTareHe3a WIM LEeJIEBOr0 pPEeAaKTUPOBaHUs IeHoMa. 10 eCcTb, B OJHOM CBOEM BapHaHTE,
HacTosilee M300pEeTeHHe OTHOCUTCA K CIOCOOYy M K PACTEHHI0, KOTOpOoe OBUIO MOJIyueHO
ONMCAaHHBIMH BbILIE METOJAMU T€HHON MH)KEHEPUHU U He BKJIFOYAeT MPUPOAHBIE COPTA.

Hanenennast wMoaumdukanus TreHOMa MM LEJIeBO€  PENaKkTHPOBAHHE TI'eHOMa
NPEACTABISIIOT COOOW METOJ TeHOMHOW WHKEHEPUH, B KOTOPOM HCIOJIb3YIOTCSI LEJIEBbIE
nByxuenoueunblie paspeiBel  JJHK (DSB) pns  CTUMyNsLMM  peJaKTHPOBAHUS TeHOMA
NIOCPEICTBOM COOBITHI PEKOMOHMHALIUK, OMOCPEAYEMBIX TOMOJOrHyHON pekomOunanueii (HR).
Jns  noctmkeHus: 3(G(EKTUBHOTO PEJaKTHPOBAHUS T'€HOMAa MOCPEICTBOM BBENEHUS CalT—
cneunpuuecknx DSB JIHK moryT ObITh MCHIOIB30BaHBI YETHIPE OCHOBHBIX KJIACCA CIIELUAIBHO
ckoHCTpyHpoBaHHbIX JIHK—cBsi3bIBatOmux OENKOB: MeraHykKJeas3bl, MPOHCXOASIIHE OT
MHUKPOOHBIX MOOMJIBHBIX '€HETHYECKHX 3JIEMEHTOB; HykJea3bl ZF Ha OCHOBE 3YKapHOTHUECKHX
¢dakTopoB Tpanckpunumu;, 3¢dexroprl, nomodusle akrusaropy Ttpanckpunmmu (TALE) or
Oakrepmii Xanthomonas, u PHK-/IHK-—sHponykneasa cas9, perymupyemas PHK wu
npoucxopsimasi OT OaktepuanbHOW amantuBHOH uMMyHHOH cuctembl CRISPR tuma 11
(KJTaCTepU30BAHHBIX PErYJSIPHO NEPEMEKAFOIINUXCSI KOPOTKMX MAJWHAPOMHBIX TIOBTOPOB).
Meranykneasa, 6enku ZF u TALE pacnosnator cnenuduueckune mnocienoBarenbrocta JJHK
nocpencrsoM B3aumoneiicteuii Oenok—/IHK. Xotsi Meranykieasbl MHTETPHPYIOT HYKJI€a3bl U
JTHK—cBsi3biBaromue nomensl, ogHako, Oenku ZF u TALE cocrosiT u3 OTnenpHBIX MOAYJEH,

HaueneHHbIXx Ha Hykseotuas! 3 wmm 1 (nt) JIHK, coorBercrBenno. ZF u TALE moryT ObITh
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coOpaHbl B HY)KHOH KOMOWMHAIMM W TPUCOEOUHEHBI K HyKJeKka3HoMmy pnomeHy Fokl mms
HAIpaBJIeHUs] HyKJICOJUTHUECKON aKTUBHOCTH Ha CIIeLN(UIEeCKHe T€HOMHBIE JIOKYChL

ITocne nocTaBKM B KJIETKH—XO035i€Ba MOCPEACTBOM OaKTEpUANbHOM CHUCTEMbI CEKpPEeLNU
tuna III, a¢pdexropsr TAL mpoHHKAIOT B AApO, CBA3bIBAIOTCS ¢ 3ddexrop—cnennduyeckumu
NOCJIEIOBATENbHOCTSIMU B IIPOMOTOPAX TI€HA-XO3MHA M AKTUBUPYIOT TpaHcKkpumuuioo. Hx
cneu(pUIHOCTh HALIEIEHHOW OCTaBKH ONpPEAessieTCsl IEHTPaJIbHbIM JOMEHOM TaHAaeMa U3 33—
35 aMHHOKHCJIOTHBIX IIOBTOPOB. 3a HHMMHU CJedyeT OAMH YycedeHHbIi nosrop u3 20
AMHHOKHUCJIOT. BONBIIMHCTBO OLEHHBaeMbIX NpUPOnHbIX 3¢dekropoB TAL pacnosoxkeHsbl
Mexay 12 u 27 nonHopa3MepHbIMU TOBTOPAMH.

OTU MOBTOPBI OTIUYAIOTCA APYT OT APyra TOJbKO ABYMsI CMEKHBIMU aMHUHOKHCIOTaMH,
TO €CTh, ABYMSI OCTaTkamu ¢ BapuadenbHbiMU nIoBTOpamMu (RVD). RVD, koTopeiii onpenenser,
Kakol WMEHHO OAWH Hykyeotnn Oynmer pacno3HaBaTh d¢dekrop TAL, mpencrasisier coOoit
onuH RVD, coorBercTBymuii ONHOMY HYKJIECOTHAY, M KaXIbli M3 4YeTblpex Hauboee
pacnipocTpaHeHHbIX RVD, KOTOpbIN NPEeUMyILIECTBEHHO aCCOLMUPYETCS C OAHUM M3 YEThIPEX
ocHoBanuil. [IpupoaHble CaliThl pacnO3HABAHUS PABHOMEPHO PACHONOXKeHbI nocie T, KOTopbIi
HeoOxonuMm 1st coobmmenust s ¢exropHo akTuBHOCTH TAL. Dddextoper TAL moryT ObITh
NPUCOCAMHEHbl K KaTaJIMTUYECKOMY JOMeHy Hykieassl Fokl ¢ oOpa3oBanmem Hykieasbl
s dexropa TAL (TALEN), uTo mo3BOJISIET BBOAWTH LIEJIEBbICe AByXIlenodeuHbie pa3pbibl JJHK
(DSB) in vivo ans penaktupoBaHus reHoMa. IIpumMeHeHue 3TOH TEXHOJIOTHH B peAaKTUPOBAHUU
reHoMa XOpOLIO OMHMCAHO B JuTepaTrype, Hampumep, B marteHtax CIIIA 8440431, 8440432 u
8450471. Cermak T. u ap. OMUCHIBAIOT HAOOP CIELMATBHO M3TOTOBJIEHHBIX IUIA3MUI, KOTOPbIE
MOTyT OBITH MCHONIB30BaHbI B MeTone kioHupoBaHus «Golden Gate» nns cOOpKM MHOKECTBa
¢parmentoB JIHK. Kak ommcano B Hacrosimuel 3asiBke, B Merone Golden Gate ucronb3yror
peCTPUKTHpPYIOLINE >HAOHYKIeasbl Tumna IIS, KoTopble pacuIeruisiioT CailThl, HAXOASIIUECS 3a
npenenaMu CalTOB pPACIO3HABaHWA C OOpAa30BAaHMEM YHUKAJIbHBIX BBICTYNAIOIINX KOHIIOB
pasmepoM 4 m.o. KinoHupoBaHHe OCYIIECTBJSIFOT MMOCPEACTBOM TMIAPOJN3a U JIMTUPOBAHUS B
ONHOW M TOH e pEeaKUHOHHONH CMeCH, TaK KakK MpaBHJbHAas COOpKa yCTpaHAeT CalT
pacniosHaBanust ¢pepmenta. COopka crneumanbHO CckoHCTpyupoBanHoro TALEN — wnu
koHCcTpykusi 3pdexropa TAL Briarowyaer nse craauu: (i) cOOpKYy MONyJel—TIOBTOPOB C
NOJIyYeHHEM TPOMEKYTOUHBIX MaccuBoB U3 1—10 moBTOpoB m (ii) NMPHCOETUHEHHE 3STHX
IIPOMEXKYTOYHBIX MAaCCHUBOB K OCTOBY C IOJIy4€HHEM KOHEYHON KOHCTPYKLUU. B cooTBeTCTBHH C
5TUM, C MPUMEHEHHEM U3BECTHBIX METOIOB MOKHO CKOHCTpyHpoBath 3ddexrop TAL, koTopsIit
Oyzer HalLeJIeH Ha OMHMCAHHYIO 37IeCh MOCIIEe0BATEIbHOCTh reHa min npomoropa OTUBI.

JIpyruM METOOM pPEeNaKTUPOBAHHS T'€HOMOB, KOTOPBIH MOXKET OBITh TNPHMEHEH B
COOTBETCTBHHM C PAa3JIMYHbIMU acleKkTaMu Hacrosimero usobperenus, ssisercss CRISPR.
IIpumeHeHue 3TON TEXHOJOTMM B PEAAKTUPOBAHMM I'€HOMAa XOpOILIO OMHUCAHO B JIUTEPATYpE,
Hanpumep, B nmareHte CIIIA 8697359 u B nurtupyempix TaM AokyMeHTax. Kopode rosops,
CRISPR mpencrasnsier coboli MUKPOOHYIO HYKJICA3HYIO CHCTEMY, YUACTBYIOIIVIO B 3aIlUTE OT
uHBa3uBHBIX (QaroB u 1rasmun. Jlokycel CRISPR B MukpoOax—xo3sieBax copepskaT

komOuHammoo CRISPR-acconmupoBansbix reHos (Cas), a Takke HEKOAHPYIOLIHE 3JIEMEHTbI
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PHK, cnocoOuble mporpammupoBars cnenupuunocts CRISPR—onocpenyemoro pacmernienus
HykjenHoBor kucnotel (oupPHK). Tpu tumna (I-1II) cucrem CRISPR Obumn naeHTHUIIPOBAHBI
s OakTepuii-xo3seB MHMPOKoro psina. OIHUM M3 KIFOUEBBIX MPU3HAKOB KaXIOro JIOKyca
CRISPR sBisiercst MPUCYTCTBHE MAacCHBa MOBTOPSIOLIMXCS TOCIEIOBATENBHOCTEN (TIPSIMBIX
IIOBTOPOB), HepeMeKar INXCs KOPOTKUMU dbparmeHTaMu HEMOBTOPSIFOLINXCS
nocyenoBarenbHocTel (cneiicepos). Hexomupyrommii maccuB CRISPR TpanckpuOupyercst u
paciieruiieTrcss B NPSAMBIX TOBTOpax ¢ oOpasoBanumeMm koporkux cr—PHK, conepxxamumx
OTIeJbHbIE IOCJIENOBATEIbHOCTU—CIIEHuephl, KOTOpble HAIMpaBisAlOT Hykjeasbl Cas B calT—
muineHb (npotocneiicep). CRISPR tuna II mpencrasnsier coboii ogHy u3 Hambosee XOpOIo
OXapaKTepU30BAHHBIX CUCTEM M OCYINECTBJIsSIET HYKHbIM nByxuenodedHod paspeis JIHK B
YeThlpe MOCNeNOBaTeNbHbIX cTaauu. Bo-nepsrix, ase Hekonupyromux PHK, maccus pre—cr—
PHK wu tracr—PHK, Ttpanckpubupyrorcs u3 nokyca CRISPR. Bo-Bropeix, tracr—PHK
ruOpunmsyercst ¢ odnactsamu nosropos pre—cr—PHK u onmocpenyer mpoueccunr pre—cr—PHK B
3penble cr—PHK, copepskamue oTaensHble NOCIEN0BATENbHOCTH—CIIEHCepbl. B—TpeTbux, 3penslii
komiuiekc cr—PHK:tracr-PHK nampasnsier Cas9 k JIHK-muineHu mnocpencTBoMm crapuBaHMs
ocHoBanuil Yorcona-Kpuka mexay cneiicepom Ha cr—PHK wu nporocneiicepom Ha JIHK-
MUILIEHH PSZOM CO CMEKHBIM MOTHUBOM mpotoctieiicepa (PAM), 4To sSBISIETCS JONOTHUTEIBHBIM
ycJoBUeEM pacriozHaBaHus MuleHu. M HakoHel, Cas9 onocpenyert pacuierienue JJHK-mummenu
¢ oOpa3oBaHMEM JIBYXIEMOYEUHOIO Pa3pbiBa B POTOCIIEHCEpE.

OpanM u3 rnaBHbX npeumyiectB cucteMbl CRISPR—Cas9, o cpaBHeHUIO ¢ OOBIMHBIM
TAPr€TUHIOM T€HOB M APYTUMH INPOTrPaMMUPYEMbIMHU 3SHIOHYKJI€a3aMH, SIBISIETCSl MPOCTOTA
COOOLIEHNsI MYJIBTHUIUIEKCHOCTH, TIA€ MHOXECTBO TI'€HOB MOXET OBITb MYTHPOBAHO
OJTHOBPEMEHHO MPOCTO ¢ Ucnonb3oBaHueM MHoxkecTBa oLUpPHK, kajkaast U3 KOTOpBIX HalleneHa
Ha apyroii reH. Kpome toro, ecnu ne oupPHK ucnone3yrores amst praHKupoBaHUSI TeHOMHOMN
o0acTy, TO MPOMEKYTOUYHBIH Y4aCTOK MOKET OBbITh JeNneTHpoBaH uin nHBepTupoBaH (Wiles et
al., 2015).

Takum obpasom, Cas9 mpencrasisier coboit kiroueBor Oesok cucrembl CRISPR—Cas
tuna Il u xpynHyro MoHoMmepHyro JIHK-Hykneasy, HaueneHHYK Ha MOCIEI0BATEIbHOCTb—
mumienb JIHK, cMexHyH0 ¢ MOTHBOM TOCenoBaTeNbHOCTH PAM (CMEXHBIM MOTHBOM
npoTocIelicepa) mocpencTsoM komruiekca u3 apyx Hekomupyromux PHK: PHK CRISPR (cr—
PHK) u tpanc—aktusupyromeii cr—PHK (tracr—PHK). Benok Cas9 comepskut nBa HyKJI€a3HBIX
nomeHa, romosiornunbix Hykjeazam RuvC u HNH. Hykneasuwrit nomen HNH pacmenmsier
kommiementapuyro tenb JIHK, Ttorma kak RuvC-momoOHbBII AOMeEH paciueruisier He—
KOMIUIEMEHTapHyl0 1enb, B pe3yibrare dvero B JIHK-MuiieHb BBOAUTCS 3aTyIUIEHHBIH
BbIpe3aHHbIll (parment. ['ereponmormunas skcrpeccust Cas9 Bmecre ¢ oupPHK mosBonsier
BBOJIUTh CalT—crienuduyeckue nByxuernodednsie pa3poiBel (DSB) B renomuyro JIHK xuBbIX
KJIETOK, NMPOMUCXOMALIMX OT Pa3JUYHbIX OpPraHu3MoB. il NMpUMEHEHUs B 3YKApUOTUYECKUX
opraHu3Max ObUIM HCIOJIb30BAaHBI ONTHMH3MPOBAHHBIE 1O KOAOHaM BapuaHThl Cas9, KoTopble
IO CBOEH NPHUPOJIEe MPOUCXOAAT OT OakTepun Streptococcus pyogenes.

Onnonenoueunas pykosozgsmas PHK (oupPHK) sBnsercs BTOPBIM KOMIOHEHTOM
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cucrembl CRISPR/Cas, kotoperiii 00pasyer komruieke ¢ Hykieasoi Cas9. onpPHK npencrasnsier
coboii cunterndeckyro PHK—xumepy, nmonyuennyro nyrem npucoenuHenus cr—PHK k tracr—
PHK. IlocnenoBarenbHocth pykoBomsimedi oupPHK naxomurcs y S'-koHma um coobuaer
cneruduanocts k JIHK—mumenu. Takum oOpa3om, mocpencTBoM MOAu(pUKALUN PYKOBOISLIEH
NOCJIEIOBATENBHOCTH MOKHO NoyuuTh olpPHK ¢ paznuunpiMu crieriuUIHOCTIMEU K MUIIEHU.
Kanonunueckass njMHa pyKOBOASIIEHN MOCIENOBAaTENbHOCTH cocTaBisieT 20 mo. B pacreHumsx,
oupPHK »skcnpeccupyrorcss nox koHtposem npomoropos PHK-nonumepaser III pacrenuf,
takux kak U6 u U3. B COOTBETCTBUU C 3TUM, C MPUMEHEHUEM H3BECTHBIX METOIOB MOKHO
CKOHCTpyHpoBaTh Mosiekybl olpPHK, HalleneHHble Ha ONMUCAaHHYIO 371€Ch MOCIIEN0BATENbHOCTD
rera win npomoropa OTUB1. B onHOM M3 BapuHaHTOB OCYINECTBJICHHsI U300pETEHMs], CIOCO0
BKJIFOYAET MCIIOJB30BAHME JIFOOBIX OMHMCAHHBIX 3716Ch KOHCTPYKIUI HYKJIEHHOBOH KHUCJIOTHI I
monekya oupPHK.

IMna3muner most sxcnpeccun Cas9, npenHasHaueHHbIE Ui MX MPUMEHEHHs B Croco0ax
COTJIACHO M300PETEHHIO, MOTYT OBbITh CKOHCTPYHPOBAHBI KaK OIMHUCAHO B JIUTEPATYPE.

AnbTepHaTUBHO, U BBEJEHUS [0 MeEHblIell Mepe OJHOW MyTaluuu B
nocienosatenbHocTh reHa OTUB1 wmmu mpomoropa OTUB1 moryTt ObITh mpuMeHeHbI Oolee
TPAOULIIOHHBIE METOIbl MyTareHe3a. OTH METOABl BKIIIOYAOT (PU3NYECKUH M XUMHUYECKUH
myTareHe3. CrieruanucTy B JaHHOHW 00JacTH MOTYT OBITh H3BECTHBI M IPYTHE METOMBI, KOTOPBIE
MOTYT OBITb TPUMEHEHBbI AJISI TOJIyYEHUs] TAaKUX MYTAaHTOB, M 3TH METOIbl MyTareHesa M
MOIU(pHUKAIMU TOJUHYKJIEOTHIOB XOPOLIO U3BECTHHI crieruanucraM. Cwm., Hampumep, Kunkel
(1985) Proc. Natl. Acad. Sci. USA 82:488-492; Kunkel et al. (1987) Methods in Enzymol.
154:367-382; marent CIIHA No. 4873192; Walker and Gaastra, eds. (1983) Techniques in
Molecular Biology (MacMillan Publishing Company, New York) u nutupyemble Tam
JOKYMEHTBI.

B ogHOM M3 BapMaHTOB OCYINECTBJIEHUS H300pETEHHs HCIONIb3YEeTCs HHCEPLOHHBINH
MyTareHes, OCYIIECTBIseMbll, Hampumep, mnocpeacrBom wMyTareHesa T—J/IHK (koropsrit
no3BoJisier BctpauBarh pparments T-/IHK u3 T-mnasmuaer Agrobacterium tumefaciens B JIHK,
yro OyneT MPUBOAWTH K MYTALlMH, BBI3bIBAIOLICH MOTEP0 (PYHKLUWU reHa WM NMpHOOpeTeHue
($yHKUMU reHa); caliT—HampaBiIeHHbIX Hykjea3 (SDN) uiu TpaHCIIO30HOB B KAYECTBE MyTareHa.
WHCepuuOHHBINH MyTareHes siBJISIETCSI AIbTEPHATHBHBIM CPEICTBOM HapyIIeHUs! (YHKLIUHU T'eHa U
OCHOBaH Ha BBeneHuu uyskeponnoit /IHK B mpencrasmsromuii uarepec red (cm., Krysan et al,
The Plant Cell, Vol. 11, 2283-2290, December 1999). B cooTBeTcTBHHM ¢ 3THM, B OJHOM
BapuaHTe ocymectsieHus u3odperenus, T—-/IHK wucCmonb3yroT B KadecTBe WHCEPIHOHHOTO
MmyTareHa st npekpamienust skcrnpeccun reHa OTUB1 unu npomoropa OTUBI. T-IHK nHe
TOJIbKO HapyllaeT 3KCIPECCHI0 T'eHa, B KOTOPYIO €€ BCTPauBalOT, HO TaKXe JIeHCTByeT B
KadecTBe  Mapkepa i mochenyromedl  uaeHtHukaumum  myTtanud.  Ilockonbky
MOCJIEI0BATENBHOCTD BCTPOCHHOIO 3JIEMEHTA SBJII€TCSl U3BECTHOM, TO I'€H, B KOTOPBIM BBOIAT
MHCEPIIMIO, MOXKET OBITh BBIZIEJIEH C NMPUMEHEHHEM Pa3IMYHBIX CTPATETHi KIOHHUPOBAHUS WIIH
crpareruii Ha ocHose III[P. Wncepumus ¢parmenra T-JIHK mnopsimka 5-25 T.mo. oObuHO

NPUBOAUT K HapylleHuro GyHKIuM reHa. [Ipu nojaydeHun 10CTATOYHO KPYMHBIX monyssiuuid T—
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JHK—-TpancOpMUPOBAHHBIX JIMHUH HUMEIOTCS AOCTATOYHO BBICOKHE IIAHCHI IIOJYYUTh
TpaHcreHHoe pacteHue, Hecyiee T—-/IHK—BcraBky B m000OM IpeCcTaBISIFOIIEM HHTEPEC T'eHE.
Tpanchopmauus criop mocpencrsom T—JIHK nocruraercss ¢ mpumenenuem Agrobacterium—
OIOCPENyEMOr0 METO/1a, KOTOPBIH BKIIIOUaeT 00padOTKY KJIETOK M TKaHEH pacTeHUs CyCIIeH3uei
kJeTok Agrobacterium.

Jletamu 5TOro MeTrona XOpOLIO W3BECTHBI CHENMANnCTaM B AaHHOH obmactu. Kopoue
rOBOpsi, TPAHC(OPMALHSL PACTEHUsI C UCIIONb30BaHNEM Agrobacterium npuBOAUT K MHTETPALIIH
nocnenosarenbHocTH, HasbiBaemon T-/IHK, B reHom sapa, koTtopas OCYLIECTBJISETCS Ha
OaxrepuanpHOi tuasmune. [Ipumenenue tpanchopmanmu T-JIHK obecrnieunBaer crabuiibHbIE
OTHeNbHbIE BCTAaBKH. llocienyroumuii aHaiu3 MOJyYEHHBIX TPAaHC(POPMHPOBAHHBIX JIMHHUN Ha
HAJIMYME MYTAaHTA SIBJSIETCS TPOCTBIM, M KaKAasl OTHEJbHAs BCTPOCHHAS JIMHUSI MOXKET ObITh
OBICTPO OXapaKTepPH30BaHA TMOCPEACTBOM TNPSMOro CekBeHupoBaHust ©u aHammza JIHK,
(bmaHKHMpyIOIIEeH BCTaBKY. OJKCIPECCHI0O T€HOB B MYTaHTE CPAaBHUBAIOT C 3KCIpeccuei
nocjefoBaTeNbHOCTH HykJenHoBol kucinotsl OTUB1 B pacreHuu nukoro THma, a TaKxke
NPOBOIAT (PEHOTUITUUECKUH aHAJIH3.

B npyrom BapmaHTe OCYINECTBJIECHUS H300pETEHMs, MyTareHe3 IPeNCTaBisieT COOOMH
¢usndeckuii  MyTareHe3, HampuMep, C TOMOIIBIO  YJIbTPAHOIETOBOrO  W3JYYEHHS,
PEHTI€HOBCKOTO M3IIYYEHHsI, raMMa—HM3JIy4eHUs, OBbICTPBIX WM TEIJIOBBIX HEHTPOHOB WU
npotoHoB. lleneBass momynsmust MOXeT ObITh 3aTe€M CKPHHUPOBAHA M HUAEHTU(UKALUH
mytanTa OTUBI ¢ noHmeHHOHN 3Kcnpeccueil Nl akTHBHOCTBIO.

B npyrom BapuaHTe pa3iUYHBIX ACMEKTOB HACTOSIIErO M300pETEHHs], CIIOCO0 BKIIIOYAET
MyTareHe3 IOMYJISALUN PACTEHUH MyTareHoM. MyTareHoM MoxeT ObITh OOsyueHHe OBICTPhIMU
HEUTPOHAMHM WMJIM XHUMHYECKHUI MyTareH, Hamnpumep, BbIOpaHHBIH U3 HIDKECIIEAYIOLIEro
HEOrPaHMYHUBAIOIIErO CIUCKa: dTuiMeTancynbponara (EMS), merunmerancynsponara (MMS),
N—-51un—N-HUTPO30MOYEBUHBI (ENU), TPUATHIIMEIAaHUHA (1'EM), N-meTun—N—
HUTPO30OMOYEBUHBI (MNU), npokapOa3uHa, xjopamOyma, ukiaodochamuna,
IUSTUICYJIb(aTa, aKpUIAMHUAHOTO MOHOMeEpa, Men(daliana, a30THOTO aHaJIora TOPYHYHOrO rasa,
BUHKPUCTHHA, JUMETHJIHUTpPO3aMuHa, N-MeTtun—N'-Hutpo—uurposoryanuanHa (MNNG),
HUTPO3OTYaHHIWHA,  2-aMmuHOmMypuHa, 7,12—  numermn—Oen3(a)antpaueHa (DMBA),
STUJIEHOKCUAA, Trekcametmidochopamuna, Oucynbdana, ITUIMOKCHANKAHOB (IMATOKCHOKTAHA
(DEO), muwsnokcubyrana (BEB) u T.m.), muruapoxnopuaa 2—meTokcu—6—xmop—9[3—(3tun—2—
xJiopaTii)amuHonponmwiamuHo |akpuanHa (ICR—-170) wim dopmansaeruna. U B 3Tom ciydae,
LeJIeBast MOMYJIALUS MOKET OBITh 3aTeM CKPUHHUPOBAHA ISl MACHTU(HUKALIMA MyTaHTa Te€HA M
npomoropa OTUBI.

B npyrom BapmaHTe OCYyIIECTBIEHHS H300peTeHHs, CrocoOOM, NPUMEHSEMBIM IS
CO3MIaHUsI U aHAJM3a MyTalWH, SIBISETCS WHAYLUPOBAHUE JIOKAIBHBIX MOPAKEHUH B I€HOMAax
nocpencrsoM taprerunra (TILLING), omucannoe Henikoff et al.,, 2004. B stom cmoco®e,
CeMEHa IIO/IBEPrar0T MyTareHe3y XHWMHUYECKUM MyTtareHoMm, Hampumep, EMS. IlonyueHHble
pactenust M1 gBIsrOTCA CaMOONBUIAIOIIMMHUCS, U TIOKOJIEHUE pacTeHUN M2 UCIONIB3YIOT B LIEIISAX

nonyueHus: oopasuos JHK nnst myrammonnoro ckpunmara. O6pasusl ITHK oObenussoT u
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HAaHOCAT B BUJE MAacCUBOB HAa MHKPOTUTPALIMOHHbIE IUIAHLIETHl, a 3aTeM I[OJBEpPraroT
renocrieruduueckoit IIHP. ITpoaykrter [MP-ammmdukaimm Moryr ObITh CKPUHHUPOBAHBI Ha
Hanmuuue Mytauuid B reHe—mumeHn OTUB1 ¢ mpumeHeHwem mo0Ooro meropa, KOTOPBIH
NO3BOJISIET MIEHTHU(PULMPOBATH TeTEPONYIIEKCHl MEXy I'€HaMH JUKOTO THIA M MyTaHTHBIMU
reHamu. [IpumMepamu SBISAIOTCS, HO HE OTPAHUYUBANOTCA MMH, ACHATYPUPYIOLIAs >KUIKOCTHAs
xpomatorpaduss  Bbicokoro  masneHus  (@KXBJI), KOHCTAaHTHBIH  JEHATYPUPYIOLIUIT
KanmusipHeld snektpodopes (KAKD), kammuiapHblid 31ekTpodope3 B MpaiueHTe TeMIIepaTyp
(KOI'T) mnm ¢parmMeHTanuss MOCPEACTBOM XHUMHUYECKOTO paclierieHus. [IpeanouTHTeNbHO,
nponyktsl [IIP-ammiudukamyu WHKYOUPYIOT C 3HIOHYKJIEA30H, KOTOpasi MPEeUMYLIECTBEHHO
pacuierisier OMHOOYHBbIE CHAPUBAHUS B TETEPONYIUIEKCAX MEXKIY MOCIEIOBATEIbHOCTSIMHU
JUKOTO TUMA U MYTAHTHBIMU MOCJenoBaTeNbHOCTSAMU. IIpoaykThl paciierieHus: MoaBeprarT
saekTpodope3y Ha aBTOMATUYECKOM YCTPOMCTBE JJII CEKBEHHUPOBAHUS Telis, U M300paKeHUs
redisl aHATM3UPYIOT C TIOMOLIBIO CTAHAAPTHONW KOMMEPUECKU JOCTYITHONW MporpaMmbl 00padoTKU
uzobpakenwid. s aMrmuduKanuyd MOCIeN0BaTeIbHOCTH HykJenHoBou kuciorel OTUBI B
oopenuHerHOM oOpasue JIHK moxer OpiTh mMcnosnb3oBaH 00Ol mpaiimep, crielu(pUYHBIA K
NocjeoBaTeNbHOCTH  HykjienHoBol  kucinotsl OTUBI.  IlpennmoututenbHo,  mpaiimep
KOHCTPYHPYIOT 1ist amrutndukaru obnacreit rena OTUBI, rne monxonsiue MyTamu, Mo BCe
BEPOSITHOCTH, OYAYT BO3HHMKATh, B 4aCTHOCTH, B obnactsax rera OTUBI, kotopble sBISAIOTCS B
BBICOKOM CTENEeHN KOHCEPBATUBHBIMHU W/MIIN COOOLIAIOT aKTUBHOCTbD, KaK OMHUCAHO B HACTOSLIEH
3asBke. Jlns obneruenus nerexktuposanus IILP-nmpomykToB Ha rene, IILIP-mpaiimep mosker
ObITh TOMeuUeH JIOOBIM CTaHAAPTHBIM METONOM MeueHHus. B  anpTepHaTHBHOM BapHaHTE
OCYILIECTBIIEHHUsI M300peTeHus, crnocod, NMPUMEHseMbIH IJIs1 CO3MaHUs U aHajh3a MYyTalui,
npencrasisier  coboii  EcoTILLING. EcoTILLING siBasieTcsi MOJEKYJSIPHBIM — METOIIOM,
anHanmornuHbiM TILLING, 3a HCKIIOUYEHHEM TOrO, YTO €ro LEeJbI0 SIBISIETCS OOHapy KeHue
INPUPOJHOM HW3MEHYMBOCTH [AHHOW NOMyJALMM IO CPAaBHEHUI) C WHAYLUPOBAHHBIMU
myTtauusmu. Briepsoie Mmetoq ECOTILLING Obut onrcan B myOsukanuu Comai et al., 2004.

Takum oOpa3oMm, mpouenypbl OBICTPOrO BBICOKONPOU3BOAMTENIBHOTO CKPUHHUHTA
MO3BOJISIFOT MPOBOJAUTH AHAJIN3 MPOAYKTOB aMIUIM(UKALUKN Ui WACHTH()HKALUKA MyTallUH,
cooOmiaromeil CHIWwKeHne Wi WHakTuBauuio skcrpeccurn reHa OTUB1 mo cpaBHeHHIO ¢
COOTBETCTBYIOLIMM HEMYTAr€HHBIM PACTEHHUEM TUKOro Tuna. Ilocne naeHTudukaum My Tarum B
NPEACTaBISIIOIEM HWHTEpeC TIeHe, ceMeHa pacTeHuss M2, Hecyllero Takyl MyTaLHIo,
KYJIbTHBHPYIOT C TIOJyYE€HHEM B3POCHBIX pacTeHH M3 W CKPUHUPYIOT Ha (EHOTHITMYECKHE
Npu3HAaKW, accouuupoBaHHbie ¢ reHoM—muineHpt0 OTUB1. Takum obOpa3zom, MoxkeT ObITh
UICHTU(QUIUPOBAHA TOTEPs] M CHIDKEHHE (PYHKLIUU B MYTAHTaxX C YBEJIHMYEHHBIM Pa3MeEpOM
CEMsIH 110 CPaBHEHHUIO C KOHTPOJIEM.

Pactenusi, mony4yeHHbIE WJIM  TIONy4aeMble TAaKHUM  CIIOCOOOM W HECyIHe
(YHKIMOHATBHYIO MYTALHIO B SHAOT€HHOM JIOKyce reHa mimu npomoropa OTUBI, Takxke BXOIAT
B 00BEM HACTOSIILIETO H300PETEHHUS.

B anprepHaTMBHOM BapHaHTe OCYIIECTBJICHHs u3o0pereHus, skcrpeccus rera OTUB1

MOJKeT OBbITh CHHKEHA HA YPOBHE TPAHCKPUIILIMM UIIH TPaHCIALMHU. Tak, Hanpumep, SKCIpecCHs
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nocynenoBaTeabHOCTH HykjienHoBor kucaoTel OTUB1 unu mpomoropa OTUBI, kak onpeneneHo
B HACTOSALIEH 3asBKE, MOXKET ObITh CHIIKEHA MIIN «BBIKJIFOYEHA» C MPUMEHEHHEM psla METOIOB
CaliJICHCUHIa T'€HAa, W3BECTHBIX CIELHAJUCTy B JaHHOW 0O0JacTH, TakuxX Kak, HO He
OrPaHUYMBAIOLINXCS] MU, UCIIOJIB30BAHNE KOPOTKUX UHTEPPEPUPYIOIINX HYKIEUHOBBIX KHUCIOT
(xuHK) npotus OTUB1. TepMuH «calileHCHUHT F'€HOBY ABJISETCS OOIIUM TEPMHUHOM U O3HA4YaeT
NOAABJICHUE  OJKCIOPECCHHM  TI€Ha  IMOCPEACTBOM  IOCIENOBATEbHOCTb—CIELU(PUIECKUX
B3aUMOJIEHCTBUI, KoTOpble onocpeayrorcs Mojiekynamu PHK. Crenenb cHubkeHHs MOKET OBITh
CKOPPEKTHPOBaHA TaK, 4YTOObI 3TO NPUBOAWJIO K TOJHOH BIMMHHALMU TPOXYLIUPOBAHHS
KOZIUPYEMOT0 T€HHOTO MPOAYKTA, HO OOBIMHO AJIMMHHALIUS SKCIPECCHH SIBJISIETCS YaCTUYHOM, TO
€CTh, DKCIIPpECCHsl O HEKOTOpOHl cremeHu coxpaHsercs. (ClenoBaTeNbHO, 3TOT TEPMUH He
TOJKEH ObITh UCTOJIKOBAH KaK TOJIHBIA «CAHJICHCHHT SKCIPECCHH.

B omHOM BapumaHTe ocymecTBieHus uzodperenusi, kKuHK MoryT BKIIOYATh KOPOTKYIO
unrepdepupyromyro PHK (xkuPHK), neyxnenoueunyro PHK (nuPHK), muxpo—PHK (MuPHK),
antaromupbl 1 Kopotkyro mmuieuHylo PHK (xmPHK), cnocoOneie omocpenosats PHK—
UHTEP(EPEHIIHIO.

WHrnbupoBaHue SKCIPECCHH W/WINM AKTUBHOCTH MOXKET OBITh H3MEPEHO IyTeM
OTIpeneNeHus] MPUCYTCTBUS W/ uiK konudectsa TpaHckpunta OTUB1 ¢ mpuMeHeHneM MeTONOB,
XOPOIIO W3BECTHBIX CIEUAINCTaM B JaHHOH oOmactu (Hanmpumep, Hozepu—Omorrunra, OT-
[P u T.11.).

TpancreHs! MOTYT ObITH MCIIOJIB30BAHBI JUISI TIOAABIEHNUS SHIOT€HHBIX T€HOB PACTEHHM.
OT1o BHepBble OBUIO OOHAPYKEHO, KOIZla TPAHCTE€HBbI XAJIKOHCUHTAa3bl B INETYHUH BBI3bIBAJIN
NOJJABJIEHUE SHIOT€HHBIX T€HOB XaJIKOHCHHTA3bl, U 3TO HAONIOAANOCH IO JIETKO 3aMETHBIM
U3MEHEHUsIM B MUIMEHTAlMH. BriociaencTBum ObLIO OMHUCAHO MHOXKECTBO T'€HOB, €CIIH HE BCE
TeHbl PACTEHUMN, KOTOPbIE MOTYT MOABEPraTbCsl «CAMNIEHCUHIY» IOJ EHCTBUEM TPAHCIEHOB.
Jlnst caiineHCHHra TreHOB TpeOyeTcsi CXOACTBO IMOCIENOBATENbHOCTEH MEXIy TPAaHCTEHOM H
I€HOM, KOTOPBIM CTaHOBUTCS «MoOJYaIquM». Takash rOMOJIOTHSl MOCJENOBAaTEIbHOCTEH MOXKET
OTHOCUTBCSI K TPOMOTOPHBIM OOJIACTSM WM K KOAHMPYIOLIMM OOJIACTSM MOJYAIIEero reHa—
mumeHd. Eciyu mpHCYTCTBYIOT Koampyrompe o0jacTu, TO TPAHCIEH, CIIOCOOHBIN BBI3BIBATH
CAMJICHCUHT T'€Ha, MOKET OBbITh CKOHCTPYHPOBAH BMECTE C IPOMOTOPOM, KOTOPBIH HHULIUHPOBAI
OBl TPAHCKPUTILIMIO KOAMpPYIOLIeH nocnenoareabHocT PHK B CMBICIIOBOM MM aHTHCMBICIIOBOI
opueHTalu. BrioHe BEpOSATHO, YTO pa3InuYHbIE TUIIBI CAHIEHCHHIa F€HOB OCYLIECTBIISIIOTCS IO
pa3JMUYHbIM MeXaHHU3MaM, KOTOpble MOKa ellle HEeJOCTaTOYHO XOpOIIO H3ydeHbl. B kadecTse
Pa3JINYHBIX TPUMEPOB MOTYT CIYKUTh TPAHCKPUIMOHHBIA MM IMOCT—TPAHCKPUILIUOHHBINA
CAlJICHCUHT Te€Ha, U 00a OHM MOTYT OBbITb HCIIOJIb30BaHbl B COOTBETCTBHHU CO CHOCOOAMH
COTJIACHO M300PETEHHIO.

MexaHU3MBl CaWJIEHCUHIAa T'€HOB UM UX NPHUMEHEHHE B IN€HHOH HHXXEHEPHH, KOTOpbIE
BIepBble ObutM  OOHApy)keHbl B pacTeHMsXx B Hadane 1990—x romoB, a 3arem
nponeMoHcTpuposaHsl B Caenorhabditis elegans, mogpoOHO onmMcaHbl B IUTEPATYPE.

PHK-onocpenoBannast cympeccust reHa win caiieHcuHr PHK B coorBercTBUM €O

crioco0aMu COTJIACHO M300PETEHHIO BKIIFOUAIOT COBMECTHYIO CYIPECCHIO, ITIe CBEPXIKCIIPECCHs]
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cmbiciioBoit PHK unn MPHK—mumenn, To ecte, cmbicnoBoit PHK wniu MvPHK OTUBI, npusogut
K CHIJKEHHIO YPOBHsI dKcrpeccuu paccMmarpusaembix renos. PHK Tpancrena u roMonoruqsoro
SHAOT€HHOIO0 T€HA TOAABISAIOTCS COBMECTHO. Jlpyrue MeToibl, NPUMEHseMble B CIOCO0ax
COrJIaCHO HM300PETeHHIO, BKJIIOYAIOT HCIIONIb30BaHUE aHTUCMBICIOBbI PHK mist cHuxeHUs
YPOBHEH TPAaHCKPHUITOB SHAOI€HHOTO '€éHa—-MUILIEHU B pacTeHur. B aTom crocole, caiieHCHHT
PHK nHe BnuseT Ha TPAaHCKPUILMIO JIOKyCa I'€HA, a BbI3bIBAECT JIMLIb IOCJIENOBATEIbHOCTb—
cnemuduyeckyro aerpapauo  MPHK-mMuimeHn. «AHTHCMBICIOBast» — IOCIEIOBATENBHOCTD
HYKJIEMHOBOM KHCJIOTBI COAEPKUT HYKJICOTUAHYIO IOCIEA0BATENBHOCTh, KOMILIEMEHTAPHYIO
«CMBICJIOBOI» TOCJIEIOBATEIbHOCTH HYKJIEMHOBOM KHCJIOTBI, KOIUPYIOIIEeH OeJOK WM 4acTh
6enxka OTUBI, To ecTh, KOMIUIEMEHTAPHYIO KOIUPYIOIIEH LENU ABYXLEOYEYHOH MOJIEKYJIbI
k/IHK wunu xommiementapryto nocnemoBateabHocTd MPHK Tpanckpunra. AHTHUCMBICTOBAsS
MOCJIEIOBATEIbHOCT ~ HYKJIEMHOBOW  KHUCJOTBL,  MPEANOYTUTENBHO,  KOMIUIEMEHTapHa
sanorenHomy reny OTUBI1, mnoasepraemomy cabineHcuHry. KOMIUIEMEHTAPHOCTH MOKET
NPUCYTCTBOBATh B «KOAMPYHOLIEH obnacTn» W/ HiM B «He—Koaupyromeii odnactu» reHa. TepMuH
«komupyromasi o0iacTb» 03Ha4aeT o0JNACTh HYKJIEOTHIHONW MOCIENOBATENbHOCTH, CONepIKamei
KOJIOHBI, KOTOpbIE TPAHCIUPYIOTCS B AMUHOKMCJIOTHBIE OCTaTKH. T€pMHH «HE—KOAUPYOLIas
obnacTe» oO3Ha4aer 5’— W 3 ’—TOCIENOBATEIBHOCTH, KOTOPbIe (DIAHKUPYIOT KOIUPYIOIIYIO
00J1acTh U TPAHCKPUOMPYIOTCS, HO HE TPAHCIUPYIOTCS B AMHHOKHCIIOTHI (Ha3bIBAEMbIE TAKKE
5’—u 3’— HeTpaHCIUPYEMBIMHU OOJACTSIMHU).

AHTHCMBICTIOBbIE ~ TIOCJIEIOBATENBHOCTH  HYKJIEMHOBOH  KHCJIOTBI ~ MOTYT  OBITh
CKOHCTPYHUPOBAHbI B COOTBETCTBUM C MPaBWJIAMM CIApUBaHUsl OCHOBaHUN YoTcoHa u Kpuka.
AHTHCMBICIIOBas] TOCJIENOBATENBHOCTh HYKJIEMHOBOW KHCJIOTHI MOXKET OBITh KOMIUIEMEHTapHA
MOJIHOPA3MEpPHOI mocnenoBaTeabHOCTH HykjienHoBo kucinotsl OTUBI, onpenenenHoit B
HACTOSIIEM OIMCAHUH, HO OHA TAKXKe MOXKET MPENCTaBJIATh COOOI OJIMIOHYKJIEOTH, KOTOPBIH
ABJIAETCS AHTUCMBICIOBBIM TOJIBKO IJIs1 4aCTHU MOCJEAOBATEIbHOCTH HYKJIEHMHOBOW KHCJIOTBI
(Bxmouast 5’— u 3’-UTR MPHK). Tak, Hampumep, aHTHCMBICIOBAs OJIMTOHYKJIEOTHIHAS
NIOCJIEIOBATEIbHOCTh MOXKET OBITh KOMILIEMEHTapHa 00JIaCTH, OKpY’KaroIleld CailT MHULHALIH
TpaHcasiuun  Tpanckpunta MPHK, kogupyromero nonunentun. JioumHa —nopxonsimen
AHTUCMBICJIOBON OJIMTOHYKJIEOTUAHON MOCIENOBATENbHOCTH U3BECTHA CHELUATIUCTAM U MOXKET
UMETh IUINHY TpuOIm3uTeNbHo, HaunHas ¢ 50, 45, 40, 35, 30, 25, 20, 15 umu 10 HYyKJI€OTHAOB
WIM MeHee. AHTHCMBICIOBAas IOCJIEA0BATENbHOCTD HYKJIEHHOBOW KHCIOTBI  COIJIACHO
U300pETEHHIO MOKET ObITh CKOHCTPYHPOBAaHA MOCPEACTBOM XHMHYECKOTO CHHTE3a M PEaKLIUid
(bepMEHTaTUBHOrO JIMTHPOBAHUA C MPUMEHEHMEM H3BECTHbIX MeTONOB. Tak, Hampumep,
AHTHCMBICJIOBAsT TIOCJIEAOBATENIbHOCTD HYKJIEWHOBOH KHCJIOTHI (HampUMeEp, AaHTHCMBICIOBAS
OJIUTOHYKJIEOTHIHASI TOCIENOBATENbHOCTb) MOXKET OBITh XHUMHYECKH CHHTE3MPOBaHA C
UCTIONIb30BAHUEM TPUPOAHBIX HYKJIEOTHAOB WM PA3JIMYHBIM 00pa3oM MOAU(HUIMPOBAHHBIX
HYKJICOTH/IOB, IPEAHA3HAYEHHBIX IS MOBBIIEHNST OUOJOTHYeCKON CTaOUIBHOCTH MOJIEKYJT MITH
NOBBIEHNsT (PU3NIECKON CTAOMIIBHOCTH AyIUIeKCa, 00Pa30BaHHOTO MEKAY AHTHCMBICIOBBIMHU U
CMBICJIOBBIMU  TIOCJIEZIOBATENIPHOCTSIMU  HYKJIEMHOBOH KHCJIOTHI, HAIllpUMep, MOTYT OBbITh

UCTIOJIB30BaHbl MPOU3BOAHBIE (ochopTHoaTa ¥ HYKJIEOTHABI, 3aMELIEHHbIE aKPUIUHOM.
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ITpumepsl MOTU(PHUIMPOBAHHBIX HYKJIEOTHIOB, KOTOpPBIE MOTYT OBITH HCIIOJNIB30BAHBI IS
MOJIyUEHHUs] AaHTUCMBICIIOBBIX NOCIEN0BATENbHOCTEN HYKJIEMHOBOIN KUCJIOTBI, XOPOIIO U3BECTHBI
CIEeLMAINCTaM B JaHHOW 00JacTu. AHTHUCMBICIOBAs TOCJIEAOBATENbHOCT HYKIEHHOBOM
KHUCJIOTBI MOJKET OBbITh TNPOAYLHPOBaHa OWOJOTMYECKUM METOAOM C HCIHOJIb30BAHHUEM
HKCIPECCUOHHOTO BEKTOpa, B KOTOPOM IOCIENOBATENbHOCTh HYKJIEMHOBOH KHCIIOTHI OblLia
CyOKJIOHMpOBaHa B AHTHCMBICIOBOI opueHTaumu (To ects, PHK, TpanckpuOupoBanHas u3
BCTPOEHHOW HYKJIEMHOBOH KHCJIOTBI, OyIeT HaXOOUTbCS B AHTHCMBICIOBON OpPHUEHTALMU II0
OTHOLIEHHIO K MPEACTaBJISIIOIIEH HHTEPeC HYKJIEHHOBOH KUCIoTe—MuIIeHH). [IpeanodTuTensHo,
MOJIyYE€HHE AaHTHUCMBICIOBBIX TIOCTIEIOBATENbHOCTEH HYKJIEMHOBON KHCJIOTBI B PaCTEHUSIX
OCYIIECTBIISIIOT C HCIOJb30BAHMEM CTAOMJIBHO HMHTETPUPOBAHHON KOHCTPYKIHMH HYKJIEHHOBOM
KHUCJIOTBI, COAepKameil npoMoTop, (YHKUMOHAIBHO MNPHUCOENUHEHHBIH aHTHCMBICIOBOM
OJIUTOHYKJIEOTU/ U TEPMUHATOP.

Monekysbl HYKJIE€HHOBOW KHCJIOTBI, HCIIOJNb3yeMble Ui CalJIeHCHHIa B Croco0ax
COTJIACHO HM300PETEeHUI0, TUOPHUOU3YIOTCS WM CBSI3bIBAIOTCS ¢ TpaHckpuntamu MPHK w/wm
BCcTpamBaroTcs B reHomHyro JIHK, xkomupyromyro NOJUNENTHA, 9YTO MPHUBOAHMT K
UHTUOMPOBAHUIO SKCIIPECCUU O€NiKa, HAlpUMep, MOCPEACTBOM MHTMOMPOBAHUS TPAHCKPHUIILIUU
w/wm  TpaHcmsauuH. | uOpuamzanuss MOXKeT OBITh OCyLIeCTBIeHa Oyarojapsi CTaHIAPTHOM
KOMILIEMEHTApPHOCTH HYKJIEOTHIOB ¢ 00pa3oBaHHEM CTAOMIIBHOTO IYIUIEKCa, WIIH, HAIpUMep, B
clly4ae aHTHUCMBICIOBOMN IMOCJIENOBATEIbHOCTH HYKJIEUHOBON KHCIOTBI, KOTOpPasl CBSI3bIBAETCS C
nymiekcamu  JIHK, mocpencrBom crienuduuecknx B3aUMOAEWCTBHI B TIJIaBHOW OOpo3nke
IBOWHOM CIMpasid. AHTUCMBICIIOBBIE MTOCIIE0BATEIbHOCTH HYKJIEMHOBOW KHUCIOTBHI MOTYT OBITH
BBE/IEHBbI B PACTEHHE MyTEM TPAaHCPOPMALIMU HIIU MPSIMOTO BIPBICKA B ONPENEIEeHHBIH y4acTOK
TKaHU. AJIBTEpHAaTUBHO, AaHTHCMBICJIOBBIE MOCIEAOBATEIbHOCTH HYKJIEUHOBON KHUCJIOTBI MOTYT
ObITb MOIU(HULMPOBAHBI I BHIOPAHHBIX KJIETOK—MMIIEHH, a 3aTeM BBEAEHbI CUCTEMHO. Tak,
HanpuMep, IJIsl CUCTEMHOIO BBEIEHUs, AHTUCMBICJIOBBIE MOCJIEAOBATEIbHOCTU HYKJIEHMHOBOMN
KHUCJIOTBI MOTYT OBITb MOIU(HUIMPOBAHBI TaK, YTOObI OHM CHEHM(PUYECKH CBA3BIBAIUCH C
peLenTopaMyd MM aHTUT'€HAMH, SKCIPECCUPYEMBbIMH Ha TOBEPXHOCTH OTOOPAHHOHM KIIETKH,
HampuMep, IOCPEACTBOM CBSI3bIBAHUS AHTHUCMBICIOBON IOCJIENOBATENIbHOCTH HYKJIEHMHOBOM
KHCJIOTBl C TMEeNTHAaMM WIM aHTUTENaMH, KOTOpbIE CBSI3bIBAIOTCS C peLenTopaMHu WU
AHTUTE€HAMHU KJIETOYHON MOBEPXHOCTH. AHTHUCMBICIOBBIE MOCIENOBATENbHOCTH HYKJIEHMHOBBIX
KHCJIOT TAKXKe MOTYT OBbITh JOCTABJIEHBI B KJIETKU C HCIIOJb30BAHHEM BEKTOPOB.

PHK-wuntepdpepenuus (PHKwu) sBnsercs eme OOHUM MOCT—TPAHCKPUITIIHUOHHBIM
(eHOMEHOM CaliJIeHCHHTa T'€Ha, KOTOPBIA MOXKET OBITh MPUMEHEH B COOTBETCTBHHU CO CIIOCOOAMHU
cornacHo m3o0perenmto. Takas wuHTepdepeHuuss uHAyHupyercs asyxuernodeynoii PHK, B
kotopoit MPHK, romonormunas nuPHK, mnonsepraercst cmemuduyeckoil aerpaganuu. ITO
OTHOCHUTCSI K TIPOLIECCY IMOCIENOBATEIbHOCTh—CIENH(PHUECKOro MOCT—TPAHCKPUIILIHOHHOTO
CaliJICHCUHIa Te€Ha, ONOCPEeNOBaHHOro kopoTkumu wuHtepdepupyromumu PHK (kuPHK).
ITpouecc PHKu Haunnaercs B Tom ciy4dae, korna pepment DICER B3aumopeiicteyer ¢ quPHK
U paspesaer ee Ha (pparMeHThl, Ha3biBaeMble kopoTkumu uHTepdepupyromumu PHK (kuPHK).

Oror ¢epmenT npuHamnexkuT K cemelictBy Hyksea3 PHKaser III. Kommekc OGenkos,
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obwvenunstromuii 3T PHK, coxpaHsieTcst v CIy>KUT B Ka4eCTBE KOAA, OCYLISCTBIISFOIIErO MOUCK U
pazpyuenne JroObix PHK B KileTke C COOTBETCTBYIOIIEH MOCIIENOBATEIBHOCTBIO, TAKOH Kak
MPHK-muens.

HckyccrBennple w/unu npupogssie MukpoPHK (MuPHK) moryT ObITh MCHONB30BaHBI
s HokayTa skcmpeccuu reHa w/uin Tpanciaiumd MPHK. MukpoPHK (MuPHK) o6branO
npencTaBisier coOoit oxgHouenodeuHble kopotkue PHK, nnmHa KOTOpBIX, Kak MpaBHIIO,
cocraBisieT 19-24 nykneorunos. bonpmuucTBo MukpoPHK pacteHuii uMmeer uaeanbHyr WM
MOYTH UJEANBbHYI0 KOMIUIEMEHTApPHOCTh C HUX IOCIENOBATENIbHOCTIMU—MHUIIEHAMU. TeM He
MeHee, CYLIECTBYIOT MPUPOAHbIE MHIICHH, UMEIOIINE A0 MATH OUTHOOUYHBIX criapuBaHuid. OHH
NPOLECCUPYIOTCT U3 Oojiee MMHHBIX Hekoaupyromnx PHK ¢ xapakTepHBIMH CTPYKTYpamu
oOpaTHOW YKJIaIKH MOCPEACTBOM AByXxIlernodeunbix creruduuecknx PHKa3 cemeiicrsa Dicer.
Ilocne mpoueccuHra, oHM BCTpauBarOTCs B KoMmruiekc PHK-umHaynuposaHHOro cailneHCHHra
(RISC) mocpencTBoM CBsI3bIBaHHSI C €r0 TNIABHBIM KOMITOHEHTOM, OeikoMm Argonaute. MuPHK
Cy’)kaT B KadecTBe KOMMOHeHTOB creuuduanoctd RISC, mockonbky OHH 00OpasyrOT mapsl
OCHOBAHUH C HYKJIEMHOBBIMH KHCJIOTAMU—MHIIEHSIMH, IJ1aBHbIM 00pazoMm, MPHK B muTorasme.
ITocnenyromue cOObITHS PETYJISILUN BKIIOYAIOT paciierieHne u paspymenne MPHK—-mumenn
u/vn uHruOupoBanue Tpancisuu. Takum oOpazom, sddexTst cBepxakcnpeccnn MUPHK dacto
HabmmonaroTcst npu cHikeHUH ypoBHel MPHK renoB—wmmmeneii. TeXHONOTHs MCKYCCTBEHHBIX
mukpoPHK (mmuPHK) Obiia mpumeneHna s pacrenust Arabidopsis thaliana u npyrux pacrenuit
st 3pQPeKTUBHOrO CalJIeHCHHra MPENCTaBISIIOUINX HHTEPeC TeHOB—MulneHel. [IpuHIumbI
koHcTpynpoBarus IMUPHK Obutn 0000111eHbI 1 BKJIOYEHBI B TTAKET MPOrpaMM, UMEIOIIUIiCS Ha

Web—caiite (http://wmd.weigelworld.org).

Takum oOpa3om, B COOTBETCTBUU C PA3IUYHBIMH ACIEKTAMH HACTOSIIErO H300peTeHMs,
pacTeHue Moxker ObITb TpanchopmupoBano s BeeneHus monekyn PHKwu, xmPHK, maPHK,
nuPHK, kuPHK, muPHK, ta—xuPHK, umMuPHK wnnu monexkynbl 171 COBMECTHON CyIpecCHy,
KOTOpbIe ObLIIM CKOHCTPYHUPOBAHBI AJISI IEJIEBOM HKCIPECCHH MOCJIEA0BATEIbHOCTH HYKJIEMHOBOM
kuciaorsl OTUBI M CeneKTUBHOrO CHIDKEHHSI WJIM WHTUOMPOBAHUS SKCIPECCHU Te€HA WIIH
crabunbHOCTH ero TpaHckpunta. [Ipenmoururensno, PHKu, msPHK, nuPHK, xiPHK, kxuPHK,
MuPHK, umuPHK, ta—kuPHK wnam monexkyna najsi COBMECTHOH CyNpecCHH, UCIOJIb3yEeMbI€ B
COOTBETCTBUH C PAa3JIMYHBIMHU ACTIEKTAMH HACTOSLIETO M300pETEHUs], BKIOYAT (PparMeHT Io
MeHbIIel Mepe u3 17 HyKJIEOTHUIOB, a MPEANOYTUTENBbHO 22—26 HYKJICOTHIOB U MOTYT OBITh
MOJTy4eHbI Ha OCHOBe MH(pOpMaLMK, npeacTaBieHHon B moooit u3 SEQ ID NO: 1-12. Mertonsl
KoHcTpyupoBanus 3¢ dextuBHbix kKWPHK n3BecTHBI ciennanyicTam B faHHO# obnactu. Bkpartie,
KOPOTKHHA ()parMeHT MOCIeNOBaTEeIbHOCTH T'€Ha—MHIIEeHH (Hampumep, IiauHOH B 19-40
HYKJIEOTHZIOB) ObUT BbIOpaH B KadecTBe mocienoBarenpHocTu—Mumenn kuPHK cormacHo
n300perenHnio. KopoTkum pparMeHTOM MoCienoBaTeIbHOCTH TeéHa—MHUIIEHHU SIBJISIETCS] (PparMeHT
MPHK reHa—mumeHu. B mpeamodTuTeNnbHBIX BapUaHTaX OCYIIECTBJIEHHS H300pETeHus,
KpurepussMu otOopa ¢parmenta nocnenosarenbHoctd u3 MPHK reHa—mummeHun B kadecTse
kanguaata Ha Mmosiekyny kuPHK snstorest: 1) mocneposarensHocts MPHK rena—mmuimenwy,

KOoTOpass uMmeeT no Mesbluell Mepe 50-100 HykyieoTaoB OT 5°— WiM 3’—KOHLIA HAaTUBHOM
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monekyisl MPHK, 2) nmocnenosarensrocts MPHK rena—mminenn, koTopass UMeeT copepikaHue
G/C B npenenax ot 30% no 70%, a Hanboiee MPEANOYTUTENbHO, MpuOmM3uTenbHo 50%, 3)
nocnenosatenbHocTe  MPHK  rena—mmuineHu, koTopas He CONEPXKUT  MOBTOPSIOLIUXCS
nocnenosarenbHocTell (Hanpumep, AAA, CCC, GGG, TTT, AAAA, CCCC, GGGG, TTTT), 4)
nocienosarenbHocTh MPHK  rena—muinenu, kortopas sisercs poctynHoi B MPHK, 5)
nocnenosaTenbHOCcTe MPHK rena—muinenu, koropast sIBIs€TCs YHUKAJIbHON JI1 T€Ha—MUILEHH,
6) wuckimroueHue objacteli B mpemenax 75 OCHOBaHUM  cTapT—KomoHa. PparMmeHT
nocienosarenbHocty  MPHK  reHa—MuIneHH MOKeT yAOBIETBOPATH OAHOMY wWiH Ooee
KpUTEpHsIM, yKa3aHHbIM  Bble. OTOOpaHHBIH T'€H BBOAST KAaK  HYKJIEOTHIHYIO
MOCJIEI0BATENIbHOCTE B IMPOTrpamMMy TPEACKa3aHUs C Y4YETOM BCeX BBIIMIEYKA3aHHBIX
MEPEMEHHBIX, UCMOJb3yeMbIX IJIsI KOHCTPYHPOBAaHUS ONTHMAJbHBIX OJUTOHYKJIEOTHIOB. JTa
nporpaMmMa CKaHUpyeT JIOOYK HYKJIEOTHIHYH mocienoBarenbHocts MPHK nist obnacreit,
BOCIIPUMMYMBBIX K TapretuHry nop aeiictsueMm kuPHK. PesynpraTom 3TOr0 ananusa siBisercs
OlLleHKa BO3MOXHbIX onuroHykieotunos kMPHK. Camble BbICOKHME OLIEHKH HCMOJNb3YIOT AJIs
KOHCTpYHpOBaHMs JByXuenodeuyHblx PHK—0MMroHykiaeoTHnoB, KOTOpble OOBIMHO IOJNYYArOT
NyTeM XUMHYECKOro CHHTe3a. [ HanenuBaHust Ha roMosiornynabsie odnactu, momumo KuPHK,
KOTOpast SIBJISIETCS KOMIUIeMeHTapHoH obOnactu—mumenn MPHK, moryr ObITh HCIIONB30BaHbBI
BbIpokaeHHbIe TocnenoBaTenpHocTH KUPHK. kuPHK cormacHo m3oOpereHnto Moryt ObITh
CHHTE3MPOBaHbl JIOObIM m3BecTHBIM MeropoM. PHK, mnpeamouturensHO, XUMHUYECKH
CHHTE3HUPYIOT C UCIIOJIb30BAHUEM COOTBETCTBYIOIIMM OOpa30OM 3aIIUINEHHBIX PUOOHYKIIEO3HI—
dbocdopamuanroB u crangaptaoro cuntesaropa JJHK/PHK. Kpome toro, kuPHK moryt ObITh
MOJydyeHbl ~ OT  KOMMEpPYECKHUX  IIOCTAaBIIMKOB,  3aHuMaromuxsi  cuHTesom  PHK-
OJINTOHYKJIEOTUOB.

Monekynel kuPHK B cOOTBETCTBUM C acrieKTaMy HACTOSILIErO U300pEeTeHUsT MOTYT ObITh
ABYXLENOUYEYHbIMH. B OfHOM BapuaHTe OCYINECTBJEHUS H300PETEHMS, MOJIEKYJIbI
neyxuenodeyHoi kuPHK copepkat Tynble kOHUbl B 1apyrom BapuaHTe OCYLIECTBIICHHS
u3o0pereHus, Mojekyibl nByxuernodedHol kMPHK conmepkaT BbICTymaromme HYKJISOTHABI
(Harmpumep, 1—5 HYKJIIEOTHIHBIX BBICTYMAIOMINX KOHLIOB, a MPEANOYTUTENBHO 2 HYKJICOTHIHBIX
BBICTYMAIOIIMX KOHIIA). B HEKOTOpBIX BapuaHTax ocyuiecTBieHus wu3o0perenus, kuPHK
npexacrasisier coboi koporkyro mmwiednyro PHK (xmPHK), u nBe nenu monekynsr kuPHK
MOTyT OBITP COEOMHEHbI TOCPEIACTBOM JIMHKEPHOW objactu (Hampumep, HYKJIEOTHIHOTO
JMHKepa WM He—HyKJIeoTHIHOro jJuHkepa). kuPHK cormacHo n300peTeHnto MOryT comepikaThb
onuH wiu Oosee MOAM(PHUUMPOBAHHBIX HYKJICOTUAOB W/WimH He—(pochoamdPpupHbIX CBA3EH.
Xumuueckue MONU(UKALUHM, XOPOIIO HW3BECTHBIE CIELUANNCTAM, MOTYT IOBBIIATH
CTa0MIIbHOCTD, AOCTymHOCTh W/min norjomenne knPHK knerkoit. Crnenumanucry B AaHHOM
o0xacT MOTYT OBbITh M3BECTHBI U JPYTHE THIBI XUMHUYECKOW MOAM(UKALNN, KOTOPas MOXKET
OBITH BKITFOUeHA B MoJsiekyJibl PHK.

B onHOM BapuaHTe OCYIIECTBIEHHMS H300pPETEHHST MOTYT OBITh HCIIOJNb30BaHBI
pexomOunanTHele KoHcTpykumu JIHK, ommcanneie B marente CIIIA 6635805, koTopblii

BBOJUTCA B HACTOALIECC I/I306peTeHI/II/I nocpeacCTBOM CCBLIKH.
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Monexyny PHK nns caiiieHCHMHra BBOAST B pacTE€HUE CTaHAAPTHBIMU METOJAMHY,
HanpUMep, MOCPEACTBOM TpaHCHOpPMALIMU, OMOCPeayeMoil BeKTopoM U Agrobacterium. 3atem
MOJIy4aroT CTaOWJIBHO TPaHC(POPMHUPOBAHHBIE PACTEHHS] W AHAIU3HPYIOT SKCIPECCHIO0 T'eHa
OTUBI 1o cpaBHEHUIO ¢ 3KCIPECCUeil B KOHTPOJIBHOM PACTEHUH JUKOTO THUIA.

CailneHcHHr MOCeN0BaTENbHOCTU HyKJenHOBON kuciotel OTUB1 wnm cHukeHue
YPOBHEH €€ 3KCIPEeCCHH MOryT ObITh Tak)Ke JOCTUIHYThI MOCPEICTBOM CailJIEHCHHra TeHa,
MHAYLUPOBAHHOTO BUPYCOM.

Takum o00Opa3oM, B OJHOM BapuaHTe OCYIUIECTBJIIEHUS HW300pETEHUs, pacTeHHe
SKCIPECCUPYET KOHCTPYKLIMIO HYKJIEMHOBOM KUCJIOTHI, coaepskaiyro monekyiasl PHKu, kinPHK,
MsiPHK, nuPHK, xuPHK, muPHK, Tpanc—aktusupyromeii (ta) kuPHK, umuPHK umm monexyiy
KOCYTIPECCHH, KOTOPbIE HAIIEJICHbI Ha MOCeN0BaTeIbHOCTh HykienHoBor kucioTel OTUBI kax
OMHMCAHO B HACTOSIIIEW 3asBKE, M KOTOPbIE CHIDKAIOT YPOBEHb SKCIPECCHH 3HAOTEHHOU
nocyienoBaTeabHOCTH  HykJIenHoBor kucyiotel OTUBI. T'en sBnsiercs MHIIEHBIO, €CIIH,
Hanpumep, moJiekysisl PHKu, kitPHK, MaPHK, nuPHK, xuPHK, MmuPHK, ta—xuPHK, nmuPHK
WIH MOJIEKYyJla KOCYNPECCUU CEIeKTHUBHO CHIDKAIOT WM WHTUOMPYET 3KCIPECCHUI0 TeHa IO
CPaBHEHHUIO C JKCIPECCHEH Yy KOHTPOJBHOIO pacTeHusi. AnbTepHaTuBHO, Mojekyiasl PHKw,
kiwPHK, MaPHK, nuPHK, kuPHK, MmuPHK, ta—xuPHK, nmuPHK unu monekyna kocynpeccuu
HalleJIEHbl HA TOCNeNoBaTeNbHOCTh HykJIenHOBON kuciaorsl OTUBI, ecnu monekynsl PHKw,
kiPHK, maPHK, nuPHK, kuPHK, MuPHK, ta—xuPHK, umuPHK nnu monekyna ko—cynpeccuu
rHOPUANU3YIOTCS. B JKECTKHX YCJIOBHSIX C Te€HHbIM TPAHCKPUNTOM. B OZHOM U3 MpHMEpOB,
pPacTeHHE 3KCOPECCUPYET KOHCTPYKLUIO HYKJIEWHOBOM KHCJIOTHI, coaep:kamyro PHKwu, rae
nocnenosarenbHocTh PHKu conmepxut, mnu cocroutr u3z Hee, SEQ ID NO: 210 unu ee
(YHKLIMOHAJIbHBIN BapuaHT, OMpeNejeHHble B HacTosuieil 3asBke. Hacrosimee u3oOpereHue
TaKXe€ OTHOCUTCS K NPUMEHEHHIO 3TOM KOHCTPYKLMHU HYKJIEMHOBOM KHUCJIOTBI, COAEp:Kallen
PHKuy, roe nocnenosarenpHocTh PHKU conepsxur, mnu cocrour uz Hee, SEQ ID NO: 210 wnu
ee (DyHKLMOHANBbHBIN BAPUAHT, MJII CHH)KEHUS WJIM OTMEHBI (4 MPEarOYTUTEIbHO, CHUMKEHHS)
skcnpeccunt OTUB1, u cnenoBaTenbHO, MOBBIIIEHUS YPOsKas 3€pHA, KaK OMUCAHO BBILIE.

JpyruMm crnocoOOM OCYILIECTBJIEHUs CalJIEeHCUHra TIeHa SIBJISIETCS] HaleJIMBaHUE Ha
MOCJIEIOBATEIbBHOCTH HYKJIEMHOBOUM KHUCJIOThI, KOMIUIEMEHTapHbIE PEryJSITOPHON 00J1acTU reHa
(Hampumep, npomoTopy w/minu suxaHcepam) OTUBI1 ¢ obpa3oBaHueM TpPONHBIX CHHPATBHBIX
CTPYKTYpP, KOTOpBIE MPEMSTCTBYIOT TPAHCKPWIIIMKM TeHAa B KJIETKAX—MHIIEHsX. Moryt ObITh
MPUMEHEHbl U IPYTHE€ METObI, TAaKUE€ KaK HCIIOIb30BAHUE AHTUTEN, HAIMPABJIEHHBIX IMPOTUB
SHIOTEHHOTO TMOJIMIIENTUA, AJIi UHTHOUpPOBaHUs ero GyHKIUH in planta, uiu uHTEpEpEeHIHS
NMyTH TIepefayd CUTHAJIa, B KOTOPOM Y4YacCTBYET TOJUMENTHI, U 3TH METOABI JIOJIKHBI OBITH
XOPOIIO M3BECTHBI CIEIHAIUCTY B JaHHOH 00NacT. B 4acTHOCTH, MOXKHO MPENIONIOKHUTD, YTO
UCKYCCTBEHHBIE MOJIEKYJIBI MOTYT OBITh WCIIOJIb30BAHBI JUIsi WHTHOUPOBAHUS OMOJIOTHYECKOM
(YHKIIUY TOJNUNENTHIA—MHUIIESHU W Ui UHTep(epeHny MyTH Nepeaadn CUTHala, B KOTOPOM
y4acCTBYET MOJUNENTUI-MHIICHbD.

B oxgHOM BapuaHTe OCYIIECTBJICHHS M300PETEHHUs, HYKJIIEUHOBBIE KHCIOTBI—CYITPECCOPbI

MOTYT INPENCTaBIATh COOOH aHTUCMBICIIOBBIE Cympeccopbl dKcrpeccun nonunentunos OTUBI.
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IIpu BCTIONB30BAaHUM AHTHCMBICIOBBIX MOCIENOBATEIBHOCTEN IJII MHIMOMPOBAHUS HKCIPECCHU
I'€HOB, HYKJICOTUAHYIO MOCJIE0OBATENIbHOCTD MOMEIIAIOT MOJT KOHTPOJIb IPOMOTOPA B «OOpaTHOM
OpHEHTAluM» TakK, 4YToObl B  pe3yipTare TpaHCKpumimu  oOpasoseiBajack PHK,
KomruieMeHTapHass HopmaibHOl MPHK, TpanckpuOupyemoll H3 «CMBICIOBOW» LENH I'eHa—
MULICHH.

AHTHUCMBICTIOBasE HYKJIEMHOBAsA KUCJIOTAa—CYIIPECCOP MOXKET COAEPKaTh AHTUCMBICIOBYIO
NOCJIE0BATENBHOCTD 110 MEHbLIEH Mepe U3 10 HyKJI€OTUI0B, TPOUCXOASIINX OT HYKJIEOTUIHON
NIOCJIEIOBATEIbHOCTU—MHIIEHH. MOJKET OKa3aThCsl MPEANOYTHTENbHBIM, YTOOBI HaOJI0aIaCh
NOJIHAsE UIEHTHYHOCTD TMOCJIENOBATEIBbHOCTH, MCIIONB3YEMOH il MHTHOUPOBAHUST SKCIIPECCUH
NOCJIEIOBATEIbHOCTU—MHIIIEHH, W CaMOH  MOCIEeNOBATeIbHOCTH—MUIIEHH, XOTA  O0Imas
KOMIUIEMEHTapHOCTb HWJIM CXOACTBO IOCJIENOBATENIbHOCTEH He SBISAIOTCS CYIIECTBEHHBIMH.
OnuH wmu Oojiee HYKJIEOTHIOB MOTYT OTJIMYATBCS B HCIIONB3YEMOW MOCIENOBATENIbHOCTH,
NPOUCXOSIEH OT reHa—MHIIeHd. TakuM oOpa3oM, MOCIEeNOBATENbHOCTh, UCTIONb3yeMast IJIs
UHTUOMPOBAHUSI SKCIIPECCHU TI'eHa B COOTBETCTBUH C HACTOSIIUM HM300PETEHHEM, MOXKET
MPEICTaBISITh COOON MOCIENOBATEIPHOCTD JUKOTO THIA (HANIPUMED, T€H), BRIOPAHHYIO U3 YiKe
UMEIOLINXCS NTOCIE0BATENbHOCTEN MIIN BAPUAHTA TAKOM MOCIE0BATEIbHOCTH.

ITocnenoBaTenbHOCTh HEOOS3aTENbHO BKIIKOYAET OTKPBITYKO PAMKy CUHUTBHIBAHUS HIIH
HeoOs13aTenbHO sBisieTcst cnenuduanoit k PHK, koropast MmoxkeT ObITh TpanciaupyeMoil. MokeT
OKa3aTbCsl TPEANOUTUTEIBHBIM, UYTOOBI TOMOJIOTHS COOTBETCTBYIOIIMX AHTHUCMBICIOBOH H
cmbicioBoii mosiekyst PHK Obina mocrarounoit ms rudpuamsanmn. MHruOnpoBanme SKCpeccuu
TeHOB MOXKET HaOJIIOIaThCs NaXKe MPU HAJIMUuu npudnusurenbHo 5%, 10%, 15% wumm 20% wnm
OoJsiee HECOOTBETCTBUI MEXy UCIOIb3yEeMON MOCIENOBATENbHOCTBIO U T€eHOM—MHUIIEHbI0. J1J1st
AOCTHXXEHUsS] HY»HOTO 3(dekra, roMonorust orKHa ObITh TOCTATOYHON Il MHTMOMPOBAHUS
5KCIIPECCHH I'eHa.

HykiienHOBbIE KHCJIOTBI-CYTPECCOPbl MOTYT ObITh (DYHKIMOHAJIBHO IPUCOEIUHEHbI K
TKaHeCTIeUU(UIECKUM WM HHIYUUOEIbHBIM MPOMOTOpaM. Tak, Hampumep, MTPOMOTOPBHI,
cneuu(UYHbIE K TOKPOBHOMY CJIOK0 U CE€MEeHaM, MOTryT OBbITb HCIHOJBb30BAHbI IS
cneunpuyeckoro UHruOupoBaHusi HykjaenHoBod kuciaotel OTUBI B pa3BuBarOLINXCs
CeMSINOYKaxX U CEMEHax B LIEJISIX YBEJIWYEHUs] KOHEUHOTO pa3Mepa CeMsH.

Hyxnennosass kucnora, koropas mnonasiseT skcrnpeccuto nomunentuna OTUBI, kax
OIHCAHO B HACTOSIIEH 3asBKe, MOXKET ObITh (PYHKIIMOHAIBHO MPUCOCIMHEHA K T€TePOIOTHIHOM
PEryJATOpPHOI MOC/eNOBaTeNbHOCTH, TaKOW Kak IPOMOTOp, HampuMep, KOHCTUTYTHBHBIH
NPOMOTOpP, HMHAYLHUOETbHBI MPOMOTOpP, TKaHeCHeUU(PUIECKHH MPOMOTOP WM MPOMOTOP,
cneun(UIHbIA K CTanuu pa3BuTus. KOHCTPYKIMS WM BEKTOP MOTYT OBITh BBEIEHBI B KJIETKH
pacTeHHss U DOKCIPECCHUPOBaHbI, KakK OMNHMCAaHO B HacTosiued 3asBke. KneTku pacreHus,
coepIKaLINe TAKHE BEKTOPBI, TAKXKE BXOIAT B 00BEM HACTOSIIErO H300PETEHMS.

B npyrom cBoem acmekTe, HacTosiee M300peTeHHe OTHOCUTCS K KOHCTPYKLHMH MJISt
CalJICHCUHIa, NOJy4aeMOM WM IOJNY4EeHHOH ONHCAHHBIM 37€Chb CIOCOOOM, M K KIIETKe
pacTeHus1, coaep Kallel TaKyr0 KOHCTPYKLUIO.

Takum 0Opa3oM, acHeKThl HACTOSILIErO N300PETEHUs] BKIOYAIOT CIOCOOBI HALEJIEHHOTO



40

MyTareHesa, a B YacCTHOCTH, PENAKTHPOBAHMS T€HOMA, a B IPENNOYTUTEIbHOM BapUaHTE
OCYIIECTBIIEHHsS] N300pPETEeHUs], UCKIIFOUEHbl BAPUAHTHI, OCHOBAHHBIE TOJHKO Ha BbIPAIMBAHUH
pacTeHUi TPaJULMOHHBIMU METOIAMHU CENEKLIH.

B eme opHOM BapMaHTE OCYINECTBJIEHHS H300pETEeHHUs, CIOCO0 MOKET BKJIKOYATh
cHmxkenue u/mmm orMeHy aktuBHoctd OTUBI. B ogHOM M3 mpuMepoB, 3TOT CHOCOO MOXKET
BKJIIO4aTh CHIDkeHHe crnocobHoctu OTUB1 B3aumonetictBoBate ¢ UBCI13 mocpencrsom
CHIDKEHUsS] W/WJIM OTMEHBl €ro WHrHOMpPOBAaHUS KaK OMHCAHO B HACTOSINEH 3asBKE H/MIM
camwkenne cnocodHoctu OTUBI k neyOuxurunmzarmu SPL14, 4TO MPUBOIUT K aKKyMYJISILIUH
SPL14.

B npyrom cBoeM acmekTe, HacTosee U300PETEHHE OTHOCUTCS K PACTEHHIO,
MOJIY4€HHOMY HJTH MTOJTy4aeMOMY OIHCAHHBIM 3/1€Ch CIIOCOOOM.

B npyrom cBoem acmekTe, HacTosiIee M300PETeHHEe OTHOCUTCS K CrOCOOY MOBBIIICHUS
ypOBHsI mpoJudepanny KIETOK B O0OJOYKE KOJOCKA PACTEHMs, MPEANOYTHUTENIBHO, MO IJINHE
3epHa W/WIIN CHIDKEHHS YUCJa KIIETOK I10 IIUPHHE 3€pHa, YTO OyJeT MPUBOIUTH K YMEHBIICHUIO
JUTMHBI KJIETOK U K YBEJMUEHHUIO LTMPUHBI KJIETOK, TA€ YKa3aHHbBIH CIOCO0 BKIIOYAET CHUKEHUE
UM OTMEHY JKCIPECCHM IO MEHbIIEH Mepe OJHOM HYKJEWHOBOM KHUCIOTBI, KOAUPYIOLLEH
nojunentuy OTUB1 w/mmu cHmwkenue aktuBHocTH mnonmnentuga OTUBI B yka3aHHOM
pacTeHNH C MPUMEHEHHEM JIFOOBIX ONMMCAHHBIX 371E€Ch CIIOCOO0B. MIcnombp3yeMble 31eCh TEPMUHBI
«YBEJIMUEHUE», KYJIy4llEeHUe» WJIH IOBBILIEHHE» SABJAIOTCS CUHOHMMaMH. B oqHOM BapuaHTe
OCYILIECTBIIEHHS N300peTeHNs1, MposHdeparyst KIETOK yBEIUUNBAETCs 110 MEeHbIIel Mepe Ha 2%,
3%, 4%, 5%, 6%, 1%, 8%, 9%, 10% 1 1%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%,
30%, 40% umu 50% 1o cpaBHEHHUIO ¢ KOHTPOJbHBIM PACTEHUEM.

I'enemuuecku usmenennsvle UIU MOOUPUUUPOBAHHBIE DPUCMEHUA U CHOCOObL
ROJIYYeHUs MAKUX PACIMEHUIL

B npyrom cBoeM acmekTe, HacTosllee H300peTeHHEe OTHOCUTCS K TI€HETHYeCKH
U3MEHEHHOMY pAaCTEHHUIO, €ro YacTU WM KJETKe, OTJIMYAIOIINMCS TeM, 4YTO pacTeHHE He
skcnpeccupyer OTUBI, umeer nonmxkennsle yposHu skcnpeccun OTUBI, He skcnpeccupyer
¢yukunonanbHbii 6eok OTUB1 unmn skcnpeccupyer 6enok OTUB1 ¢ noHmkeHHOH (yHKIMEH
W/WJIM aKTUBHOCTBIO. Tak, Hampumep, PacTEHHEM SIBIISIETCS MYTAaHT C TOHWKEHHOW (pyHKIuen
(HOKmayHOM) wmiM moTeped (QyHKIMH (HOKAayTOM), TrAe (YHKIUS IOCIEI0BaTEIbHOCTH
HykyenHoBoM kucinotel OTUBI1 sBasercs NOHM)KEHHONW IO CPaBHEHUIO C KOHTPOJIBHBIM
pacTeHreM AUKOrO THUIA WJIM OTCYTCTBYeT. [IpeamoduTuTensHO, pacTeHne ObUIO MOABEPTHYTO
HOK/JayHy, HO HE HOKayTy, U O3TO O3Ha4yaeT, 4YTO pacTeHHe HMeeT IOHM)KEHHbIE YPOBHU
skcnpeccun OTUB1 wmm skcnpeccupyer Oenok OTUB1 ¢ noHmwkeHHOW (yHKOMed w/viu
akTUBHOCTBIO. C 3TOM Leb0, MyTaUui0 BBOAST B mocheaosatenbHOCTh reHa OTUBI1 wnu B
COOTBETCTBYIOIYIO IPOMOTOPHYIO TIOCJIENOBATENbHOCTb, YTO MPUBOAUT K HApPYyLIEHUIO
TpaHckpunuuu TeHa. CnenoBaTenbHO, MPENNOYTHTEIBHO, YTOOBI YKa3aHHOE pacTeHHE
COIepIKaJI0 MO MeHbIIeH Mepe OnHy MyTamuio B mpomorope w/mmu B reie OTUBI1. B onHom
BapUaHTE OCYLIECTBIEHHs N300pETEHHs], PACTEHHE MOXKET COZEPKaTh MyTalHIO B IIPOMOTOpPE U
B rene OTUBI.
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B npyrom cBoem acmekrte, HacTosiee H300peTeHHEe OTHOCUTCS K PACTEHHUIO, €r0 YacTH
WUJIN KJIETKE, XapaKTePU3YIOLMMCs MOBBILIEHHBIM YPOXAEM CEMsIH M0 CPABHEHHUIO C PAaCTEHUEM
JUKOrO THUIA WJIA KOHTPOJIbHBIM PACTEHUEM, A€, MPEANOYTUTEIbHO, PACTEHUE CONEPXKUT IO
MeHblIeH Mepe onHy MyTtanuio B reHe w/mwan B npomotrope OTUBI. IlpennmoururensHo,
YKa3aHHOE IOBBILIEHHUE YyPOKas CEMsIH BKJIHOYACT YBEJIMYEHUE 4YMCIIA 3€PEH, YUCiIa 3€PeH Ha
METEJIKY, MacChl 3€pHA, ITUPUHBI 3epHA, TOJILIHUHBI 3€PHA, MACChI THICSIUN 3€PEH W/WIIN CHIDKEHHUE
JJIMHBI 3€pHA.

Pactenne Moker OBITh MOJNYYEHO TyTEM BBEACHUS MYyTALMH, MPEANOYTUTENBHO,
JeNenny, WHCEPLUMH WM 3aMEHbl B IOCJIEAOBaTeNbHOCTh reHa w/wim mpomortopa OTUBI1
JOOBIMH M3 BBIIIEOMUCAHHBIX CIOCOOOB. [IpeAnouTUTEeNnbHO, YKa3aHHYI0 MYTALUI0 BBOAST I10
MEHbILIEH Mepe B OAHY KJETKY PACTeHMs, U PAaCTEHHE PEreHEpUPYIOT MO MEHbLIEH Mepe U3
OHON MYTHUPOBAHHOM KJIETKU PACTCHUSI.

ANbTEpHATUBHO, pacTeHHE WM KJEeTKa PacTeHUs MOTYT COAepKaTb KOHCTPYKLIUIO
HYKJIEMHOBOM KHUCJIOTBI, 3Kcmpeccupyromy moJekynay PHKwu, HaneneHHyro Ha ONMCaHHBIN
3aeck reH OTUB1. B onnom npumepe, nocnenosarenpbHocts PHKU conepxuT, umm cocTouT u3
Hee, SEQ ID NO: 210 unu ee BapuaHT, OnpeneyieHHbIe B HACTOALLEH 3asiBKe. B 0iHOM BapuaHTe
OCYIIECTBIIEHHUs] HM300pETEHMs], YyKa3aHHAs KOHCTPYKUMsA CTaOWJIBHO BKJIOYEHA B T'€HOM
pacTeHus. OTH METOAbl TAK)K€ BKJIIOYAIOT TAPreTUHI T€HAa C MCIMONb30BAHHEM BEKTOPOB,
HALEJICHHBbIX HA MPEACTABIAIOLIUN MHTEPEC N'eH U MO3BOJISIOIIUX WHTErPUPOBATb TPAHCTEH B
cneunpuyecknii caiT. KOHCTpykumio s HaueiawBaHUsS KOHCTPYHMPYIOT Tak, 4YTOOBI OHa
OCYIIECTBIISIA PEKOMOMHALMIO € TE€HOM—MHIIEHBIO, YTO AOCTHIaeTCs IyTeM BKIIOYEHHS
NIOCJIEIOBATENIbHOCTEH €aMOro reHa B KOHCTPYKIMIO. PexoMmOMHanus 3aTeM NPOUCXOAWUT B
o0yacTé STON IMOCIENOBATENBHOCTH B T€HE, YTO MPUBOAMT K HHCEPLMM YYKEPOAHOMH
NOCJIEAOBATENbHOCTY U K AM3PYNLMM TeHa. B ciydae mpepbiBaHMsl MOCIEAOBATEIbHOCTH,
W3MEHEHHbII I'eH OyJeT TpaHCIUPOBAThCS B He(YHKIIMOHAJIBHBIN O€JIOK, eciu OH BooOie Oyaer
TPAHCIUPOBATHCS.

B npyrom cBoem acmekre, HacTosiiee M300pPEeTEHHE OTHOCUTCS K CIOcOo0y MOJMy4YeHHUs
OMUCAHHOTO 3[e€Chb TE€HETUYECKH MOAM(DULIMPOBAHHOIO pacTeHus. B OZHOM BapHaHTe
OCYIIECTBIIEHHsI U300pETEeHUs, CTOco0 BKIIOYAET BBEACHUE TIO MEHBIIEH Mepe OJHOW MYyTaLllH B
red OTUBI1 w/unu B nmpomorop OTUBI, mpeanoyrurenbHo, IO MEHbIIEH Mepe B OOHY KIIETKY
pacTeHus ¢ MPUMEHEHHEM JI0O0Tr0 OMUCAHHOTO 3/1eCh METO/a MyTareHes3a. [IpennodTurensHo,
YKa3aHHBIA CHOCOO JOTMOJHUTEIBHO BKIKOYAET PETeHEPAMI0 PACTeHUS] W3 MYyTHPOBAHHON
KJIETKU PACTEHUSI.

Crioco® MOXKET IOMOJIHUTENBHO BKJIOYATh OTOOP OJHOTO I Oojiee MyTHPOBAHHBIX
pacTeHul, NpeaNOYTUTENBHO, A AANbHENIIEero pasMHoxeHus. IIpeanouTurensHo, yka3aHHbIE
oTOOpaHHbIE PACTEHHUS COAEPIKAT IO MEHbILIEH Mepe OOHY MYTALHUI0 B IOCIEIOBATEIBbHOCTH
rera w/wm npomoropa OTUBI. IlpeanoyrurensHo, yka3aHHbIE PACTEHHS XapaKTEPU3YIOTCS
OTCYTCTBHEM WJIN TOHIKEHHBbIM ypoBHeM 3kcrnpeccun OTUBI1 w/unm noHWKEHHBIM YpOBHEM
aktuBHocTH nonunentuna OTUBI1. Yposuu skcnpeccun w/mnm akrusHoctu OTUB1 moryt

OBITh OnpeaACICHDI JII00OBIM CTaHAAPTHBIM ME€TOAOM, H3BCCTHBIM CIEIUAJINCTAM B JTaHHOM
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oOnactu. B ogHOM BapuaHTe OCYLIECTBIIEHHS HM300pPETEHUS MOXKET ObIThb OIpeneNieH YPOBEHb
neyouxutnHazHoi aktuBHOCTH OTUBI1. CHikeHue sIBIsIeTCS TaKWM, KaK OHO OIKCAaHO B
HACTOSIIEN 3asIBKE.

BriOpanHble pacTeHHs MOTYT OBITb Pa3sMHOXKEHbI PA3JIMYHBIMHM CIIOCO0AMHM, HarpHMep,
NOCPEICTBOM KJIOHAJIBHOTO PAa3MHOXKEHHS WINM KJIACCHYECKMMU METOAaMHU Ccenekiuu. Tak,
HarpuMmep, mnepBoe mokojenue (mwim  T1) TpaHCHOPMHPOBAHHOTO pACTEHHS MOXKET
CaMOONBUIATBCS, a OTOOPAHHbIE TOMO3UIOTHBIE TPAHC(HOPMAHTBI BTOPOTO Mokojenust (i T2),
u pacteHuss T2 MoryT ObITh 3aTeM IOIOJHHUTEIbHO PA3MHOKEHbI KJIACCHYECKHMH METOIaMH
cenekuuu. Ilony4deHHble TpaHCPOPMHPOBAHHBIE PACTEHUS MOTYT MPHHUMATH Pa3JIMYHbIE
¢opmbl. Tak, Hampumep, OHHU MOTYT MPEACTABJIATH COOOH XUMephl TpaHCHOPMUPOBAHHBIX
KJIETOK M HETPaHC(POPMUPOBAHHBIX KJIETOK, KJIOHAJbHbIE TPaHCPOPMAHTHI (HAMPHUMEp, BCE
KJIETKH, TPaHC(HOPMHUPOBAHHBIE TaK, YTOOBI OHH COAEPIKAJIH SKCIPECCHOHHBIM KJacTep);
TPAHCIUTAHTAThl TPAaHC(HOPMUPOBAHHBIX W HETPAHC(HOPMUPOBAHHBIX TKaHEH (Hampumep, B
pacTeHusIx, TpaHC(HOPMUPOBAHHBIA KOPHEBOW MOOEr MPHUBHBAOT K HETPAHC(HOPMHUPOBAHHOMY
YEPEHKY ).

B ngpyrom cBoeM acmekTe, HacTosllee H300pPETEHHE OTHOCUTCS K PAaCTEHHIO,
MOJIy4€HHOMY MJIH ITOJTy4aeMOMY BBIIIEOIUCAHHBIMU CIIOCOOAMH.

B cooTBeTcTBHM ¢ HACTOAIIMM HM300PETEHHEM, (T€HETHUECKH HW3MEHEHHOE PACTEHHE»
WIN «MyTaHTHOE pPACTEHHE» IIPEICTaBIsAET COOOH pacTeHHe, KOTOopoe ObUIO T'€HEeTHYECKH
MOIU(HUIMPOBAHO IO CPABHEHUIO C NPUPOAHBIM pacteHueM aukoro tuma (WT). B omnom
BapUaHTE OCYILIECTBIEHUs H300pETEHMs], MyTAaHTHOE PacTEeHHE NMPENCTaBiIsieT COOON pacTeHue,
KOTOpOe ObUI0 MOANGDUILIMPOBAHO MO CPABHEHHIO C MPUPOAHBIM pacteHueM nukoro tumna (WT) ¢
NPUMEHEHHEM METOJa MyTareHe3a, TaKoro Kak JI0OOW M3 ONHCAHHBIX 3/1€Ch METOIOB
MyTareHes3a. B oHOM BapuaHTe OCYINECTBIECHHUS M300PETEHHsI, METOIOM MyTareHe3a sIBIISETCS
HallelleHHass Moau(UKalMsg TeHOMa WM pPEJaKTHPOBaHME TIeHOMa. B OogHOM BapuaHTe
OCYIIECTBIIEHHUsS] HM300pETeHHs, T€HOM pacTeHusi ObUT MOAMMHULUPOBAH IO CPABHEHHUIO C
NOCJIEIOBATEIbHOCTSIMU ~ TUKOTO THIIA METOJOM MyTareHe3a. Takue pacTeHUs] HMEIOT
ONUCAHHBIA BBIIE MOAUMUIUPOBAHHBIA (EHOTHII, TAKOW, KaK YBEIHMYCHHE YpPOXKasi CEMsIH.
Takum o0Opa3om, B 3TOM MpHMepe, MOBBILICHHBIH ypokall ceMsH OOYCIIOBJIEH HaJTUYHUeM
MOOU(HUIMPOBAHHOTO  T€HOMa  pACTeHUH, HampuMep, MYTHPOBAHHOW  3HIOTEHHOMH
nocnenosatenbHoctd resa OTUB1  umm  npomoropa OTUBI. B ogHoM  BapuanTte
OCYIIECTBIIEHUsI H300pETEHUs] OCYIUECTBISIIOT CIEeUU(UIECKUH TapreHTHHI 3SHIOT€HHON
NOCJIEIOBATENBHOCTH MTPOMOTOPA WJIM T'€HA MTOCPEICTBOM HALIEIEHHOH MOIU(UKAILIMHA TeHOMA, U
NPUCYTCTBHE MYTHPOBAHHOW MMOCIENOBATEIBHOCTH T€HA WJIM NPOMOTOpPa HE 3aBUCUT OT
NPUCYTCTBHUSI TPAHCTEHOB, SKCIIPECCUPYEMBIX B pPacTeHUH. JIpyrUMH CIIOBAMH, T€HETUYECKH
MOIU(PHUIIMPOBAHHOE PACTEHUE MOXKET OBITh OMHMCAHO KaK PacTeHHE, He CoNeprKallee TPAHCTeHa.

PacTenne cornacHO pa3IUYHBIM aCMEKTaM COTJIACHO M300PETEHHIO, BKIIFOYAst ONMCAHHBIE
3€Ch TPAHCT€HHBIE pPACTEHHUsS, CHOCOOBI M TPUMEHEHMS, MOXKET MPEACTaBIsTh COOOH
OHOJOJBPHOE WJIM JIByJIOJIbHOE pacTeHue. lIpearnouTuTeNnbHbIM pPAcCTEHHUEM  SIBJISETCS

CENIbCKOXO0351ICTBEHHAs KyJIbTypa. TepMUH «CeabCKOXO03sHCTBEHHAs KYJIbTypa» O3HA4aeT JIr00oe
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pacTeHre, KOTOpPOE€ BBIPALIUBAETCS B IMPOMBIIUIEHHBIX MaciTabax mis MOTpeONeHus WIu
HCIOJIb30BAHUS YEJIOBEKOM WJIM JKUBOTHBIMU. B MpennouTuTenbHOM BapUaHTE OCYILECTBIICHMUS
n300peTeHNs], paCTeHHEM SIBJISIETCSl 3€PHOBasi KyJibTypa. B npyrom BapuaHTe OCYIIECTBIIECHHS
nu3o0peTeHusi, pacTeHueM sipjsieTcst Arabidopsis.

B Haubosee mnpenmodTUTENHHOM BapuUaHTE OCYIIECTBJEHUS H300pEeTeHHs, pacTeHHe
BBIOPAHO M3 PHUCA, MUIEHHUIbI, KYKYPY3bl, SSTUMEHsI, KalyCThl, TAKOW KaK KamycTa KUTaHCKasi, COH
u copro. B onHOM npumepe, mineHuen siBseTcs auKas mnueHuna nouda. B apyrom npumepe,
pacTeHUeM SIBJIETCS PUC, a IPEANOYTHTENBHO, copTa japonica uinu indica. B nqpyrom BapuanTe
OCYIIECTBIIEHHUs] W300pETEeHUs, pPAaCTeHUE CONEPKUT MYyTaHTHbI amjnens dep—1 wim ero
(YHKLIMOHANBBIA BAapUAHT WJIM TOMOJOr. [IpeAmodTHUTEeNbHO, pAcCTeHHE CONEPIKUT HIIH
SKCIIPECCUpPYeT (IHAOTEHHO) MOCIENOBATEIbHOCTh HYKJIEHHOBOH KHCIIOTBI, COAEPKAIIYI0, HIIH
cocrosimyro u3 Hux, SEQ ID NO: 156 wmmu 158, xoTopble KOAMPYIOT MOJMIENTHT,
onpeaenenHelii B SEQ ID NO: 157 unu 159.

Hcnonb3yeMblil 31eCb TEPMUH «PAacTeHHUE» OXBATbIBAET ILi€NIble PACTEHUs, UX MPEIKU U
NIOTOMCTBO, U YaCTH PACTCHMH, BKJIOUAs CEMsHA, IUIOABL MoOerH, CTeOJH, JHCThS, KOPHHU
(Bkmrouast KkiyOHHM), IBETKH, TKAHU M OPTaHbl, TOe KaXAas W3 BbIIEYNOMSHYTHIX YacTel
BKJIFOYAET OMMUCAHHYIO 3/1€Ch KOHCTPYKLIHIO HYKJIEHHOBON KUCJOTHI. TE€pMUH «pacTeHue» Takke
OXBAaTBIBAET KJIETKH PACTEHHH, CYCHNEH3MOHHBIE KYJIbTYPBl, TKaHb KaJllyca, SMOPHOHBI,
MEPUCTEMBI, raMeTO(PUTHI, CIIOPO(PHUTHI, MBUIBLY U MUKPOCIIOPBL, U B 3TOM CJIy4ae, Kaxnaas U3
BBILIEYTIOMSIHYThIX HaCTeH BKJIIOUAET ONMUCAHHYIO 3/1€Ch KOHCTPYKLIUIO HYKJIEUHOBOMN KUCJIOTBI.

Hacrosimee wn3oOpereHne Takke OTHOCUTCS K 3aroTaBIMBAEMbIM YaCTSIM PACTEHHUs
COIJIACHO M300pETEeHHIO, OMMCAHHBIM B HACTOSIIEH 3asBKe, BKJIOYAs, HO HE OrPaHUYUBASCH
UMM, CEMEHA, JIMCThsI, IUIOABI, LBETKH, CTEOJM, KOPHU, KOPHEBHUINA, KJIYOHM M JIyKOBHIIBL
ACHieKTbl HACTOSIIETr0 HM300pEeTeHHsT TakXKe OTHOCATCS K TPOAYKTaM, IIOJYyYEHHbIM, a
NPEANOYTUTENIBHO HEMOCPEACTBEHHO MOJY4YeHHBbIM, W3 3aroTaBJIMBAEMOM YacTH TaKOro
pacTeHusi, HampuMep, TaKUM Kak CyxXHe IpaHyjbl WIM TOPOLIKH, Macia, >KUPbl U KUPHbIE
KHUCJIOTBI, Kpaxmaja wiu Oenku. J[pyrumM NpOOYKTOM, KOTOPBIH MOXKET ObITh MOJY4YEeH W3
3aroTaBJIMBAEMbIX YaCTEH PACTEHUs COMNIACHO M300PETEHHIO, SIBJIETCS] OMOAM3EIbHOE TOTLIUBO.
Hacrosimee nzobpereHne Takke OTHOCHTCS K MHILEBBIM MPOAYKTAM U K MHUIIEBBIM J10OaBKaM,
COIEpKALIUM pPACTeHHE COIJIACHO HM300PETEeHHI0O WM €ero 4YacTd. B OmHOM BapHaHTe
OCYIIECTBIIEHHs] N300PETEeHMs], MUIIEBbIMU MPOAYKTAMU MOXKET OBITh KOPM ISl ’KHBOTHBIX. B
APYyroM CBOEM acCIeKTe, HACTOsIIee M300peTeHHe OTHOCUTCS K MPONYKTY, MOJNYYCHHOMY H3
OTMCAaHHOTO 3/1€Ch PACTEHMSI UJIU €T0 YacTH.

B Haubonee mpeanmoyYTHTENBHOM BapHaHTE OCYIIECTBJICHUS M300pETeHUs, 4YacTb
pacTeHHsl WJIM 3aroTaBJMBAaE€MbIi IPOAYKT TMPENCTABIsAET COOOH CceMeHa WM 3epHO.
CrnenoBarenbHO, B JPYrOM CBOEM AaCIIEKTe, HACTOsIIee HM300pPEeTeHHE OTHOCHUTCS K CeMEHaM,
NOJIy4eHHBIM M3 ONHMCAHHOIO 34eCh TIe€HETHYeCKHM MOAU(PUIMPOBAHHOIO pacTeHus. B
aJIbTEPHATHBHOM BapHAaHTE OCYLIECTBIIEHUS M300PETEHHs], YACThI0 PACTEHHUs SIBJISIETCS MbUIBLIA,
CestHeLl WMJIM ITOTOMCTBO OIMCAHHOTO 31€Ch Te€HETHYECKH MOAU(PHLHUPOBAHHOIO PACTEHUS.

COOTBETCTBEHHO, B APYrOM CBOEM acCIEKTe, HACTosllee M300peTeHHe OTHOCUTCS K IbUIBLE,



44

CesTHIly MJIF TIOTOMCTBY OITMCAHHOTO 3/1€Ch FTeHETUYECKHN MOAU(PUIIMPOBAHHOTO PACTEHUS.

KOHTpONBHBIM pacTeHHEM, UCNOIb3YEMBIM 31€Ch B COOTBETCTBUU CO BCEMH ACIEKTaMU
HACTOSLIEr0 N300peTeHus], SIBJISIETCS] pacTeHHe, KOTOpoe He ObLIo MOIU(ULIMPOBAHO CIIOCOOAMHU
corjacHO u300peTeHui0. B cooTBEeTCTBMM € 3THM, B OIHOM BapUaHTE OCYLIECTBICHUS
n300peTeHNs, KOHTPOJIbHOE PACTEHHE HE HMEeT IOHIDKEHHYIO SKCIPECCHIO HYKJIEHHOBOMN
kucyorel OTUBI w/mnu noHwkeHHyro aktuBHOCTh nonunentuaa OTUB1. B anprepHaTuBHOM
BapUAHTE OCYINECTBJICHUS H300pETeHHs, pacTeHHe ObUIO NeHeTHMYeCKH MOAM(PUIMPOBAHO KAk
OMHUCAHO BbILIe. B OMHOM BapHaHTe OCYINECTBJICHUS W300peTEeHHs, KOHTPOJbHBIM PACTEHHEM
SIBJIIETCSI PACTeHUE AMKOro Tumna. KOHTPONBbHBIM pacTeHHueM OOBIYHO SIBJISIETCS PACTEHHE TOTO
K€ BUJA, a TMPEONOYTHTENbHO, PACTEHHE, UMEIOINee TaKOW K€ TeHeTHUeCKuil (OH, KaKk Hu
MOIU(PHUIIMPOBAHHOE PACTEHUE.

Koncmpyxuuu 01 pedaxmupoganun 2enoma 6 ueiax ux NPpuUMeHeHus 6 ONUCAHHBIX
30ech cnocobax ueieeoil Mooudukayuu zenoma

«cr—PHK» unu PHK CRISPR o3nauarot nocnenosarensHocts PHK, koTtopast conepxur
MIPOTOCHENCEPHBIN 3JIEMEHT U AONOIHUTENbHBIE HYKJIEOTH bI, KOMIUIeMeHTapHble tracr—PHK.

«tract-PHK» (tpancaktuBupytromass PHK) o3nauaer mnocnenoBatensHocTh PHK,
kotopasi ruopunmsyercsi ¢ cr—PHK u csizpiBaercst ¢ pepmentom CRISPR, takum kak Cas9, u
TE€M CaMbIM aKTUBHUPYET HYKJICA3HbIH KOMILIEKC Ui BBEIEHUS ABYXLEMOYEUHBIX Pa3pbIBOB B
cneun(UUYecKre CalTbl B TE€HOMHOW MOCIENOBATEIbHOCTH IO MEHbIIEH Mepe OmHOH
MOCJIEI0BATENBHOCTH HYKJIEMHOBON KUCIOTHI Miu npomotopa OTUBI.

«IIporocneiicepupii  snemeHT»  o3Hadaer vacte c—PHK  (umm  oupPHK),
KOMIUIEMEHTapHYI0 T€HOMHOU mocnenosarenbHocTu JJHK-—Mumenu, manmmHa KOTOPOi OOBIMHO
COCTaBJIsIET NPUOIH3UTENBHO 20 HYKJICOTUAOB. DTOT 3JIEMEHT TAKXKe MOXKET ObITh U3BECTEH KaK
crieiicep WK HaLENUBAOLIAs OCIEN0BATENbHOCTD.

«oupPHK» (ogHonenoueunas pykosoxsmas PHK) oznauaer xomOunammro tracr—PHK u
cr—PHK B onnoit monekyne PHK, mpeanoututenbHo Takke BKIOYAIOUIYHO JIMHKEPHYIO TETIIIO
(xoropasi cesizbiBaer tracr—PHK u c¢r—PHK B onmny monekyny). «oupPHK» Takxke MoOxeT
Ha3biBaThCsl «pPHK», 1 B TaHHOM KOHTEKCTE, 5TU T€PMHUHBI SABJIAIOTCS cMHOHMMaMu. oupPHK
wimi pPHK obecneunBaroT crnenupuuHOCT, HALEIMBAHUS U OOJANAIOT  CIOCOOHOCTBIO
o0pa30BbIBaTh Kapkac ¢ Hykieazou Cas u cBsi3biBaThes ¢ Hell. pPPHK MokeT 03Ha4aTh JBOMHYIO
monekyiy PHK, conepsxkamytro monekyny cr—PHK u monexyny tracr—PHK.

«Ippexrop TAL» (sddexrop, momobubiii axtuBaropy TpaHckpunuuu (TAL)) wmm
TALE o03Hauar0T MOCHENOBaTENbHOCTh O€Nika, KOTOpash MOXKET CBS3BbIBATbCSA C TE€HOMHOHN
nocienosatenbHOCThI0 JIHK—Muenu (rmocnenoBaTrenbHOCTBIO B ITOCIENOBATEIBHOCTH T'€HA HITH
npomotopa OTUBI1), u xoropas MOXeT OBITh MPHUCOCAMHEHA K PACIICTUIIOIEMY IOMEHY
SHAOHYKJea3bl, Takoil kak Fokl ¢ oOpasoBanmem Hykineas s¢dexropa TAL mmm TALEN wmm
Mmeranykieasel 1s co3panus megaTAL. benox TALE cocTouT U3 LEHTpajJbHOrO JOMEHA,
KOTOpBbIN OTBETCTBeHEH 3a cBsasbiBaHue ¢ JHK; curnana nokanusaumu B siipe W AOMEHA,
KOTOPBbIN aKTUBUPYET TPAHCKpUNLMIO reHa—MuiueHd. JIHK—-cBsa3bBaromuii AOMEH COCTOUT W3

MOHOMEPOB, U Ka)l():[blﬁ MOHOMEP MOXKET CBA3BIBATHCA C OAHUM HYKJIICOTUAOM B HyKJ'[@OTPI}IHOﬁ
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NOCJIEIOBATENIbHOCTU—MHIIEHH. MOHOMEPBI MPEACTABISIIOT COO0H TaHAEMHBIE TIOBTOPBI U3 33—
35 aMMHOKHCIOT, U3 KOTOPBIX B€ AMUHOKHUCJIOTHI, IPUCYTCTBYIOIINE B MOJOXKEHUsIX 12 u 13,
SBJIIIOTCS] B BBICOKOH CTEINEHH BapHaOeNbHbIMU ([1Ba TOBTOPSIFOIINXCS BAPHAOENbHBIX OCTATKA,
RVD). HUmenno stu RVD oTBeTcTBeHHbI 3a pacroO3HABaHHE OMHOTO CHEHU(UIECKOrOo
nykieoruna. HD nHauenen Ha nuto3uH; NI HaueneH Ha anenus;, NG Hauened Ha TumuH, a NN
HaueneH Ha ryaHuH (xorss NN MoOKeT TakKe CBSI3bIBATbCS C aJEHHHOM C 0Oojee HU3KOH
CIeU(pUIHOCTHIO).

B ngpyrom cBoeM acmekTe, HacTosimee H300peTeHHE OTHOCHTCS K KOHCTPYKIIMH
HYKJIEUHOBOM  KHUCJIOTBI, TA€  KOHCTPYKLMS  HYKJIEHHOBOW  KHUCJIOTBI  COJEPKUT
MOCJIEIOBATENbHOCTh HYKJIEMHOBOW KHMCIJIOTBI, KOTOPasi KOAUpyeT 1o MeHbuiei mepe ogux JIHK—
cBsA3bIBarOLMN oMeH. B onHoM Bapuante, [IHK—CBs3bIBarOINi JOMEH MOKET CBSA3BIBATHCS C
NOCJIEOBATENbHOCTIO B TeHe w/mian mpomotope OTUBIL. IlpeamodtuTenpHO, yKa3aHHas
nocnenoBaTenbHOCTE BbiOpaHa u3 SEQ ID NO: 28, 34, 38, 42, 45, 48, 51, 54, 57, 60, 63, 66, 69,
72,75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 106, 110, 114, 118, 122, 126, 130, 134, 138, 142 u
146. B stom mpumepe, SEQ ID NO: 28 (puc), 34 (puc), 38 (puc), 102 (mmenuma), 106
(muennua), 110 (sumens), 114 (sumenn), 118 (xykypysa), 122 (xykypysa), 126 (copro), 130
(copro), 134 (cos), 138 (cos), 142 (xamycra) um 146 (xamycra) NpPEACTaBISIIOT COOOH
nociienoBarenbHocTH—MuUIIeHd B reHe OTUB1, a SEQ ID NO: 42, 45, 48, 51, 54, 57, 60, 63, 66,
69, 72, 75, 78, 81, 84, 87, 90, 93, 96 u 99 npencrasisitoT COOOM MOCIENOBATEIBHOCTH—MHIIEHU
B mnpomorope OTUBI, a npeanmouturenpbHo, B NOpoMoTope puca. B omHOM Bapuanre,
KOHCTPYKLIUSI HYKJIEMHOBON KHCJIOTHI COepKUT oauH mim Oonee [IHK—cBs3bIBaromux 1OMEHOB,
a TMO3TOMY, Takasi KOHCTPYKLIUS MOXKET CBSI3bIBATHCS C OJHUM MJIH OoJjiee, a NMPeanOYTUTENbHO,
IO MEHBLIEH Mepe C AByMs WU ¢ TpeMs nociaenosaTenbHocTsiMu B reHe OTUBI, rae ykazanHble
HIOCJIEIOBATEIbHOCTH BBIOPAHBI U3

(i) SEQ ID NO: 28 (puc), 34 (puc) u 38 (puc);

(i1) SEQ ID NO: 102 (mmennua) u 106 (nmmeHuna);

(iii) SEQ ID NO: 110 (stumenb) u 114 (srtumens);

(iv) SEQ ID NO: 118 (xykypy3a) u 122 (kykypy3a);

(v) SEQ ID NO: 126 (copro) u 130 (copro);

(vi) SEQ ID NO: 134 (cost) u 138 (cost); mm

(vii) SEQ ID NO: 142 (kamycrta) u 146 (xamnycra).

B anpTepHaTUBHOM MIIM JIONOJHUTENBHOM BapUaHTE, KOHCTPYKLUS HYKJIEHHOBOMH
KHCJIOTBI Cofep kuT onuH wiu donee JJHK—cBsi3piBaromux qoMeHoB, rae oaud win oonee JIHK—
CBSA3BIBAIOLIMX JOMEHOB MOTYT CBSI3bIBATHCSI IO MEHBILIEH MeEpe C OJHOHN MOCIEA0BATENBHOCTHIO,
BoiOpanHoi n3 SEQ ID NO: 42, 45, 48, 51, 54, 57, 60, 63, 66, 69, 72, 75, 78, 81, 84, 87, 90, 93,
96 n 99.

B npyrom BapuaHTe OCYINECTBJIEHUS] HM300pETeHMs, YKa3aHHAs KOHCTPYKIHS TaKXke
COIEPKUT HYKJIEHHOBYIO KUCJIOTY, Konupyromyr SSN, takoii kak 6enok Fokl wim Cas.

B onHOM BapuaHTe OCylIeCTBIEHHS N300pEeTeHNs], KOHCTPYKLUS HYKIEUHOBONH KHCIIOTBI

KOIUPYET IO MEHbLIEH Mepe OAMH IPOTOCHEHCEPHBIM BJEMEHT, I'Zl€ MOCJIEeNOBATENbHOCTD
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npoTocrelicepHoro asemenTa BeiOpana u3 SEQ ID NO: 29, 35, 39, 43, 46, 49, 52, 55, 58, 61, 64,
67,70, 73, 76, 82, 85, 88,91, 94, 97, 100, 103, 107, 111, 115, 119, 123, 127, 131, 135, 139, 143
u 147 unu ee Bapuanta. B omHOM mnpumepe, KOHCTPYKLUS HYKJIEHMHOBON KHUCJIOTBI MOXKET
colepxaTb  OAHY, JB€ WIM TPU  MPOTOCHEHCEPHBIX  MOCIEAOBATEIbHOCTH,  TI€
HIOCJIEIOBATENILHOCTh MPOTOCTIEHiCepOB BhIOpaHa U3:

(i) SEQ ID NO: 29 (puc), 35 (puc) u 39 (puc);

(i1) SEQ ID NO: 103 (muenuna) u 107 (muennna);

(iii) SEQ ID NO: 111 (stumensb) u 115 (situmens);

(iv) SEQ ID NO: 119 (xykypy3a) u 123 (kykypy3a);

(v) SEQ ID NO: 125 (copro) u 131 (copro);

(vi) SEQ ID NO: 135 (cos) u 139 (cos); mu

(vii) SEQ ID NO: 143 (kamycrta) u 147 (xanycra).

B npyrom BapuaHTe OCYIIECTBIICHUS] H300PETEHHs, KOHCTPYKLIUS HYKJIEHHOBOW KHCIIOTBI
copepxkut  cr—PHK—konupyromyro  nocnemoBaTenbHOCTh.  Kak  omnpeneneHo  BbILIE,
nocnenosatenbHocTh cr—-PHK MoskeT conmepskaTe mporocneiicepHble 3J1€MEHTBI, ONpe/eleHHbIe
BbIIlIE, a MPEANOYTUTETIbHO, JONOJHUTENbHbIE HYKJIEOTHABl, KomruiemeHTapTHble tracr—PHK.
CooTBeTcTBYIOIAs TOCIIEAOBATENLHOCTh JIONOJHUTENBHBIX HYKJICOTHIOB OyAeT HW3BECTHA
CHEeLUAINCTAaM, TIOCKOJIBKY 3TH TOCIIEA0BATEIbHOCTH ONPEAeIFoTCs BIOOpoM Oenka Cas.

B npyrom BapuaHTe OCyIIECTBICHUS] H300pETeHNs, KOHCTPYKLUS HYKJIEHHOBONW KHCIIOTBI
TaKXe COAEP>KUT mnocienosarenbHOCTh tracr-PHK. M B 3TOM cCiiydae, COOTBETCTBYROLIAs
nocienosarenbHocTh  tracr-PHK  Oymer  wu3BecTHa — cremuanucraM, — IOCKONIBKY — 3Ta
NIOCJIEIOBATENBHOCTD  OmpenensoTcss BoiOOpoM Oenka Cas. Tem He MeHee, B OOHOM W3
BApUAHTOB OCYIIECTBJICHUS W300pETEHHs], yKa3aHHAasl IOCJIEeNOBATENbHOCTh CONEPIKHUT, HIIH
COCTOUT M3 Hee, NOCIeI0BaTeIbHOCTb, onpeneneHHyo B SEQ ID NO: 30, unu ee BapuaHT.

B npyrom BapmaHTe OCYINECTBIEHUS H300pETEeHHs, KOHCTPYKLUS HYKJIEHHOBON KHUCIIOTBI
COIEPKUT IO MEHbIIeH Mepe OIHY IOCIeNOBATENbHOCTh HYKJIEHHOBON KHCIIOTBI, KOTOpas
komupyer oupPHK (uwnmu pPHK). M B 3TOM ciydae, kak yxke obcyxnaioch, oupPHK oObraHO
conepxkuT nocnenosarenpbHocTh cr—PHK mnm  mporocneicepHyr0 NOCIENOBaTENbHOCTh U
nocnenosaTenbHOCTh tracr—PHK, a nmpeanoururenbHo, mocaenoBaTeNbHOCTh JUHKEPHON METIH.
B mpeamodtuTeNbHOM BapUaHTE OCYINECTBJICHUS H300PETEHMs, KOHCTPYKLUMS HYKJICHMHOBOH
KHUCJIOTHI COJEP>KUT IO MEHbIeW Mepe OJHYy IOCIeA0BaTEIbHOCTh HYKJIEHHOBOW KHCIOTSHI,
KOTOpast kogupyeT nocienosarenbHocTh opPHK, onpenenennyro B moboii u3 SEQ ID NO: 31,
36, 40, 44, 47, 50, 53, 56, 59, 62, 65, 68, 71, 74, 77, 80, 83, 86, 89, 92, 95, 98, 101, 104, 108,
112, 116, 120, 124, 128, 132, 136, 140, 144 u 148 unu ee BapuaHra.

B npyrom BapuaHTe OCyIIECTBICHUS] H300pETEHMs, KOHCTPYKLUS HYKJIEHHOBOW KHCIIOTBI
COIEP>KUT, W COCTOUT M3 Hee, MOCNIeNOBaTebHOCTh, BhIOpaHHyto u3 SEQ ID NO: 33, 37, 41,
105, 109, 113, 117, 121, 125, 129, 133, 137, 141, 145 u 149.

B npyrom BapuaHTe OCYyIIECTBICHUS N300pETeHHs, KOHCTPYKLUS HYKJIEHHOBONW KHCIIOTBI
MOJKET TaKXe COJEepP KaTh MO MEHbIIEH Mepe OAHY MOCIeN0BATEIbHOCT HyKJI€MHOBON KUCIOTBHI,

KOIUPYIOLIYIO CaliT paclierieHus 3H10pHOoHykeassl. IIpeanouTurensHo, SHAOPUOOHYKII€a30M
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apisiercss Csy4 (taxke m3BecTHbI kak Cas6f). Eciam KOHCTPYKIMSI HYKJIEMHOBOW KHCIIOTHI
COIEPKUT MHOXKECTBO MOCJIEA0BATEIbHOCTEN HYKIEMHOBOU KUCa0Thl OUpPHK, TO KOHCTpYKLIMA
MOJKET BKJIIOYAaTh OJMHAKOBOE YHCJIO CAlTOB paclLIeryIeHus SHAOpUOOHyKJea3el. B npyrom
BAapUAHTE OCYINECTBJICHUS H300peTeHMs, CalT paclielyieHuss HaxoguTcest y 5’ —KOHIa
nocjaenoBaTenbHOCTH  HykiaenHoBo — kuciaotel  oupPHK.  CoorBercTBeHHO,  Kaxknaas
HIOCJIEIOBATENILHOCTh HYKJIenHOBOI kucnotbl onpPHK ¢nankupoBana caiitom paciueruieHus
SHAOPHUOOHYKIIEA3bL.

TepmuH «BapuaHT» 03HA4YAET HYKJIEOTUAHYIO MMOCIEOBATEIBbHOCTD, I'71€ HYKJIEOTH IbI, TI0
CYLIECTBY, WJEHTUYHbl OJHOW W3 YyKa3aHHBIX BbIIE MOCIeAoBaTeIbHOCTEH. BapuaHT moxer
OBITh TIOJy4eH MyTeM MOIU(UKALMHA, TAKUX KAK MHCEPLHUs, 3aMEHa HJIU JeJIelHs OTHOTO MU
OoJee HYKJIEOTHIOB. B mpeanoYTUTEIbHOM BapHaHTE OCYIIECTBICHUS H300PETEHHs, BAPUAHT I10
MeHblIeld Mepe Ha 50%, nmo MeHbliel Mepe Ha 55%, o MeHblIeil Mepe Ha 60%, MO MeHbLIeH
Mmepe Ha 65%, o MmeHbiuel mepe Ha 70%, no meHbluel Mepe Ha 75%, MO MeHbIIEH Mepe Ha
80%, nmo meHbluel Mepe Ha 85%, o meHbluel Mepe Ha 90%, mo meHbuiel mepe Ha 91%, no
MeHblIeld Mepe Ha 92%, no MeHbliel Mepe Ha 93%, no MeHblIeil Mepe Ha 94%, MO MeHbLIeH
Mepe Ha 95%, o MeHbleld mepe Ha 96%, no MeHbluel Mepe Ha 97%, Mo MeHbIlel Mepe Ha
98%, mo menbLIeil Mepe Ha 99% nneHTH4eH MO0 U3 BhILIEYKA3aHHBIX MOCIEAOBATEIbEHOCTEH.
B opmHOM BapmaHTe OCyLIeCTBIEHHMS HW300pETEHUs, HMIASHTUYHOCTb MOCJIENOBATEIbHOCTEN
coctaByisier mo MeHbined Mepe 90%. B apyrom BapuaHTe OCYIIECTBIECHUS H300pETEHUS,
UAEHTUYHOCTD NocienoBaTenbHocTell coctasisier 100%. MneHTuyHOCTh mocaenoBaTeNbHOCTEN
MOXeT  ObITb  OmpeAeNeHa C  [OMOLIbIO  J000M  IporpaMmbl  BBIPABHUBAHUS
NIOCJIENOBATENbHOCTEN, U3BECTHON CIIELIMATUCTAM.

Hacrosimee m3o0OpeTeHne Takke OTHOCHTCS K KOHCTPYKLHM HYKJIEHMHOBOH KHCIIOTBI,
CoziepIKallel MOCIeN0BaTEeIbHOCTh HYKICMHOBOH KHCJIOTHI, ()YHKLIMOHAJIBHO MPUCOSTUHEHHYIO
K NOAXOASLIEMY IpPOMOTOpPY pacTeHus. lloaxomsmuii mpoMOTOp pacTeHUs MOXET ObITh
KOHCTUTYTHUBHBIM HWJIM CHJIBHBIM TMPOMOTOPOM HJIM MOXKET OBbITh TKaHeCHeUU(PUIHBIM
npoMOTOpOM. B ONHOM BapHMaHTe OCYIUECTBJICHUS H300PETEHHs], MOAXOISLINE MPOMOTOPBI
pacTeHusi BBIOpAHbL, HO HE OrPAaHMYUBAOTCS UMH, U3 MPOMOTOPA BHPYCA XKEITOH Kyp4aBOCTH
muctbeB Cestrum (CmYLCV) unm npomoropa yonxutuna 1 npoca (PvllbM), PHK-nonumepassr
III U6 (TaU6) CaMV35S mmenuns!, npoMoTopoB U6 MIIEHUIB! WK YOUXUTHHA KYKYPY3bl
(mampumep, Ubil). AnbTepHATUBHO, SKCIPECCHs] MOXET OBITh CHelU(HYEecKH HaleJeHa Ha
KOHKPETHbIE TKAHU CEMsIH IIIEHHUIbl IOCPEICTBOM IOCIEN0BATENbHOCTEH, PEryJInpyOLIUX
SKCIIPECCUIO T€HOB. B OIHOM BapHWaHTe OCYIIECTBICHHsS HM300pETEHHs], MPOMOTOp BBIOpaH U3
npomotopa U3 (SEQ ID NO: 163), mpomotopa Uba (SEQ ID NO: 164), npomotopa U6b (SEQ
ID NO: 165), npomotopa U3b B aBynoasnbix pacteHusx (SEQ ID NO: 166) u npomotopa U6—-1
B 1ByH0osbHBIX pacteHusx (SEQ ID NO: 167).

KoHCTpyknMst HYKJIEHMHOBOH KHCJOTBI COTJIACHO HM300PETEHHI0O MOXKET TakKxkKe
JOTIOJTHUTEIBHO COZAEpkKaTh IMOCIEA0BATENbHOCTh HYKJIEMHOBON KHCIOTBI, KOTOpas KOAUPYET
depment CRISPR. «®epment CRISPR» o3nauaer JJHK-sHmonykieasy, KOTOpash HaXOOUTCS

nox kontposneM PHK, u xotopass Mmoxker accouunponatbest ¢ cuctemoit CRISPR. B wactHOCTH,
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Takoll (epMeHT cBs3bIBaeTCa ¢ mnocienosatenpbHocThi0 tract—PHK. B omHOM Bapuante
ocymecteienus: uszobperenus, ¢epmentom CRIPSR sBnsiercs Oenok Cas («CRISPR—
aCCOLMUPOBaHHBIN Oenok»), mpenmoututenbHo, Cas 9 uma Cpfl, a Gonee mpeANnOYTHTENTHHO
Cas9. B koHkpeTHOM BapuaHTe ocymecTBieHuss u3zobperenus, Cas9 mnpencrasiser coOoi
ONTUMHU3UPOBAHHBIM 10 komoHaMm Cas9 (ONTUMH3UPOBAHHBIM Ui PAaCTEHHs, B KOTOPOM OH
skcnpeccupyercs). B onaom mpumepe, Cas9 umeer nocnenoBarenbHOCTb, onucannyo B SEQ ID
NO: 150, nnu ee GyHKUNOHANBHBIN BAPHAHT UM FOMOJIOT. B pyrom BapuaHTe OCyIIeCTBICHHS
u3obperenus, pepmentom CRISPR siBnsiercst Oenok u3 cemenicTBa OeNKOB—KaHAMIATOB X Kjlacca
2, takux kak C2cl, C2C2 w/umu C2¢3. B oqHOM BapuaHTe OCYIIECTBICHHUsS U300peTeHwus, OeoK
Cas mpoucxomuTt or Streptococcus pyogenes. B anbTepHaTUBHOM BapHaHTe OCYIECTBICHMUS
nu3o0perenus, 6enok Cas MOKeT MpOUCXoauTh OT Jodoro u3 Staphylococcus aureus, Neisseria
meningitides, Streptococcus thermophiies nnu Treponema denticoia.

Hcnonp3yemblii 31€Ch TEPMUH «(YHKIIMOHAIBHBINA BAPUAHTY, €CIIH OH OTHOCHUTCS K Cas9,
O3HavaeT BapUaHT MocjenoBaTeNbHOCTH reHa Cas9 WM 4acTb T'€HHOH MOCIEeNOBaTENbHOCTH,
KOTOpasi COXpaHseT OHOJOrMYEeCKYI0 (PYHKLUHUIO TOJTHOPAa3MEPHOH HeMOIU(PUIIUPOBAHHOM
MOCJIEA0BATENbHOCTH, Hanmpumep, aenctByeTr kak JIHK-—-snponykneasa, uiau pacnozHaer JHK
w/mwm  cesspiBaercst ¢ JIHK.  @DyHKIMOHANbHBIA BapuaHT TakXKe BKIJIOYAET BapUaHT
NPEACTABISIIOIEr0 MHTEPEC T'€HA, KOTOPBIH MMeeT MOAU(UKALMK B IOCIEIOBATEIbHOCTH, HE
BIVSIOINE Ha (YHKIHMIO, HAmpuUMep, HEKOHCEPBATUBHBIE OCTAaTKH. JTOT TEPMHH TaKXkKe
OXBAaTbhIBAE€T BAPUAHT, KOTOPBIH, MO CYIIECTBY, HACHTUYEH MOCIENOBATEIbHOCTAM AUKOTO THUIIA,
NPEACTABICHHBIM B HACTOSALIEH 3asBKE, TO €CTh, OH UMEET TOJbKO HEKOTOpble MOAM(HKALNY B
NIOCJIEIOBATENbHOCTH, HAlPUMep, B HEKOHCEPBATHBHBIX OCTATKaX, U SIBISIETCS OHOJIOrMYECKH
aKTHUBHBIM. B OfHOM BapwaHTe OCYINECTBIEHHMs H300peTeHHs, oO0Ias WAEHTHYHOCTh
¢yskumnonanpHoro Bapuanta SEQ ID NO: 150 u aMHHOKHCIOTHOW MOCJIE€NOBATEIbHOCTH,
npencrasienHoit B SEQ ID NO: 150, cocrasnsier no mensbiueir mepe 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% unu 99%. B apyrom BapraHTe OCYIIECTBJIEHUS U300peTeHus, OeIoK
Cas9 6bu1 MOoau(UIMPOBAH TSI MOBBIIEHUS AKTHBHOCTH.

[Monxonsiique TOMOJIOTH WJIM OPTOJIOTH MOTYT OBITh HASHTH()HULUUPOBAHBI IMyTEM
CpaBHEHHs MOCJEIOBATEIbHOCTEH M WACHTHU(PHKALMU KOHCEPBATUBHBIX IOMEHOB. MDYyHKIIHS
rOMOJIOTa HJIH OPTOJIOTA MOKET OBbITh MACHTU(UIIPOBAHA KaK OMUCAHO B HACTOSINEH 3asBKe, U,
TakuM 00pa3oM, CMELHATUCT B JAHHOW OOJIACTH MOXKET MOATBEPIUTH (PYHKIHMIO, €CITU OHA
SKCIPECCUPYETCsI B PACTEHUH.

B npyrom BapmanTte ocymiectBiieHus uzobperenus, Oenok Cas9 Obu1 MoauduIpoBaH
TS TIOBBIIIEHUS] aKTUBHOCTHU. Tak, HampuMmep, B OHOM BapHaHTE OCYIIECTBICHHUS H300pETEeHNS,
6enok Cas9 MoxeT conmepkaTh aMHHOKHCIOTHYIO 3ameHy DI10A, m 3Ta HMKa3za pacuieruisier
tonpko nens JHK, xotopas xommnementapna pPHK u pacnosnaercsa ero. B anbrepHaTuBHOM
BApUAHTE€ OCYINECTBJIEHHS u300pereHus, Oenok Cas9 MOXeT anbTepPHATUBHO HIIU
JOTIOJIHUTENIPHO COAEP)KaTb aMHUHOKHUCJIOTHYIO 3ameHy H840A, m sTa HHKa3a pacluervisier
tonpko uens JAHK, xotopas He B3aumonerictsyer ¢ ouPHK. B 3TOM BapuaHTe OCyIIECTBICHUS

n3o0perenus, Cas9 moxer ObITh UCMONMB30BaH BMecTe ¢ mapoi monekyn oupPHK (to ects, ¢
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ABYMSI MOJIEKYJIaMH) (MUTH ¢ KOHCTPYKLIMEH, SKCIIPECCUPYIOIIEH TaKylo Mapy) U B pe3yJbTaTe OH
MOJKET pacUIeIUIATh OONaCTh—MHUIIEHb Ha MPOTOBOMONOXKHOH cropoHe JIHK ¢ BO3MOXHBIM
nosbimeHneM creruduuHocty B 100-1500 pa3. B pgpyrom BapuaHTe OCYIIECTBIICHHS
uszobperenus;, Oemok Cas9 moxer comepxkatb 3ameny DI1135E. Bemok Cas9 moxer Taxxke
npencTaBisiTh coboit Bapuant VQR. AsnbrepHatuBHO, Oenok Cas9 MoxkeT comepkaTh MyTaLHIO
B o0omx HykyeasHbIX aomeHax, a modtomy, HNH u RuvCOlike sBIstOTCS KaTaluTHYECKH
HEeaKTUBHbIMU. BepHee, BMeCTO paclienyieHus Henu—MHUIIEeHH, STOT KaTAIUTUYECKU HeaKTUBHBIN
Oenmok Cas Moxxer OBbITb WCHOJB30BAH JUIi MPENOTBPALIEHHs] TMPOLEcca SJIOHTALUU
TPAHCKPUIILMK, YTO OyaeT MPUBOAUTH K NOoTepe (YHKIMU HE MOJHOCTBIO TPAHCIHPYEMBIX
OenkoB, ecu OHHM KO—3Kcmpeccupyrores ¢ mojekyion oupPHK. IIpumepom kaTamutuyecku
HEaKTHBHOro Oenka siBisiercss MHakTHBUpOBaHHBIA Cas9 (dCas9), MHAyHHpPYEeMblid TOYKOBOH
myTtanued B HykyeasHbix nomeHax RuvC w/wnmum HNH (Komor et al., 2016 and Nishida et al.,
2016).

B npyrom BapuanTe ocymiectBieHus nzodperenus, oeiok Cas, Takoit kak Cas9, MoxeT
OBITH TaK)ke MPUCOEANHEH K 3(PeKTopy penpeccuu, TakoMy Kak pepMeHT, MOAU(UIIUP YOI
ructon/metmmupyromuii JIHK, i untunna—nesamunasza (Komor et al. 2016), ans npoBeneHus
CaliT-HaNpaBJIEHHOTO MyTareHesa. B mocienHem ciydae, (epMEHT LUTHAMH—/I€3aMHHA3a HE
uHayuupyetr paspbiBel IUJIHK, HO omocpeayeT mpespalleHue LUTHIWHA B YPUAUH, U TEM
cambiv, uHaynupyer 3ameny C Ha T (mmm G Ha A). DTH MeTonbl MOTYT OBITH OCOOEHHO
NOIXOAIMMM JJIs1 HALleIMBaHUs Ha IIyTAMUHOBBIE U MIPOJMHOBBIE OCTATKU B INIMAANHAX U IS
pa3pyLIeHHsI TOKCHYECKUX 3MUTOINOB C COXPaHEHHEM (yHKIIMOHAIBHBIX CBOMCTB INIHA/INHA.

B npyrom BapuaHTe OCyINECTBIICHUS N300peTeHMs, KOHCTPYKLUS HYKJIEHHOBONW KHCIIOTHI
comepxut 3HnopubOoHyKieasy. [IpennoururensHo, SHAOpHOOHYKIea30 siBysieTcss Csy4 (Takske
u3BecTHbIH kak Cas6f), a Gonee mpeAmOYTUTENHHO, ONTHUMHU3HPOBAHHBIA MO KOAOHAM Csy4,
Hanpumep, onpeneneHHeli B SEQ ID NO: 168. B onHOM BapuaHTe OCYIIECTBJICHHUS
u300peTeHus, eCIi KOHCTPYKLHUS HYKJICHHOBOM KUCJIOTHI COAep KHUT Oesok Cas, TO KOHCTPYKLHUS
HYKJIEMHOBOM  KHMCJIOTBI MOXET  COAepKaTb  IIOCJIENOBATEIbHOCTU  JJIi  SKCIPECCHU
sHAOpuOOHYKIea3bl, Takol kak Csy4, skcmpeccupyemass B BUAe S5 —KOHIEBOro rudpuma P2A
(Mcmonp3yeMoro Kak camopacuieruisiiommiics mentun) ¢ Oenkom Cas, Takum kak Cas9,
Hanpumep, kak onpeaeneHo B SEQ ID NO: 169.

B onHOM BapuaHTe ocyiiecTBIeHus1 n3o0perenusi, Oenok Cas, 3HIOpUOOHYKIIea3a U/ Ui
NOCJIEIOBATENIbHOCTh THOpUaa «3HAopuOoHykieaza—Cas» Moryt ObITh  (PYHKIHOHAIBHO
MIPUCOEANHEHBI K MOAXOASIEMY TPOMOTOpY pacTeHus. Iloaxoasinue npoMOTOpbI paCTeHUHN yike
OMHUCaHbl BBIIIE, HO B OJHOM W3 BapUAHTOB, OHH MOTYT NPEACTaBIATH COOOW MPOMOTOP
yOuxuruHa 1 KyKypys3bl.

ITopxopsimue MeToAbl MOJNYyYEHUs CHUCTEM HYKJIEHMHOBbIX KHCIOT U BekTopoB CRISPR
SIBJIIIOTCS] U3BECTHBIMH M, HAIIpUMep, onucanbl B myOnukanuu Molecular Plant (Ma et al., 2015,
Molecular Plant, DOI:10.1016/j.molp.2015.04.007), koTopasi BBOAUTCS B HACTOsIIEE OMUCAHNE
MOCPEACTBOM CCBUIKH.

B anpTepHaTHBHOM acmekTe H300peTeHMs], KOHCTPYKIMsS HYKIEUHOBOW KHCIIOTHI
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COZIEP’KUT IO MEHblIEH Mepe OAHY IOCIeNOBATENbHOCTb HYKJIEHMHOBON KHCIIOTBIL, KOTOpas
koaupyet >¢dexkrop TAL, roe ykasanHbd 3¢ (eKkTop HaleJeH Ha MOCIeNOBATEeIbHOCTh T'eHa
u/umu ipomotopa OTUBI, Beibpannyo w3 SEQ ID NO: 28, 34, 38, 42, 45, 48, 51, 54, 57, 60,
63, 66, 69, 72, 75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 106, 110, 114, 118, 122, 126, 130, 134,
138, 142 u 146. Metoas! koHcTpyupoBaHus 3¢ dexropa TAL x0opol1o H3BeCTHBI CHENMATINCTAM
U OCYILECTBJISIFOTCS. B 3aBUCUMOCTH OT IOCJEeN0BaTeIbHOCTU—MULIEHHU. [Ipumeps! nogxoasmux
METO/IOB OmnHcaHbl B myOnukammsx Sanjana et al., and Cermak T et al., kOTOpble BBOASATCS B
HACTOsILIIee OIMUCAHHE TOCPENCTBOM CChUIKU. I[IlpeamouTuTenbHO, yKa3aHHAas KOHCTPYKLIHS
HYKJIEUHOBOM KHCJIOTBI COIEpPKUT JIB€ IMOCJEAOBATEIbHOCTH HYKJIEHHOBOM  KHCIOTBI,
komupyromue 3¢pdexkrop TAL ¢ obpasosanumem mnapsi TALEN. B npyrom BapuaHTe
OCYIIECTBIIEHHUs] M300pPETeHUs, KOHCTPYKLUUS HYKJICHHOBOW KHCJIOTBI TAaKKe€ CONEPIKUT
nocyienoBaTebHOCTh—crienupuyueckyro Hykineasy (SSN). TlpeanmouturenbHo, Takas SSN
npeacTasisier coOOH SHOOHYKJeasy, Takyro kak Fokl. B apyrom BapmaHTe OCyIIECTBICHHUS
u3zobperenus, TALEN xoHcTpympyror Merogom kionupoBanus Golden Gate B omHOH
MJIa3MUIHON KOHCTPYKLIMU UJIM B KOHCTPYKLIMU HYKJIEMHOBOM KUCIIOTBI.

B npyrom cBoem acmekTe, HacTosiiee n3o0peTeHne oTHOCUTCs K MoJiekysie oipPHK, rae
monekyya oupPHK conep:xut nocnenosarenbHocTh cr—PHK u nocnenosarensHoCTh tracr—PHK,
u rae nociaenoBaTenbHOCTh cr—PHK Moker cBsi3bIBaTbCA MO MEHbLIEH Mepe C OHOHU
TOCJIeIOBATENNBHOCTRIO, BeiOpanHOM u3 SEQ ID NOs: 28, 34, 38, 42, 45, 48, 51, 54, 57, 60, 63,
66, 69, 72,75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 106, 110, 114, 118, 122, 126, 130, 134, 138,
142 u 146 unu ee BapuaHTa. B OIHOM BapuaHTe, MOCIEIOBATENBHOCTD HYKJIEMHOBON KHUCJIOTHI
mounekybl oupPHK ompenenena B moboii uz SEQ ID NO: 31, 36, 40, 44, 47, 50, 53, 56, 59, 62,
65, 68, 71, 74, 77, 80, 83, 86, 89, 92, 95, 98, 101, 104, 108, 112, 116, 120, 124, 128, 132, 136,
140, 144 u 148 wnu ee Bapuanrta. [Ipyrumu cnosamy, nocienosarenbHocts PHK onpPHK
KOZUPYETCs MOCIeI0BATEIbHOCTHIO HYKJIEMHOBOW KHUCIOTHI, BeiOpanHO# u3 SEQ ID NO: 31, 36,
40, 44, 47, 50, 53, 56, 59, 62, 65, 68, 71, 74, 77, 80, 83, 86, 89, 92, 95, 98, 101, 104, 108, 112,
116, 120, 124, 128, 132, 136, 140, 144 u 148. Toapko B OAHOM U3 MPUMEPOB,
nocnenosatenbHocTh PHK onnoti onpPHK cornacHo uzobperenuto onpenenena B8 SEQ ID NO:
32 unu B ee BapuaHTe. TepMHUH «BapuUaHT» ONPENENEH B HACTOsALIEH 3asiBke. B onHOM BapuaHre,
monekyiia oupPHK moker comep:kaTh 1Mo MeHbIIeH Mepe OJHY XUMHUYECKYH MOIU(PUKALHUIO,
HampuMep, MOAU(UKALIIO, KOTOpasi MOBBIIIAET CTAOMIbHOCTh W/ WK aQ(PUHHOCTD CBSI3bIBAHHSI
MOCIEI0BATENbHOCTU—MHUILIEHH WM mnocnenoBaTenbHocT cr—PHK ¢ mocnenoBaTenbHOCTBIO
tract—PHK. Takne Mognukanny Xopomo U3BECTHBI CIIENMAINCTAM H BKJIIOYAIOT, HATIPUMEp, HO
HE OrPaHMYUBAIOTCS MMM, MONU(HUKALMH, OmMHMcaHHble B nyOnmkaumu Rahdar et al., 2015,
KOTOpasi BBOAUTCSl B HACTOsLIEE OMMCAHUE MOCPEACTBOM CCbulkU. B 3TOomM mpumepe, cr—PHK
MOJKET conepskaTh Monupukauio GocGopTHOATHOTO OCTOBA, TAKYIO Kak 3aMeHbl 2’ —¢dropa (2'—
F), 2-O—metmna (2°-O-Me) u S—crepuueckoro stuna (cET).

B npyrom cBoeM acmekre, Hacrosee H300peTeHHe OTHOCHTCS K BbIIEICHHON
MOCJIEI0BATENbHOCTH HYKJIEMHOBOM KHUCJOTBI, KOTOpash KOAUPYET NMPOTOCHEHCEPHBIH 3J€MEHT
(onmpenenenssiit B moboit u3 SEQ ID NO: 29, 35, 39, 43, 46, 49, 52, 55, 58, 61, 64, 67, 70, 73,
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76, 82, 85, 88,91, 94, 97, 100, 103, 107, 111, 115, 119, 123, 127, 131, 135, 139, 143 u 147) wiu
oupPHK (onmcannyro B moboit 3 SEQ ID NO: 31, 36, 40, 44, 47, 50, 53, 56, 59, 62, 65, 68, 71,
74, 77, 80, 83, 86, 89, 92, 95, 98, 101, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144 u
148).

B npyrom cBoeMm acmekTe, HacTosllee U300peTeHHe OTHOCUTCS K PACTEHUIO WJIHM €ro
YaCTH WJIM MO0 MEHbLIeH Mepe K OJHOW BBIACNIEHHON KJIETKE pacTeHHs], TpaHC(eLnpoBaHHON MO
MeHbIIEeH Mepe OIHONH ONMUCAaHHOM 37ech KOHCTPyKIMeN HykjenHoBOH kucnotbl. Cas9 u
oupPHK wmorytr ObiTh OOBETUHEHBI MJIM MOTYT HAXOAWTHCS B OTAEIBHBIX SKCIPECCHOHHBIX
BEKTOpax (WM KOHCTPYKLUSIX HYKJIEHHOBOM KHCJIOTBI, U 3TU TEPMHUHBI SIBJISTFOTCS CHHOHIMAMH ).
JIpyrumMH CJIOBaMH, B OJHOM BapHUaHTE OCYIIECTBJICHUS HM300pPETeHUs, BBIACICHHYIO KIIETKY
pacTeHuss TPAHCHUIUPYIOT OIHOM KOHCTPYKIHMEW HYKJIEHMHOBOW KHCJIOTBI, COIEpIKallei
oupPHK u Cas9, xak mogpoOHO omucaHo BhIIe. B aqbTepHATUBHOM BapHUaHTE OCYINECTBIICHHS
U300peTeHNs], BBIIEICHHYIO KJIETKY pAacCTeHUs TPaHCHUUUPYIOT JBYMsI KOHCTPYKLHSIMU
HYKJIEMHOBOU KHCJIOTBI, TO €CTh, IEPBOM KOHCTPYKLHUEN HYKJIEHHOBON KHUCIOTBI, COIAEpKallen
no menbuiet mepe ogny oupPHK, onpenenennyo Belle, 1 BTOPOH KOHCTPYKLUEN HYKIEMHOBOU
KHUCJIOTHI, copepkameld Cas9 wiam ero (yHKIMOHANbHBIM BapHaHT WM romoior. Bropas
KOHCTPYKLIUSI HYKJIEMHOBOW KHCJIOTBI MOXKET OBbITh NEpeHeceHa A0, BO BPEMs N IOCHe
MEPEHOCa MEPBONM KOHCTPYKLUUHM HYKJIEMHOBOW KHUCJIOTHL IIpenmylnecTBO OTAENbHONW BTOpPOH
KOHCTPYKLIUH, COneprKaileil OeJoK cas, 3aKJII0YaeTcss B TOM, YTO KOHCTPYKLHMS HYKJIEHHOBOW
KHMCJIOTBI, KOAUPYIOLas Mo MeHblieil Mepe ogHy oupPHK, mMoxeT cnapuBaTbCs ¢ ONMCAHHBIM
371ech OeNKoM cas Jr000ro TUMa, U, CIeNOBATENbHO, 3TOT OeJIOK He OrpaHHUYnBaeTcs (QyHKIMEH
oxHoii Cas (kak moryio Obl ObITH B ciydae, korna oba cas u oupPHK konupyrores ogHol u Toi
K€ KOHCTPYKLIUEH HYKJIEMHOBOW KUCIIOTBHI).

B opmHOM BapmaHTe OCYINECTBIEHUS H300PETEHUs, KOHCTPYKIMIO HYKJIEHHOBOM
KHCJIOTBI, COAEpIKaINyl OeJNIOK cas, CHadana TPAaHCHUIMPYIOT M CTaOMIBHO BCTPAMBAIOT B
T'eHOM, & 3aTeM OCYIIECTBJISIOT BTOPYIO TPAHCHEKIHMIO KOHCTPYKIHEH HYKJIEHHOBOH KHCIIOTBHI,
cozeprkalleil Mo MeHbIIeW Mepe OAHY HykjienHoByro kuciory oupPHK. B anprepHatuBHOM
BapHUAHTE OCYILECTBIIEHHs] U300PETeHNUs, PACTEHUE WM €r0 YacTh HMIIM 10 MEHbIIEH Mepe OIHY
BBIIEJIEHHYIO KJIeTKy pacreHus Ttpanchuuupyror MPHK, xommpyromeii Oenok cas, u
KOTPaHCPULUPYIOT MO MEHBIIEH Mepe OIHOM ONpeAeIeHHOH 31eCh KOHCTPYKIUEH HYKJIEHHOBOU
KHCJIOTBI.

Bexrops! nst skcripeccuun Cas9, Cnosap3yemMble B HACTOSIIIEM H300pETEeHHH, MOTYT OBITh
CKOHCTPYHUPOBaHbl KaK OMUCAHO B JuTeparype. B omHOM mnpumepe, 3KCIPECCHOHHBINH BEKTOP
COZIEPKUT MOCIEN0BATENbHOCTD HYKJIEHHOBONH KHUCHOTHI, omnpeneieHHyro B SEQ ID NO: 150,
wii ee (YHKIMOHAJIBHBIA BAapHUAHT MM TOMOJIOT, TI7l€ YKa3aHHas IIOCJIE0BATEIbHOCTb
HYKJIEMHOBOW KHCJOTBI (PYHKIMOHAJIBPHO NPUCOEAMHEHA K MOAXOIAIIEMY IPOMOTOPY.
[IpumepamMu MOAXOASIINX MPOMOTOPOB SABJISIFOTCS MpoMoTop akTuHa, CaM V35S, U6 nimeHursl
WM yOUXUTHHA KyKypy3bl (Hanpumep, Ubil).

B cBoeM anbTepHATUBHOM acleKTe, HACTOsIIee N300PETeHNe OTHOCUTCS K BbIIEIEHHON

KJIETKE pacTeHus, TpaHCPennpoBaHHONW IO MEHbIIEeH Mepe OIHON ONMUCAHHOW 37ech
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KOHCTPYKLMEH HYKJIEMHOBOM KUCJIOTHI WiH MoJexynon oupPHK.

B eme omHOM cBoeM acmekTe, HacTosllee H300pPETEHHE OTHOCHUTCS K T'€HETHYECKH
MOIU(PHUIIMPOBAHHOMY WJIM OTPENAKTHPOBAHHOMY PACTEHHUIO, COAEpIKAIeMy OIMHCAHHYIO 37€Ch
TpaHC(hELMPOBAHHYIO KJIETKY. B OHOM BapuaHTe OCyIIECTBIEHHsS M300peTeHUs], KOHCTPYKLIUSA
VTN KOHCTPYKLIMH HYKJIEHHOBOI KHCJIOTBI MOTYT ObITh HHTEIPHPOBaHbI B cTaOMIBHOI (opme. B
AIbTEPHATUBHOM BapHUaHTE OCYINECTBJICHHMS H300pPETEeHUs, KOHCTPYKLUMS MM KOHCTPYKLHH
HYKJIEMHOBOW KHCJIOTBI HE SIBJIIIOTCS HHTETPUPOBAHHBIMH (TO €CTh, OHH SIBJISIFOTCS TPAH3HEHTHO
JKCIpecCHpoBaHHbIMU). B cooTrBercTBUM € 3TUM, B TNPEANOYTHTEIBHOM BapHaHTE
OCYIIECTBIIEHHUS] W300pETEeHHs], TE€HEeTHMYeCKH MOAN(PHLUPOBAHHOE pACTEHHE Ha CONEPIKUT
KaKUX—JIHOO HYKJIEMHOBBIX KuCIOT, koxupyrommx oupPHK w/mmm Genmok Cas. [pyrumu
CJIOBAMH, 3TO PAaCTEHHE HE COAEPKUT TPAHCTEHa.

Hcnonp3yemMble 371€Ch TEPMHHBI «BBEIEHHE», «TPaHCHEKUUS» WU «TpaHchopmamms
OXBAaTbIBAIOT MEPEHOC SK30T€HHOTO MOJIMHYKJIEOTHAA B KJIETKY—X035IMHa, HE3aBUCHMO OT METOa
TaKOro nepeHoca. TkaHb pacTeHUs, CIOCOOHAs K MOCIEAYIOLIEMY KIOHAIBHOMY Pa3MHOKEHUIO,
HE3aBHUCHMO OT TOTO, MPOHCXOIUT JIH 3TO MOCPENCTBOM OpraHOreHe3a MM >MOPHOTeHesa,
MOXeT ObITb TpaHCHOPMHUPOBAHA C TIOMOIIBE) T€HETHYECKOW KOHCTPYKLHMH COTJIACHO
n300pEeTEeHNIO, U M3 3TOH TKaHHW PEreHepHPYIOT 1enoe pacTeHne. KoHkpeTHO BBIOpaHHAS TKaHb
Oyner BappUpPOBATHCS B 3aBHCHMOCTH OT KJIOHQJIBHBIX CHUCTEM PA3MHOXKEHHs], JOCTYIHBIX H
HanOoJyiee TMOAXOMAINX Ui TpaHcHOpMalMM B KOHKPETHbIE BHIbL. Penpe3eHTaTUBHBIMU
TKaHSAMU—MHULICHSMH SIBJISTFOTCSI JIUCTOBBIE AUCKH, MbUIbLA, SMOPHOHBI, CEMSIIONHN, THITIOKOTHIIH,
MerarameTo(uThl, TKaHb KaJUTyCca, MPUCYTCTBYIOWAs TKAHb MEPHCTEMBI (HAIIpUMep, alTUKaIbHAs
MEpPHUCTEMA, NMAa3yIIHble OYKH U KOPHEBbIE MEPUCTEMbI) U UHAYLIMPOBAHHAS TKaHb MEPUCTEMBI
(HarpuMep, MEpHUCTEMBI CeMsIIoNEeN U TMITIOKOTHIIEH). 3aTeM MoJIydeHHast TpaHC()OpMUPOBaHHAS
KJEeTKAa PACTeHUS MOXKET OBITh HCIIONB30BaHA JMJISI pPEreHepalu TPaHCHOPMUPOBAHHOTO
pacTeHust crocoOOM, M3BECTHBIM CIIELUANNCTaM B AaHHOH obmactu. IlepeHoc dyskepomHBIX
TeHOB B I'€HOM pacTeHHsl Ha3biBaeTcsi TpaHcdopmaumeit. Tpanchopmarust pacTeHHii MHOTHX
BUJIOB B HACTOSILIECE BpPEMsl SIBJSIETCS PYTUHHON TexHHKOW. JIt0OOH M3 HECKOJBKHMX METOIOB
TpaHc(hOpMAIMK, U3BECTHBIX CHEIMATNCTaM B JAHHOW 00JaCTH, MOXET OBITh NMPHUMEHEH IS
BBEJIEHUS] KOHCTPYKLMM HYKJIEMHOBOW KHUCJOTHI WIM MPEACTaBISIIONIEH HHTEPEC MOJEKYJIbI
oupPHK B mnoaxonsmyro KIeTKy—Tipenka. MeTonbl, ONUCaHHbIe sl TpaHchopMaumu |
pereHepanyii pacTeHU W3 TKaHEH WM KIETOK pACTEHHUs, MOTYT OBITh NPUMEHEHBI IS
TPaH3UEHTHOW Wi CTAOWIIbHOM TpaHC(HopMaIum.

Metonsl TpaHChOPMALMK BKJIKOYAIOT TMPUMEHEHHE JIMIIOCOM, 3JIEKTPOIOPALHIO,
NMPUMEHEHNE XWMHYECKUX BEIIECTB, KOTOpbIE TMOBBIMAT morjomenne cobomgHoit JIHK,
nkekunio JIHK HemocpencTBeHHO B pacTeHne (MUKPOWHIKEKLHUIO), «BBICTPEIMBAHUE» T€HOB
(v mpuMeHeHne OMOOANTMCTUYECKUX CHCTEM JOCTaBKU dYacTUll (OMOOAJUIMCTHKH)), Kak
OIHCAHO B PUMepax, JUMO(PEKIHIO, TPAaHCPOPMALIUIO C HCIIONB30BAHIEM BUPYCOB FUIH TBLITBLIBI
U MUKPOKyJIbTUBHpOBaHHE. CrIOCOOBI MOTYT OBITh BBIOpaHBI M3 CIIOCOOOB C HCIOJIb30BAHUEM
KaJbLMSA/TIONU3TUICHTJIUKONSA  [IJIs1  MPOTOIUIACTOB, TpPaHC(EKIMH TeHOB, OIOCpeayeMoi

yJIBTPa3BYKOM; OINTHYECKOW WJIM JIa3€pHOM TpaHCQEeKIuH;, TpaHCHEeKIMHU C HCIOJNb30BAaHHEM
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BOJIOKOH KapOuaa KpEMHHUS, 3JIEKTPOIIOPALIH ITPOTOILIACTOB, MUKPOUHXEKIH B PACTUTENbHBIN
martepuain, OomOapaupoBku uactuiamu, nokpeitbivu JIHK wmm PHK; wurdummupoBanus
(HeMHTErpupyIOIIero) BUpycaMt U T.I. TpaHCreHHbIE PACTEHUS MOTYT OBITh TaKXKe IOJTyUYEeHBI C
NOMOIIBI0 TpaHchopmaruy, onocpenyemoii Agrobacterium tumefaciens, BkiIrOuUas, HO He
OrPaHUYMBASACH HMH, METOX OKYHaHUS LIBETKOB/METON BaKyyMHOH HWH(HIbTpaLUu
Agrobacterium, kak omucano B nyOmukamumu Clough & Bent (1998), xotopast BKiIOuYeHa B
HACTOsLIee ONUCAHUE TOCPEACTBOM CCBUIKH.

COOTBETCTBEHHO, B OJTHOM BapUAHTE OCYIIECTBJICHUS M300pEeTEeHUs], IO MEHbIIEH Mepe
OlHA KOHCTPYKLMSI HYKJEMHOBOM KUCIOTHI uind Mojekyia oupPHK, onucannas B Hacrosiein
3asiBK€, MOXET OBITh BBEICHA IO MEHbLIEH Mepe B ONHY KJIETKY pPacTeHHs JIOObIMU
BBILIEONMUCAHHBIMA METONaMH. B ajbTepHATUBHOM BapHAaHTE OCYINECTBJICHUS H300pETEeHUS,
mobasi ONMUCaHHAs 3/1eCh KOHCTPYKIHS HYKJIEMHOBOH KHCJIOTBI MOXET OBbITh CHavajia
TpaHCKpUOUpOBaHa ¢ 0Opa3oBaHUEM NPEABAPUTENBLHO coOpaHHOro pudoHykiIeonporenHa Cas9—
oupPHK, a 3arem pnocraBieHa 1O MeHbIIEH Mepe B OXHY KIETKY pAacTeHHs JIFOOBIMH
BBILICONMUCAHHBIMA ~ METONAMH, TAaKUMH  Kak  JIMINOQEKIHs,  SJEKTPONOpauus MM
MHUKPOUH KEKLIUS.

Jlis orbopa TpaHC(HOPMUPOBAHHBIX PACTEHHI, PACTUTENbHBIM MaTepHal, MTOJTyYeHHBIN B
nmporecce TpaHCPOpMAIUK, KAk TMPaBWIO, HO HeoOsA3aTeNbHO, MONBEPralT oOTOOpPY B
CEJIEKTUBHBIX YCIOBHSIX TaK, YTOOBI TPAaHC(POPMHUPOBAHHBIE PACTEHHSI MOKHO OBLJIO OTIIMYUTH OT
HeTpaHchOpMUpPOBaHHBIX pacTeHuil. Tak, Hanmpumep, CEMEHa, NMOJYYEHHbIE BbIIIEONHUCAHHBIM
croco0OM, MOTYT OBITh 3acesHbl, M, IIOCJIE€ HAYaJIbHOTO MEPUOJA pPOCTA, MOIBEPTHYTHI
NoAXOoAsALIeMy OTOOpPY myTeM pacnbuleHus. Eme onHONW — BO3MOXKHOCTBIO  SIBJISIETCS
KyJIbTUBHPOBAHHUE CEMsIH, II0CJ€ CTEepPWIN3aLUK, €CI 53TO HeoOXOOMMO, Ha arapoBbIX
IUTAHIIEeTaX C MCIOJIb30BAHUEM MOAXOSIIEro areHTa IJsi 0T00pa, Tak, YTOObI PAaCTeHUS] MOTJIH
BBIPACTH TOJIBKO M3 TPaHC(HOPMUPOBAHHBIX ceMsH. Kak ommcaHo B mpumepax, MOIXOALINM
MapKkepoM MOKeT ObITh TeH bar pesucteHTHocTH K (ocdunorpuimny wimm  PPT.
ANBTEpPHATUBHO, TPAaHCPOPMHPOBAHHBIE PACTEHUS TOABEPralOT CKPUHHHTY HA MPUCYTCTBUE
CENIEKTUBHOTO MapKepa, Takoro kak, HO He orpanmumBarpomerocs um, GFP, GUS (B-
TIIIOKYpOHUAa3a). Jlpyrue mpumepbl MOTYT OBITH XOPOLIO M3BECTHBI CIEHHATINCTy B JAaHHOM
oOyacTu. ANBTEPHATHUBHO, OTOOp HE MPOBOIAT, M CEMEHA, IOJIyYEHHBIE BBIICOMHCAHHBIM
CHOCO0OM, BBICEBAIOT M KYJBTUBUPYIOT, a 3aTeM OompenessitoT ypoBHU skcnpeccrnn OTUB1 wun
Oenmka B COOTBETCTBYIOIIMH IEPHUON BPEMEHH CTAaHAAPTHBIMH METONAMH, OIHCAHHBIM B
nautepatype. Takol aabTepHATUBHBIN CIIOCOO, MO3BOJISIOMNN M30€KaTh BBEIEHUS] TPAHCTEHOB,
SIBJISIETCS IPEANIOYTUTENBbHBIM JJIs1 TOJy4Y€eHUsl PACTEHUMN, HE COep KalUX TPAHCTE€HOB.

ITocne mnepenoca JIHK wu perenepauun, mnpeanonaraeMble TpPaHCPOPMHPOBAHHBIE
pacTeHust MOTYT OBITh TaK)K€ OLIEHEHbI, Hampumep, ¢ nomoiubto [IP ans nerexrmpoBaHus
NPUCYTCTBUSI MPEICTABIISAIONIET0 WHTEPEC IeHa, YMCIa KONMUHM W/WIM T€HOMHOH OpraHHM3alvu.
ANbTEpHATUBHO WJIM AOIOJHUTENbHO, YPOBHU MHTErpaliyd M 3KCIPECCUU BHOBb BBEIEHHOM
JJHK wmoryt ObITh MOABEPTHYTHI MOHHMTOPUHTY ¢ mnomompio CayzepH— Hosepn— w/mnm

Bectepn—0OnoT-ananusa, 1 3TU METO/bI XOPOLIO U3BECTHBI CHELIUAINCTAM B JaHHOMN 00JIacTH.
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[TonyueHHble TPAaHC(POPMHUPOBAHHBIE PACTEHUS] MOTYT OBITH Pa3MHOXEHBI PA3UYHBIMU
crioco0amu, HarpuMep, ¢ MOMOIIBI KJIOHAJIBHOTO PAa3MHOKEHUS MM KJIACCHYECKUX METOJIOB
cenexkuuu. Tak, Hampumep, nepsoe mnokoneHue (unu T1) TpaHCPOPMHPOBAHHOTO pacTEHUs
MOJKET CaMOOIIBUISATBHCSA, a OTOOpPAaHHbIE TOMO3UIOTHBIE TPAHC(HOPMAHTHI BTOPOrO MOKOJIEHUS
(wmu T2) u pacrernus T2 moryr ObITh 3aT€M AOMOJHUTENBHO PA3MHOXKEHBI KIACCHYECKHMHU
METONAMHU CEJIEKLUU.

B npyrom cBoeM pOICTBEHHOM acCHeKTe, HAcTosllee M300peTeHHe TaKKe OTHOCHUTCS K
cnoco0y MOJy4eHUs] T€HETHYeCKH MOAU(PHUIIMPOBAHHOTO PACTEHUS, OMHCAHHOTO B HACTOSLICH
3asiBKe, I7I€ YKa3aHHBIH CIIOCO0 BKJIFOYAET:

a. oTOOp YacTH pPacCTEeHUS,

b. TpaHC(HEKLUUIO O MEHBLIEH Mepe OHOM KJIETKH YaCTH PACTEHUsI COTJIACHO MyHKTY (a)
[0 MEHbIIEH Mepe OJHOW ONMCAHHOW 37€Ch KOHCTPYKLMEHW HYKJIEMHOBOM KHUCJIOTBL, WIH IO
MEHbIIEH Mepe OJHOM OMUCaHHOM 37aech Mosekysol oupPHK onucanHbIMH BelllE METOIAMU
TpaHC(hEKUNH W TpaHCPOPMALHY;

C. pereHepalMi0O IO MEHbLIEH Mepe OJHOro pacTeHHus, IPOUCXOSINEero OT
TpaHC(HEUPOBAHHON KIETKH WJIH TPAHCPEITMPOBAHHBIX KJIETOK;

d. orOop omHOro mim Oonee pacTeHUi, MONYYEHHBIX B COOTBETCTBHH C IMyHKTOM (C), B
KOTOPBIX HAOJIOIaeTCsl CAllIEHCHHT MITH ITOHWKEHHBIH ypoBeHb 3kcnipeccun OTUBI.

B npyrom BapmaHTe OCYLIECTBIEHHs H300PETEHHs, CIIOCOO TaK)Ke BKIIOYAET CTaJUI0
CKPHMHUHTA reHeTHuecku MoauduuuposanHoro pacteHus Ha SSN (npeanouturensHo CRISPR)—
WHAYLUPOBAHHbIE MyTalMu B IOCienoBaTeabHOCTH reHa unu npomoropa OTUBIL. B onHom
BapHaHTe OCYLIECTBJICHHsS H300peTeHus, crnocod BKiouaer mnonyueHue odOpasma JIHK w3
TpaHC(OPMHUPOBAHHOTO pacTeHust U rnposeaeHue ammndukanuun JAHK nns nerexruposanust
MyTall4 MO0 MeHbIIEH Mepe B OJJHOM NOC/IeA0BaTeIbHOCTH reHa uimu npomoropa OTUBI.

B npyrom BapuaHTe OCYyLIECTBIEHHs H300peTeHHs, CIOCOObI BKJIIOYAIOT MOJTyYeHHE
CTa0WIIbHBIX pacTeHud T2, KOTOpble SIBISIOTCS, MPEANOYTHTENIbHO, TOMO3HTOTHBIMU TI0
MyTaluu (TO €CTh, IO MYTAlMU 10 MEHbLICH Mepe B OIHOW IMOCIEeNOBATEIBHOCTH T'€HA WM
npomoropa OTUB1).

Pacrenus, kKoTOpble UMEIOT MyTaLMIO 110 MEHbIEH Mepe B OIHOH MOCJIeN0BaTENbHOCTH
reHa mwiu npomotropa OTUBI1, Takke MOTyT ObITh CKpEIIEHBI C €lle OHUM PACTCHHUEM, TAKXKe
COAEpKAaIllMM MO MEHbIIEH Mepe OAHYy MyTalMK 10 MEHbLIEH Mepe B OJHOHU
nocienosarenbHOCTH reHa w/uinu npomoropa OTUBI, ¢ monmyderneM pacTeHHH, MMEIOLINX
JOTIOJTHUTEIIBHBIE MYyTALIMU B MTOCIEN0BaTENbHOCTH TeHa miu nmpomoropa OTUB1. KomOunanmu
OyayT OYEeBUAHBI CIIELHUAJIMCTAM B NAHHOW oOjacTh. B COOTBETCTBHH C 3THUM, 3TOT CHOCOO
MOJKeT OBITh PUMEHEH /IS TOJydeHus: pacTeHnid T2 ¢ MyTauusMu BO BCEX TOMOJIOTaX WM B
OOJBITMHCTBE TOMOJIOTOB 110 CPABHEHUIO C YHCIOM MYTalUi FOMOJIOTOB B OJHOM pacteHuu T1,
TpaHC(HOPMHUPOBAHHOM KaK OMHCAHO BBILIE.

Pacrenue, nonyueHoe WM MOJy4aeMO€e ONHUCAHHBIMU BBILLIE METOAAMHU, TAK)XKE BXOIUT B
00BEM HACTOSIIIETO M300pETEHHUS.

I'enernuecku MoaupULUMPOBAHHOE PACTEHUE COTJIACHO M300PETEHHIO MOXKET OBbITh TaKXkKe
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MOJIY4€HO MyTEeM NePeHOCa JIFOOBIX IMOCIEA0BATENILHOCTEN COTTIaCHO N300PETEHUIO TIOCPECTBOM
CKPELIMBAHUS, HAINpUMep, C HCIIOJb30BAHMEM IbUIbLIBI OIMHMCAHHOTO 3/1€Ch TE€HETHYECKH
MOIU(PHUIMPOBAHHOTO PACTEHUs AJISI ONBUICHUS PACTEHUs IUKOTO THUIA WM KOHTPOJBHOTO
pacTeHwusl, WIN JUJIsI OTBUICHHs TMHELes] ONMCAHHBIX 3/1eCh PACTEHUIl APYrol MbUIBLIOH, KOTOpas
HE COJEPKUT MyTaluu IO MEHbIIEH Mepe B OJHOM M3 MOCIEAOBAaTEIbHOCTEH TIe€Ha WIH
npomoropa OTUBI. CnocoObl monyueHHss pacTeHHUH COMNIACHO H300pPETeHHIO  He
OrPaHMYMBAIOTCS UCKIIOYUTENBHO CHOCOOAMH, ONMMCAHHBIMU B 3TOM IYHKTE, TaK, HAIpUMEp,
reHeTHYecKasi TpaHChOopMalMsl 3apOABIIIEBBIX KJIETOK M3 KOJIOCa MIIEHHIBI MOXET ObITh
OCYILECTBIIEHA KaK YK€ YIIOMHHAJIOCH BBIIIE, HO 0€3 MOCIeaYIOIel pereHepaii pacTeHHsL.

Cnoco6 cKkpunuHza pacmeHuil HA HPUPOOHble (PEHOMUNDBL NOBLIULEHHOZ0 YPOICAA
3epHa

B npyrom cBoem acmekTe, HacTosiee U300peTeHHe OTHOCUTCS K CHoco0y CKPHUHHMHIA
NOMYJISIUM PacTeHUH W WIeHTH(QHKauuu Wuiu otdopa pacTeHus, KOTOpoe Oyaer uMeTb
noHmwxkeHHyro skcnpeccuro  OTUB1 w/mnm  (eHOTMN TIOBBIIIEHHOTO ypoXkash 3€pHa, a
MPEANOUTUTENBHO, YBEIMUEHHs YUCIa 3€PeH, YHCla 3€PeH Ha METEJKY, MacChl 3epHa, LINPHUHbI
3epHa, TOJNILIUHBI 3€PHA, MACChI THICSIUM 3epEH W/WIN CHIKEHUS JJIMHBI 3€pHA (IO CPAaBHEHHIO C
KOHTPOJIBHBIM PACTEHHEM WM PACTEHHEM IUKOTO THIA), I/Ie YKa3aHHBIA CIOCOO BKIFOYAET
IETeKTUPOBAHNE B PACTEHUHU WJIHM B 3aPOABIIIEBON IUIA3Me PACTEHUS 10 MEHbINEH Mepe OTHOrO
nojguMopduzMa (pearnouTUTENBHO, osuMopdu3Ma ¢ Hu3KuM yposHeM skcnpeccun OTUB1) B
npomorope rera OTUB1 wunu B reme OTUBI. IlpennodrurenbHO, yKa3aHHBIM CKPUHUHD
BKJIFOYAET OIpeNeNieHHe IPHCYTCTBUS 110 MEHbIIEH Mepe OAHOro mnonuMopdusma, rue
yKa3aHHBIM MOJIUMOP(PU3MOM SIBIISIETCSA MO MEHbIIEH Mepe OfHAa WHCEPLMs W/WUJIM 10 MeHbIIeH
Mepe OfHa AeNelys W/ NN 3aMeHa.

B OmHOM KOHKpPETHOM BapHaHTE OCYIIECTBICHUS HM300peTeHHs, YKa3aHHbIHA
NOJIUMOP(HU3M MOXKET BKJIIOYATH 110 MEHbLIEH Mepe OJHY U3 CIEAYIOIINX 3aMEeH:

— CHa T B monoxkeruu 1135 SEQ ID NO: 2 unu 5;

— G na C B nonoxxkenun 1462 SEQ ID NO: 2 wnu 5; u/unu

— G Ha C B nonokenun 1798 SEQ ID NO: 2 nnn 5.

B npyroMm [AOMOSHUTENBHOM WM  QJIbTEPHATHBHOM BApUAHTE OCYLIECTBIICHHUS
n300peTeHNs], YKa3aHHbIM TOJUMOP(PHU3MOM SIBIISIETCS MHCEPLUS OJHOW AMHHOKUCIIOTBHI, a
npennoututensHo, T B monoskernnu 2234 SEQ ID NO: 2 uim 5.

B npyroM [AOMOSHUTENBHOM WM  QJbTEPHATHBHOM BApUAHTE OCYIIECTBIICHHUS
n300peTeHus], YKa3aHHbIM MOJUMOPGU3MOM MOxkeT ObITh 3amMeHa G Ha A B mosioskennn 1824
SEQ ID NO: 155.

B pesynbrare, BhIlIEONHCAHHBIE PACTEHUS OYAYT UMETh (PEHOTHIT MOBBIIIEHHOTO YPOXKast
3€pHa Kak OIMHCAaHO BBbIIIE.

[Tonxonsimue TeCcThl IJIs1 OLEHKHM HaIW4us IOJUMOpPPHU3MA XOPOIIO H3BECTHBI
CHEeLMAINCTaM B JAHHOM OOJNACTH, M BKJIOYAIOT, HO HE OIPAHMYUBAIOTCA UMHU, U30(EPMEHTHBIIH
anexTpodopes, TeCT Ha moauMOpdu3M JMH pecTpukUnoHHbIX (pparmentoB (RFLP), tect Ha

ciyuaitHo amrunguiuposansabie noauMopdHbie [IHK (RAPD), nonumepasHas LenHasi peakius
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C WCIIOJb30BAaHMEM IPOM3BOJBHO BBIOpaHHBIX mnpaiimMepoB (AP-IILIP), ammmudukamms JTHK
nocpencrsoM  ¢uHrepnpuntuara (DAF), Tecr Ha ammuuduimpoBaHHble — 00nacTy,
OXapaKTepU30BaHHbBIE C HCIIONBb30BaHUEM mocienoBareiabHocTH (SCAR), Tect Ha nonumopdusm
e - amrnduuupoBaHHbix  pparmeHToB (AFLP), TecT Ha mpoCTble MOBTOPSIIOIIMECS
nocnenoBatebHOCTH (SSR, KOTOphIe Takke HA3bIBAIOTCS MHUKPOCATEJUIUTAMH), U TECT Ha
nogumopdusmM 1o oxHomy Hykieotuay (SNP). B ogHOM BapuaHTe OCYIIECTBIICHUS
N300peTeHns] HCIOJb3YeTCsl aeab—crnenuduaeckoe reHorunrposanue ¢ nomombio [P Ha
KOHKypeHTHOe cBsizbiBanue (KASP).

B onHOM BapuaHTe OCyIIECTBICHUS H300peTeHH s, CIIOCO0 BKIIIOYAET:

a) mojiy4eHue o0pasua HyKJIEHHOBOW KUCIIOTHI 3 PACTEHUS U

b) ocymecTBieHne aMITUPHUKAIMA HYKJIEHHOBOH KHCJIOThI OXHOTO MK OoJyiee ajutesen
npomotopa OTUBI1 ¢ ucnonp3oBaHreM OJHOH WK OoJiee map MmpaiMepoB.

B npyrom BapmaHTe OCYILIECTBICHUS H300pETEHUs, CIOCO0 MOXET TaKKe BKIFYaThb
WHTPOTPECCHIO XPOMOCOMHOH OO0JIaCTH, coaep:Kailedl Mo MEHbIIel Mepe OOWH U3 YKA3aHHBIX
nonuMoppusMoB, skcnpeccupyromux OTUB1 Ha HU3KOM ypOBHE, HJIM XPOMOCOMHOMN 00JIacTH,
cojiep>Kallleil MOBTOPSIOLIYIOCS TOCIEeOBATENbHOCTh C JeJiellel, KaK ONMUCAHO BbIIIE, BO
BTOPOM pPAaCT€HHUU WM B 3apOABILIEBON IJIa3M€ pacTeHHs] C IOJy4YeHHEM pacTeHHsl WU
3apOABIIIEBON TIA3Mbl pAcTeHHs] ¢ HHTporpeccuei. IIpeanodyTurensHO, YTOOBI SKCHPECCHs
OTUB1 B yka3aHHOM BTOPOM pacT€HUH OblLla CHIKEHa WJIM OTMEHeHa (10 CPaBHEHHWIO C
KOHTPOJIbHBIM PACTEHHEM WM PACTEHHEM IUKOrO THIA), a Ooyiee MPEANOYTUTENBHO, YTOOBI
yKa3aHHOE BTOPOE pacTEeHUE [aBajo OONBIIMH ypokall 3€pHa, a NPEATOYTUTENIBHO, aBajo
yBEJIMUYEHHUE 110 MEHbIIEH Mepe YKciia 3€PEH, YUCia 3€peH Ha METEJKY, MacChl 3€pHA, IIUPUHbI
3epHa, TOJIIUHBI 3€PHA, MACChI THICSIUN 3€PEH W/IIIN CHUKEHUE JJIMHbI 3epHA.

B onmHOM BapuaHTe OCYLIECTBIEHHS W300pETEHUS, PACTEHHE MOXET JHIOTEHHO
skcrpeccupoBatb SEQ ID NO: 2 unm 4, a ypoBHu HykienHoOBo# kuciotsl OTUB1 w/umm
axtuBHOCTH Oenka OTUB1 Obutd CHUIKEHBI HIIH JOTIOJTHUTEIBHO CHHMIKEHBI JIFOOBIM OMMCAHHBIM
371€Ch CIIOCOOOM.

B cooTBeTcTBUU C 3TUM, B IPYTrOM CBOEM aCIEKTE, HACTOsIIee H300pETEeHHEe OTHOCHTCS K
croco0y MOBBIICHUS YPOKAHHOCTH, a MPEINOYTHTEIBHO YPOXKast CEMSIH WJIH 3epHA Y PaCTEHUs,
i€ YKa3aHHBIN CIIOCO0 BKIJIFOYAET:

a. CKPUHUHT NONYJISALIMU PAaCTeHUM MO MEHbUIEH Mepe Ha OAHO PacTEeHHE MO MEHbIIEH
Mepe C OTHUM M3 BBIIIEONMHUCAHHBIX MOTUMOP(PHU3MOB;

b. nanbHelllee CHMKEHHE WM OTMEHY OJKCIPECCMH 10 MeHbIlel Mepe OJHOM
HykyenHoBoi kuciaotel OTUB1 w/wmm cHuwkenne axtuBHocTH mnojmnentuna OTUB1 B
YKa3aHHOM pacTeHUHM IIyTeM BBEAEHMs IO MeHbllel Mepe OAHOW MyTaluu B
MOCJIEI0BATENBHOCTD HYKJIEMHOBON KuCioThl, koaupyrouyo OTUBI, unu no meHblieil Mepe
OJIHOI MyTalLuu B onucaHHbli 3aech npomorop OTUBI, kak onucaHo B HaCTOsALIEH 3asBKe WU
C MCIIONIb30BaHNEM onucanHoM 3neck PHK-unTepdepenmu.

«JlanpHeimee CHIDKEHUE» O3HaudaeT CHibkeHue ypoBHs skcnpeccun OTUBI no Gonee

HU3KOro YpOBHs, Y€M Yy pacCTCHUA IO MeHBbIIEH MEpE € OJAHHUM U3 BbIMICOMNCAHHBIX
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nonumoppmsmoB OTUBI1. TepMmuH «CHIKEHHE» O3HA4YaeT CHIDKEHHE YPOBHEW SKCIIPECCHUU
u/umu aktuBHoctd OTUBI Ha 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% wmu 90% mo
CPABHEHUIO C YPOBHEM Y KOHTPOJIBHOI'O PACTEHUSI.

UBC13

ABTOpaMH HACTOSIIEr0 H300peTeHust ObUIO TaKke HEOXHMIAHHO OOHApPYIKEHO, YTO
NOBBILIEHUE YPOBHs dKcIpeccuu Oenka, cesi3biBatomerocss ¢ yomxutuHom E2, UBCI13, nmaer
¢denoTHn, aHaNOrNYHBIN (HEHOTHITy, HAOIIOAAEMOMY B PACTEHUSIX, HECYLINX aJlieib nptl, Takoi
KaK YBEJIMUEHHE YHCIa 3epeH, MAacChl TACIYHM 3€pPeH, nuamerpa CTebiisi M CHIDKEHHE YHCIIa
noGeroB. B coorBercTBHM ¢ 3TUM, cBepxakcnpeccust UBC13 Oyner Takke 1aBaTh MOBBIIEHHBIN
yposkaii 3epHa. CieoBaTeNbHO, B IPYTOM CBOEM aCIIEKTE, HACTOsIIIee N300peTeHHe OTHOCHUTCS K
cnoco0y MoauduKayy, a NPeaNOYTUTENbHO, OBBIIEHHS] YPOBHEH MO MEHbIIEH Mepe OJHOTrO
(akTopa TpaHCKpHIIUH, MOAOOHOrO OenKy, cBs3bBaromeMycs ¢ mpomoropom SQUAMOSA
(SBP—nomeHa), rme yka3aHHBIN CIOCOO BKIFOYAET TMOBBIMIEHHE YPOBHS OKCIPECCHH WJIH
aktTuBHOCTH omnucaHHoro 3aeck UBCI3 wnu CHKEHHE WM OTMEHY SKCIPECCHU WU
akTuBHOCTH omnucaHHoro 3neck OTUB1. B onHOM BapuaHTe OCYIIECTBIIEHUS WU300pETEHUSs,
¢dakropom Tpanckpumnimu SBP—nomena sisisiercs SPL14.

TepMuHBI «yBeIUUEHUE», KYJNyULIEHHUE» WU IIOBBILLIEHUE», UCIIONb3YIOTCS 3[1eCh Kak
CHHOHHMMBI. B OTHOM BapHaHTe OCYINECTBJICHUS H300pETEeHHs, NJIMHA 3€PHA YBEIUUUBAETCS IO
MeHblIeld Mepe Ha 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%,
17%, 18%, 19%, 20%, 30%, 40% wmn 50% N0 CpPaBHEHUIO C KOHTPOJBHBIM PACTEHHUEM.
IIpennodrurenpHO, TAKOE YBEIUUEHUE COCTABIISAET 11O MeHblel Mepe 5—-50%.

COOTBETCTBEHHO, B JPYrOM CBOEM acleKTe, HACTosllee H300peTeHHEe OTHOCUTCS K
KOHCTPYKLMM HYKJIEHMHOBOM KHCJIOTBL, COAEpIKALlel IOCIEA0BATENLHOCTh HYKJIEHHOBOU
KUCJIOTBI, KOAUPYIOIyto mnonunentun, omnpefeneHHslii B SEQ ID NO: 161 wmu ero
(YHKIIMOHAIBHBIA BAPUAHT MJIM TOMOJIOT, I'/le YKa3aHHask OCIEeN0BATEIbHOCTD (DYHKIIMOHAIBHO
MPUCOEIMHEHA K PEryJIATOPHOW MOCJIENOBATEIbHOCTH, TA€ NPENNOYTUTENbHON YKa3aHHOU
PEryJSITOPHOM TMOCIENOBATEIBHOCTBIO SIBJISIETCS TKAHECTIEU(PHUYECKUI WM KOHCTUTYTHBHBIH
npoMoTop. B nmpyrom BapuaHTe OCYIIECTBIICHHsSI W300pETEeHUs, KOHCTPYKLUS HYKJIEHHOBOM
KHUCJIOTBI CONEPIKUT TMOCJIENOBATEIbHOCTh HYKJIEUMHOBON KHUCIOTHI, omnpeneneHHyro B SEQ ID
NO: 160 (x/IHK) nmu 162 (reHomuas) wim ee (PYHKIHMOHAJIbHBIA BAapHUAHT WM TOMOJIOT.
@OyHKIMOHAIbHBIN BAPUAHT WJIK TOMOJIOT SIBJISIIOTCS TAKUMH, KAK OHU OMpPEeNIEHbI BhIIIIE.

Hcnone3yemblii 31eCh TEPMHH «(PYHKLHMOHAIBHO IPHUCOCIUHEHHBII» OTHOCHUTCS K
(YHKIMOHAIBHON CBSI3M MEXIY IOCIENOBATEIbHOCTEIO TPOMOTOPAa U TMPENCTABIISIOLINM
UHTEpPEC TeHOM, a IO3TOMY, MPOMOTOPHAs MOCIENOBATENBHOCTh CIIOCOOHA WHHUIIMHPOBATH
TPAHCKPHUIILMIO NPEACTABISAIOIIErO HHTEPEC MeHa.

«IIpoMOTOp pacTeHHs» BKIIOYAET PEryJATOPHBIE 3JEMEHTBI, KOTOPbIE OMOCPEAYIOT
SKCIPECCUI0  KOAMPYHIOLIEr0  CErMEeHTa IOCIEAOBATENIBHOCTH B KJIETKaX  PaCTEHH.
CoOTBETCTBEHHO, NMPOMOTOP PACTEHHUsI HEOOA3aTEIbHO IOJDKEH MPOUCXOIUTH OT PACTEHHUS, TO
€CTb, OH MOXXET MPOMCXOAUTb OT BUPYCOB WJIM MUKPOOPTaHM3MOB, HalpuMep, OT BUPYCOB,

KOTOPBIE aTaKyIT KJIETKH pacTeHuil. «IIpoOMOTOp pacTeHus» MOXKET TaKkKe MPOUCXOAUTh OT
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KJIETKA  pAacCTeHHs, HalpuMmep, OT pPacTeHHs, KOTOpoe ObUI0  TpaHCPOPMHUPOBAHO
NOCJIEIOBATENIbHOCTBIO  HYKJIEMHOBOH — KHCJIOTBI, SKCIIPECCHPYEMOH CHOCOOOM  COTJIACHO
M300pETEHNI0 M ONMMCAaHHON B HACTOSIIEH 3asiBKe. OJTO TaKKe€ OTHOCUTCS U K JPYrUM
PEryJATOPHBIM CHUTHajlaM «pPAacTeHHUs», TaKUM, KaK TEPMHUHATOPbl «pacTeHui». IIpomMortopsl,
PacHOJIOKEHHbIE BBINIE HYKJIECOTHIHBIX IOCIEIOBATEIbHOCTEH, HCHONb3YeMBbIX B Crocodax
COTJIACHO M300pETeHHI0, MOTYT ObITh MOAU(HUIMPOBAHBI TOCPEACTBOM OIHONH WM Ooee
HYKJIEOTU/IHbIX 3aM€H, MHCepLMi w/miam aenenuii Oe3 HapymeHHs ()yHKUHOHAJIBHOCTH WU
AKTUBHOCTH JMOO MPOMOTOPOB, JMOO OTKpbITOM pamku cumtbiBanusi (OPC), nubo 3’-—
peryJsITOpHO 00acTH, TaKOW KaK TEPMHMHATOPBI MJIH APYrHe 3 —peryyisTopHble O0JNacTH,
pacrionokeHHble Ha paccrosiHur OT OPC. AKTHBHOCTH TPOMOTOPOB MOXKET OBITh TaKKe
MOBBIIIEHA TIOCPEACTBOM MOIU(HUKALUN HX IOCJIEAOBATEIBHOCTH, JIMOO MyTeM HX MOJHON
3aMEHbl Ha Oojiee aKTUBHbIE NPOMOTOPBl M Jak€ MPOMOTOPBI, MPOUCXOIAIIHE OT
reTepoJIOTUYHBIX OPraHu3MOB. JIisl 3KCnpeccuu B pacTeHUSIX, MOJIEKYJIa HYKJIEMHOBON KUCIOTHI
IOJDKHA OBITh, KaK OMMUCAHO BhILIE, (YHKIMOHAIBHO MPUCOSTUHEHA K MOIXOASIIEMY IPOMOTOPY
WU COIEpkKaTb MOAXOMSALIMI MPOMOTOP, KOTOPBIM 3KCIPECCUPYET F€H B HYXXHBI MOMEHT
BpeMEHH M C TpeOyeMbIM NAaTTEPHOM MPOCTPAHCTBEHHOHN 3kcmpeccuu. Mcmonb3yemslii 31ech
TEPMHUH «(QYHKIHOHAJIBHO TMPHCOSIUHEHHBII» OTHOCHUTCS K (PYHKLUHMOHAIBHOH CBSI3U MEXKAY
MOCJIEI0BATENbHOCTEIO [IPOMOTOpPAa U MPENCTABISIIOLIMM  HHTEpEC TIEeHOM, a [03TOMY
IIPOMOTOpPHas MOCJIEI0BATENBbHOCTD crocoOHa HMHULIMUPOBATh TPAHCKPUIILIUIO
IPECTABIISIIOIEr0 HHTEPEC TeHa.

B onHOM BapuaHTe OCyIIECTBIEHUS H300pPETEHUS, NMPOMOTOP TNPEACTAaBIsSET COOOH
KOHCTUTYTUBHBIM NPOMOTOpP. «KOHCTUTYTHUBHBIA NPOMOTOPY» O3HAYAET IIPOMOTOP, KOTOPBIH
SIBJISIETCS] TPAHCKPHIILMIOHHO aKTHBHBIM B OOJIBLIMHCTBE, HO He 00s3aTeNbHO BO BCeX (pazax
pocTa U pa3BUTHS, U B OOJIBLIMHCTBE YCJIOBUIT OKpYIKarOIIeil cpepl, IO MEHbLIEH Mepe B OTHON
KJIETKe, TKaHu wiuu opraHe. IIpuMepamMu KOHCTUTYTHBHBIX NPOMOTOPOB SIBJISIFOTCS, HO HE
orpannuuBaroTcs umu, aktuH, HMGP, CaMV19S, GOS2, uuknodwiun puca, ructon H3
KyKypy3bl, ructoH H3 mouepnsl, 34S FMV, manas cyOwenununa Rubisco, OCS, SAD1, SAD2,
NOS, V-AT®a3a, cynepnpomorop, Oenku G—O0Kca U CHHTETUYECKHE TIPOMOTOPBI.

B npyrom cBoem acrekTe, HacTosIIee H300peTeHHe OTHOCUTCS K BEKTOPY, COAEpIKaIeMy
BBIIIEONHICAHHYIO MOCIEN0BATENbHOCTD HYKJIEHHOBON KUCIOTHI.

B npyrom cBoem acmekTe, Hacrosimee H300pETeHHE OTHOCHTCS K KJIETKE—XO3SHHY,
comepskaliel KOHCTPYKLMIO HYKJIEMHOBOW KHCIOTBIL KJIETKOH—XO3SMHOM MOKET OBITh
OakrepnanbHast KJeTKa, Takas Kak Agrobacterium tumefaciens wiu BbIOeNeHHas KIETKa
pacrenust. Hacrosimee nzoOpereHne Takke OTHOCHUTCSI K KYJIBTYpPaJIbHOM cpene WM K Habopy,
CoJleprKalleMy KyJbTypajbHYIO CPEAY U BbIAENEHHYIO KJIETKY—XO035IMHa, OMMCAHHbIE HUXKE.

B npyrom cBoeMm BapmaHTe, HacTosllee H300PETEHHE OTHOCHUTCS K TPAHCTEHHOMY
PAaCTEHHUIO, 3KCIPECCUPYIOLIEMY OINUCAHHYIO BbIl€ KOHCTPYKLUIO HYKJIEUHOBOH KUCIOTHL B
OJHOM BapUaHTE OCYLIECTBICHUs H300pETEeHUs, YKa3aHHas KOHCTPYKLHS HYKJIEHHOBOM
KHCJIOTHI CTAOMIIBHO BKJIFOUEHA B T€HOM PACTEHUS.

ITocnenoBaTenbHOCTD HYKHGHHOBOﬁ KHCJIOTBI BBOAAT B YKA3aHHOE PACTCHUC CHOCO6OM,
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Ha3bIBaEMBbIM TpaHC(OpMaLue, Kak OMMCAHO BbILIE.

[Tony4eHHble TPaHCHOPMUPOBAHHBIE PACTEHUS MOTYT OBITh Pa3MHOXKEHBI Pa3THYHBIMU
crioco0amy, HampuMmep, IOCPENCTBOM KJIOHAJIBHOTO Pa3sMHOXKEHUS WIH KJIACCHUECKUMHU
MeropaMu cenekiuu. Tak, Hanmpumep, mepBoe mnokonenue (wi T1) TpaHChOPMHPOBAHHOTO
pPAacTeHUs] MOXET CaMOOTBUISATBHCS, & OTOOPAaHHBIE T'OMO3UTOTHBIE TPAHC(POPMAHTHI BTOPOTO
nokonenuss (mwnu T2) m pacrernus T2 MoryT ObITh 3aTeéM AOMOJHUTENBHO PAa3MHOKEHBI
KJIACCHYECKUMH MeTofaMu cenekuuu. [lomydeHHble TPaHC(OPMUPOBAHHBIE PACTEHHS MOTYT
NpUHUMATh pasiuuHble Gopmbl. Tak, HampuMep, OHM MOTYT MPEACTABNISATh COOOH XHMeEpHI
TpaHC(OPMUPOBAHHBIX  KJIETOK W HETPAaHCPOPMHPOBAHHBIX  KJIETOK,  KJIOHAJIbHBIE
TpaHc(hOpMaHTHI (HampuMep, BCE KIIETKU, TPAHC(HOPMHUPOBAHHBIE TaK, YTOOBI OHH COIEpPIKAIU
SKCIIPECCUOHHBIN KJIACTEP ), TPAHCILIAHTATHI TPAHC(HOPMHUPOBAHHBIX M HETPAHC(HOPMHUPOBAHHBIX
TKaHell (Hampumep, B paCTEHUsX, TPAHCHOPMHUPOBAHHBI KOPHEBOW MOOEr MPHUBHBAT K
HEeTpaHC(HOPMUPOBAHHOMY YEPEHKY ).

[Tonxozsimee pacTeHUE ONPEAEICHO BBILIE.

B npyrom cBoeM acmekre, HacTosiiee H300pETEHHE OTHOCUTCS K IPUMEHEHHIO
ONUCAHHON 37eCh KOHCTPYKIHMH HYKJIEMHOBOH KHCJIOTBI Ui TIOBBILICHUS ypOKasl 3€pHa, a
NPEATIOUYTUTENEHO, TIOBBILIEHHS YHCIIa 3ePEH U/MIN MacChl THICSYH 3€PEH.

B npyrom cBoem acnekTe, HacTosIiee N300pEeTeHHe OTHOCUTCS K CIOCOOY MOBBIMIEHHS
ypOo’kasi 3epHa, a MPENNOYTHTEIbHO, MOBBIIEHUS YHCIa 3epeH W/WIN MACChl THICSYH 3€PEH, TAe
YKa3aHHBIN CIIOCO0 BKJIFOUAET BBEIEHHE ONMMCAHHOM 3/1€Ch KOHCTPYKIUH HYKJIEUHOBOH KHUCIIOTHI
B YKa3aHHO€ PACTEHHE U €€ HKCIPECCHIO B YKA3aHHOM PACTEHUU.

B npyrom cBoeMm acnekrte, HacTosiIiee M300peTEeHHE OTHOCUTCS K CHOCOOY MOJy4eHHUs
pacTeHusl C MOBBILIEHHBIM YPOXKaeM 3€pHa, a MPENNOYTUTEIbHO, MOBBILIEHHBIM YUCIOM 3€peH
W/WIM TIOBBIIIEHHOW MAacCOW TBICAYM 3€PEH, IAe YKa3aHHBIH CIoco0 BKIIOYAET BBEICHHE
OIUCAHHOM 3/1eCh KOHCTPYKIMM HYKJIENHOBOI KUCJIOTHI B YKa3aHHOE PACTEHUE U €€ IKCIIPECCHIO
B YKa3aHHOM PaCTEHHH.

VYKa3aHHOE MOBBIIIEHUE PACCMATPHUBAETCS MO CPABHEHUIO C KOHTPOJBHBIM PACTEHUEM
WJIN PACTEHHUEM JIUKOT'O TUTIA.

XOTsl TPEACTaBICEHHOE BBIIIE PACKPBITHE H300pETEeHUs] MpencTaBisieT coboi olrmee
ONHCaHKNE TpeaMeTa H300peTeHHs, BXOAsmee B OOBEM HACTOSAIIEro W300pEeTEeHUs, BKIIFOYAs
METO/BI, a TaK)KE€ HAWIYYLINH CIOCO0 €ro OCYIIECTBJICHUs, pa3pabOoTKU U MPUMEHEHHs 3TOTO
U300peTeHNs], ONHAKO, HIDKECIEAYIOUINE MPUMEPbl MPHUBOASTCA U JIYYIIEro MOHUMAaHHS
crioco0a OCyLIeCTBICHUsT M300peTeHust M [UId OoJiee MOJHOrO ero OmucaHus. TeM He MeHee,
CHEeLUAINCTY B TAHHOM obnactu OyneT OueBUAHO, YTO KOHKPETHBIE JETAJIH, MPEICTABICHHBIE B
STUX TMpPHUMEPax, He JOJDKHBI PAacCMAaTPUBATBCS, KAaK OrpaHUYeHHE H300peTeHus, o0beM
KOTOpOro JAOKeH ObITh chopmynupoBaH B (opMmyiie H300peTeHHs] W B HKBHUBAJICHTAX,
NpUIaraeMbIX K JAHHOMY PacKPBITHIO M300peTeHus. Pa3nuuHble Apyrue acreKThl U BapHAHTHI
OCYIIECTBIIEHHSI HACTOSINEro HM300peTeHus OyAyT O4YEBUAHBI U CIIENHAJIHCTOB B JAaHHON
00J1acTH UCXOAS U3 PACKPBITUS HACTOALIETO U300PETEHUS.

Hcnonp3yemMblii 371€Ch COCTaBHON COMO3 «W/HWIN» CIEAYET paccMaTpuBaTh Kak
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KOHKPETHOE PACKpBbITHE KaXXIOTO M3 JIBYX YKA3aHHBIX NMPU3HAKOB UM KOMIIOHEHTOB, B3SIThIX
BMECTE WM OTAEIBHO APYT OT Apyra. Tak, Hampumep, «A w/mnu B» 1ommKHO OBITE MPUHATO Kak
KOHKpPETHOe packpeiTue kaxaoro u3 (i) A; (ii) B u (iii) A u B, Tak xe, kak ecinu Obl KaXKIbli U3
HUX ObUI IO OTAETBHOCTH ONpPENENeH B JAHHOM OMUCAHHH.

Ecnu 3TO HE NpPOTUBOPEYUT KOHTEKCTY HM300pETeHMs, TO OINMCAHUE H OIpeleseHue
YKa3aHHBIX BbILIIE MPU3HAKOB HE OrPAaHMYMBAETCS KAKUM—JIMOO KOHKPETHBIM AaCIEeKTOM WIIH
BapUAHTOM OCYIIECTBJICHHS H300PETEHNsI U B PABHOH CTETIEHH NPUMEHUMbI KO BCEM OIHMCAHHBIM
3/1€Ch aCleKTaM U BapUAHTAM OCYINECTBJICHUS M300PETeHUS.

OnucanHasi BbIlIE 3asBKa W BCE PETUCTPALIIOHHBIE HOMEpa LIUTHUPYEMBIX B Hel
JOKYMEHTOB M TOCJIENOBATENbHOCTEH BO BPEeMs UX PACCMOTPEHHUS (KUUTHUPYEMBIX B 3asBKE
JIOKYMEHTOB»), M BCE JOKYMEHTbHI, IIUTHUPOBAHHBIE I YIOMSIHYTbIE B IHTUPYEMBIX 3/1€Ch
JIOKYMEHTaX, M BCE LIUTHUPYEMbIe WJIN YIOMSHYTbIE 3[€Chb HOKYMEHTBI («IHUTHPYEMbIE 3/1€Ch
IOKYMEHTBbI»), U BCE NOKYMEHTHI, LUTHPOBAHHBIC WU YIOMSIHYTbIE B LIUTHPYEMBIX 3]1€Ch
JOKYMEHTaX BMECT€ C WHCTPYKLUUSMH JIOOOTO NMPOU3BOIAMTENS, OMHCAHUEM, crierudukannei
MPOAYKTOB U CIIMCKOM JIFOOBIX YIOMSIHYTBIX 31€Ch MPOAYKTOB HIJIM MPOAYKTOB, YIIOMSHYTHIX B
1000M JTOKYMEHTE, BKJIIOYEHHOM B HACTOAILIEE OMHMCAHUE TOCPEACTBOM CCHUIKH, BBOASTCS B
HACTOsIIIEe OMHMCAHUE IMOCPENCTBOM CCBUIKH, U MOTYT OBITh MCIIOJIB30BAHBI I PAKTUYECKOTO
OCYyILIECTBIIEHUsT H300peTeHusi. bonee KOHKPETHO, BCE LUTHUPYEMble JOKYMEHTBHI BBOISATCS
MOCPENCTBOM CCBUIKH, TaK, KaK €CNU Obl KaKIbIH OTHEIbHBI AOKYMEHT OBLI KOHKPETHO H
OTJIEJIbHO BKJIFOUEH B HACTOsIIIlEE ONMHUCAHNE MTOCPENCTBOM CChUIKH.

Hacrosimee n3o0pereHre onucaHo B HIDKECIEAYIOINX HEOTPAHUIMBAIOINX IPUMEpPaX.

IIpumep 1

JlocTI>KeHHe YBEIUYEeHUsl YpOorKasi 3epHa JA0JIroe BpeMs ObIJIO OCHOBHBIM HaIlpaBlIeHHEM
IpOrpaMM  CENeKLUH 3EPHOBBIX KyJbTYp. ABTOpaMH OBUIO IOKAa3aHO, 4YTO JIOKYC
KOJIMYECTBEHHOTO TNpu3Haka yposkas 3epHa puca qNPTI, xotopslil neiicTByeT mocpeacTBoM
OTNpeneNieHus] apXUTeKTypbl pactenuss HoBoro Tuma (NPT), xapakTepusyrolmencsi MeHbIIUM
KOJIMYeCTBOM OeCIUIONHbIX moberos, Oosee KpenkuMmu crelnssMu U Oonee  KPYIMHBIMU
METeJIKaMH, KOIHPYeT AeyOUXUTUHU3UPYIOMUN (EPMEHT, TOMOJIOTUYHBIA YeJIOBEUYECKOMY
OTUBI1. Unrubuposarnne OsOTUBI1 ycunuBaeT MEPUCTEMHYI aKTUBHOCTb, YTO MPUBOIUT K
YMEHBLICHHUIO YUCJIa TIOOETrOB HA PACTEHHE, YBEJIMUEHHUIO YHCIIA 3e6PEH HA METEJIKY, YBEJIUICHUIO
MacChl 3€pHa U, KaK CIeACTBUE, yBeaudeHHo ypoxkas 3epHa. OsOTUBI1 B3zaumoneicTByer ¢
OsUBCI13 wu ¢ ¢akropom tpanckpunuun SBP-momena OsSPL14 u orpanwuuBaer Lys63—
cBsizaHHbI yOuxutuH B OsSPL14 B OTHOIIGHWH pEryJsiUHM Pa3pyLICHUs, 3aBUCUMOTIO OT
nporeacoMbl. I Haobopot, motepst pyakunn OsOTUBI1 npuBOIUT K aKKyMYJISIAU BBICOKOTO
ypoBHsl OsSPL14, uro, B cBOIO ouepenb, peryaupyer apxurekrypy NPT u nosbiuaer yposkai
3epHa. [Tupamunnas oOpaboTrka amneneii BeIcOkoN yporkaitHocTr nptl u depl-1 obecneunBaer
HOBYIO CTpPATerMi0 YyBEJIMYEHHUS MOTEHLMAJbHOM YpOXKaWHOCTU puca, KOTOpas MOXKET
IPEBBILIATh JOCTUrAEMbIE B HACTOSIIEE BpEMs IOKA3aTENH.

Habop u3 670 pexomOuHanTHBIX MHOpenHbIx JuHuil (RIL) Obln BRIBEAEH B pe3yibTaTe

cKpelBaHus puca copta japonica Chunjiang06 u Beibpannoit muaun NPT (IR66167-27-5-1—
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6), u u3 sroro Habopa Obu1 BeIOpaH RILS2 mcxomst u3 Toro, uro o umen ®enorun NPT,
OTBETCTBEHHBIN 32 YBEJINYCHUE YHCIIA 3€PEH, YMEHbIIEHUE YNCIIa MOOETroB U YTONIIEHHE CTe0s
(®Pwur. 1a—1e). [Tocnenyromuii ananuz QTL unentuduuuposan sokyc qNPTI (pacmenusn nosozo
muna 1) xak NIeHOTPOITHO OTBETCTBEHHBIN 3a Bce Tpu npusHaka (Pwur. 1f). ITosuumonnoe
kionuposanne NPT1 ocymectsusiim ¢ ucnonb3oBanuem mnoromctsa BC,F, u BC,Fs,
MOJIyYEHHOTO B pe3yJibTaTe BO3BpaTHOro ckpemuBanus wmexnay RILS2 wu coprom indica
Zhefu802 (pexyppentHoro ponutens). OOnacTb—KaHAMIAT ObLia CyKe€Ha IO cerMeHTta ~4,1
T.1.0., ¢aHkupoBaHHOrO Mapkepamu P139 u P143, koTtopble conmep:kaT MPOMOTOpP M HacCTh
komupyromen nocnenoareabHocTn reHa B LOC_0s08g42540 (®wur. 1g). bruto nmpenckasaHo,
YTO 3TOT I'eH KOOUPYeT AeYOMXUTUHU3UPYIOMNNA (DEPMEHT, TOMOJIOTUYHBIN YeJIOBEUYECKOMY
OTUB1 (6enok, CBA3BIBAIOIIMNACSA C AJbIETHAOM YOMXUTHHA M COXEPKAIIUN OMEH OIyXOJIH
sugHuKa 1) (Pur. 5), To ecth, OENKy, aCCOLUHUPOBAHHOMY C peryysinueil crabuimpHOCTH pS3 U
penapanueil moBpeKIeHUs JIHK®™2. Ucxomst u3 sToro, LOC_0Os08g42540 nanee o003Ha4YeH KaKk
OsOTUBI. CpaBHeHue mnocienoBaTeIbHOCTEH BBIABWIO MATH HYKJIEOTHAHBIX BapHaHTOB, B
KOTOPBIX ajuiesi, oTBeTcTBeHHble 3a NPT, orTnmuanuce ot amneneil craHmapTHoro (eHorumna
(®ur. 1h), npuuem, Tpu U3 HUX UMeNU moiuMopdusM mno oxHomy Hykieoruny (SNP), onun
umen nommopdsm ¢ uncepuueii—aenenued (Indel) B HHTpOHHOI MOCIEIOBATENILHOCTH, U OJTUH
umen SNP B npomoTopHO#i o0nacTu.

3arem aBTOopamu Obuia monydyeHa noutu usoreHHas guHus (NIL) ZH11-nptl, koropas
COMEPKUT cerMeHT ~240 T.1m.o0., BKIrovaromuil amens nptl ot IR66167-27-5-1-6 B ucxonHoi
KyJIbType puca coprta japonica Zhonghuall (ZH11) (®wur. 6). KomnuecrBennnrii OT-TIL[P—
aHanmu3 Tokasaj, 4To muk u30biTka TpaHckpunta OsOTUBI Obin oOHapykeH B Mepucreme
nobera u Mononbix Metenkax (Pur. 2a). I'uctoxumudeckue ananusel Ha GUS, HaleneHHbIN Ha
npomorop OsOTUBI, nokasamu, 4Tro 3TOT T'€H B BBICOKOW CTENEHM OSKCIIPECCUPYETCS B
COCYJUCTOI TKaHM, a TakXe B KJETKaX KOPHEBOIO 4YeXJIMKa U B IMOKOSIIUXCSA LIEHTPAJbHbIX
kietkax (QC) (Pwur. 7). U3b6biTok Tpanckpunra OsOTUB1 B ZH11-nptl Obut HuKe, YeM B
ZH11 (®ur. 2a). Penorun nHokayra OsOTUBI, renepupoBaHHOTO € HCIIOJIB30BAHUEM
CRISPR/Cas9", 6bu1 ananoruyex ¢denoruny ZH11-nptl, 4T0 MPUBOAMIIO K YMEHBIIEHUIO YHCIIA
no0eroB, YBEJIWYCHUIO YHCIA 3€PeH, YBEIMYEHHI0O MacChl 3€pHAa M K TMOCIEAYIOLIEMY
YBEJIIMYCHUIO ypoxkast 3epHa (Pur. 6). B TpaHCT€HHBIX PACTEHUSX, HECYLIUX KOHCTPYKLIHIO
pOsOTUBI1::0sOTUB1-GFP, curnan GFP oOHapyxuBasicsi kKak B siApe, TaK U B LUTOILIA3Me
KJIETOK OOONIOYKM KOpHS M Biaramuma jucta (®wur. 8). HMcxomss u3 mpoektupyemoit 0asbl
TAHHBIX, CHAOKEHHBIX KOMMEHTApUsSMHU K OIHUCAHMIO PACTEHUH pHca, OBbLIO MPEenCcKa3aHo, YTo
reH OsOTUBI renepupyer aBa ajbT€PHATHUBHO CIUIAMCHPOBaHHBIX TpaHckpunra (Pur. 1g).
®enorun TpancrenHoro ZH11-nptl, skcnpeccupyromero k IHK OsOTUBI1.1, unayuupyemsbiit
€ro HATHBHBIM MpPOMOTOpOM, ObuT aHamormueH ¢enoruny ZHI11, torma kak ¢eHoTHMD C
nu30bITouHON sKkcmpeccuer OsOTUBL.2 Obun ananormuen ¢enoruny ZH11-nptl (®wur. 6).
Kpome toro, Ttpancrennele pacrenust ZHI11, csepxskcnpeccupyromue OsOTUBI.1, Opun
KapJINKOBOTO POCTA, UMEJIM MEHBIIIE 3epeH U UMENIN HEKPO3 JUCTbeB (Dur. 9). ITu pe3ynbrarsl

nokaspiBatoT, uto morepsa ¢Qyskuun  OsOTUBI  accoumupyercs ¢ HACOTHINYECKON
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APXUTEKTYPOU.

AHanus ramjoTUIIOB MOKa3al, YTO aujenb nptl He HCHOJIB30BaNCA CENEeKLHOHEpaMU
3JUTHBIX copToB indica u copToB japonica ymepeHHbIX mmpoT (®ur. 1h). ITockonbky
BBICOKOYPOKaNHbIN aJjenb depl-1 WHTEHCUBHO HCIIOJIb30BAJICS KUTaHCKUMU
CeJ'IeKLII/IOHepaMI/IM’IS, TO OBLIO MHTEpecHO oueHHuThb 3 dekt coueranus nptl u depl—1. NIL mus
ayenbHbIXx KomOmHaimi JokycoB qNPT1 u qDEP1 Obutn co3maHbl B 3JIIMTHOM COpPTE puca
japonica Wuyunjing7 (kxotopsiii conepxut ayutean NPT1 u depl—1, nanee Ha3piBaembie WYJ7—
NPT1-depl-1). Pactenus WYJ7-nptl-depl-1 u WYJ7-NPT1-depl-1 He ornuuanuce apyr ot
Apyra mo BpeMeHU OOpa3OBaHMs TOJIOBHBIX METEJIOK M BbiCOTe pacreHus (®wur. 2b, 2e u 2f),
torga kak pacreHust WYJ7-nptl-depl—1 naBanmu meHbime moOeroB W MMeIH OOJbIIEE YUCIO
bonee Tskenbix 3epeH, yeM WYJ7-NPTl-depl-1 (®wur. 2g-2j). Mepucremsl BepXyLIKH
noGeros, oOpa3oBanHble pacTeHusMu WYJ7-nptl-depl-1, 6pun Oonbine, uem y WYJ7-NPTI1-—
depl-1 (®wur. 2Kk), uto ykasplBaeT Ha TO, UTO Hpil u depl—1 nNEHCTBYIOT CHHEPTHYECKH C
MOBBIIIEHUEM  MEPUCTEMHOHN AKTHBHOCTH .  PacTeHust WYJ7-nptl-depl-1  Taxxe
XapaKTEePU30BAINCH OOJBIIMM KOJIMYECTBOM COCYAMCTBIX IYyHYKOB, OOJiee TOJCTBIM CTEONIEM U
Oornee TONCTOH KIJIETOYHOH CTEHKOW MapeHXUMbl U CkiepeHxuMbl (Pur. 21-2n). Baxno
OTMETHTb, YTO B TEUEHHE TPEX CE30HOB MOIPsN, OOUIMid ypokail 3epHa pacternii WYJ7-nptl—
depl-1 Opm1 Ha 10,4% Oonpme, yem y pacrennit WYJ7-NPTl-depl-1 (®ur. 2o0).
CnenoBarenbHO, mnHpamugHas oOpabotrka amteneir nptl um depl-1 mpencrasnsier coboit
3¢ deKTHBHOE CPEACTBO MOBBILICHUS YPOXKasi 3epHa pHuca.

VYuuteiBas mnpenckasaHHyo —aeyOuxuruHazHyro aktuBHOcTh  OsOTUBI, aBroph
HCCIIEIOBANIN €r0 CIIOCOOHOCTh paciieruiaTh JuHeHHbl Lys48— u Lys63—cBs3aHHbIN TeTpa—
yOuxuTuH. B COOTBETCTBUH C MOBENEHUEM YEJIOBEYECKOIO I'OMOJIOTa, OH IPOSIBIISUT BBICOKYIO
AKTUBHOCTb PACILEIUIEHUs], €CJIM B HeM NpUCyTcTBOBaN Lys48—cBs3aHHbII TeTpay6I/IXI/ITI/IH16’17,
HO B oranuue or OTUBI, OH Takke NpOSBIAJ YMEPEHHBIH YpPOBEHb AKTUBHOCTH, €CJIU OH
npucytctBoBal B Lys63—cBsizannbix  ¢popmax (®Dur. 10). Pacremms ZHI11-nptl,
skcnpeccupyromue OTUBI unu ero oprosiord, NpOUCXOASIINE OT MBIIIH, KYKYypy3bl HIU
suMeHss U peryiupyembie mnpomoropom OsOTUBI, mnpomemoncTpupoBain (eHOTUI, HE
ornuyarommiicss ot ¢enormma ZHI1 wim  TpancrenHeix — pactemudd  ZHI11-nptl,
skcrpeccupyromux OsOTUB1.1 (®wur. 11), 4T0 MO3BOJSET NPEANONIOKUTh, YTO OPTOJIOTH
OTUBI or Bcex 3THX BHIOB SIBISIIOTCS (PYHKIIMOHAIBHO B3aWMO3aMeHsieMbIMU. M3BECTHO, YUTO
OTUBI1 Bzaumoneiicteyer ¢ UBCI13, uyTo mpuBOAMT K WHTHOMPOBAHUIO YOMXUTHHH3ALUU
XPOMATHHA, BbI3BAHHOI JBYXLENOUECUHBIMH Pa3phIBAME ",  Te )K€ CaMble B3AHMONEHCTBHS in
vitro u in vivo 6putn yecranosieHbl Mmeskay OsOTUBI u OsUBC13 (®@ur. 12). Cepxakcnpeccust
OsUBC13 naBana ¢eHoTHn, aHaIOrHMYHBIA (PEHOTHITy pacTeHUH, Hecyliux amiens nptl, mo
MEHBIIIeH Mepe B OTHOIICHWM YWCJIa 3€PeH, Yucia moderoB u amamerpa credns (®@wur. 12). U
HaoOopot, koHcTHTyTHBHAS 3kcnpeccusi PHKu, Hanpasnennas va OsUBC13, naBana ¢enorun,
HamoMuHAOmMi  ¢eHorun  pacrenudi, y  koropeix k/JHK  OsOTUBI.1  Obuia
cBepxakcnpeccuponana (®ur. 9 u Owur. 12).

CxkpuHMHr  fApoxcoked  Ha  TNPUCYTCTBHE  ABYX  HALENUBAIOIIUX  OEJKOB,
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B3aumozeiicTeyroumx ¢ OsOTUBI, BbisBUN B3auMOnENCTBUS 72 KaHAUAATOB, KOTOpbIE
BKJIFOYAJM TOMOJIOI pHCa, COCTOSIIUM H3 (pakTopa TPAHCKPUIILHMH, MOJOOHOro Oenky,
ces3pBatomiemycst ¢ mpomoropom SQUAMOSA (SBP-nmomena) OsSPL14, kortopwrif, kak
U3BECTHO, PETyJHPYeT AapXUTEKTypPy PacTeHWil B OTHOIIEHUH CHIDKEHHsS 4YHClia IOOEros,
YTONIIEHHs: CTeOIS M yBENMYEHHs 4HCIa 3epeH’ . AHaiM3bl Ha KOMIUIEMEHTAPHOCTh 110
oumonexyssipuoit  payopecuenuuu (BiFC) u aHamu3bl METOOOM KO—HMMMYHONPELMITUTALIMN
nokasany, uto B3aumopeiicreue OsSPL14-OsOTUBI sBuo mpoucxozpst in planta (®wur. 3a,
3b). AHanu3 peneuMii MokKasai, 4TO KOHCepBaTUBHBIA SBP—nmomeH siBisieTcs HEOOXOOUMBIM U
JIOCTaTOYHBbIM JUISI B3aUMOZEHUCTBUH in vitro u in vivo (®wur. 3a u ®ur. 13). JlanbHelimume
anamusbl BiFC mnokaszam, yro OsOTUBI crnocobeH B3aMMOAEHCTBOBATh C TMOJHBIM HAOOPOM
¢akropos Tpanckpunuuu SPL puca (®Pur.14), 4TO COOTBETCTBYET NaHHBIM, YKa3bIBAIOIIMM Ha
TO, 4TO M30bITOK TpaHckpunToB OsSPL7, OsSPL13, OsSPL14 u OsSPL16 koppenupyer ¢ OqHIM
i Oosiee IPU3HAKAMH: CHIDKEHHSI YHCiia MOOEroB, YBEJMYEHUS YHCa 3€PEH WM YBEJTUICHUs
MacCChl :«;epHalg_23 . Bbimo mokasano, uro mpucyrcteume ammens nptl wmmm OsSPL14MT
ACCOLIMMPOBAHHOIO C BBICOKMM YPOBHEM TPAHCKPHUIITA OsSPL14", TEeHEPUPYET APXUTEKTYPY
NPT, a penorun pacrennit ZH11-nptl, B koropsx OsSPL14 Obu1 NOABEPTHYT CAHICHCHUHTY O
nevicrBueM PHKwu, 6p11 cxonen ¢ penotunom pacrennii ZH11 (®ur. 3¢-3h). CpaBHUTENbHBIH
TPAaHCKPUNITOMHBIN aHanu3 Ha ocHoBe cekBeHupoBaHus PHK ZH11, ZH11-nptl u ZHI11-
OsSPL14""™" mokasan, 4o ypoBHH TPaHCKPHITOB 453 OOIIMX T€HOB—MHLIEHei ObUIH BBIIIE B
ZH11-nptl, u B ZH11-OsSPL14"""

MOATBEPKAeH ¢ momouibio kojg. OT-TILP

yem B ZHI1 (®ur. 15), u 3710T pesynbrar ObLI
2224

2

. 11 HaoOOpOT, KONMUYECTBO OLIEHEHHBIX TI'€HOB—
MUIIeHeH ObUIO 3HAYUTENBbHO CHIKEHO B ciydae OsSPL14 ¢ caiinencunrom ZH11-nptl (®wr.
15). Takum obpazom, OsOTUB1 u OsSPL14 neiicTByIOT aHTarOHUCTHYECKH U PETYJIUPYIOT
APXHUTEKTYPY PACTEHUSI MOCPEACTBOM PEryJISILUH OOIINX T'€HOB—MHUIICHEH.

Anamuzsl EMSA nokasanu, 4tro ManoBeposTHO, uTo B3aumopelictsue OsOTUBI-
OsSPL14 Bnuser Ha addunHocTh cBsizbiBaHusi OsSPL14 ¢ ero HanenuBarOIUMU MOTHBAMHU
GTAC (®ur. 16). Paznuunii B konuuectse Tpanckpunra OsSPL14 mexny ZH11 u ZH11-nptl
(®ur. 3e) He HaOmomanoch, HO HakoruieHne OsSPL14 Obli0 HAMHOrO BBIIIE B IMOCIETHEM
rerorune (®ur. 4a). B ciaydae oOpaborku mHruOuropom mporeacombl MG132, HakormieHue
OsSPL14 6buto siBHO Bhiie B ZH11 (®ur. 4b). DTH pe3ynbTaThl MO3BOJISIIOT MPEANOIOKHTb,
yro OsOTUBI, B otnuune or OTUBI, koTOpbIil perynupyer CTaOWUIbHOCTH OeaKoB pS3 u
SMAD!12
merenok ZH11, Opun moasepruyTsl Bosaeiicteuo GST-OsSPL14, To Tutp GST-OsSPL14 co

, crocobctyeTr pasnoskenuto OsSPL14. Ecnu ju3aThl, MOJy4YeHHbIE M3 MOJIOIBIX
BpPEMEHEM CHIDKaJICA, a B ciydae obpaborku MG132, HaOmonancs oOpatHbiil 3¢dext (Pwur.
4c¢). CrabunbHoe HakorieHne GST—OsSPL14 Gbuto Oonplue B ciiydae, €CNU JIM3aThl ObUIH
nonyueHbl u3 Mmerenok ZH11-nptl, Ho He u3 ZH11, Torma kak pasznoxxenue GST-OsSPL14
YCKOPsUIOCh B JM3aTax, oOpa3oBaHHbIX n3 mMeresnok ZH11-nptl B npucyrcrun His—OsOTUB1
(®ur. 4c¢). Becrepr—Onor-aHanM3 mNOKa3al, YTO MOXKHO JETEKTUPOBATb IPHCYTCTBHE
NOJNYOMXUTUHU3UPOBAaHHBIX (opMm ummyHonperunura Myc—OsSPL14, BbineneHHoro wus

MOJIOZIBIX METEJIOK C MCIIOJIb30BAaHMEM aHTUTeNa, KOTOpPOe paclo3HaeT oOmuil yOUXUTHH WUIIH
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KoHbtOoratel  Lys48—mommyObuxutnH  win  Lys63-monmnyOuxutun  (®Pur. 4d). Drto
cugerenscTByer o ToM, 4ro OsSPL14 wmonynupyercs mnocpeactBoM Lysd48— u Lys63—
CBSI3AHHON YOUXMTHHU3ALAN " .

Jror aHanu3 ObUI TaKXke MPOBENEH A uccienoBaHus youxurunumzauun OsSPL14,
orocpenyeMoii sHaoreHHon nurasoi E3. B mpucyrctBum yOmxutmHa mukoro tuma, MG132-
00paboTka mpOTOIUIACTOB puca, 3kcnpeccupyrommx Flag—-OsSPL14, npuBoauia K yCHICHHIO
aKKyMyJsinuu  nonuyouxutuansupoBaHHoro Flag—OsSPL14; onnako, B mpucytctBun K48R—
youxutunoB, MG132—-o6paboTka He TpPUBOAMIA K KAKOW—JUOO 3HAYUMOW aKKyMYJISILIHU
nojuyouxutuausupoBaHHoro Flag—OsSPL14 (®ur. 4e). DTo HaOMOIEHHE COBMANaeT C
MHeHHeM O ToM, 4to Lys48—cBs3zanubni youxutna OsSPL14 HeoOxommm aisi pasiioXKeHus,
ONOCPEAYEMOro MIPOTEACOMOM. B MPUCYTCTBUHU Myc-OsOTUBI.1, TUTP
nonnyouxurnausupoBaHHoro Flag—OsSPL14 sBrO cHimkancs B ciydae myrtanuii K48R wmm
K630, Ho ocraBancst HensMeHHbIM B ipucytcTBur MyTauuii K480 mmu K63R (®ur. 4f). Kpome
toro, Myc-OsOTUB1 crumynupoBan pasinoxenue Flag—OsSPL14 Tonbko B mpuCYTCTBUU
youxuruna aukoro tumna, K480— nmn K63R—cBsazannoro youxurnnaa (®@ur. 4f), uto ykassBaer
Ha TO, uto crabmmm3amms OsSPL14 koppemupyer ¢ Lys48—cpsizanHol yOmxutuHM3auueid. B
LEeJIOM, JTH Pe3yJbTaThl MO3BOJSIOT mpeanonoxkutb, 4to OsOTUBIl-onmocpenoBanHoOe
uHruouposanne Lys48—cBszanHol yOuxurunmsanmu OsSPL14  HeoOxomumo janst  ero
pa3JIoXKeH!s B 3aBUCUMOCTHU OT IIPOTEACOMBL.

daxrops! TpaHcKkpunuuu SBP—nomena, HauenenHbie Ha miR 156, urparoT BaXKHYIO pOJb
B perymauu (DyHKIMH CTBOJNOBBIX KJIETOK M LBETEHHs y pacTeHmii-C - . HekaHOHHUYeCKas
OsOTUB1-onocpenoBanHas peryssinus Gakropos TpaHckpuniun SBP—nomeHa co3naer HOBYIO
OCHOBY Ul W3y4YeHHs CyAbObl MEPUCTEMHBIX KJIETOK, APXUTEKTYPbl COLBETHUS U Pa3BUTHSA
1BeTKOB. IlonydeHHblE aBTOpaMu pe3yibTaThl NPOJHMBAIOT CBET HAa MOJEKYJSPHYI) OCHOBY
UACOTUNIMYECKOrO TMOAXOAAa B MpOrpamMmax CeleKlUH pHuca, a MAaHUIYJALHA C MOAYJIEM
OsOTUB1-OsSPL14 Taxxe nmpenctaBisitoT cOO0H MOTEHIUANBHYIO CTPATErHIO AJisi O0JerdeHust
CeJIEKLINN HOBBIX COPTOB prica ¢ 0oJiee BHICOKOH YPOIKaHHOCTBIO 3epHA.

PacTuTebHbIe MaTEPHAJIBI M YCJI0BHS KyJdbTHBHPOoBaHusi. Habop u3 670 nomyssiimii
RIL Obl1 BbIBEZEH B pe3yJbTaTe€ CKPEIIMBAHUS KUTAHCKOTO COPTa pUCA YMEPEHHBIX IIHPOT
japonica Chunjiang06 u cenexkuun NPT IR66167-27-5—-1-6. O6pa3usl puca, UCTIOIb30BAHHBIE
I aHaiM3a Ha pa3sHoOOpaswe IOCNIeNOBATENIbHOCTEH, OBUIM OMHCAHbI B JPYTHX
nybmikammsx' ' Pacremmst NIL, wecymme mm6o nptl, ZHI11-OsSPL14Vf19%

annenpHble kKomOuHaru JIokycoB qNPT1 u qDEP1, Obutn BbIBEAEHBI NMyTEM CEMHKPATHOTO

, Jmbo
ckpemmBanus RIL52 ¢ Zhonghuall unu Wuyunjing7. PacTteHusi, BeIpallieHHbIE B OPOLIAEMBIX
YCIIOBHSAX, ObUTH BBICAJKEHBI HA paccTOstHUK 20 CM APYT OT JPYra U BBIPAIUBAINCH B TEUCHUE
CTaHIAPTHOTO BEreTAlIOHHOIO MepHOoJa Ha TPEX SKCIEPHMEHTANbHBIX CTAHIHSX. OHA B
JInamyit (mpoBuHIMS XaliHaHb), onHa B X3¢ait (mpoBuHLNSA AHBXOM) 1 onHa B [leknHe.
Tpancrennbie koHcTpykumu. IlocnenosatenbHoctu, koaupyromue OsOTUBIL.1 u
OsOTUBI1.2, ux UTR (5’: ot calita uHuuammu Tpanckpunuuu 1o 2,8 Tmo.; 3’: 1,5 T.m.o.

HIDKE caiita TepMuHaLum), amruduuuposamu u3 renomuon JJHK ZH11 (rIHK) u BBOIMIM B
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Bektop pCAMBIA2300 (CAMBIA) ¢ mnomyuennem pOsOTUBIL:: OsOTUBIL.1 wu
pOsOTUBI1::0sOTUB1.2. xk/IHK nomHopa3zmepHoro uenoBedeckoro OTUBI1 (u ero opronoros
MBIIIH, SYMEHS M KyKypy3bl) aMImMHUUUpoBaIu u3 cooTBercTByroued matpuuyHod kJIHK, a
torga kak kJIHK OsOTUBI.1 u ee 5’-UTR
BBOAMIH B BekTop p35S::GFP-nos” ¢ monyuennem koucrpykimn pOsOTUBI::0sOTUBI.1-
GFP-nos. [lns momywenus p35S::Myc-OsSPL14, x/IHK OsSPL14 amnimmuduiumposanu u3
marpuue! K IHK ZH11 u knonuposamu B p35S::Myc—nos. Koncrpykuun pPHK, HeoOxomumble

- 14
3aTeM CyOKJIOHMpOBAJIM B BEKTOp PAcCtin::nos

2

st CRISPR/Cas9—nokayra OsOTUBI, nonyyanu, kak OMUCaHO B IPYTUX pa60Taxl3. 300 m.o.—
¢parment kIHK OsSPL14 u 300 m.o.—¢pparment x/JHK OsUBCI13 ammiudumupoaniu u3
k/IHK ZH11 u ucnonb3oBanu 1js1 KOHCTpyupoBaHusi TpaHcreHoB pActin::RNAi-OsSPL14 u
pActin::RNAi—OsUBC13, kak onucaHo B ApyTrux pa60TaX14. TpaHcreHHble pacTeHUs1 puca ObLUTH
TOJIyYeHbI ¢ IOMOIIBI0 Agrobacterium-onocpeoBaHHO TpaHCchOPMALIHH, KaK OMHCAHO PaHee' .
CooTBeTCTBYOIIKE MTOCIEAOBATEILHOCTH MTPaiMePOB NpUBEAEHbI Ha (urype 17.
KoauuecrBennniii [MI[P-anamu3 B peasbHom Bpemenn (ko OT-IIIP). OOuyro
PHK skcrparupoBanu u3 TkaHel pacTeHHs ¢ ucrnonb3oBaHueM pearenra TRIzol (Invitrogen) u
obOpabareBanin  JIHKazoit I, He comepxkameri PHKaser (Invitrogen), B COOTBETCTBHH C
npotokosioM mnpousoautensa. Ilomyuennyro PHK mnoaeepramm oOpaTHOH TpaHCKPHUITLUH C
ucnonp3oBanueM Hadopa mns cuHteda kKJIHK (TRANSGEN). IMocnenyromyro kox OT-TILIP

MIPOBOAUIN KaK ONHUCAHO B IPYTUX pa60Tax21 BKJIIOYasi TpU He3aBUcUMBIX npenapata PHK B

KadecTBe Ouosormueckux ayoOnmkaroB. Puc Actinl Obul MCHONMB30BaH B KayeCTBE JSTAJIOHA.
CooTBeTcTBYOIKE MTOCIEA0BATENbHOCTH NTPaiMepOB MpeacTaBieHsbl Ha purype 17.

AHaqu3bl Ha [APOXKIKEBYI0 ABYXTHOPHAHYIO cHCTeMy. AHajnu3bl Ha JIPOXKKEBYIO
IBYXTHOPUIHYIO CHCTEMy TPOBOIAMIM KAaK ONMHCAHO B APYrHX paborax’ . ITOTHOpasMepHyE
kIHK OsOTUBI1.1 u C—xonuesoii pparment OsOTUBI ammmnduuuposamu u3 k/IHK ZH11 u
BcrpanBanu B pGBKT7 (Takara Bio Inc.), Torna xak nonnopasmepuyro k/IHK OsUBC13 u C-
koHueBoit ¢pparmeHT OsSPL14 BctpamBanmu B pGADT7 (Takara Bio Inc.). Kaxnywo u3 stux
IUIA3MUZ  TIOATBEPKIAIM TIyTeM CEKBEHMPOBAaHUS C TOCHeAyroled TtpaHchopmanueir B
apoxckeBolt mramm AH109. HeoOGxopwmblie aHaau3bl Ha [-ralakro3unasy MPOBOAMIA B
COOTBETCTBUH C TpoTokojiom npousBonutens (Takara Bio Inc.). Knetku, Hecyuue nubo mycToi
pGBKT7, mu6o mycroit pGADT7, ucnonb3oBaiu B KayeCTBE HETaTHBHOIO KOHTPOJs. Bcro
nocienosarenbHOCT OsOTUB1 mmm  C—koHLEBOW (parMEeHT HCHOJB30BAIM B KA4eCTBE
«mpuMaHkm» st ckpununra oudnmmorekn kJIHK, npurorosienHoit u3 poly(A)—conep:xkaineit
PHK, BmimeneHHON H3 MOJOABIX MeTeNnok puca (mmuHoW <0,2 cM). DKCIepUMEHTaJbHbIC
NPOLEeNYPbl CKPUHUHTA M BBIJENEHUs TUIA3MUI OCYIIECTBIISIIM B COOTBETCTBUHU C MPOTOKOJIOM
npomsBomutenst (Takara Bio Inc.). CooTBercTByromIue IOCIEAOBATENBHOCTH NpaliMeEpPOB
npuBeneHbl Ha purype 17.

BiF C-ananusbi. [Tonropasmepubsie k/IHK OsOTUBI.1, OsUBC13, OsSPL1-OsSPL13
u OsSPL15-OsSPL19 Bmecre ¢ ux Bapuantamu OsSPL14 ¢ npeneumsmu u Oe3 peneuut,
ammumnuuuposann u3 kIHK ZH11, u ammumkoHbl BcTpamBasu B BeKTOpbl pSY—-735-35S-
cYFP-HA unu pSY—?’36—3SS—nYFP—EE30 IUTSI CO3/IaHUs CePUU THOPHUIHBIX KOHCTPYKUMiA. [[Ba
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BEKTOpa, HCIIOJIb3YEMbIE U TECTUPOBAHMA OeJOK—OENIKOBBIX B3aUMOIEHCTBUN (Hampumep,
nYFP-OsSPL14 u cYFP-OsOTUBI1), 6pumn xo—TpaHcpUIMpPOBaHBI B MPOTOIUIACTBI PHUCA.
ITocne uHKyOMpOBaHHS B TEMHOTE B TeueHue 14 dvaco ouneHuBaiu curHan YFP u nemamm
dororpapun mox xoH(pokanbHbIM MHKpockonoM (Zeiss LSM710), kak omucaHo B APYrux
paborax”'. Kaxsiii BiFC—ananm3 moBTOPSIM MO MeHbIIel Mepe Tpu pasa. COOTBETCTBYOLIHE
HIOCJIEIOBATENILHOCTH NpaiiMepoB MpuBeneHs! Ha ¢urype 17.

HNurnéuposanmne in vitro. PexomOunantHbiii ruOpuaneii Genok GST-OsOTUBI
umMMoOuM3oBain Ha cdepax ¢ rayratuoH—cedaposoii u uakyoupoamu ¢ His—OsUBC13 B
teuenne 30 muuyT mpu 4°C. Cdeprl ¢ ruyraTHOH—cedapo30il NMPOMBIBAIM TpH pasza H
smoupoBann Oydpepom mns smouposanus (50 MM Tpuc-HCI, 10 MM BOCCTaHOBIEHHBIN
rnyratuod, pH 8,0). CynepHaTaHT mnoaBeprajd HWMMYHOOJOT—aHAJIH3y C HCIOJIb30BAHUEM
anruren nporus His u nporus GST (Santa Cruz).

Ko-ummyHonpeuunuranust u BectrepH—00TTHHr. Myc—OsSPL14 skcTparuposanu u3
MOJIOABIX MeTenok (mmHon <0,2 c¢M) TpaHCreHHbIX pacteHuil ZH11, Hecymmx pActin::Myc—
OsSPL14, ¢ ucnons3oBanueM Oydepa, cocrosimero u3 50 MM HEPES (pH 7.5), 150 MM KCI, 1
MM EDTA, 0,5% Tputona—X 100, 1 MM DTT u kokreiiis u3 ”HTUONTOPOB npoTenHasbl (Roche
LifeScience, Basel, Switzerland). 3arem no0aBisiiu KOHBIOTUPOBAHHBIE C arapo3oil aHTu—Myc—
anrurena (Sigma—Aldrich), 1 peakIMOHHYIO CMeCh OCTaBJIsUIN MO MEHBIIEH Mepe Ha 4 Jaca mpH
4°C, a 3areMm [15-6 pa3 mpombiBasiu Oyepom TBS—T u amronposanu 2x Oydepom ist 3arpy3Ku.
HNmMmyHoOnpenunuraTtsel ¥ Ju3aThl noasepranu snektpodopesy B JICH-TTAAL, u orneneHHble
Oenku mepeHocuNM Ha HuTpouesutojo3Hyo MemOpany (GE Healthcare). I'ubpunnbie Genxu
Myc—OsSPL14 nerexTupoBanu myTeM 30HAUPOBAHUS MeMOpaHbl aHTU—Myc—aHTHUTENOM (Santa
Cruz), a ero mnoaMyOMXUTUHH3HPOBAHHbIE (OPMBI JAETEKTUPOBAIN IIyTEM 30HIUPOBAHUS
AHTUTEJIAMH, KOTOpBIE PACMO3HAIOT OOIMEe KOHBIOTAThl YOUXWUTHHA; AHTHTENAMH, KOTOpPbIE
crneun(pUIecKr pPacro3HAIOT KOHBIOTAThl Lys48—monuyOMXHUTHHA;, WM aHTUTEJIaMH, KOTOPBIE
creun(pUIecKH pacrno3HaT KOHbIOraThl Lys63—nonnyouxutiaa (Abcam).

Anamu3 Ha pasiaoxeHue OsSPL14. Jluzarel, mnojydeHHblE U3 MOJIOIBIX METENOK
(mmnoit <0,2 cm), cobpannbix ¢ pacrenuit ZH11 wu ZHI1-nptl, wunkyOupoBamu ¢
COOTBETCTBYIOLINM PeKOMOMHAHTHBIM rHOpuaHbIM OenkoM GST—OsSPL14 B npucyTcTBUM M
B OTCyTCTBHE pekoMOmHaHTHOrO rubpunnoro d6enka His—OsOTUBI1. benok skcTparupoBanu u3
JU3aTOB, KOTOpble He oOpabareiBamu win oOpabateBamu 50 MxkM MGI32 B TeueHue
NPEABAPUTENFHO OMPENENeHHBIX MEPUOIOB BpPEMEHH W moasepranu syektpodopesy B JCH-
ITAAT" u BectepH—OnorTuHry Ha ocHoBe aHtuTena npotuB GST (Santa Cruz). B kauectse
3arpy304HOro KOHTpoJisi, n30birok HSPO0 onpenensim myteM 30HAUPOBAHUS AHTUTENIOM MIPOTHUB
HSP90 (BGI). bydep nus musuca cogepxur 25 MM Tpuc—HCI (pH 7,5), 10 MM NaCl, 10 MM
MgCl,, 4 MM PMSF, 5 MM DTT 1 10 MM AT®, Kak OMICaHo B APYTrHX paboTax .

AHaau3bl Ha pacmienyieHue JuHelHoro K48— u K63—cesizanHoro rerpa—yOHXUTHHA.
AmukBoty U1 mkr pexomOunantHoro GST-OsOTUBI.1, GST-OsOTUB1.2 mmu OTUBI
nobasnsmn k 20 mxn 50 MM Tpuc-HCI (pH 7,4), 150 mM NaCl, 0,5 MM nutnoTpeurona,

coxepaxkatiero 2,5 Mkr nuHeitHoro K48— u K63—cBszannoro terpayouxutuna (Boston Biochem)
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u octaBsid Ha 1 gac mpu 37°C. IIpoaykTel peaklMy aHAIU3UPOBAIN C MOMOILIBI0 BECTEPH—
Onor—aHanM3a Ha OCHOBE AaHTHUTENAa NPOTUB yOuxuTHHa (Abcam), Kak ONMHCAHO B JPYrHX
paGorax'®.

AHaau3 Ha YOMXHTHHH3ALHIO In vitro. [IporonnacTel puca, NoNy4YeHHbIE U3 MOJOIBIX
merenok ZH11-nptl (mmusoit <0,2 cm), Tpancheuuposanu mnazmunamu pUC19-35S-Flag—
OsSPL14-RBS (33) u pUC19-35S-HA-Ubig—-RBS (HA-MeueHHbIM YOMXUTHHOM (IHKOTO
tuna), K48R (¢ 3amenoit K48 na aprunmn), K63R (c 3amenoii K63 na aprunun), K480
(ybuxutuHOoM ToNBKO ¢ K48, ¢ 3aMeHOi npyrux JM3MHOBBIX OCTATKOB Ha apruHuH) win K630
(ybuxutuHoM ToNMpKO ¢ K63 ¢ 3amMeHON JApyrux JM3MHOBBIX OCTATKOB Ha AaprHHHUH) B
npucyrcTBul wiu B orcyTcTBue MmuasMuabl pUC19-355-Myc—OsOTUBI1-RBS. UYepes 15
9YacoB, MPOTOILIACTHI JIM3UPOBAIH B Oydepe mis sxcrpakuuu [S0 MM Tpuc-HCI (pH 7,4), 150
MM KCl, 1 mM EDTA, 0,5% Tpurona—X 100, 1 MM DTT], comep:kamem KOKTEWJIb H3
unruouropos mnporenHassl (Roche LifeScience). Ilomyuennsle mnu3aTel oOpalaTbiBaN
KOHBIOTHPOBAHHBIMU C arapo3oil aHtu—Flag antutenamm (Sigma—Aldrich) B Teuenme mo
MeHblneil Mepe 4 gacoB mpu 4°C, a 3ateM 5—6 pa3 npombiBasiu B Oydepe st SKCTpaKLUH U
smoupoBann nentuaoM 3x Flag (Sigma—Aldrich). HMmMmyHOnpenunuraTel pasgensim ¢
nomotneto 3iekrpodopesa B JICH-ITTAALT u mepeHOCHSIM Ha HUTPOLEJUTIOJIOZHYIO MeMOpaHy
(GE Healthcare), koTOpyr HCIONB30BATN I BECTEPH—OJIOT—aHAIN3a C HCIOJIb30BAHUEM
anruren nporus HA u nporus Flag—konstoraTos (Sigma—Aldrich).

IIpumep 2

Pe3yabTaTnl

MyTranT wigl—1 naetr mupoxkue, ToJICTbIe, KOPOTKHE U TSKeJIbIe 3epHAa

Jlns onpeneneHus pa3Mepa 3epHa puca, aBTopamu ObLT MyTareHU3HMpPOBaH COPT japonica
Zhonghuajing (ZHJ) ¢ nOMOIIBIO Y—HU3Iy4eHUs], U ObLT BbIIEJIEH MyTaHT C LIUPOKUM U TOJICTBIM
3epHoM 1 (wtgl—1) B monymsanusx M2. 3epaa wtgl—1 Opin mmpe, uem 3epHa ZHJ (¢urypsr 18a,
b, e). llupuna 3epua ZHJ cocrapnsina 3,41 mwm, Torma kak mmpuHa 3epHa wtgl—1 cocrasisiia
3,84 mm (@ur. 18e). U Haobopot, nnuna 3epeH wigl—1 Obuta menbiie, yem y ZHJ (purypsr 18a,
b, d). Anuna 3epen ZHJ cocrasisiia 7,47 mwm, Torga Kak jyvHa 3epeH wtgl—1 cocrassiia 6,89
mM. 3epHa wtgl—1 Obutu siBHO ToIne, yeMm 3epra ZHJ (purypa 18c). CpenHsis ToNMmKMHA 3epeH
ZHJ u wtgl—1 cocrasnsina 2,27 mm u 2,66 MM, coorBercTBeHHO (purypa 18f). BaxxHo ormeTuts,
yro 3epHa wtgl-1 Obpun 3HauMTeNbHO TsDKenee, yeM 3epHa ZHJ (¢purypa 18g). Macca 1000
3epeH ZHJ u wtgl—1 cocrasisina 25,56 r u 29,09 r, COOTBETCTBEHHO. JTHU pe3yJbTaThl OKa3aJH,
yro WTGI Bimsier Ha [MpUHY 3€pHA, TONIUHY U JUIMHY 3€pHA, a TAKXKE HA MacCy 3€pHa.

MyTanT wigl—1 yBeiHUHBaeT YHCJIO 3€PEH HA METEJIKY

3penbie pacteHus wtgl-1 ObUTM HEMHOTO KOpOUE, YeM PacTEeHUs! TUKOro THMa ((PUrypsel
19a, b, ). Pacrenus wtgl—-1 umenu Oosnee mMUpOKHE JUCThS 1O CPABHEHUIO ¢ pacTeHussMu ZHJ,
TOrAa Kak JuiMHa JuctheB wtgl—-1 Obuta ananmormuHa anmuHe nuctbeB ZHJ (¢urypsr 19¢, d, g, h).
Mertenkn wtgl-1 ObIIM KOPOTKHUMH, TOJICTBIMH M IIJIOTHBIMH IO CPAaBHEHHIO C METENIKaMHU
pacTeHusI AUKOTrO THUIA, YTO yKa3biBaeT Ha (peHOTHI BhINpsMIEeHUs Mmerenku (durypst 19e, i).

JnuHa ocu Merenok wigl—1 Obla MeHbIE MO CPAaBHEHHIO C OCBIO METENIOK JUKOro THIA
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(purypa 19j), uto ykasbiBaer Ha TO, 4to WIGI1 Bimsier Ha pasmep merenku. [10CKOIbKY BETBH
METEJIOK OMNPEeAeNSIOT CTPYKTYPY U (GOpMYy METENKH, TO aBTOPaMH ObUIH TPOBEIECHBI
UCCJIEZIOBAHNsI TIEPBUYHBIX U BTOPUYHBIX BETBEH MeETEJIOK AMKOro tuma u wigl-1. Mertenku
wtgl—1 umenu Oosbliee YUCIO MEPBUYHBIX M BTOPUUYHBIX BeTsell, uem ZHJ (¢purypsr 19k, 1).
ABTOpamu ObUTO OLIEHEHO YHCIIO 3epeH Ha Metenky B ZHJ u wtgl—1. Kak noka3aHo Ha ¢urype
2M, gmcno 3epeH Ha MeTenky B wtgl—11 Obuio Bbitne, yem y ZHJ. Takum oOpa3om, 3TH TaHHBIE
NOKa3ajJH, YTO MOBBIIIEHHOE YHUCJIO MEPBUYHBIX M BTOPUYHBIX BETBEH MeETENOK B wigl-1
MPUBOJUT K YBEJIMUEHHUIO YHCJIA 3€PEH Ha METEJIKY.

Nnenrudukanus rena WIGI1

ABTopamu Oblla TpPEANPUHSTA TOMBITKA WACHTU(PUIMPOBATH MyTauu wtgl-1 ¢
npuMeHeHeuM Merona MutMap (Abe et al.,, 2012), kortopelii ObUT HUCHIONB30BaH ISt
KJIOHUPOBaHUsI T'€HOB puca. ABTOpbI NpoBenu ckpemusBanue wtgl—-1 ¢ ZHJ u nmomyununu
nonyysuuo Fr. B monynsauum F,, cerperanus moToMcTBa mokasana, YTO OAHA PELIECCUBHAs
MyTanus onpexnensier penorursl wtgl—1. Apropamu Obuia skctparuposana JIHK u3 nsrunecstu
pacrenwnii F», koTopbIe MoKa3aan (GeHOTUITBI IIUPOKUX U TOJICTHIX 3€PEH, H TAKOE K& KOJIMUECTBO
JIHK cmemnBanu 1y CEKBEHUPOBAaHMsI BCErO T'eHOMa. ABTOpbI Takke cekBeHuposaiu ZHJ B
kadectBe koHTpossa. 6,2 Gbp m 5,4 Gbp koporkux pumo Obumm momyuensl st ZHJ u
o0bpenuHeHHbIX pacteHuil F,, coorBercTBeHHO. ABTOpaMu Obuto nerektupoBaHo 1399 SNP u
157 INDEL wmexny oObenuHenHbiMH F, m ZHJ. 3arem aBTOpPBI BBIYHUCISUIM OTHOIIEHHE
SNP/INDEL B o0benuHeHHBIX pacTeHusix F,. IIpuHuMas BO BHMMaHHE, YTO BCE MYTaHTHBIE
pacrenusi B onyysinuu F, momxuer nmets kay3anbablii SNP/INDEL, otHomenne SNP/INDEL
IUI 3TOM Kay3aJlbHOW MyTallMd B OObeAMHEHHBIX pacTeHusx F momxHO Obith 1. Cpeam HHX
tonbko INDEL mnokaseBatoT otHomenue SNP/INDEL=1. Otu INDEL coxepxaTr nenenuio B
reHe pasmepoM 4 m.o. (LOC_Os08g42540) (dpuryper a, 23). ABTOPbI TakKe MOATBEPAIIIN STy
neneunto B wtgl—1 nocpenctsom nposiienust mapkepa dCAPS1 (¢urypa 20b). Takum obpaszom,
5TU AHAJIU3bI MO3BOJSIIOT MpeAnooxutb, yto LOC_0s08g42540 mokeT mpencraBisith coOOi
red WIGI.

s monpreepxkaenuss toro, utro WIG1 mpencrapnser coboit ren LOC_0Os08g42540,
aBTOpaMU ObLIT MPOBEAECH TECT HA T'€HETHYECKYI KOMILIEMEHTapHOCTh. | €HOMHBIN (hparMeHT,
comepxkamuii 2337 mo. 5’ —¢dnankupyromeii nocnenosarenbHocTH, reH LOC_0s08g42540 u
1706 m.o. 3’—¢pnankupyromei nocnenoBarenbHocTH (gWIG1) Obun TpaHCHOPMHPOBAHBI B
myTaHT wtgl—1. Koncrpykuus gWIG1 nononnsina ¢peroruns! mytanta wtgl—1 (guryper 20f-k).
[Iupuna 3epHa, TOJIIUHA 3epHA U JUIMHA 3epHa TpaHCreHHbIX pacteHuil gWIG1;wtgl-1 Opun
CpPaBHUMBIMH C TakuMu ke mnapamerpamu y ZHJ. CrnemoBaTeiapbHO, 3TOT 3KCHEPUMEHT IO
TE€HOMHOH KOMIUIEMEHTApHOCTH moxaTBepawi, uto reH WIGl mnpexncrasmser coboit
LOC_0s08g42540.

WTIG1 koaupyer ory0anmH-mogo0HY0 mnpoTeas’y ¢ [AeyOMXUTHHHU3HPYIOLIEH
AKTHBHOCTBHIO

I'ew WIG1 xomumpyer Heu3BeCTHbIII O€JOK C TNpeACKa3aHHbIM JOMEHOM OTyOamHa

(purypa 20d). TI'omomorm WTGI Obutn obnapyxkenol B Chlamydomonas reinhardtii,
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Physcomitrella patents, Selaginella moellendorffii, u y apyrux BUIOB pacTeHHIl U >KMBOTHBIX
(purypa 24). I'omonoru y pacteHuii ceMeicTBa 3J1akOB (Harpumep, mieHuisl, Brachypodium,
KYKYPY3bl U COPrO) UMEIOT BBICOKYIO HIEHTHMYHOCTb AMMHOKHCIIOTHOM IOCIIENOBATEIBbHOCTH C
WTGI (¢urypa 24). WTGI Taxxke umeer cXOACTBO ¢ OenkamMu denoBedeckoro orybauna 1/2
(OTUB1/2) (®@ur. 25), KOTOpbIE YHaCTBYIOT BO MHOXECTBEHHBIX (PU3MOJIOTHYECKUX IMpOLeccax
u npoueccax passutus (Nakada et al., 2010, Herhaus et al., 2013). B wtgl—1, neneuus B 4 m.0.
HaOmoznaercss B 00JaCTH CThIKa 3K30H—MHTPOH 4YeTBEpTOro MHTpoHa (¢purypa 20a). Myranms
wtgl—1 nmpuBomur k usmeHenuto craiicuara WTGI1, uyto, B CBOIO ouepenb, NMPUBOAUT K
NpeKIeBPEMEHHOMY TMOsIBIEHUI0 cron—konoHa (urypa 20c). benok, komupyemslil ajuieiem
wtgl—1, He UMeeT MOJIOBUHBI MPEACKA3aHHOTO TOMEHa OTyOarHa, a TAKKe COAEPIKUT MOJHOCTHEO
HeponcTBeHHbI mnentun  (purypa 20e), YTO MO3BONSET NPEANONOXKUTh, dYro wigl-1
npeAcTaBisieT coOOH ajens ¢ morepen PyHKLINH.

U3BecTHO, 4YTO y KUBOTHBIX, OeNkM OTyOamHa OO0JaNarT AeyOMXUTUHUIUPYIOIIEH
AKTUBHOCTBIO, TOCKOJBKY OHH COZAEP’KaT OCTAaTKM THCTHAWMHA, LUCTEWHA M acraprara B
KOHCEPBAaTUBHOM KaTaJUTUYECKOM JIOMEHE UCTENHOBBIX TpoTea3 (purypa 25) (Balakirev et al
2003). WTGI1 umeet CXOACTBO C YEJOBEUECKUMHU OelTkaMu OTyOarnHa U UMEET TOMEH, MOT00HBIH
orybauny (purypsr 20d, 25), yto mo3BosseT npeanonokutb, uto WTG1 MokeT npencTaBisiTh
coboii  orybamH-TIONOOHYIO  mpoTeasy. llodToMy, aBTOpPBHI TINATENBHO  HCCIEIOBAJIH
aMHHOKHUCIIOTHYIO mocienoBarenbHocTh WTG1 u  obnapyxumu, uro WTG1 conmepkut
KOHcepBaTuBHbIe octaTku acmaprara (D68), mucrenna (C71) u ructupmna (H267) B
NPEACKa3aHHOM JJIOMEHe OTyOanHa, KOTOpPbIE ONPENeNAoT KaTAIUTHUECKYIO0 TPUaay YOUXUTHH—
npoteasbl y )kUBOTHBIX (urypsr 20d, 25) (Balakirev et al., 2003). 3aTtem, aBTOpBI ONpEETHIIH,
obnamaer mu WTG1 neyOnmxuTHHU3UpYIOIIEH aKTUBHOCTBIO. ABTOpBI 3KkcrpeccupoBasiu WTGH,

WTGIY"™! xomupyemsiii amnemem witgl-1 u WTG]POSECTISHAOR

, C MyTauusIMH B
KOHCEPBAaTHBHBIX aMHUHOKHCIIOTaX, Kak Oenku, meueHHble MBP (OenkoMm, CBsi3pIBarommmcs ¢
MaibT030i) (MBP-WTG1, MBP-WTG1" """ y WTG1PS#ECTISHGR) "y UBQ10 (rexcamepHbiii
nonnyouxutuH) B kadectBe His—meuenoro Oenka (His—UBQ10). Awnamu3el Ha
neyouxutnHu3amuio nokaszand, 4to MBP-WTGI1 Obi1 cnocobden pacmemste His—UBQ10, a
MBP-WTG1"¢"™!| MBP-WTGP®ECTISHOTR  NBP ye pacmemmsuin His—UBQ10 (purypa
201). Otu pesynbraThl nokazanu, uto WTG1 obnamaer neyOMXUTHHH3HPYIOLIEH aKTUBHOCTBIO,
WTG1Y'™ He obnamaer neyOHXHTHHH3HDYIOLIEH aKTHBHOCTBIO, 4 KOHCEPBATHBHBIE OCTATKH
acmaprara (D68), uucrenna (C71) u ructununa (H267) urparoT BaXHYH pOJib B COOOLICHUH
neyouxutunusupyromer aktuBHocTH WTGL. Takum obpasom, WTGI mnpencraensier coOoit
0Ty0aNMH—OMOAOOHYIO MPOTeasy C NeyOUXUTHHU3UPYIOIIEH aKTHBHOCTBIO.

dKcnpeccusi  cyOkiaerounas jgokaausauua WTG1

Aptopamu Obita oneHena skcnpeccust WIG1 ¢ momompbto kommdectsenHoro OT-TTL[P—
aHanu3a B peanbHOM BpemeHH. Kak mokasanHo Ha @urype 21a, ren WIG1 skcnpeccupyercs B
JIMCTHSIX, B PA3BHBAIOIIUXCS METEJKaX M B KOPHIX. ABTOpamMH ObLIM TOJyYEHbI TPAHCTCHHbBIE
pacrenuss ¢ npomoropoM WIGL:GUS (proWTG1:GUS) u Obutm ucCenoBaHbI MAaTTEPHBI

skcripeccurt WIGI B pa3nuysbIX TKaHAX. ABTOpbl Habmoaanu okpamnsanue GUS B MUCTBsIX U
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KOpHAX Moyioabix mpopoctkoB proWIGL:GUS (¢urypa 21b). Oxpammsanne GUS B
Pa3BUBAIOIIMXCA METeNKax Takxke Obuto nerektupyembpmM (purypa 21d). AkruBnocts GUS B
Oonee MoJOABIX MeTenkax ObuUia cujbHee, yeM y Oosee crapbix Metenok (®ur. 21d), yro
coorBercTBOBaO GyHkuuu WIGI, Biusromeil Ha ynucio BerBell Merenku. Bo Bpems pa3Butus
KOXKypBbl Kojocka, skcrpeccust WIG1 HaunHanach ¢ KOHYMKOB, a 3aT€M PAaCIpOCTPAHsIACH IO
BCe KOXype KOJOCKOB M, HAaKOHeI, Hucue3asa Ha Oojiee MO3MHUX CTAAMsX pPa3BUTHSL
CnenosarenbHo, narrepH skcnpeccun WIG] noanep:kuBaer ero GyHKLUUHM B PA3BUTHH METEJKH
U KOXKYPbI KOJIOCKOB.

3arem aBTOpaMu OBLIHM MOJyYeHbI TpaHCTeHHble pacteHus: pro35S:GFP-WIGI u Gbuta
uccnenonana cyoknerounas jgokanusanust WTG1. Kak nokazano Ha urypax Se—g, curnan GFP
B KopHsx pro35S:GFP-WIG1 06bu1 npenMyInecTBeHHO OOHapykeH B siapax. ABTOpPBI TaKKe
NBITATNCH BbISICHUTH, MokeT s GFP-WTG1 nokanu3oBaTtbCsi HCKIIOUYUTENBHO B sipe.
ABTOpamMu OBUTH MOJTyYEHbI LIUTOIUIA3MATHYECKUE U sIepHbIe (Ppakuuy OENKOB U3 TPAHCTEHHBIX
pacrennii pro35S: GFP-WIG1. Heoxxunanao Obuio oOHapy»keHO, uTo rubpunnsie Oenku GFP—
WTGI npucyTcTBOBaNM Kak B SAEPHON (paKkIHH, TaK U B LUTOIUIA3MATHUECKON (PPAKINH, XOTS
curdan GFP B pacrenusix pro35S:GFP-WIGI sBHO He Habmromancs B uuroruiasme (¢urypa
21h). Takum oOpa3om, 3TH JaHHBIE YKa3bIBAOT Ha TO, yTo WTG1 nokanusyercst Kak B siipe, Tak
U B LIUTOIUIa3Me puca.

Ceepxakcnpeccuss WIG1 paer y3koe, TOHKOe W AJHMHHOE 3epHO OJaroaaps
NPHCYTCTBHIO Y3KHX H JJIHHHBIX KJIETOK B KOKYpe KOJI0CKOB

s nanbHelimero BoisiBieHus Gpynkuit WIG1, perynupyromux pasmep u Gopmy 3epHa,
aBTOpaMu ObLIa MmosrydeHa KOHCTpykuus proActin: WIG1, kotopyro 3areM TpaHCHOpPMHPOBAIU B
pacrenne aukoro Ttuna (ZHJ). Kaxk mnokasaHo Ha ¢urype 22g, TpaHCareHHble JHHUU
proActin: WIG1 umenu Gonee Bricokne ypoBHH 3kcnpeccun WIG1, 4eM pacTeHus: JUKOTroO THIIA
(ZHJ). 3arem aBrOphl HcCCienoBaiu (EHOTHNBI pa3Mepa U (OpMBI 3epHA B TpPAaHCAT€HHBIX
muausx proActin: WIG1. Kak nokazano Ha ¢urype 22a—f, Tpancrennbie tuHun proActin: WIG1
JaBajid y3Koe, TOHKOe U JJIMHHOE 3epHO 1o cpaBHeHuto ¢ ZHJ. Yposuu skcnpeccun WIGI B
TpaHCTeHHBIX JHHUAX proActin: WIG]1 Opuin acconmupoBaHbl ¢ GeHOTHIIAMHU pa3mepa U (HOpPMbI
3epHa (purypsl 22d—g). ITu nanHble Takxke nmokaszanu, uto WIG1 BrnusieT Ha pasmep u Gopmy
3epHa.

YuursiBas, 4to TpaHcareHHble JuHUM proActin: WIG1 umenu y3koe W AJIMHHOE 3€pPHO,
aBTOPbI MOMNBITAIUCH BbIICHUTH, MOeT Ju WTG BIuATH Ha pa3sMHOXEHHE KJIETOK. ABTOpbI
WCCIIEOBAI  Pa3Mep BHEIIHUX OJIHUACPMAJIBbHBIX KJIETOK B KOXype KojockoB ZHJ wu
proActin: WI'G1. Breunuil snunepMuc koxypbl kojockoB proActin: WIG1 conepskan y3kue u
JUIMHHBIE KJIETKH TIO CPaBHEHHIO C KOXypoil kojockoB ZHJ (¢puryper 26a, b). B
IIPOTUBOIOJIOXKHOCTh 3TOMY, BHEIIHUN SMUAEPMUC KOXYpbl KosockoB proActin: WIG1 umen
TAKO€ € YMCIO SMHAEPMAJbHBIX KJIETOK [0 IIMPUHE U JJIMHBI 3€peH, Kak M YUCIO
SMUIEPMAIBHBIX KJIETOK B KOJKYpe KOJIOCKOB pacTeHuil aukoro tuma (¢urypsr 26c, d). Otu
pesyabraThl Takke mnokazanu, uro WIG1 omnpenmenser pasmep u ¢opmy 3epHa, Omaromaps

BJIMSTHUIO Ha pasMep U GopMy KJIETOK B KOKYpe KOJIOCKOB.
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Ob6cyxaenne

Pasmep u dopma 3epHa MMEIOT pelrarolee 3HauU€HHE Ui ypOo)kas M BHEIIHErO BUIA
3epHa y CEeNbCKOXO3AMCTBEHHbIX KyhbTyp. IllupuHa, TommuHA M AJMHA 3€pHA COBMECTHO
ornpenesnsoT pasmep U popmy 3epHa puca. OgHAKO, MOJEKYJSIPHbIE MEXAHU3MBI, JIEKAIIUE B
ocHOBe (hopMHUpOBaHMs pa3Mmepa U (POpMbI 3epHa puca, MoKa elle TOYHO He M3BECTHhL. B 3TOM
UCCJICIOBAHUY, aBTOPAMH OBLT BBIAEIEH MYTAHT C WUPOKUM WU moacmuim 3eprHom (wtgl-1),
KOTOPBIM JaBaJl TOJICTOE, LIMPOKOE, KOPOTKOE U TSIKENOE 3€pHO IO CPABHEHMIO C PAaCTEHUEM
nukoro tumna. WIG1 komupyer oTyOaumH-TIOHOOHYH TpoTeasy ¢ AeyOMXUTHHU3UPYIOLIEH
akTUBHOCTBIO. CBepxakcnpeccuss WIG1 nmaer y3koe, TOHKOE U JUIMHHOE 3epHO. Takum oOpasom,
NOJIy4€HHBbIE aBTOPAMH PE3YJIbTAaThl OMPEACISIOT OTYyOaMH—MOJOOHYIO MPOTeasy Kak BayKHBIN
¢akTop, BAMAOIUI Ha pa3Mep U GopMy 3epHa pHUCa, YTO MO3BOJSET MPENNOJOXKHUTh, YTO OH
MOJKET TMOBBIIIATh YPOXKal 3€pHA U YJIydIaTh pasMep u GopMy 3epHa.

Mytant witgl-1 nmaBaj TOJCTOE, IIMPOKOEe W KOPOTKoe 3epHO (¢urypsl 18a—f), duro
ykasbiBaeT Ha TO, 4ro WIGI nefictByer kak (akTop, Biustomuii Ha pasmep u Gopmy 3epHa
puca. 3epra wtgl-1 Opumn TsDKenee, yem 3epHa ZHJ (durypa 18g), uro ykaseiBaer Ha TO, YTO
WTG] wurpaer kiroueBy0 pojb B ONpeAeNeHHH Macchl 3epHa. Mytant wigl-1 mnokasan
KOPOTKHE, TOJCTbI€ W IUIOTHbIE METEJKU MO CPABHEHHUIO C PAaCTeHHEM AHWKoro tuma (¢urypa
19e), uTo mo3BosAeT MPeanookuTh, 4To GyHKIUs WIG] Bruser Ha pa3mep u GopmMy MeTEIKH.
MyTarus wtgl—1 npuBoauIa K YBETHUEHHIO YHCIIA 3€PEH HA METEJIKY B PE3YJIbTATe YBEIUICHUS
KaK MEepPBUYHBIX, TAK M BTOPUYHBIX BeTBell merenku (puryper 19k, I, m). Panee mpoBeneHHbIe
UCCIIENIOBAHNS TOKa3aJi, YTO YBEJIWYEHHWE YHCIa 3€PeH Ha MeETENKYy OOBIYHO BBI3BIBAET
yMeHblIeHne pasmepa u Maccel 3epHa (Huang et al., 2009). 11 naobopot, ObuIO OMucaHo, 4TO
HEKOTOpPbIe MYTAaHTBI PHCa JAIOT 3€PHO OOJBIIErO pa3Mepa, a Takxke OoblIee YUCIIO 3epeH Ha
merenky (Li et al., 2011a, Hu et al., 2015). [TonyueHHble aBTOpaMH pe3yJIbTaThl MOKA3aJH, YTO
MyTaHT wtgl—1 naer Tspkenoe 3epHO U OOJIbIIee YHCIIO 3ePEH Ha METEIIKY.

I'en WIG1 xomupyet otybauH—monoduyrwo npoteasy. ['omonoru WTG1 oOHapykeHbI y
pa3MuYHBbIX BUAOB pacTeHUd u kuBOTHBIX. I'omomoru WTGI y mronmelt sSBASIOTCS diieHAMU
cemeiictBa neyouxurnHmzupyrommx (epmentos (DUB) knacca mporeas, CBS3BIBAOIIUXCS C
nomeHoM omyxosin simaHuka (OTU). OTUBI ywacteyer B penaparmu nospexaenus JJHK u
Tpanchopmanmu mnyTeil mepenaun curHana akropa pocra—b (TGFb) (Nakada et al., 2010,
Herhaus et al.,, 2013). OTUB1 obnanaer neyOMXUTHHU3UPYIOLIEH aKTHUBHOCTBIO M BBIMTOJIHSET
(YHKLIMU 1O YTAJICHUIO CBSI3aHHBIX YOMXUTHHOBBIX IIeTIeH MIIM MOJIeKyT u3 ux mumeHeir. OTU—
nomeH OTUBI1 conepxut Tpu KoHCepBaTHBHBIE aMHMHOKUCIOTHI (D88/CO1/H265) (Balakirev et
al., 2003). AnanoruunbiM oopazom, WTGI1 comep:KuT mpeacKka3aHHYI0 KaTAJTUTHUYECKYIO TPHATY
(D68/C71/H267) B mpeAcka3aHHOM AOMEHE OTy0aWHa, YTO MO3BOJSIET MPEIOJOXKHTh, UTO
WTG1 moxker obmanmath AeyOMXUTUHU3UPYIOLIEH AaKTUBHOCTHIO. B COOTBETCTBUM C 3TUM,
NOJIy4E€HHBIE aBTOpPAMU OMOXMMHUECKHe NaHHble nokazanu, 4ro WTGI moxer pacuiemnsTs
nonnyOuxutuHel, a  nostomy, WTGI  mpencraBmser  coboli  (YHKIMOHAJIBHBIN
neyouxutuHu3upyomui gpepment. M HaoOOpoT, MyTaunu B NMPENCKa3aHHONW KaTaUTHYECKON

tpuage (WTG1POBECTISHORY yapymann neyGuxurnamsupyromyio akrusrocts WTG1 (durypa
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201), 4TO yKas3blBa€T HA TO, YTO 3TU KOHCEPBATHUBHbIE AMHUHOKHUCIOTBl MMEIOT pellaroliee
3HaYeHHE I IeYOMXUTHHU3HNPYIOLIeH akTuBHOCTU. Kpome Toro, 6enok, KogupyeMslil ajuienem
wigl-1 (WTG1"¢'"™"), He obmaman kakoH—n1u60 AeyGHXUTHHU3HPYIOLIEH AKTHBHOCTBIO, HTO
yKas3blBaeT Ha TO, uTto witgl-1 siBisiercs amnenem nortepu pyHkumu. Bosmoxuo, uto WTGI
MOXKET yIaJsiTh YOUXUTHHOBBIE IIETTH U3 CBOMX MUIIEHEH U MpedoTBpaIlaTh pa3pyleHne CBOUX
MULICHEN.

MyTtanT wtgl—1 naBan mupokue, TOJCTbIe U KOPOTKHUE 3epHa, a cBepxakcnpeccuss WIGI
JaBajia y3KHe, TOHKHe W JUIMHHbIe 3epHa. Kpome Ttoro, 3epHa wtgl-1 ObUIM 3HAYUTETHHO
TsDKeJIee, YeM 3epHa IUKOTO TWIa, a MyTaHT wtgl—1 neMOHCTpHpOBaa MOBBILIEHHOE YUCIIO
3€peH Ha METEJIKYy, YTO IMO3BOJIET MPEANOOKUTh, YTO OH MOJKET IOBBILATh YpOkal 3epHa.
Takum obpaszom, crnenyer mnposeputb, wmoryTr Ju  WTGl wu ero romonoru B
CEeJIbCKOXO3STICTBEHHBIX KYJIBTYpax (HampuMmep, B KyKypy3e M MIICHHUIIE) HCIIOIb30BaThCS IS
NOBBIIIEHHSI YPOJKasi 3epHA U YJIy4LIeHHUs pasMmepa U Gopmsl 3epHa B Oyaymem. M3BecTHO, 4TO
NPU3HAKK pasMepa B (GOopMel 3epHa ObUTH BBIOpAHBI PUCOBOAAMHU B MPOLIECCE OAOMAIIHUBAHUS
puca. ABropamMu ObUIO OOHApYKEHO, YTO 3TH COpPTa puca comepxamu MHOxkecTtBo SNP B
obnactu rera WIG1 (http://ricevarmap.ncpgr.cn).

Martepuanbl 4 METOABI

PacTutenbHble MaTepHAJIbl H YCJIOBHS BbIPALIUBAHUSA

3epHo copTa japonica Zhonghuajing (ZHJ) obnydanu y—nydamu, U MyTaHT C ULUPOKUM U
moncmeim 3epuom 1 (wtgl—1) Opu1 naeHTHUIPOBaH U3 3ToH nonyssiuuu M2. Pactenus puca
BBIPALUBAJIA HA OPOLIAEMBIX MOJSIX ¢ IUIOTHOCTHIO 20 ¢cm X 20 cm. Beero 48 caxeHues puca
NEPEHOCHJIM U3 PACcCaOYHOr0 NMUTOMHMKA HA OPOLIAEMYIO NENSHKY AJI BbIpAIllMBaHUs pUCA—
nanau (1,92 M%). Pacremus puca KyJbTUBUPOBaIU Ha opouaeMbix nossix Jlunmys (110°03'E,
18°51'N, BbicoTa Hax ypoBHeM Mopsi 10 M, Xaiinanb, Kuraii) ¢ nexabps 2015 r. mo anpens 2016
r. u B I'yaupwxkoy (119°95'E, 30°07'N, BbicoTa Haa ypoBHeM Mopsi 12 M, npoBuHIMSA WKOLBAH,
Kwuraii) ¢ wrons 2016 roga mo HosiOpp 2016 ronma, coorBercTBeHHO. IlouBa B JluHmye
NpeACTaBIsieT COOOM MeCYaHO—CYTIIMHUCTYIO TIOYBY, a MO4YBA B [ yaHBWKOY MpenCTaBiseT COOOH
TJIMHHUCTYIO TTOYBY. B TeueHue BereTalluOHHOrO CE30HA, TEMIIEpaTypa Kojedanach B mpenaenax oT
9°C mo 32°C B Jluwmye, u B mnpegenax ot 12°C go 39°C B I'yanpuxoy
(http://data.cma.cn/site/index.html). Bo Bpems Lukia BbIpaliuBaHusl prica BHOCUJINCH a30THBIE,
dochopHbie u xanuiiHble ynodperus (o 120 kr Ha rekTap Ui KaXKIo0ro).

Mopdoaornyeckuii U KJIeTOYHBIH AHAIU3

Pacrenus ZHJ u wtgl—1, BrIpalilieHHbIE Ha OPOIIAEMbIX PUCOBBIX MOJISIX, BBIKAINBIBAIN U
BBICA)KMBAJIM B TOpWKU i (QortorpadupoBanmsa. [{nsg CKaHUPOBaHHUS 3pENbIX 3€peH
ucrions3oBan MICROTEK Scan Marker 1560 (MICROTEK, Shanghai, China). s
aBTOMAaTUYECKOTO HW3MEPEHMs] LIMPUHBI M JUIMHBI 3€pHA HWCIIONb30BAJIM CHUCTEMY JUIS
tectuposanus puca WSEEN (WSeen, Zhejiang, China). TommuuHy 3epHa H3MEPsUIN € TOMOIIBIO
mudposoro mranreHuupkyisi (JIANYE TOOLS, Zhejinag, China). 3epra u3 30 riaBHbIX
METEJIOK HCIONb30BaIH 1 U3MepeHus maccel 3epHa. Becero 1000 cyxux ceMsiH B3BEIIMBAIU Ha

QJICKTPOHHBIX aHAJIUTUYICCKUX BECAX. Maccy 3€pHA OUCHUBAJIN C TPEM MOBTOPHOCTAMH.
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HNnenrudpurauns WIGI1

Jna xnonuposanuss reHa WIGI, asropel ckpemuBanu wtgl-1 ¢ ZHJ, u nonyuanu
nonyJsinuo Fr. M3 monymsiuuu F, aBrope!r otOupanu 50 pacreHuil, KOTopble nMenu (peHOTHITbI
wtgl-1, nu ux JIHK oObenuHuaM B paBHOM COOTHOIUEHUH ISl TIOBTOPHOTO CEKBEHHPOBAHUS
Bcero reHoma Ha NextSeq 500 (Illumina, America). MutMap oCyIIecTBIAIN Kak ONUCAHO B
npenbiayimeM uccnenoBanuu (Abe et al., 2012), a orHomenue SNP/INDEL Bbluucnsau B
cootBeTcTBUH ¢ npenbinyuum otuetoM (Fang et al., 2016). U3 mux tonbko ogHa INDEL nasana
orHowenne SNP/INDEL=1. Ota INDEL conepkana aenemuo B reHe pa3sMepoM 4 1.0., Kotopasi
MPUCYTCTBOBajia B OOJACTH CThIKAa SK30H—MHTPOH ueTBepTroro uHTtpoHa LOC_0s08g42540.
Mapkep dCAPS1 Takke mposBIsUIA Ha OCHOBe 3TOH nesneuuu B 4 mo. Takum oOpaszom,
LOC_0s08g42540 nmpencrasisier codoit ren—kanaunat Ha WIGI.

KouncTpykuuu u Tpancopmanusi pacteHui

IMpaiimeper  C99-WTG1-GF u C99-WTGI1-GR Obuti  UCHONB30OBaHBI IS
amrunuKanu reHOMHOH mnocnenoBatenbHocTH  WIG1, comepxameit 2337 mo. 5-—
¢nankupyromeir nocienosarenbHoctH, reH WIG1 u 1706 mo. 3'-duankupyromei
MOCJIEI0BATENBHOCTH. 3aT€M N€HOMHYIO MTOCJIE0BAaTeIbHOCTh BCTpauBaiu B Bektop PMDC99 ¢
UCTIONBb30BaHNeM HaOopa anst kinonupoBaHust GBclonart Seamless Clone Kit (GB2001-48,
Genebank Biosciences) ¢ nonydenueMm koHcTpykuuu gWIG1. Ilpaiimepsr 003—-CDSWTGI-F u
003-CDSWTGI-R Opumn ucnonb3oBanbl anst  ammndukannn CDS rena WIGL. CDS
BcTpauBanu B BekTop pIPKb003 ¢ nomomrsto mpomoropa ACTIN ¢ ncnons3oBanuem Habopa At
kioHupoBanusi GBclonart Seamless Clone Kit (GB2001-48, Genebank Biosciences), ¢
nonyuyenueM muasMuasl proACTIN: WIGL. Tlpatimepsr C43—-CDSWTGI1-F u C43-CDSWTG1-
R Opimn ucnonszoBanel a1 amrmummpukanun CDS rena WIG1. CDS BcTpamBanu B BEKTOD
PMDC43 ¢ wucnomp3oBanneM Habopa s kinoHupoBaHus GBclonart Seamless Clone Kit
(GB2001-48, Genebank Biosciences) ¢ mnomydenueM masmMuasl  pro35S:GFP-WTGI.
Ipaiimepsl proWTG1-F u proWTG1-R Obutu ucnoib3oBaHbl 115 amruingukanuu 3798 mo. 5'—
baankupyromeit nocnenoareapHoctTd  WIG1. 3areM NpOMOTOPHYHO TMOCJIEIOBATENIbHOCTD
BcTpanBaiu B BekTop pMDC164 ¢ ucnonp3oBaHueM HabOopa mnst kjionupoBanust GBclonart
Seamless Clone Kit (GB2001-48, Genebank Biosciences) ¢ mnony4eHHEM IUIA3MHUIbI
proWTIG1:GUS. Inasmunsr gWIG1, proACTIN: WIGI, pro35S: GFP-WTGI1 u proWIG1:GUS
OpuTH BBeneHbI B Agrobacterium tumefaciens GV3101 coorBercrBerno. GWIG1 nepeHocunu B
wtgl—1, a proACTIN:WTGI, pro35S:GFP-WTGI1 u proWIG1:GUS nepernocunu B ZHJ kax
onmcaHo paHee (Hiei et al., 1994).

OxpammBanune GUS u cyOkierounas joxaauzanusa WTG1

OxpammBarne GUS pasmnusasx TkaHedl (proWIG1:GUS) nmpoBoamnm, Kak ONUCAHO
panee (Xia et al., 2013, Fang et al., 2016). Kopuu tpancrenssx suauii pro35S: GFP-WIG1
OpUT  UCHONB30BaHbl it HaOmiomenwss ¢ayopecuenuuun GFP.  Jlna  HaOmronenws
¢bayopecueniuu GFP Opuia mpumeneHa koH(pokaiabHast MUKpockomnus Zeiss LSM 710. SAnpa
KJIETOK KOpHeH Oputn momeuensl 4”,6—nnamunnno—2—¢penmnunnonom (DAPI) (1 mxr/mo).

Boinenenne PHK, o0patHas TtpaHckpunuuss u koaudectseHHas OT-IIIP s
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peaibHOM BpeMeHH

Mononsie merenku ZHJ u wtgl-1 u npopoctku TpaHCreHHbIx sauHuid ZHJ u
proACTIN: WIG1 ucnone3zoBanu s Beiaenenus odwmeit PHK ¢ ucnonpzoBanuem Habopa aiis
skcrpakuuu PHK (Tiangen, China). PHK (2 mxr) nmopsepramu oOpaTHONH TpPaHCKPUIILUH C
nonyuyeHuem komruieMeHtapHoi JIHK ¢ momompro HabGopa FastQuant RT (Tiangen, China) B
COOTBETCTBUH C pPYyKOBOACTBOM monb3oBaTensd. KommuectBennyro OT-IILIP B peanbHOM
BpEMEHH MPOBOAMIIHN Kak onucaHo paHee (Wang et al., 2016). bbuio mpoTecTHPOBaHO TPU KOMUHU
1St Kasknoro obpasua. Criucok nmpaiiMepoB MpUBEAEH B nonoiHuTeIbHON Tabmume 1.

AHaJIu3bl HA eyOUXHUTHHHU3ALHIO

Komupyromme mnocnenosarenpHocTn WIG1 u wtgl-1 Obut aMIuimuIUpOBaHbI M3
kommiementapuoin  JIHK, TpanckpuOuposanHoii u3z obmeli PHK wmonomoit merenku ¢
ucnojp3oBanuemM  npaimepos MBP-WTGI-F/R u MBP-WTGI1-F/MBP-wtgl-R, wu
KJIOHUpOBaHbl B BekTOp PMAL-C2 ¢ ucnonb3oBannem Habopa GBclonart Seamless Clone
(GB2001-48, Genebank Biosciences) mis koHcTpyupoBaHusi uasmuny MBP-WIG1 u MBP—
WIGI™¢"! coorsercrenno. s koHcrpyupopaust MBP—WITG1POSECTISHITR = hyaivieph

WTGI-WTG1-MutF u MBP-WTGI-MutR1 (¢ aByms calfitamu MmyTaumi) Obuin
| D6BE:CT1S:H26TR

2

UCTIONB30BAHbl Ui amrutudukanuu nepoil yactu WIG a mpanmepel MBP-—
WTGI1-MutF1 (c nByms caiitamu mytaiun) 1 MBP-WTG1-MutR (¢ ogHuM caiitom myTarmm)
UCTIONB30BAJIH [T aMIUTM(UKALUN BTOPOI YacTH WTGPOECTISHTR 5y g MIPOAYKTA 3aTeEM
cMelmuBanu B KaudecTBe Martpul, u npaiimepel MBP-WTGI1-MutF u MBP-WTG1-MutR
WCTIOJIB30BAIM  JUIT  aMIUT(UKAIUU TTOJIHOH IOC/Ie0BATEIbHOCTH WIGPOBECTISHER 4y
HAKOHII, MOCIenoBaTenbHocTs WIG] PO CTISHOR G0y KJIOHMpOBaHa B BekTOp pMAL-C2 ¢
ucronb3oBanueM Habopa st kinonupoBanusi GBclonart Seamless (GB2001-48, Genebank
Biosciences) B LeNsIX KOHCTPYHUPOBAHUS TUIA3MUJIbI MBP- WG ] POBECTISHIETR ITnasmuny His—
UBQ10 koHCTpyupoOBajiu Kak ONMHCAHO B Mpenbinymux wuccienoBaHusix (Xu et al., 2016).
IMnasmuasl MBP-WTG1, MBP-WIG1Y&'"! y MBP WTG]POBECTISHIR TIEPEHOCHIIH 6
Escherichia coli BL21. MunyuupoBanue, BbiaeneHne u ouuctky 6eaxos MBP-WTGI1, MBP-
WTGIY'™ 1 MBP-WTGPOECTISHITR - ponimm B COOTBETCTBHE ¢ MPEIbIAY UMK
uccnenoBanusamu (Xia et al., 2013). 15 mxn His—UBQ10 uakyOupoBamu ¢ 2 MKJI OYHINEHHOTO
MBP, MBP-WTG1, MBP-WTG1"¢"™! y MBP-WTG1P®#ECISHTR 5100 mkn peakiponHoro
oydepa (50 MM Tpuc—HCI, pH 7,4, 100 MM NaCl, 1 vM DTT) npu 30°C B Teuenue 20 MUHYT,

cooTBeTcTBeHHO. [IponykThl pacmemieHHoro youxurnaa, MBP-WTGI, MBP-WTG1"e"!

U
MBP-WTGPOSECTISHR gp iy npoamanusuposassl ¢ momompio snektpodopesa B JCH-
ITAAT'. Amnrutena mnporuB His u mnporus MBP wucnonp3oBanm 1 AeTEKTHPOBAHHS
paciiermieHHOro youxuruaa 1 MPB—medeHbIx 0eKOB, COOTBETCTBEHHO.

IKkcTpaknus 6eaxkos U Becrepu—0710T ananus

Jluctes TpancrenHbix pacteHuit pro35S: GFP-WTG1 ucnonp3oBanu 11l MPUrOTOBJIEHUS
LIUTOIIA3MAaTHUECKUX M SIACPHBIX OENKOBBIX (Ppakuuii B COOTBETCTBHM C ONUCAHHBIM DPaHee
meroznoM (Alvarez—Venegas and Avramova, 2005). Autu—GFP (Beyotime), antu—Bip (Abcam)

u antu—H4 (akKTUBHBIM MOTUB) aHTHUTENA ObUTM UCTIOIB30BaHbl Aisi oOHapyxkenus GFP-WTGH,
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Bip u rucrona H4, coorBeTcTBEHHO.

IIpumep 3

Jlns nonyyeHus TpaHCTeHHbIX pacTeHuil ¢ HoknayHoM OsOTUBI npumensinu crpaTeruto
PHKu. ABTOpbI BCTpamBalu [Ba OJMHAKOBBIX cermMeHTa komupyromeii odmactu OsOTUBI
«rojmoBa K rojoee» B mnpoMmexyTouHbli Bekrop pUCCRNAIL, KOTOpBIN comepkal HHTPOH
okcupasbl GA20 xkapropens. C mnomompro pUCCRNAI-OsOTUBI, crpykrypy PHK-
uHTep(depeHIN BBOAWIN B OMHApHBIA BekTOp pacTeHus: pCambia—actin-2300 ¢ monydeHnem
koHCTpykiuu pActin::OsOTUB1-RNAI. 3atem koHcTpykimro OsOTUB1-PHKu nepenocunu B
pHC ¢ UCHOJb30BAHHEM CHUCTEMbl TpaHC(HOpMALMH, OMOCPEAOBAaHHOW Agrobacterium
tumefaciens. TpaHcreHHble pacTeHusi otOupanu B cpene Mypamura u Ckyra (MS) B
NOJIOBUHHOW KOHLeHTparmu, copepxkamei S0 mr/n G418, u G418—pe3ucTeHTHble pacTeHUs
Nepeca’kuBaJId B TIOYBY W BBIpALIUBAIN B mone. s uueHTH)HUKALUN TPAHCTEHHBIX PACTEHHH,
roMo3uroTHeix 1o T2 ¢ sHokmayHom OsOTUBI, nposogunu kon. OT-IILP. Kak mokaszano Ha
¢urype 28a, caiinencunr PHKu OsOTUBI1 noxkazan ZH11-nptl-nmono6uslii ¢penorun. Kpome
TOTO, KaK TMoKa3aHo Ha ¢urype 28b, pacrenus, skcrnpeccupyromue PHKu, nmenn noeeimerHoe
YHUCJIO NMEPBUYHBIX BETBEH HA METENKY, MOBBIIIEHHOE YUCJIO BTOPUYHBIX BETBEU HAa METEJKY U
MOBBIIIEHHOE YHCJIO 3€PEeH HAa METENKy W, YTO CaMOe Ba)KHOE, JABaJM YBEIHMUYEHHE OOIIero
ypOsKasi 36pHa Ha PacTEHUE.

Cnucok nocjie10BaTeIbHOCTEH

Arabidopsis thaliana (AtOTUB1),

cost (GmOTUB1),

Kykypy3a (ZmOTUB1),

copro (SbOTUBI1),

sumeHb (HVOTUBI),

nukas muennna nojgoda (TuOTUB1)

puc (OsOTUB1)

SEQ ID NO: 1: nomunentun OsOTUB1

MGGDYYHSCCGDPDPDLRAPEGPKLPY VGDKEPLSTLAAEFQSGSPILQEKIKLL
GEQYDALRRTRGDGNCFYRSFMFESYLEHILETQDKAEVERILKKIEQCKKTLADLGYIEF
TFEDFESIFIDQLESVLQGHESSIGAEELLERTRDQMVSDY VVMFFRFVTSGEIQRRAEFF
EPFISGLTNSTVVQFCKASVEPMGEESDHVHIIALSDALGVPIRVMYLDRSSCDAGNISVN
HHDFSPEANSSDGAAAAEKPYITLLYRPGHYDILYPK

SEQ ID NO: 2: nyknennosas kuciora OsOTUB1 (xk/IHK ot Zhefu802)

atgggcggggactactaccactcgtgetgeggegacececgaceccgacctecgegegeccgaggggeccaagetgecgtac
gtcggggacaaggaacctctcteccactttagecgetgagtticagtctggcagecccattttacaggagaaaataaagttgettggtgaacag
tatgatgctttaagaaggacacgaggagatggaaactgcttttatcgaagctttatgttttcctacttggaacatatcctagagacacaagacaa
agctgaggttgagcegcattctaaaaaaaattgagcagtgcaagaagactcttgcagatcttggatacattgagttcacctttgaagatttcticte
tatattcattgatcagctggaaagtgttctgcagggacatgaatcctccataggggecgaagagcetictagaaagaaccagggatcagatgg
tttctgattatgttgtcatgtictttaggtttgtcacctctggtgaaatccaaaggagggctgagttcticgaaccattcatctctggcettgacaaatt
cgactgtggttcagtictgcaaggcticcgtggagecgatgggcgaggaaagtgaccatgtccacataattgecctatcagatgegtigggt
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gtgccaatccgtgtgatgtacctagacagaagctcatgtgatgetggaaatataagtgtgaaccaccatgatttcageectgaggecaattcat
cggacggtgctgctgetgctgagaaaccttacattactttgetctaccgtectggtcactacgacattetctacccgaagtga

SEQ ID NO: 3: nykneunosas kuciora OsOTUB1 (renomnast ot Zhefu802)

atgggcggggactactaccactcgtgetgeggegaceccgacceccgacctecgegegeccgaggggceccaagetgecgtac
glcggggacaaggtgagatgttgacgcctctetctettictetgtetetctcgetegetitgactcatctgegetttgactcatctgeggtcgatag
atttgttcatgtggtagaaatgggtctgaatcgtggtaagacgeccagtgttgecatgecagtateegetagttgtgccageaggtgaggega
tagatcagtcctgttagtctagttggatgctgattgttggtcatcattactgttgtattggtgctecattictatgtgaattgacattttaaggegtcta
tacaagcagtggggactagaatttggataacaagtaacaatttccecttattgegtcatcttaaaggataagaggagttatcagatgetggattt
tctectttatttttagtcgtggtgcctggaataatggagattggetgaacaagttcatatcagtigtgtecattttcatcctetggatggtcagtectt
aagtattgtcaggcgctattgtigtgagttgtaactgttgtacttgatttittagecttcgttggtgaactgatgtttggaggttcatgcagaagtcag
aaccatggggaattagaatttggatgaacagacagcaattacctttcgtgttctctictaggaaaagaagggtttatctgttatcatttgetggat
gtgctecttacttaatatttatgcatggaataatagagatggccaaacaagtttgetccatagegtattatgattctaggataaaagtggtgtcate
ctttaatcgtcacacctaggacaataaatgtgaaggacgaacttgtigatgcagaataatagcctatgetagtcaattcagcacagaaactgag
gttaaatgtgtcccaaaagtttcagttaaggticacactaggatttacacgaacagaacaaatctgcaaatatagtccatatgagaaggtggag
agctacatacacacaatttcatatgaaatggaaaatgatgttggcactaaacttggatttaggtcaagtagttagatatttgatgcctcaaattcat
tttgttctgttaattgcaagceaccttttcacaatggaggacactaatgcattgctatgattatctctgtgtitgtacagttattitaggctatcgtatga
ctttcttctgetttcatttgtgticattattgatatcttttgaaccttgcaggaacctetetecactttageegetgagtttcagtetggcageccecattt
tacaggagaaaataaaggtccatatggatttggcagttataatatgtaatagacatattttggttgatctatcgtatcaatggatggtgcttcaattt
gttcttataatttcttgettggtctgcagttgettggtgaacagtatgatgcetitaagaaggacacgaggagatggaaactgcttttatcgaagett
tatgttttcctacttggtattatttttggtctgtitccatacaaactttgactattttataagctgatgatcttatcatttgctictaggaacatatcctaga
gacacaagacaaagctgaggtigagcgcatictaaaaaaaattgagcagtgcaagaagactcttgcagatcttggatacattgagttcacctt
tgaagatttcttctctgtaagtctttattgttactitgtgtggtcctecttacttatcctgticaattgetgtittgcaacttatgeccagatgtattcectct
gaatagtatgaagatctgtccgattattttcatgtatgcttgtitgcatticctttttagatgttcctggaataatttitgtatgagcetagttataatgaga
gcttgtgeattttectgtcatgcaacaaattaaatactagtgtctaatecttgtgeattgttaataactttgaaaatgattagecttgaagattggtee
attatatatatgttcacttgtttcttagttaggatcactcaccagtcacccttctgaagttcataatgtatcacttataagtaagetagcaaaacaaaa
tttggactgtttgtagccacccagaacccaaatagatggatttcacattattttctactggetitgggagttatttgatcgatgctagtacaacgttg
aaatttgggtagttgagatgcgttttitcacaaaggactcctttattggtgcttgatctacaactggtgttttacttititacaaaaaaatgtaatctect
tgcagtgcactcaaattattgcaacctecttecttatgttcccaccctcattattttcagatattcattgatcagetggaaagtgttctgcagggaca
tgaatcctccatagggtaaatatcctagagttatatttgtatccttaatgcatatgaccaataatcatgtattaacaacaaagcaatttttgtaattgtt
tataaagtatggcatgtccatcataaatgttttccttctgtagtgaatctattttgtittcctgtatccttagggeccgaagagcettctagaaagaacca
gggatcagatggtttctgattatggtttgtacatccagatatgtgtagtatgecttictetgctitgctctcattatttaactatgtetectttagttgtca
tgttctttaggtttgtcacctctggtgaaatccaaaggagggctgagttcticgaaccattcatetetggettgacaaattcgactgtggticaggt
tagctccatacttccattttatgagggtttgtacagtcgttggggoaggtattatgaggtacaatacctccaggtaccgggagttaccacacataa
gcataaaatgtgtggtgcctctccaaggaccacaagaaatctcticattatatttgtaatgcacagagcagagagtacagacaaatagacctg
cactctgcattttcattaagtatttagatgtgagattattctatgtettatctctcttgttagtattttttgctetgttttataatggaagttcattttctiggg
aactgtcattcacaaaacaatgagttatcgtaccctgecatttagtagggaatttggtggtaaaaaaccattaactttttcttcaattttgtgeettct
gcacaaggtgggatagggcatatattgtggaacaaaagagtgcacaatgactaattatttagtatgcatcacactggagtatgatatactagtg
gaaaggttatggcaaaataccatgatagtagcttgatagattagcaggtccgtaagtatttttccaatgataatgttttattcattaaactgtagca
ggataaaatctacttatgcacctttttttcatgagtagcaaacaatgcattctctggtitgaaaaacttgticaagttgcagtgtgttaticcaatccg
tgtttgtgtgacaagcaattgctggagttactgatcctgagttcaattcaatttgcagtictgcaaggcettccgtggagecgatgggcgaggaa
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agtgaccatgtccacataattgccctatcagatgegttgggtgtgccaatccgtgtgatgtacctagacagaagctcatgtgatgetggaaata
taagtgtgaaccaccatgatttcagccctgaggecaattcatcggacggtgctgctgetgetgagaaaccttacattactttgetctaccgtect
ggtcactacgacattctctacccgaagtga

SEQ ID NO: 4: nyxnennosas kuciora OsOTUB1 (xIHK ot IR66167-27-5-1-6)

atgggcggggactactaccactcgtgetgeggegaccccgaccccgacctecgegegeccgaggggcccaagetgeegtac
gtcggggacaaggaacctctetecactttageegetgagtttcagtctggeageeccattttacaggagaaaataaagttgettggtgaacag
tatgatgctttaagaaggacacgaggagatggaaactgcttttatcgaagcetttatgttttcctacttggaacatatcctagagacacaagacaa
agctgaggttgagegcattctaaaaaaaattgagcagtgcaagaagactcttgcagatcttggatacattgagttcacctttgaagatttcttcte
tatattcattgatcagctggaaagtgttctgcagggacatgaatcctccataggggecgaagagetictagaaagaaccagggatcagatgg
tttctgattatgttgtcatgtictttaggtttgtcacctctggtgaaatccaaaggagggecgagttcttcgaaccattcatctctggettgacaaatt
cgactgtggttcagttctgcaaggcticcgtggagecgatgggcgaggaaagtgaccatgtccacataattgecctatcagatgegttggat
gtgccaatccgtgtgatgtacctagacagaagetcatgtgatgetggaaatataagtgtgaaccaccatgatttcageectgaggecaattcat
cggacggtgctgctgetgetgagaaaccttacattactttgetctaccgtectggtcactacgacattctctacccgaagtga

SEQ ID NO: 5: nykneunosas kuciora OsOTUB]1 (reromnas ot IR66167-27-5-1-6)

atgggcggggactactaccactcgtgetgeggegaceccgacecegacctecgegegeccgaggggeccaagetgecgtac
gtcggggacaaggtgagatgttgacgcectetetetetetetgtetctetcgetegetttgactecatetgegetttgactcatctgeggtcgataga
tttgttcatgtggtagaaatgggtctgaatcgtggtaagacgeccagtgttgecatgecagtatcegetagttgtgccagecaggtgaggegat
agatcagtcctgttagtctagttggatgctgattgttggtcatcattactgttgtattggtgctccatttctatgtgaattgacattttaaggegtctat
acaagcagtggggactagaatttggataacaagtaacaatttccccttattgcgtcatcttaaaggataagaggagttatcagatgctggatttt
ctectttatttttagtcgtggtecctggaataatggagattggctgaacaagttcatatcagttgtgtecattttcatcctctggatggtcagtectta
agtattgtcaggcgctattgttgtgagtigtaactgtigtacttgattttttagettcgttggtgaactgatgtitggaggticatgcagaagtcaga
accatggggaattagaatttggatgaacagacagcaattacctttcgtgtictcttctaggaaaagaagggtttatctgttatcatttgetggatgt
gctccttacttaatatttatgcatggaataatagagatggccaaacaagtitgctccatagegtattatgatictaggataaaagtggtgtcatect
ttaatcgtcacacctaggacaataaatgtgaaggacgaacttgttgatgcagaataatagectatgetagtcaattcagcacagaaactgagg
ttaaatgtgtcccaaaagtttcagttaaggticacactaggatttacacgaacagaacaaatctgcaaatatagtccatatgagaaggtggaga
gctacatacacacaatttcatatgaaatggaaaatgatgttggcactaaacttggatttaggtcaagtagttagatatttgatgcctcaaatttattt
tgttctgttaattgcaageaccttttcacaatggaggacactaatgcattgctatgattatctetgtgtttgtacagttattttaggctatcgtatgact
ttettetgetttcatttgtgttcattattgatatcttitgaaccttgcaggaacctetetecactttageegetgagtttcagtetggcagecccatttta
caggagaaaataaaggtccatatggatttggcagttataatatgtaatagacatattttggttgatctatcgtatcaatggatggtgcttcaatttgt
tcttataatttcttgettggtctccagttgettggtgaacagtatgatgetttaagaaggacacgaggagatggaaactgettttatcgaagetttat
gttttcctacttggtattatttttggtetgtttccatacaaactttgactattttataagetgatgatcttatcatttgettctaggaacatatcctagaga
cacaagacaaagctgaggttgagcgcatictaaaaaaaattgagcagtgcaagaagactcettgcagatcttggatacattgagttcacctttg
aagatttcttctctgtaagtctttattgttactttgtgtggtectecttacttatcctgticaattictgttttgcaacttatgeccagatgtaticectetga
atagtatgaagatctgtccgattattttcatgtatgcttgtttgcatticctttttagatgttcctggaataatttitgtatgagetagttataatgagage
ttgtgcattttcctgtcatgcaacaaattaaatactagtgtctaatccttgtgcattgttaataactttgaaaatgattagccttgaagattggtccatt
atatatatgttcacttgtttcttagttaggatcactcaccagtcacccttctgaagttcataatgtatcacttataagtaagctagcaaaacaaaattt
ggactgtttgtagccacccagaacccaaatagatggatttcacattattttctactggetttgggagttatttgatcgatgctagtacaacgttgaa
attttgggtagttgagatgcatttttcacaaaggactcctttattggtectigatctacaactggtgttttacttititacaaaaaaatgtaatctecttg
cagtgcactcaaattattgcaacctccttccttatgttcccacectcattattttcagatattcattgatcagetggaaagtgttctgcagggacatg
aatcctccatagggtaaatatcctagagttatatttgtatccttaatgcatatgaccaataatcatgtattaacaacaaagcattttttgtaattgtita
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taaagtatggcatgtccatcataaatgttttccttctgtagtgaatctattttgtittcctgtatccttagggccgaagagcettctagaaagaaccag
ggatcagatggttictgattatggtttgtacatccagatatgtgtagtatgectttctctgetttgetetcattatttaactatgtcttctitagttgtcat
gttctttaggtttgtcacctctggtgaaatccaaaggagggccgagticttcgaaccattcatctctggcttgacaaattcgactgtggttcaggt
tagctccatacttccattgtatgagggtttgtacagttgttggegagatattatgaggtacaatacctccaggtaccgggagttaccacacataa
gcataaaatgtgtggtgcctctccaaggaccacaagaaatctcttcattatatttgtaatgcacagagcagagagtacagacaaatagacctg
cactctgcattttcattaagtatttagatgtgagattattctatgttttatctctcttgttagtattttttgetetgtittataatggaagttcattttcttggg
aactgtcattcacaaaacaatgagttatcgtaccctgecatttagtagggaatttggtggtaaaaaaccattaactttttcttcaattttgtgecttct
gcacaaggtgggatagggcatatattgtggaacaaaagagtgcacaatgactaattatttagtatgcatcacactggagtatgatatactagtg
gaaaggttatggcaaaataccatgatagtagcttgatagattagcaggtccgtaagtatttttccaatgataatgttttattcattaaactgtagca
ggataaaatctacttatgcacctttttttcatgagtagcaaacaatgcattctetggtttgaaaaacttgttcaagttgcagtgtgttattccaatccg
tgtttgtgtgacaagcaattgectggagttactgatcctgagttcaattcaatttgcagtictgcaaggettcegtggagecgatgggcgaggaa
agtgaccatgtccacataattgccctatcagatgegttgggtgtgccaatccgtgtgatgtacctagacagaagcetcatgtgatgetggaaata
taagtgtgaaccaccatgatttcagecctgaggecaattcatcggacggtgetgetgetgctgagaaaccttacattactttgetctaccgtect
ggtcactacgacattctctacccgaagtga

SEQ ID NO: 6: npomotopHas nocienosarenbHocTe OsOTUB1 ot Zhefu802

gagttgaagttgttgctgctgtcataagtactatctgctaaatgggceacactcctageattattagaactgagaaatatcccaagcaa
tgaaagcgacaaaaaagtacccgtitgaagacatgattgacatggtcacatcaaacaccggacatcaacatctaaatgtacataacaaggec
aaaataattttcgatgctggttggtgctaccaagtcccacgtatgatacttaagaatcaatcatgaatattacaaatcaagtcaaactacgttatgt
attgaactcttataattactgcaacatatcacactggaatttcctatggtaattcctcgecagecttatcctacccateccttgcagtatattaagag
catcaacaacaaacatgattcaagacaacttttattaacactgaacaacataaattgggaacaaaacaaaccacttggaggcatgattaggat
aatcggtattaaagaactggacatcacaattcacaactagatgttgaaataatacctgtctcttctitggctcatggcaggtgtcagtgaaatata
ctgatgctccaagagagctggaagcaccgtitccacgtaatcaaaatgtecttttcgtttgetgcaatcaaccttaaagggctcttttgatgctat
ctcttcaggcatgtcctttacaacttccacataacctctggtttgctcaatgaagtaatcaacatcgaaaacgtctgcaaatccactgacagaga
ataccaataagtgatgaactaccttttgaacagaaataaactgcataactacaagtagcacagtcgttcatcttgtagagtgattctcatacctag
attcattccagtaggcagcaacctcaaacttgggcagaaccattgttgegttgagaaggcegegeaaccgeaattccatcacatagetgaaga
aacattcggaagaataattacaaccaggagtaacataataacatagccagttgaaatcacattcgecttgcaatgtgaaaattttcataaataat
ctgaaaatttagttatgccactatatatcatgcaacctgectccacgacattttaatcatggagtagaagataaaacatatgatcecectcattga
ccctactatcttactacttgtgcatggecgaacgatctaacagegaaatccagaaagecaacactcatttgatcccactaacaacggaagaga
gaaacgctagccgagatcgettaacgtacatcgegtecgeagetggttgagecegeegtageagtegatecggatgtacecattectecteg
acggagctgcagaagaagaggaggttcaaaaccgcaatcaccaccacagtctcaagcagagatgtccactacccggatccttaaaccea
aaccacaaatcacggcgaggtctcacccggeattgecgeecgecaccacccgeacgaccgecacteccgecacccgeegetgegeccat
atgacccgcecgaccecgacgecgacggcegactectecectaaagaccaaaagcegagtaagegagatccgtaagetictggaacaatctcga
gcatcagctgcaagaggtgaggcetgggccgegtacctggaggtgggaagagtgaagaagaaaggeggagaggagggtggagagag
gaggaagtagagcgegggggcgaggaagatgaccggtaggaggatgcggacgeggctgecgegeccaccacgecgecggegacge
cgacgacgacatcgectegecgegagaagceactggatctgatcggecgecgectecacgeecggagtggagagegtatataagetegtea
gaatgtgggcccgtggctatgtgggcccaccatgtcatcgacgettatcaagatcgageggtggegtgaggaaaccggtaggggtoggeg
gggctaaccaatcggaaacgcegtaataactcaccegeggttcacttictecttatgacacgtgggcccatctcticctggacccacctgtcagt
tacccttacggectccactctgaggatctaaacgtaaaaacgaatttatcggagggcttatccgegaggggaaaaaaacgcgceacttatttct
cgcecttcgecgagatetcggaagagaagaacacgeaccgeggggagaggggagagaageggaaagetecaccgaatcgaagecece

acacacgcgaagetggegegggaggeggecgacgegagegeccggaagegeaaggeggeggacggeggeggggagggcgacgc
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cgeggegacggleceggaggaggegglgalgggggaggeggeggeggeagecgeggeeccegageegglegicgaggggggag
gaggggggggggaggggligaatectaacectageggegglgggggaggagglgglggagggtectcggacieegtgleggicgage
tcteg

SEQ ID NO: 7: nocnenosarenpHocTh K IHK TuOTUB1

Atgggceggggactactaccacgectgetgeggegacceggaccecgaccacaageccgagggaceccaggtgecgtacat
cggtaacaaggaacctctctccgecttagcagecagagttccagtetggecagecccattttacaggagaaaataaagttgcttggtgaacaata
tgatgctttaaggcgaacacgaggagatggaaactgcttttatcgaagcetttatgtictcctacctggaacatatcctagagacacaagataga
gcetgaggttgagegcatectaaaaaacattgaacagtgcaagatgacactttcaggtcttggatacattgaattcacttttgaagacttcttetct
atgttcattgaggagctgcaaaatgtictgcagggacacgaaacttctattgggcctgaagaacttctagaaagaaccagggatcaaacgac
ttctgattatgttgtcatgttctttaggtttgttacctctggtgaaattcaaaggagggctgagttctttgaaccatttatttctggcttgacaaattcg
accgtggctcagttttgcaagtcttctgtggagccaatgggegaggaaagcegaccatgtgecacattattgetctgtcagatgegttagggetg
ccaatccgcgtgatgtacctagaccgaagcetectgtgacacaggcaatctaagtgtgaaccaccatgatttcattcctgecagecaattcetctg
aaggtgatgctgcaatgggattaaatccggctgaggagaaaccttacattactctgetctaccggectggtcactatgatattctctacccaaa
g

SEQ ID NO: 8: nocnenosarenpHocTs kK IHK HYOTUB1

Atgggcggggactactaccacgectgetgeggegaceecgaccecgaccccaageecgagggaccccaggtgecgtacat
cggtaacaaggaacctctctccgecttagcageagagticcagtetggecagecccattttacaggagaaaataaagttgcttggtgaacaata
tgatgctttaagacggacacgaggagatggaaactgcttttatcgaagctttatgttctcctacctggaacatatccttgagacacaagacaga
gctgaggttgagcgceatcctaaaaaacattgaacaatgcaagaagacactttcaggtcttggatacattgagttcacttttgaggacttctictet
atgttcattgaggagctgcaaaatgttctgcagggacacggaacttctattgggectgaagaacttctagaaagaaccagggatcagacgac
ttctgattatgttgtcatgttctitagatttgttacctctggtgaaaticaaaggagggctgagtictttgaaccatttatttctggcttgacaaattcg
accgtggttcagttttgcaagtctictgtggagecaatgggcgaggaaagtgaccatgtgcacattattgetctgtcagatgegttaggggtec
caatccgcgtgatgtacctagaccgaagctcttgtgacacaggcaatctaagtgtgaaccaccatgatttcatccctgecagcecaattcctetga
aggtgatgctgcaatgggattaaatcctgetgatgagaaaccttacattactctgetctaccggectggteactatgacattctctacccgaagt
ga

SEQ ID NO: 9: nocnenosarensHocth K IHK ZmOTUBI1

atgggcgacgttccacaggegecgeacgetgegggaggtggagaagagigggcggggccggaccctaaccctageecga
geeteggeggetgetecggaccecgtgteggtggageteteccatgggeggggactactaccgegectgetgeggegageccgateceegac
atccccgaggggeccaagetgecgtgegtigggoacaaggaacctetetectetitagecagetgagtttcagtetggecagecccattttacaa
gagaaaattaagttgcttggcgagcaatatggtgctitaagacgtacacgtggagatggaaactgcttttatcgaagctttatgtettcctacctg
gaacacatcctagagacacaagacaaagctgaggctgatcgcatcatggtaaaaattgaggaatgcaagaaaacactectctctcttggata
tattgagttcacttttgaggacttcttttcgatattcattgaactgctggaaagtgtictgcagggacatgaaactcctatagg gtttgtcacttctg
gtgaaattcaaaggaggtctgacttctttgaaccgttcatatctggctigacaaattcaaccgtggticagttctgcaaggctictgtggaaccta
tgggtgaggaaagtgaccatgtgcacataattgecctatcagatgcactaggegtaccaatcegtgttatgtacctagaccgaagcetegtgtg
acactggcaacctgagcgtgaatcaccacgatttcatcccgtcggccaatgattcggagggtgatgcggccacgacacctgetectgecac
agagaaaccgtacatcactttgctctaccgtcetggecactacgatattctctacccaaagtga

SEQ ID NO: 10: nocaenosarensHocts k/JJHK SbOTUBI1

atgggcgacgtgccccaggegeegeacgecgeggaaggaggaggaggaggactggaggagggeocggtgeccgacect
aaccctageccgagectgagectcggeggcetgeteggacecegtgtegetggageteteccatgggeggggactactaccgegectgetg
cggegaccccgaccccgacatccecgaggggeccaagetgecgtgegtiggggaaaaggaacctetetectetitagcagecgagttica
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gtctggcagcecccattttacaagagaaaattaagttgettggegaacaatatggtgctttaagacggacacgtggagatggaaactgcttttat
cgaagctttatgttctcctacttggaacacatcctagagacacaagacaaagctgaggctgatcgeatcatggtaaaaattgaggattgcaag
aagacgctcctgtctettggatatattgagttcacttttgaggattictttgcgatattcattgatatgetggaaagtgttctgcagggacatgaaac
tcctatagggttigtcactictggtgaaaticaaaggaggtctgacttctitgaaccattcatatctggettgacaaattcaactgtggticagttct
gcaaggctictgtggaacctatgggtgaggaaagtgaccatgttcacataattgecctatcggatgcactaggtgtacctatccgtgttatgta
cctagaccgaagcetegtgtgatactggeaatctgagtgtgaatcaccatgatttcatcecticgtecaatgetictgagggtgatgetgegatg
acatctactcctgacgctgagaaaccttacatcactttgetctaccgtectggtcactatgatattctctacccaaagtga

SEQ ID NO: 11: nocnenosarenbHocTh K JHK AtOTUBI1

atgcagaatcagattgatatggtgaaggatgaagcggaagtagctgcatcgatitcagcaattaagggtgaagaatggggaaatt
gttcatcagtggaagatcaaccatcttttcaagaagaagaagctgctaaagttccttatgttggtgataaggaacctctgtctagtttagetgea
gagtatcaatcagggagtcccattttgetggagaagattaagatactggacagtcaatatatcggaatccggegaacaagaggagatggaa
attgcttcttccgaagttttatgttctettaccttgageatatattggaatcacaagatcgtgctgaagtcgatcgtatcaaggtcaatgttgagaaa
tgtagaaagactctgcaaaacttaggttatacagattttacatttgaggacttctitgegttgttccttgagcaactagatgacattctccaaggaa
ctgaagagtctataagctacgatgagctggttaacagaagtagagatcagtcagtctcagattacattgtaatgtictttaggtttgttactgetg
gtgatatacgaacgcgtgecgattttttcgagecttttataacaggcttatcaaatgcaacagtggatcagttitgcaagtcctcggtcgaacca
atgggggaagagagtgaccataticacataactgcttigtcggacgcacttggtgttgcaatccgtgtigtgtatcttgaccgtagetcatgtga
tagtggggecgtcactgtgaatcatcatgactttgticctgtgggcattaccaatgagaaagatgaagaagcttctgetccatttataaccttget
gtatcgtccaggcecattacgatatcctctaccccaagecatcttgtaaggtatcagacaatgtggggaaa

SEQ ID NO: 12: nocaenosarensHocts kK JHK GmOTUBI1

Atgcagagtaaagaagctgtigtggaagatggggaaataaagagtgtgactgetgtagggtctgaaattgatgggtggaccaat
tttggggacgatgacataatgcagcagcagtatacaattcagtctgaagaggctaagaaagttccatctgtgggcgacaaggaaccactga
gtagcttagctgctgaatataaatcaggcagtcctatcttgctggagaaaataaaggtgcttgatgagcaatacgcetgecattcgtcgtactcg
aggagatggaaactgcttctttcgaagctttatgtiticatatcttgagcatgttatgaaatgtcaagaccaagcagaagttgatcgtatccaage
caatgttgaaaaaagtagaaaagcactgcagaccttgggttatgcagacttgacttttgaagatttttttgegttattccttgagecagetggaatct
gttattcaagggaaagagacttccataagtcatgaagagcettgttcttagaagccgagatcagtcagtatetgattatgtegttatgttcttcagat
ttgttacctctgeccgeaatacaaaagegcacagaattttitgaaccattcatactaggcttaactaatacaacggtcgageagttttgcaaatcat
ctgttgaaccaatgggtgaagagagcgaccatgtgcacattactgecctttcagatgcattgggcattccagtecgtgttgtgtaccttgaceg
cagctcaagtgatactggtggtgtcagtgtaaatcatcatgatttcatgecagtggctggtgatctecccaaatgetagttgcagetetgaaaag
aacattcctttcatcacactactatatcgtectggtcactatgacatectctatccaaaatga

SEQ ID NO: 13: nocnenosarenpHocTs KIHK kamyctsl kutafickoit

Atgcagaatcagaatgatacggtgaaggatgatgcggagetcgetgettccatctcggetgaacaatggggatgetgttcagtg
gaggaaccatcttttcaagatgatgaagctgctaaagttccttatgttggtgataaggagectatgtctagtttagctgcagagtaccaageag
ggagcceccattttgettgagaagataaaggtactggacagtcaatatgttgcaatcaggcgaacaagaggagatggaaactgcticttccga
agttttatgttctcttaccttgagcatattttggaatcacaagatggtgctgaagttgaccgtatcaagctcaatgttgaaaaatgtagaaagaatc
tgcagaacttaggctacacagatttcacatttgaggacttctitgegttgticcttgagcaactagatgacatcctccaaggaggcegaagagtet
ataagctatgatgagctggttaacagaagtagagatcagtctgtitccgactacattgtgatgticttcaggtttgttactgctggtgaaataaaa
acgcgtgctgagttcttcgagcecttttataacaggattatctaataccacagtggatcagttttgcaagacatcagttgaaccgatgggggaag
agagtgaccatattcacataacagctttgtcggacgegcettggtgtigcaatccgggttgtgtatcttgaccgtagetcatgtgatactggaggt
ggtgtcactgtgaaccatcacgactttgttcccgttggcagtggcactaatgagaaagaagaagcttcttctgetgetecctttataacattgete
tatcgtccaggcecattacgatatcctctaccccaaggtattggagaatgtggaaaaatga
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SEQ ID NO: 14: amunokuciaoTHas nociaenopaTeabHocTs TuOTUB1

MGGDYYHACCGDPDPDHKPEGPQVPYIGNKEPLSALAAEFQSGSPILQEKIKLLG
EQYDALRRTRGDGNCFYRSFMESYLEHILETQDRAEVERILKNIEQCKMTLSGLGYIEFT
FEDFFSMFIEELQNVLQGHETSIGPEELLERTRDQTTSDY VVMFFRFVTSGEIQRRAEFFE
PFISGLTNSTVAQFCKSSVEPMGEESDHVHITIALSDALGVPIRVMYLDRSSCDTGNLSVN
HHDFIPAANSSEGDAAMGLNPAEEKPYITLLYRPGHYDILYPK

SEQ ID NO: 15: amuHOKMCcTOTHAs nocnenoBatenbHocTb HYOTUB1

MGGDYYHACCGDPDPDPKPEGPQVPYIGNKEPLSALAAEFQSGSPILQEKIKLLG
EQYDALRRTRGDGNCFYRSFMESYLEHILETQDRAEVERILKNIEQCKKTLSGLGYIEFT
FEDFFSMFIEELQNVLQGHGTSIGPEELLERTRDQTTSDY VVMFFRFVTSGEIQRRAEFFE
PFISGLTNSTVVQFCKSSVEPMGEESDHVHIIALSDALGVPIRVMYLDRSSCDTGNLSVN
HHDFIPAANSSEGDAAMGLNPADEKPYITLLYRPGHYDILYPK

SEQ ID NO: 16: amunokuciaoTHas nociegopareabHocTs ZmOTUB1

MGDVPQAPHAAGGGEEWAGPDPNPSPSLGGCSDPVSVELSMGGDYYRACCGEP
DPDIPEGPKLPCVGDKEPLSSLAAEFQSGSPILQEKIKLLGEQYGALRRTRGDGNCFYRSF
MFESYLEHILETQDKAEADRIMVKIEECKKTLLSLGYIEFTFEDFFSIFIELLESVLQGHETPI
GFVTSGEIQRRSDFFEPFISGLTNSTVVQFCKASVEPMGEESDHVHIIALSDALGVPIRVM
YLDRSSCDTGNLSVNHHDFIPSANDSEGDAATTPAPATEKPYITLLYRPGHYDILYPK

SEQ ID NO: 17: amuaokuca0THas nocaenopaTeabHocTh SbOTUB1

MGDVPQAPHAAEGGGGGLEEGAVPDPNPSPSLSLGGCSDPVSLELSMGGDYYR
ACCGDPDPDIPEGPKLPCVGEKEPLSSLAAEFQSGSPILQEKIKLLGEQYGALRRTRGDG
NCFYRSFMFSYLEHILETQDKAEADRIMVKIEDCKKTLLSLGYIEFTFEDFFAIFIDMLESV
LQGHETPIGFVTSGEIQRRSDFFEPFISGLTNSTVVQFCKASVEPMGEESDHVHITALSDAL
GVPIRVMYLDRSSCDTGNLSVNHHDFIPSSNASEGDAAMTSTPDAEKPYITLLYRPGHY
DILYPK

SEQ ID NO: 18: amuHokucaoTHas rocienosareibHocth AtOTUB1

MQNQIDMVKDEAEVAASISAIKGEEWGNCSSVEDQPSFQEEEAAKVPYVGDKEP
LSSLAAEYQSGSPILLEKIKILDSQYIGIRRTRGDGNCFFRSEMFSYLEHILESQDRAEVDRI
KVNVEKCRKTLQNLGYTDFTFEDFFALFLEQLDDILQGTEESISYDELVNRSRDQSVSDY
IVMFFRFVTAGDIRTRADFFEPFITGLSNATVDQFCKSSVEPMGEESDHIHITALSDALGV
AIRVVYLDRSSCDSGGVTVNHHDFVPVGITNEKDEEASAPFITLLYRPGHYDILYPKPSC
KVSDNVGK

SEQ ID NO: 19: amunokuciaoTHas nociaegopareabHocTs GmOTUB1

MQSKEAVVEDGEIKSVTAVGSEIDGWTNFGDDDIMQQQYTIQSEEAKKVPSVGD
KEPLSSLAAEYKSGSPILLEKIKVLDEQYAAIRRTRGDGNCFFRSFMESYLEHVMKCQDQ
AEVDRIQANVEKSRKALQTLGYADLTFEDFFALFLEQLESVIQGKETSISHEELVLRSRD
QSVSDYVVMFFRFVTSAAIQKRTEFFEPFILGLTNTTVEQFCKSSVEPMGEESDHVHITAL
SDALGIPVRVVYLDRSSSDTGGVSVNHHDFMPVAGDLPNASCSSEKNIPFITLLYRPGHY
DILYPK

SEQ ID NO: 20: aMuHOKHCIIOTHAsI TOCNEN0BATEIbHOCTb KaIyCThl KUTANHCKOM
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mqgnqndtvkddaelaasisaeqwgccsveepsfqddeaakvpyvgdkepmsslaaeyqagspillekikvldsqyvair
rtrgdgncffrsfmfsylehilesqdgaevdriklnvekerknlgnlgytdftfedffalfleqlddilqggeesisydelvnrsrdgsvsdy
ivmffrfvtageiktraeffepfitglsnttvdqfcktsvepmgeesdhihitalsdalgvairvvyldrsscdtgggvtvnhhdfvpvgsg
tnekeeassaapfitllyrpghydilypkvlenvek

SEQ ID NO: 21: mpomoropsnas nocienosareabHocts TuUOTUB1:

cagtaaaaagtttaaaattgacaacacaccaagaattcagcaatcaaatcaatgacacaatgaatagaaaagttagcaatgcaatt
tttaggttcataagatattgcgagtaaccatgaaatcattgttgecattgcaaagagctaactatagaggtaacaccaactaagtttatactactag
ttatctcaatggttttattctccgcaaatctgeatcttgecggattatacctgtgaaaagtattcttggactgatgacaatcattagaacagaaccea
gcacaaatttatcagtaggtcatcatatcacaaagcagacaacaaatcaagattaggtaagttgatgaagtggttggagttagtaaagaagtc
atgtaaccaacaaatttagggcacgtgaaagtcttgcattgcatgaactgacatcttagttaaacaaagttatcactcaagaatatagcgtatcg
gtgtatttattccaattatgtgagctcaagatgattgcaaagggaaagggggaagggctataaagetatgaagataacttttatatgagagtgta
cagttttggatagtaacgcagcatgccaaattcgaaggtigatagtcagaatcgtgattctgaatcggatcggggeccctaatggtagggtcge
atatcgcagaatcttcactacgaaaatcacagaaacatagattttaccaaacagaatcatagaatcatgagttagtttggattgtcaagtcgtag
aatcgtacaacagaatcgcgattctgactacttttaacatattcactcctaatttgcactgagaaaaaaaagataaatacagggaaataatttge
atggttacatcacacatctaaacaaagacaaatacgacaaatacatatgattttctacactgcttgatgatactatgtctcatgtatgccaacttaa
gaatgcagtcaatgacaccacgaatctgcttcatacaaggaacacctactactgcaatatatatttttcgaaaggattactgcaatctatctacttt
aagttacaggtagatatacgtgccctcgaaagatataagaattttagecactggagaacttcatcgecagecttattactccctccaatccgaatt
aattgatgcagcctctatacaatgacattatgctaagatcggagggagtattctatatccatecttcacattatgectaagatcctcagecagcagat
acaactcaagacctttgatgtgaacaatgaacaaaatagctiggaaaataataaatggacagtatgactaagataattggtattatgaaaatgg
aaagtagatttcaggtatcaactagataactcggcaatacctatcttttctttggctcatggcaggtgtcagagaaatgtatcgatgttctaaaag
agctggaagaactgtttctacataatcaaaatgtcctttccgttttcggcaatcgaccttaaatggcetctttcaacgatatctcctcgggceatatce
ttcaccacttccacataacctctagtttgctcaatgaagtgatcaacatcaaacacgtctgcaaaaccactgacaaagcattctgataagcacat
gattagtttttgaacagaagtgcactacatagaaacaacagtagaagccttcgtttcaccccaagtgactccagtacctagactcattccagtat
gcagcaacctcaaacttgggcagaaccattgtcgegttcagaagacgtgcaaccgcaattccatcgcacagetgcagaacaattgegeca
gaggccagaataattacaaccgaggaacttgtaacatagccaatcgacaacgcacaccactgecacaacattctatacaatgetacctatttee
taaagctaaatcatatgatcccactattgactccacgagectatacttgtcacttgtgcattcagtacatggecagatgatccaagtttaacagta
catacataagaaaaggaagtcttactccattacaaggaggataaaccaagtttaacatacatcgcgecgecagetggttgaggecgecgtag
caatctatcctgatgtagccattcctegtcgacggagetgetgaaggagageggggacagaaaccaatcatcaccacaacccaagecaat
cctaaactctgaccgaaaaccacgaagcacacaaggcectcaccgggceattgeegtetgecaccactcgeacggecgecacteccgecaaa
cgecgetgegeccatatgagecgegaceccgacggegaatgetecetgegggaaaatcccaatgegggggatctgtaacttccaggaag
agtccagaagaacctggtatggcaggtcggggcggegcgegtacctggaggecggtagggcgaagaaggatgggogaggagcgcgg
ggaggegaggaagaagaagagggecgecggegaggaagagggccgggagaaggagecglalglggiggggggecgegectglicg
ccaccacgececcegecgacgecgcetacctacgagaageactggatctgatcgecggeggegacgeggegtcaccgegageacggaa
gtacgacctgtccgecagaatgagggtcccacatgtaaataagggaccacctgtcatggatggttatccagatcgagaggtggcgtgtggg
aatggagcagggtgotggtccagcaggaacagegttaacticctgaaaatggaacgegggeccgetgegtcagececacatgtcagggt
cacgaagtacaccatgaaggtggatgacgcgaagggcttatcttcaaaacgacacgcacataccctttgtttcgectgeggegagatctecg
actgccacaaaagcgaaggtctectcecgeccgaatcaaagecgtecgtctcgaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
nnnnnnnnnnnnnnnnnnnntecggeccecgaggacgeggcc

SEQ ID NO: 22: npomotopnas nocnenosareapnocts HvOTUBI1:

aatacagaaagtacgaaactcaggtaaccacgaggaagttgcatcacgtctcctcaggtttaagtcattgacttgggagtcctcg
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gtgttcacacaaggtcaagatatctactggcttttccecccttcagagacagcaaagaaageacgeccaccactgtecttictaacatgtgattta
taggttgtccaatgctgtcaacactgcaacaaagegatggecgetggtatgtgcagcatgtttgaaatcaaaatgcttgcatcagtatatatga
aaatgtaacgatgagaagaggtatacactggggagtatgattagtgaatgaagggaggttattcticcatccgetgcetigettgagetgecaa
acggaaggaatgagcagcggaataccaagtgtcatgtacaccttccttacagttaaagatcgcatgctcaacaccaatttgtttaagettgett
gcttgccacgacgtaaaatatgaaaataaccactagtcacatagtccctecattcttaaacattccaaccgtccgaaaatacttgtcatatgaatt
catatatctagatgtaatttagttctagatatatccatttttatatatttgtgcgataagtaatttcaggeggagggagtataagttttttaaagatttca
ctagggactacatacggatgtatatagacatactttagagtatagatacatccattttgetttgtatgcagtetgtagtggaatctctaaaaaagac
ttatatttaagaacagagggagtagattactagcccaaacacggagtgatgaagaacatggeecgtgcaattggaagtgttgtttaatgtatca
accgecagtgggtgattgatgcacactccactcgtiggegeagaatgeatcatgcattgeatttggggttictagttaagcataactctcattga
cttgttaacaattgagatggacagttgttggaatcgattctccttctagaagcaaaattgaccagggcaacaagaaccaaacaacttcctagec
aaagaaatgaataagcagctaagtatgtaaacattgcgatgcacacaataagaatccggttatggaacccaactctacaacaaactatgtaaa
tgtggtotatttcccagtgatggatcagattaatcacaggcecattacaccacctgacagtagatcagtagetagtttctgagcaatgcaaaattc
aaaaattatacatatatccccccaaaaaatttcctgettgttagttatctaagaacaaagttttcaacctatctatacccctcaaatgttgagtttgg
gectgggcatatttccagttgcaaaaggaaatgeccagaatgattcgetaggtagtaagtgtgcgtgtacatgtctgagetactatctgaactea
ccgaaaacagtatccagaagaggccatgatgcattgttgtatgagtgataattgctetctgaatcaagaggatgtgcagettgegactetgatg
aagaacggtttcttctgaagggcattacattatgcccactgcagtagcaactcagecacaatgegatctattagtcgetaccgataagaaggt
ggctgtgtagattggtecttgtgttatatgggctcacttgtgecagttgtgctacaacttgaactcacagaagcaatgticagggagagctaatce
cctceecagaatataatectetcgatgageatcccacatggecttagetagttggtetectgecagtccagecagecgtgtagtitgcgaagge
cctectactcaagaccaatgtctictgtageecttgeattgttctcattgcagttaccatcttatccatatitccaaagaacgtggcaacataagca
tcgctgttgactgaaacatagtagtcgagagcagcttttgtgttgccatgeatcctetcaaaatectcatgagtcaggagagacgatttagtata
catatttttgtagatcgaagtgaagccctcgagticcattageccatccccagcecagetaaataaatgtttgtctctgtaggaatacctagtgettg
gaggataaatgctgtttcacttggtgttagagggcactttccacggttcctccacagatgagcagcatcaccaatcaatacattcetgtectece
cacgtgcagcttcaatcgcatccagtgatitggaagaaagggcactgtattcacatcgactgtaggcaaccatatctggticaaatctaaggtg
aagtgataagaaaggttttggtattgcttggagaagcticatagetitggettctaccttettgttcaactggagtgcattgtagecaaccttggeag
taacaagctttcgcatgtgatggatatctgagaaaatacaggcatatacatcagecatggggaaaaggcagatccaaggtgaataattacaac
agcgaaaagtttaaaattgacaacacaccaagaagtcagcaattaaatcaatgacacgatgaataggaaatttagcaatgcaatttttaggttc
ataagaaattgagagcaattaaatcataagacattgttacatcgcaaagaactaactacagagtaacattaactaagtttacacaactagttatct
taaaggctttattctccgcaaatccgeatcttgcagattatacctgtgaaaagtcticttggactgatgacaatcattagaacagaaaccggeac
aaatttatcagtaggtcatcgtatcgcaaagcagacaacaaatcaagattaggtaagttgaagtggttggagttagtaaagaattcatgtaacc
aacaaatttaaggcacgtgaaagtcttgcattgtatgaaactatgaattgacatcttagttaaacaaagttatcacgcgatagtatagtgtatcag
tgtatttattctaattatgcatagttittaaggagtcgaggcgttttaaggcgttgaggggggoct

SEQ ID NO: 24: MPOMOTOpPHAsI MOCJIEOBATENBHOCTD ZmOTUBI:
tcaatacatttggaaagtacaaatgaacatcacatcaaacatgtacaaacattagaacacaactcaaaagatgtagtattaaataaaggagaat
gaggtcaagttataaaatgaactaatcctaattaggagttgattactctataagtgtttggaacatatctcaaaaaggtaaagtagtaatttaaac
aagaaagagattaaatcataagatggacttatctcatttaggaatttgattattctitaagtgttatctataattacataacctaattctattcatttcatt
gagacctaaaagttaaaccaaaatgaattcatgtaacacatattattaatctcacaagattaaatatattttaactcctagggctttcatttttatttat
ttcattaaatgaataaatcaacatatacattaaacttatactctaggtgtaaaattaaagtgcacagaccatagatgaacttaatttatttggacag
agaataatattatgaacattttacaatttgaaccactaaatttggagttcatatgaaaaagatatgaaataaacaagttttgaagttgaaatatgaa
attagggctaaatttgtgattaaataaaagtacagggggctatccaaaagaaaccaggggcctacgcgctaaaacagaggacgtcgggttg
atttcctaaaagccgagggtctcttaagtaaaacttacacgtgaagggggtacggggtaacctcggecatcagatcagagatcaacgacaa
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ggattagatcgegtgggcgegggcgegtggacgegactaacaggeggggacggggegtcagegagtcagggegggctgaccagecg
ggcccaggggcaggggegcaggtgaggggoagaagggagageggecggatctagatcggagegetgegattagatccgcaataatg
aaacctaaaccgcacgatctcggacgaacgeccgagatctatcgactgggggcggacacaaacgeggtggegeegeteggteccgege
cgacagtgagcggtggcgaagcetctetgttcgegegggcagagegagagagagggcgagggeggtttgectgagggcgcaagtgage
gaggggagglgggcegageagggegeggggcicaaaagggacgcaggegcggggacglggecggagaacgegeggacglggecg
cglecaccgegggggaleglgggegggaggtiggggatgaccgacagglgggcelcgglgggacagagagagagagagagageggg
cgcggagggaaaggaacgacgtcgacaactcggteccacagageagegagagagggggagagagggcgcgetggagagacagac
agacaggcggggtcecgectgtcagegtgggegggegegggegegegegeaagetgggecgactigggetaactgggecagattgget
ttttctatttccagggaatttctatttgettttittatttattitctctagggttttcaattcaaattcaaatctagtttcaaattcaaaccaaatcaaacatgt
gcaacaattcaagaatatttaggctcaatatgatgcaacatttcatgactcatatgttttgggcaaaataaaataaataatccctcactaattaaac
taaccctaatcaaaagaggaagagggggagagaaactagagagagagaaactagagtgagatagagaagagtaacacctgaatttggat
gataatatgaaagaaattttataccccaaattcagggtgttacaatcgetgtgeactattttttgcgegegetgcacaggegetgggegtggegg
agggtgaagtcgtggtagcatcaggtgcccacattagattcttaatagattattattactagttggttgctcatactttgctacggttattatatacte
catccgttccataatataaggcgtaaccattttttgticttgtccccacaatataagacatgcetctetctatgecatacgtacattaatgcagtgatat
agagaaaattaaatatatttcttggtatttgaaccagaggtggttacgccttatatactaggacagagggagtatcatataaataggtatttagat
atttattcaaatgtaactattgtttatttctaaacactaaggtatgtgtggtctggtggttagetccaaatttctgaagcagggggegtgggctega
gtagttgccctgceatttttttgecgeggtgtgatgggotgogcctagagtgtcagaaggtgaagetgtgatatcatcatgtgeccacattagattctt
aatagattagtatagattattaattattactaggtatgtgtccgettgttgeccacgaggetgagaagegtggggaggggcgectaagetacaaa
tataatttttgtttatttgtaaacactaaagtatgtgtgatctgatggttagcectaaatttttagagcacaggatgtgagtttgactgetegttttgta
ctattttttgtgggctggacgtggggagagtgaagecgtggtaacactaggtgcccacattaggticttaatagatagtagatagatagattgtt
tatttgtaaactatatgtgatctggtggttagtcctaaattictaaagcatagtggtgtgggtttgagtgctcgtictccactatttttgecgetggacg
taaagagagtgaagtcgtagtagcaccaggtacctacattagattcttaatagatagcaggggagtagaaatatatatatagaacttatatatat
atgccgaagctttgttttatacattattcttaaccgtttatttttaaataacatatatttttaatagcacgaaatagatgcaaatatttttatggecttaaa
caatttaaatagattttattttaatttttaggacttaattatacgactttttgaacgctataagtaaacggtaaataacaagggcttatcc

SEQ ID NO: 25: IIPOMOTOpHAsI NIOCJIEIOBATENBHOCTD SbOTUBI:
tattcaacctgagagcactgtagcagecttgacagtatgaagcttttgcatatgaggggttictgaaaacacacaaacatatatcaatttggcge
agaatcaacctcaagatgaacaactaacattacattaaaaaaattatcataccaaagagcctaataggactgctgatagaaattgaagaacag
aagggttaataaaataatttctaggatatacattgtcattgccacaatcgtgaatcatagaatagctaaccacgcaaatctgtaggtacatacata
agctggaaggactaaactactcgttaccttattatcttatttcactcaacctacatctttagaagatagtaggaaactaaaagattaggtaaattaa
agtggttgctggttcgcaaaaaagtcatataaccaacaaataaaggatacccaaattctcataatatatagacaggcatcttcaccatcaaaatt
catagtgtgtacgctctaaccaattaaggtcaggttcgtitactgcaaagggacaaaaagaattgataaatgcagatcactacagcttttcaca
gtaagttctaagttgtaaataaaggaaatccagcaaactaaaattttaaaggtttacaaaaatatgctacactaatagttgttagaagtaggaag
gttatatttcaaacaatgaaatcaacaaaaacaccttatccatgtaaagtagcaattaccaactgettggtcacatcagatgctaacatctaaag
cataaatgactaaataaatactgatttatacttcatcacggcttagttgtagtactttcacatatactagtcacttagtcaggaacagtaatgataaa
actattatacttcataaactattttcccticggtaggaataggaaatatgaacttcttataaactataatatagtacaaccaagatgccaatcttgta
gtcgtacaatattttattgctaactgatttattatcacccecttccaacatactaatacaatgagtcaatgaatatagaataacatattctattagatgtc
atgcaaaacccactgtaacttgtgaaacgaatcacttgtaagcatgagtaagagcattagtatattatggaaatggatggaaaatgcaaagga
tctatgagatatacaagcagtacctatctcttctttgattcatggcaggtgtcagtgagatgtattgatgctccaagagagcetggaagtacacttt
caacataatcaaaatgtcctttccgtttactgcagtcaaccttaaacggcetctttggatgctatctccacaggcaagtccttcataacttccacata

tcctetagtctgetcaatgaagtaatcaacatcgaaaacatctgcaaagecactgacagaacaatccaataagaactactgtaagcatatttca
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aacagaactgaactatagaacttcaatcatcatacctagactcattccaataggcggcaacctcaaacttgggcagaatcatcgttgegticag
aagacgtgcaaccccaattccgtcacatagetgcagaaccatcacaatagtatcatttagtggeccctccagaactcataagcacaagatatg
aagttatgaacaaaagaaagcacaattgctttatggaacatcaagatcttctgactgaaagttcagcactctcagtctcaggcetcagagagtca
ctactccatgcagtgctgctacgatactgacaaccagagcatgtitcggctaaaatcaatcatttgatctctacaggaaggaggaaactctaac
cgaggtctcttaacgtacatcacgtcgcagcetggttgagaccaccgtagecagtctattcggatgtacccgttcctectggacggagetgecaca
cacagcgcaggcgtcaatcatcagtacgtccaagtccagtatccaaattccacccccaaacagegaggccttaccttgeactggtgecgte

cgecaccaccecgeacgggegecactccaccaaccgecgetgegeccatatgagecgegageccgaaggaggeagetetetgetacaaa

ccgaatgcggggttaaggaattgcgetagaacattctgagagggtctgggagtacacgagggggegaggegegtacecgggggeggg
gaggclgacgaagggeggeggegacggeggegacaggaggaagaagaggacggeegegaggaagagggacggtaggaggaace
ggaggcggtgctgcgegeaccacgeegecgecggtgacatggecggeggcgactecaccglcgeecggageegeegggtgaggegect
ggatctgatcggecggtggcggcgtgtgatgaggaggagaaagaaatcgaatcccactagecacactgegeacaccggagecgeaccag
ggccttgtttagttccaattttttttttcaaaatagaattagtagcacattcgtttgtatttgacaaatattgttcaatcatgaactaactaggcttaaaa
gattcgtctcgttaattccgactaaactgtataattagtttttattttcgtttatatttaatacttcatgtatgegtctaaagatttgatgtgacggagaat
ctgaaaaattttacaaattttttttaagtaaacaaggcccgggcgtttcctctcagcagatgaaaaatgggtcccaggecacatgegggtecca
cacgtcatccacaaacagtgacacgtcgaaatggtgttgecctgttggggecgtagagetggtagcectatageccaataggataggaaacag
gtgggaccatgcttgagetacccccacatgtcagtctcacgggagtgtatccagtiggagaggggttagacgttagtaaacggtgaacaac
aagggcttatccgcaaaacgacacggacgtatttgcecegettcecgtticcacctgegecgagatctcggaagagacgacgeaccgeag
gatc

SEQ ID NO: 26: npomotopHas nocnenoBareapHocte GmOTUBI1:

tctgttaataatcaataatttgataattataatttttttatcatacaagttaataatgactacacatctttatcaaaattgaaagaagattga
aatctccttaaatcaacttaactgattgtacaagttaaattaggatgcataaattataattacataattaaaattaatttctcaatatattttttgtctgaa
tttcatttctcatagtatatgtticacttgaaaaatatgataaatgaaactaaaataaaataaaaaatataataaataatgtgattagaaagaaagaa
aaagacaaaagaagaagaaaaagtaaatatatacatttttacatatttaggtcaaatgactttttttttaatttgatcttttattttctaaaaaaattattt
taatcttttatgtttttaaattgattcgaaatagtectictgttaaaagcaaatttaacaccattaataatataaagataacccgecacaaaaacataa
tttcttttctgaaatatctecatactataattaatacacatcaacaatttttaactcctactataatatttacaaagtttgaaaaaatacacaaaaacat
gttctaacctccatgaacctagaacatccccaacccataaccaaaaacaattgcaacaattcttaaaattggtttagggcettctaaattgeatate
tttacaagcaaaacccaaaaacaatctttgattttgattcaaaaacttgagagaatttacaaatcttgtattcaaaaccaaataaaaagttgcaca
acaatctcectctagtgetecttecttegttgtgtcactactactgctacaatgattatgagtttgaatgctattatcatcattgttgtcgtcgeattgtt
cacttctgttgtcacaaattattttaatgatgtitccaacgacgaatgaaatccatcatattagaaaaaagtaaacaaacgagcacaaatatcata
gatctaaaattaatctacaaattaaaaaaccaaacacatatatggtatcagtgagtgtttanaaaaaaatactataagtgaaacccattgtgactc
tgatggtttcgatgatgacaaacataaactattcaacgaaagtcacaaaatactaatagtagggactaatttgaatcattttaaataaaaaaataa
tcaaaataaactttataaaaaataaaagattaaattgaaaaaaataagataaagaatcaaatagataatttaacttatgttttatttctittcaaagtet
tcattctgtttgatatagaaacttattatgaatctittaaaagagtgaaactgaagaccttgtggttagaattatataaattttcaagggcataatttta
catttacaaggtttaaaactttcaaaatgaacgaaattattttatttgaaatgaaacattgtttcaatctaaatattttatcatcgatgttttaaaatgta
gattctattaaaaaaatatcatctcaatattatcctagggtgtattggattaagatttcaaaggattttaaaagacttttttatgattaaaaagtettgt
ggtattcaatcaagacttttataaaatataaacaaatcttgtggtattcaattaagacaataaagatttttttttcagggcaacaaaatctgttggtat
tcaattgagatttcttaccacttttaaaatgtctittggtattcaaaagtaaatagattttgatggattcttttgtggaatggattitgagagactttttag
ttagaaatacacataaaatactcctccaacaatctcacccaaacccttgagacttttcataatcttccaaagactttttctictcctgeccgaacaag
acacaaaccactaccaggtttattctcttacaacttttcaatcaattttacctactttttaatgacaatcgatagtcaatattgttcatactatatgtata

ttacgcaaatcaaaagaaaagggtgctgtatatgcticaagatttcgtattcatattgtittcaacgtccaggcaatgaatatgcatcaaaagaat
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gacaattgatatgcatcaagatttcatattgcttttttttagtactgtatatgcaaatcaaaataaaaaacttttttttttttctgtttcttcaacttgtetett
tacaacgtccattattattattattattttcttgtgttattattaaaatattaattattaatgtgttattattattettttgacagegtgttattattattattategt
gttaataattttttaattgttattgtgttattattattgttattttgttaatagtetttittaaatgattttatgatatatgagtattattittatggaaaatgctaa
catgtgcccttaagacacttgttagtgtattatgaacccattgticaaacacaagagcaggaacgagaagatgctaatatatggaggactaata
taggttcatatatgagaagaaatgctaataattaggcgaacatgaagtgagaatcactttgttattatttttttaggcaataatgactttgttattaaa
aggtttaaaatttctatcgtttttattttctttattcaaacattataatttatttatcatctetttcattcacttttgtaacttccgteatttttttgtitaaaatgtat
taatctttcaaaatcttaaaaatccataaagtactttgaaatcttaaaaatctgtgttagaaatccattaaaatcttgggttaagaatcctgattctaa
aaagtcttttaaaaaaaatcttttaaaatcccacaaaatcaatacaatctcacataatcttttaaaatcttcaagattgtetttgtcaaaatattctetca
aaatctcaatccaatacacttccttaaaaaatatatttatgtacgattaattattaattactataacttataaaaatcttctaattaattaacccgtcage
gcc

SEQ ID NO: 27: npomotopHas nocienoBareabHocts BnOTUB1:

tgtttaaatacatgtggtcactttcactatgtggattgtggaccctctegtttattctaaagatggctttgtggaatttitatagatacaaa
aagtgggtaacatggaaatgtgcaacatcatattatcatcaccatctaatcatatgactgaaagtgaattgagtatatggcttttaggattggcca
aagtaagcatgtaagattatgagccaatctgcaatgagttttttttttatcttctatttctttattttgttctictctctaattttcttttcactttaggcatget
attatttttgggaacgtgagattctttatgectacttatgatcacttgtagttgtagetgtaccatgttttggttttcaattatgaactttgataaaataac
gttttccgaatcaactttgattatgaactttgattctitgtaaaaaaaaatcatattaagaaaaaattagtctgaaaatttgttagettattcctaaatc
gttataagaaaaattggttccatcccaaataggtttatatttgtittaatataacgatggcatttgagttctacatggatgtcacttgtctaagacaat
tttcttatctttttttttgattaaatagagtatatcccagacctatggaaatatcaaactaatcticcaaaaagaagtatagctcacgagttagatcatt
tgcgggtatccaaataaagttcatactctatagtatagttccatatcttcgtgaccacacatatttagtgtcgtgggattgctitaaaccgaattgct
taactaaccggaattcgcctagatcactcatttgttttttcttactccetecgttttatattgtaagtagtittagcaaaaaatgtttgtitcacaatataa
gtagttttcatatttcaatgcacattttctctttattgaatattgtgtaaccaatcaaataatgctagcttttttataataggttgaatttattaattaaataa
tattttttacaaaagcaacaatttcttaatattagtgtttttaactaaaactatttacaatatgaaacagagggagtatcatttaggtggtacatataca
cacgtaaaattctatttccatcaaactgaattaaaattgttgacaaaattcattgtcatctattcttgtcatttacaaatttgactctacacctaatatgc
gaacttgtcctttcttcttctttttcacaacggaaccaatacgtgaacttctttttaataacattttatttgtttttctg gcaattgatcgagtgcatatga
tcgaggagtttcccatgaatatcatatatgtgtcacttgatcaaatgatgggctaatcacatgcetttacaatactcatgattgcaagecectgeaat
ctcttggatccaaatgattattttcatttcttttcatcatgattgatcccacatttaattatttacatgatgatttcacgagaactaaaaaagaagcaatt
tatatcaattcaatattatagaaaatttgctatagaaaaaccattcgttatcgttttcttaattetatettgtggcetttttcatatggetattccaatgetttt
atgattattagcatgaacttgagcatgttctttatcccccaaagaaagtaaactacagatacatcgtatgatattattgtgtattattaattattatgta
cgatcgattttacaacatatatagaagagctgatgagtgttactgacgtaaatagtaattaatacatatatcacttaactatatatatgcataaagtc
aagtttggttttggottaaaaacgtacatcaaaccaaacataatagttcagtttatcttagtttaggtttgattatggtccagtagatcgtaatccaa
ggtcactatttttgttgacaatggttttttttctggttaaattttgatettetettgetttaatttgcaagtcccegeatacactaaaagataaagetcgat
atatttgaattaaacgggaatataatagcatagattcaatcatggacgtattatcattctctagtgactttttccacgctttcattaaaaaaagaaca
cttatctacatactgataacaactaacatagtataattaaggtcgttaagagtitagaaaaaaaatgcaaaaagaaagaataatagttgatgttcg
tgtagatttttggttactticttgaacgagcaaggatcaaaatcatcttcggaagaggagtatcaacctcacaagtcacaagaataataagctac
tctacgcagaatagcaaaccgtcaaaaaaaatcaaaatatttatctttttggacaatagttgatttgctataaatttcctttacagtaaaaagttaag
caatttcttacggacataattatcacaacctcatgtttacttgtagcagagtcaaatgaattcacgcgatcagcaataatcttatttttaacaaaca
gaaatagtggacatccatagatgatataaaccttaatttttgtttcaaattcaccacgaaacccttacattcgaaataagttataagctatcatatgt
tagttcattaccacaggtccacaacatctgtgcticatcagctggtatcagaaccatattaagtcttaaatattaatatatgaatcatcatgtgatta
ttgttgtgcgtttatgttgctagtccaaattccgatttggtcgtttactaacattcgcaaaagaggcccaaatattcggeccattctactaacatgat
glcgttccattattagcgaagccacatgcacgtcgttttaatttcccataaacgcettcgtctttctttattgtacattggaaaaaagccaaacgictg
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ttaccttttctgeccttccaatcaaattggtgtaaatcttttggtticctetitttcagaaatttattttccctaaagttttgttttctttgtaaaaacattgea
gagtgcecccaaaccg

Huadopmanus o nocnenosarenbaoctu CRISPR

— Puc

IIpuwmep I; ren OTUBI1

SEQ ID NO: 28: nocaenoBarenbHocTb—MHuIlIeHb OsOTUB1 CRISPR
tcagctggaaagtgttctgecagg

SEQ ID NO: 29: nporocneiicepnas nocienosaresbHoctb OsOTUB1 CRISPR
tcagctggaaagtgtictgc

SEQ ID NO: 30: mykneoTuaHas mocyienoBaTenbHOCTh tracr—PHK

GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTT
GAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 31: nonHopa3mepHast HykjieoTuaHas nocuenosareabHocTs oupPHK Os

tcagctggaaagtgttctgcGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC
CGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 32: oupPHK OTUB1 Os

GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAAC
UUGAAAAAGUGGCACCGAGUCGGUGC

SEQ ID NO: 33: nonHopasMepHas KOHCTpyKLuUs HykJenHoBoil kucinotel OTUBI
CRISPR

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGtcagetggaaagtgttctgcGTTTTAGAGCTAGAAATAGCAAGTT
AAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT
TCAAGAGCTT

IIpumep II; ren OTUBI1

SEQ ID NO: 34: nocaenoparenbHocThb—MuIeHs OsOTUB1 CRISPR

gactactaccactcgtgctgegg

SEQ ID NO: 35: nporocneiicepnas nocnenosarenbnocts OsOTUB1

gactactaccactcgtgctg

SEQ ID NO: 36: nocnenoBareiabHOCTh HykJenHOBOH kucaoTsl olpPHK OsOTUB1

gactactaccactcgtgctgGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC
CGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 37: xoHcTpyKLus Hykji1enHoBOM kucnotsl kaacrepa U3—oupPHK OsOTUBI
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OIHOAOJIBHOTO PaCTEHUsI

TGGAATCGGCAGCAAAGGACGCGTTGACATTGTAGGACTATATTGCTCTAAT
AAAGGAAGGAATCTTTAAACATACGAACAGATCACTTAAAGTTCTTCTGAAGCAAC
TTAAAGTTATCAGGCATGCATGGATCTTGGAGGAATCAGATGTGCAGTCAGGGACC
ATAGCACAAGACAGGCGTCTTCTACTGGTGCTACCAGCAAATGCTGGAAGCCGGGA
ACACTGGGTACGTTGGAAACCACGTGTGATGTGAAGGAGTAAGATAAACTGTAGGA
GAAAAGCATTTCGTAGTGGGCCATGAAGCCTTTCAGGACATGTATTGCAGTATGGGC
CGGCCCATTACGCAATTGGACGACAACAAAGACTAGTATTAGTACCACCTCGGCTAT
CCACATAGATCAAAGCTGGTTTAAAAGAGTTGTGCAGATGATCCGTGGCAgactactacca
ctcgtgctgGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACT
TGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

(cTrpouHbIMM OyKBaMM IOKa3aHa MPOTOCIEHCEpHAsl TOCIEAOBATENIbHOCTb, KOTOpast
CBA3BIBAETCST C  IOCJIENOBATEIbHOCTBIO—MUIIEHBIO.  BbIAE€NeHHas  MOCIeN0BaTeIbHOCTD
NpeACTaBisieT OO0 MOCIeA0BATENbHOCTD, Koaupyromyro onpPHK).

IIpumep II; ren OTUB1

SEQ ID NO: 38: nocaenoBarenbHocTh—MuIeHs OsOTUB1 CRISPR

ccaccatgatttcageectgagg

SEQ ID NO: 39: nporocneiicepnas nocienosarenbnocts OsOTUB1

ccaccatgatttcagecctg

SEQ ID NO: 40: nocnenosarenbHOCTh HykJenHOBON kucaoTsl opPHK OsOTUB1

ccaccatgatttcagccctgGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC
CGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCT

SEQ ID NO: 41: xOHCTpyKLUs HYKJIEMHOBOH Kucnorsl kiacrepa U6b—oupPHK
OsOTUB1 ogHO#ONMBHOTO pacTeHus

TGGAATCGGCAGCAAAGGATGCAAGAACGAACTAAGCCGGACAAAAAAAAA
AGGAGCACATATACAAACCGGTTTTATTCATGAATGGTCACGATGGATGATGGGGC
TCAGACTTGAGCTACGAGGCCGCAGGCGAGAGAAGCCTAGTGTGCTCTCTGCTTGTT
TGGGCCGTAACGGAGGATACGGCCGACGAGCGTGTACTACCGCGCGGGATGCCGCT
GGGCGCTGCGGGGGCCGTTGGATGGGGATCGGTGGGTCGCGGGAGCGTTGAGGGGA
GACAGGTTTAGTACCACCTCGCCTACCGAACAATGAAGAACCCACCTTATAACCCCG
CGCGCTGCCGCTTGTGTTGecaccatgatttcageecctgGTTTTAGAGCTAGAAATAGCAAGTTA
AAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT
CAAGAGCT

(cTrpounbiMH OyKBaMM TIIOKa3aHa MPOTOCIEHCEpPHAsl TOCIENOBATENIbHOCTb, KOTOpast
CBSA3BIBAETCS C  IOCJIEJOBATEIbHOCTHIO—MULIEHbIO.  BbIeseHHass  MOCIen0BaTeNbHOCTD
NpeACTaBIsieT COOOH MOCIEA0BATENbHOCTD, Koaupyromyro onpPHK).

ITpumep IV; npomorop OTUB1

SEQ ID NO: 42: nociaenoBaTeIbHOCTb—MHIIEHb

ageggegglgggggaggageleg

SEQ ID NO: 43; nporocneiicepHast OCAeN0BaTENbHOCTD
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agcggegglgggggaggagg

SEQ ID NO: 44: nonHopa3zmepHas nocienosatenbHocTh oUpPHK (mporocneticepnas
MOCJIEI0BATENBHOCTD BbIJEIECHA (TaKas jke, KaK B HIKECJIEAYIOIUX NOCIe10BATENbHOCTSIX )

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGageggeggtggegoaggageGTTTTAGAGCTAGAAATAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TTTCAAGAGCTT

ITpumep V; mpomorop OTUB1

SEQ ID NO: 45: nociaenoBaTelIbHOCTb—MHUIIEHD

Gggaggaggagggegggeggagy
SEQ ID NO:46 nporocneiicepHas Mocaen0BaTeIbHOCTb

£28a8gagLageegegeges

SEQ ID NO: 47: nonHopa3smepHas nocieaosarenbHocTb opPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGgggaggaggaggggeeegegGTTTTAGAGCTAGAAATAGCAA
GTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT
TTTTCAAGAGCTT

ITpumep VI; npomorop OTUB1

SEQ ID NO: 48: nociaenoBaTelbHOCTb—MHUIIEHD

Ggggggaggaggaggeegeeess
SEQ ID NO: 49 npotocneiicepHasi oCiIe10BaTeIbHOCTD

Ggggggaggaggaggeeggg

SEQ ID NO: 50: nonHOopasmepHas nocienosareabHocTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
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GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGggggggaggaggaggeggggeGTTTTAGAGCTAGAAATAGCAA
GTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT
TTTTCAAGAGCTT

ITpumep VII; npomorop OTUBI1

SEQ ID NO: 51: nmociaenoBaTelbHOCTb—MHUIIIEHD

lcgaggggggaggaggagggggg
SEQ ID NO: 52; npoTocneiicepHas mocaea0BaTeNbHOCTD

lcgaggggggaggaggaggg

SEQ ID NO: 53: nonHopa3smepHas nociaenosareabHocTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGtcgaggggggaggaggagggGTTTTAGAGCTAGAAATAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TTTCAAGAGCTT

ITpumep VIII; mpomorop OTUB1

SEQ ID NO: 54: nociaenoBaTelbHOCTb—MHUIIIEHD

Gtegtegaggggggaggaggagg

SEQ ID NO: 55; npoTtocneiicepHast mocaen0BaTeIbHOCTD

gleglcgaggggggaggagg

SEQ ID NO: 56: nonHopasmepHast nocieaosatenbHocTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGgtegtcgaggggggaggageGTTTTAGAGCTAGAAATAGCAAG
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TTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TTTCAAGAGCTT

ITpumep IX; npomorop OTUB1

SEQ ID NO: 57: nociaenoBaTebHOCTb—MHIIIEHb

ggcagecgeggeeeccgageegg

SEQ ID NO: 58; nporocmneticepHast 1ocjieJ0OBaTeIbHOCTb

ggcageegeggeccccgage

SEQ ID NO: 59: nonHopa3smepHast ociaenosarenbHocTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGggcagecgeggeceecgagcGTTTTAGAGCTAGAAATAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TTTCAAGAGCTT

ITpumep X; npomotrop OTUB1

SEQ ID NO: 60: nociaenoBaTeIbHOCTb—MHIIIEHb

teceggaggaggegglgatgggg

SEQ ID NO: 61; nporocmneticepHast oCiIe0BaTeIbHOCTD

teceggaggaggeggtgatg

SEQ ID NO: 62: nonnopa3zMepHas nocyieaoparenbHocTh oLpPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGtceccggaggaggeggtgatgGTTTTAGAGCTAGAAATAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TTTCAAGAGCTT

ITpumep XI; npomorop OTUB1

SEQ ID NO: 63: nociaenoBaTeIbHOCTb—MHIIEHb

cgeecggaagegeaaggeggcgg

SEQ ID NO: 64; nportocneiicepHast OCAeI0BaTEIbHOCTD
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cgeccggaagegeaaggcgg

SEQ ID NO: 65: nonHopa3smepHas nocieaosarenbHocTh opPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGegeccggaagegeaaggcggGTTTTAGAGCTAGAAATAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TTTCAAGAGCTT

ITpumep XII; npomorop OTUBI1

SEQ ID NO: 66: nociaenoBaTelbHOCTb—MHUIIEHD

gaagagaagaacacgcaccgegg

SEQ ID NO: 67; npoTtocneiicepHast oCaen0BaTeIbHOCTD

gaagagaagaacacgcaccg

SEQ ID NO: 68: nonHopasmepHas nociaenosareabHocTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGgaagagaagaacacgcaccgGTTTTAGAGCTAGAAATAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TTTCAAGAGCTT

ITpumep XIII; npomotrop OTUB1

SEQ ID NO: 69: nociaenoBaTelbHOCTb—MUIIEHD

cccttacggectccactetgagg

SEQ ID NO: 70; npoTtocneiicepHast mocaen0BaTeIbHOCTD

cccttacggectccactetg

SEQ ID NO: 71: nonHopa3smepHas nociaenosareabHocTh olpPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
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GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGeccttacggectccactctgGTTTTAGAGCTAGAAATAGCAAGTT
AAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT
TCAAGAGCTT

ITpumep XIV; npomorop OTUB1

SEQ ID NO: 72: nociaenoBaTelbHOCTb—MHUIIIEHD

cactttctccttatgacacgtgg

SEQ ID NO: 73; npoTtocneiicepHast mocaen0BaTeIbHOCTD

cactttctccttatgacacg

SEQ ID NO: 74: nonHopa3smepHas nociaenosarenbHocTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCC CGeactttctecttatgacacgGTTTTAGAGCTAGAAATAGCAAGTT
AAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT
TCAAGAGCTT

ITpumep XV; mpomotrop OTUB1

SEQ ID NO: 75: nociaenoBaTelbHOCTb—MHUIIIEHD

tatataagctcgtcagaatgtgg

SEQ ID NO: 76; npoTtocneiicepHast mocaea0BaTeIbHOCTD

tatataagctcgtcagaatg

SEQ ID NO: 77: nonHopasmepHast nociaenosarenbHocTb oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCCGtatataagetcgtcagaatgGTTTTAGAGCTAGAAATAGCAAGTT
AAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT
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TCAAGAGCTT

ITpumep XVI; mpomorop OTUB1

SEQ ID NO: 78: nociaenoBaTebHOCTb—MHIIIEHb

cgagaagcactggatctgatcgg

SEQ ID NO: 79; nporocneticepHast 1oC/Ie0BaTeIbHOCTD

cgagaagcactggatctgat

SEQ ID NO: 80: nonHopasmepHas nocienosarenbHocTh opPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGegagaageactggatctgatGTTTTAGAGCTAGAAATAGCAAGT
TAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTT
TTCAAGAGCTT

ITpumep XVII; npomorop OTUBI

SEQ ID NO: 81: nociaenoBaTelIbHOCTb—MHIIIEHb

gagaggaggaaglagagegeggg

SEQ ID NO: 82; nporocneiicepHast OCIe10BaTEIbHOCTD

gagaggaggaaglagagege

SEQ ID NO: 83: nomHopa3sMepHas nocienosareabHocTh oLpPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGgagaggaggaagtagagcgc GTTTTAGAGCTAGAAATAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TTTCAAGAGCTT

ITpumep XVIII; npomotrop OTUB1

SEQ ID NO: 84: nociaenoBaTelIbHOCTb—MHIIEHD

taaacccaaaccacaaatcacgg

SEQ ID NO: 85; nporocneiicepHast OCaen0BaTeIbHOCTD

taaacccaaaccacaaatca
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SEQ ID NO: 86: nonHopasmepHas nocienosareabHocTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGtaaacccaaaccacaaatcaGTTTTAGAGCTAGAAATAGCAAGT
TAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTT
TTCAAGAGCTT

ITpumep XIX; npomorop OTUB1

SEQ ID NO: 87: nociaenoBaTelbHOCTb—MUIIEHD

atgtacccattcctcctcgacgg

SEQ ID NO: 88; npoTocneiicepHast mocaen0BaTeIbHOCTD

atgtacccattcctectega

SEQ ID NO: 89: nonHopasmepHas nociaenosareabHocTh olpPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCC CGtatgtacccattectectcgaGTTTTAGAGCTAGAAATAGCAAGTT
AAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT
TCAAGAGCTT

ITpumep XX; mpomorop OTUB1

SEQ ID NO: 90: nociaenoBaTelbHOCTb—MHUIIEHD

aacgtacatcgcgtcgcagetgg

SEQ ID NO: 91; nporocneiicepHast mocaenoBaTeIbHOCTD

aacgtacatcgcgtcgeage

SEQ ID NO: 92: nonHopa3smepHas nociaenosarenbHocTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
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TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGC CGaacgtacatcgegtcgcagcGTTTTAGAGCTAGAAATAGCAAGT
TAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTT
TTCAAGAGCTT

ITpumep XXI; mpomorop OTUB1

SEQ ID NO: 93: nociaenoBaTelbHOCTb—MHUIIIEHD

actatcttactacttgtgcatgg

SEQ ID NO: 94; npoTtocneiicepHast moCaen0BaTeIbHOCTD

actatcttactacttgtgca

SEQ ID NO: 95: nonHopasmepHnast nociaenosarenbHOCTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCC CGactatcttactacttgtgcaGTTTTAGAGCTAGAAATAGCAAGTT
AAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT
TCAAGAGCTT

ITpumep XXII; mpomorop OTUB1

SEQ ID NO:96 nocinenoBaTeIbHOCTh—MHUIIEHD

tcggaagaataattacaaccagg

SEQ ID NO: 97; npoTocneiicepHast moCaen0BaTeIbHOCTD

tcggaagaataattacaacc

SEQ ID NO: 98: nonHopa3smepHast nociaenosarenbHocTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGtcggaagaataattacaaccGTTTTAGAGCTAGAAATAGCAAGT
TAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTT
TTCAAGAGCTT
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ITpumep XXIII; mpomotrop OTUB1

SEQ ID NO: 99: nociaenoBaTeIbHOCTb—MHIIIEHb

gtaggcagcaacctcaaacttgg

SEQ ID NO: 100; nporocnelicepHasi TOCI€I0BaTEIbHOCTD

gtaggcagcaacctcaaact

SEQ ID NO: 101: nonHOpa3mepHas nocieaosareabHocTh oipPHK

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGgtaggeageaacctcaaactGTTTTAGAGCTAGAAATAGCAAGT
TAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTT
TTCAAGAGCTT

JuKas neHunAa noJoda

IIpuwmep I;: ren OTUBI1

SEQ ID NO: 102: nocnegoBareiabHocTh—MuIIeHsr TuUOTUB1 CRISPR

ttaaggcgaacacgaggagatgg

SEQ ID NO: 103: mporocnelicepHas nocnenosareiabHoctb; TuOTUBI(aBoitHas

MMUIIIEHB)

ttaaggcgaacacgaggaga

SEQ ID NO: 104: nykneunosas kucnora oupPHK TuOTUB1

ttaaggcgaacacgaggagaGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGT
CCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 105 TuOTUBI; koHCTpyKUHS HYKJIEHMHOBOH KHCJIOTHI kiactepa Uba—
oupPHK ogHOnonpHOrO pacrenus

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGttaaggcgaacacgaggagaGTTTTAGAGCTAGAAATAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TTTCAAGAGCTT
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(ctpounbiMu OyKBaMH T[OKa3aHa MPOTOCIHEHCepHAsl MOCIENOBATEIbHOCTb, KOTOpPast
CBSI3BIBAETCSI C  TOCJIENOBATEIbHOCTHIO—MUINCHBIO.  BbImeNeHHass  MOCienoBaTeIbHOCTD
NpeAcTaBisieT cOOOH MOCIen0BaTeNbHOCTD, Koaupytouyo oupPHK).

IIpumep II; res OTUB1

SEQ ID NO: 106: nocnenoarenbaocTb—MuiieHb TuOTUB1 CRISPR

attgctctgtcagatgcgttagg

SEQ ID NO: 107: mnportocnelicepHas mnocnenosarenbHocTb; TuOTUBI(nBolinas
MHIIEHbD)

attgctctgtcagatgegtt

SEQ ID NO: 108: nykneunosas kucnota opPHK TuOTUB1

AttgctetgtcagatgcgttGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC
CGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 109: TuOTUBI1; xoHCTpykuMsi HyKJEHHOBOH KHCIOTHI Kjactepa U3-—
oupPHK oaHononpHOrO pacrenus

TGGAATCGGCAGCAAAGGACGCGTTGACATTGTAGGACTATATTGCTCTAAT
AAAGGAAGGAATCTTTAAACATACGAACAGATCACTTAAAGTTCTTCTGAAGCAAC
TTAAAGTTATCAGGCATGCATGGATCTTGGAGGAATCAGATGTGCAGTCAGGGACC
ATAGCACAAGACAGGCGTCTTCTACTGGTGCTACCAGCAAATGCTGGAAGCCGGGA
ACACTGGGTACGTTGGAAACCACGTGTGATGTGAAGGAGTAAGATAAACTGTAGGA
GAAAAGCATTTCGTAGTGGGCCATGAAGCCTTTCAGGACATGTATTGCAGTATGGGC
CGGCCCATTACGCAATTGGACGACAACAAAGACTAGTATTAGTACCACCTCGGCTAT
CCACATAGATCAAAGCTGGTTTAAAAGAGTTGTGCAGATGATCCGTGGCAattgcetetgtca
gatgcgttGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTT
GAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

(ctpounbiMM OyKBaMHM IOKa3aHa IPOTOCHENCEpHas MOCIEeAOBATEIbHOCTb, KOTOpas
CBS3BIBAETCS €  IOCJIEZOBATEIbHOCTHIO—MUIICHBIO.  BbIeNeHHass  MOCIenoBaTeNbHOCTD
NpeACTaBysieT COOOH MOCIEeA0BATENIbLHOCTD, Koaupytomyro oupPHK).

— SflumeHb

IIpumep I; res OTUBI1

SEQ ID NO: 110: nocnegosarenbHocTh—Mulien HvyOTUB1 CRISPR

ttaagacggacacgaggagatgg

SEQ ID NO: 111: nporocneiicep Hv OTUB1

ttaagacggacacgaggaga

SEQ ID NO: 112: nykneunosas kucnota oupPHK Hv OTUB1

ttaagacggacacgaggagaGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGT
CCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 113: xOHCTpyKUHMs HYKJIEHMHOBOH Kuciotel kiacrepa U6a—oupPHK

onHonosbHOro pactenuss Hv OTUB1
TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
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CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCCGttaagacggacacgaggagaGTTTTAGAGCTAGAAATAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TTTCAAGAGCTT

(crpounbiMM OyKBaMM TOKa3aHa MPOTOCHEHCEpHAsl TOCIEAOBATEIbHOCTb, KOTOpast
CBS3BIBAETCS C  IOCJIEAOBATEIbHOCTHIO—MUIICHBIO.  BbIeNeHHass  MOCiIen0BaTeNbHOCTD
NpeACTaBIsieT COOOH MOCIEeA0BATENbHOCTD, Koaupyromyto orpPHK).

Ipuwmep II; res OTUBI1

SEQ ID NO: 114: nocnegosarenbHocTh—MulieH HvOTUB1 CRISPR

Attgctctgtcagatgegttagg

SEQ ID NO: 115: nporocneiicep Hv OTUB1

attgctctgtcagatgegtt

SEQ ID NO: 116: nykneunosas kucnota oupPHK Hv OTUB1

attgctetgtcagatgcgttGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCC
GTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 117: xoHCTpykuusi HykJenHOBOW KkuciaoThl kjacrepa U3—onpPHK Hv

OTUB1 ogHOOOABHOTO pacTeHUs

TGGAATCGGCAGCAAAGGACGCGTTGACATTGTAGGACTATATTGCTCTAAT
AAAGGAAGGAATCTTTAAACATACGAACAGATCACTTAAAGTTCTTCTGAAGCAAC
TTAAAGTTATCAGGCATGCATGGATCTTGGAGGAATCAGATGTGCAGTCAGGGACC
ATAGCACAAGACAGGCGTCTTCTACTGGTGCTACCAGCAAATGCTGGAAGCCGGGA
ACACTGGGTACGTTGGAAACCACGTGTGATGTGAAGGAGTAAGATAAACTGTAGGA
GAAAAGCATTTCGTAGTGGGCCATGAAGCCTTTCAGGACATGTATTGCAGTATGGGC
CGGCCCATTACGCAATTGGACGACAACAAAGACTAGTATTAGTACCACCTCGGCTAT
CCACATAGATCAAAGCTGGTTTAAAAGAGTTGTGCAGATGATCCGTGGCAattgcetctgtca
2atgcgttGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTT
GAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

(cTrpounbiMM OyKBaMM IOKa3aHa MPOTOCMEHCEpHasl IOCIEAOBATENIbHOCTb, KOTOpast
CBA3BIBAETCST C  MOCJIENOBATEIbHOCTBIO—MUIIEHBIO.  BbIAENeHHass  MOCIeN0BaTEIbHOCTD
NpPEeACTaBIsIET COOOH MOCIEA0BATENbHOCTD, Koaupyromyo onpPHK).

— Kykypy3sa

IIpumep I; res OTUBI1

SEQ ID NO: 118: nocnenoBarenbHocTh—MullieHs ZmOTUB1 CRISPR

aagctttatgttttcctacctgg

SEQ ID NO: 119: mporocneticepHast nocienosareabHocTs ZmOTUB1
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aagctttatgttttcctacc

SEQ ID NO: 120: nocnenosaTtenbHOCTb HyKi1enHOBOH kucnoTel opPHK ZmOTUBI1

aagctttatgttttcctaccGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCC
GTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 121: xoHCTpyKLus HyKJIeHHOBOW Kucnotsl kiactepa U6a—oupPHK
ZmOTUB1 onHOMOMBPHOTO pacTeHUs

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCC CGaagctttatgttttcctaccGTTTTAGAGCTAGAAATAGCAAGTTA
AAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT
CAAGAGCTT

(ctpounbiMM OykBaMM IOKa3aHa IPOTOCHEHCEpHasl IOCIEAOBATENIbHOCTb, KOTOpast
CBSA3BIBAETCS C  IOCJIEJOBATEIbHOCTHIO—MUIICHbIO.  BbIleNeHHas  MOCIen0BaTeNbHOCTD
NpeACTaBisieT cOOOH MOCIen0BaTENbHOCTD, Koaupyromyo onpPHK).

IIpumep II; res OTUBI1

SEQ ID NO: 122: nocnenoBarenbHocTh—MullieHs ZmOTUB1 CRISPR

attgccctatcagatgcactagg

SEQ ID NO: 123: nporocneticepHas nocnenosatenbHocts ZmOTUB 1

attgccctatcagatgcact

SEQ ID NO: 124: nocnenosatenbHOCT HyKJIenHOBOH KucaoTel oijpPHK ZmOTUBI1

attgccctatcagatgcactGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC
CGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 125: koHCTpyKUus HyKJIEeHHOBOM kucijorel kjacrepa U3—oupPHK
ZmOTUBI1 onHORONMBHOTO pacTeHuUs

TGGAATCGGCAGCAAAGGACGCGTTGACATTGTAGGACTATATTGCTCTAAT
AAAGGAAGGAATCTTTAAACATACGAACAGATCACTTAAAGTTCTTCTGAAGCAAC
TTAAAGTTATCAGGCATGCATGGATCTTGGAGGAATCAGATGTGCAGTCAGGGACC
ATAGCACAAGACAGGCGTCTTCTACTGGTGCTACCAGCAAATGCTGGAAGCCGGGA
ACACTGGGTACGTTGGAAACCACGTGTGATGTGAAGGAGTAAGATAAACTGTAGGA
GAAAAGCATTTCGTAGTGGGCCATGAAGCCTTTCAGGACATGTATTGCAGTATGGGC
CGGCCCATTACGCAATTGGACGACAACAAAGACTAGTATTAGTACCACCTCGGCTAT
CCACATAGATCAAAGCTGGTTTAAAAGAGTTGTGCAGATGATCCGTGGCAattgccctate
agatgcactGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACT
TGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT
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(cTrpounbiMM OykBaMM TIIOKa3aHa MPOTOCHEHCEpHasl IOCIEAOBATENIbHOCTb, KOTOpast
CBSI3BIBAETCS C  IIOCJIEAOBATENIbHOCTBIO—MHUIIEHbIO.  BbIneNeHHass  MOCIea0BaTeNbHOCTh
NpeAcTaBisieT cOOOH MOCIen0BaTeNbHOCTD, Koaupytouyo oupPHK).

— Copro

IIpuwmep I; ren OTUBI1

SEQ ID NO: 126: nocnenoBareabHocTb—MuIieHb SbOTUB1 CRISPR

aagctttatgttctcctacttgg

SEQ ID NO: 127: nmporocneticepHas nocienoBareabHocts SbOTUB1

aagctttatgttctcctact

SEQ ID NO: 128: nocnenosatenbHOCTh HykiIenHOBOH kucioTel oipPHK SbOTUB1

aagctttatgttctcctact GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCC
GTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 129: xoHCTpyKIMs HyKJenHOBOW KkucinoThl kjactepa Ub6a—oupPHK
ZmOTUBI1 onHORONIBHOTO pacTeHus

TGGAATCGGCAGCAAAGGATTTTTTCCTGTAGTTTTCCCACAACCATTTTTTA
CCATCCGAATGATAGGATAGGAAAAATATCCAAGTGAACAGTATTCCTATAAAATT
CCCGTAAAAAGCCTGCAATCCGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCT
GTACAGGCTATCGAGATGCCATACAAGAGACGGTAGTAGGAACTAGGAAGACGATG
GTTGATTCGTCAGGCGAAATCGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAA
TAGGGGAAAAAGTTGGCCGGATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGG
TAGGCCTGGGCTCTCAGCACTTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAG
AGCAACGTTTAGTACCACCTCGCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGC
GGGTGCTGGCTTGGCTGCC CGaagctttatgttctcctact GTTTTAGAGCTAGAAATAGCAAGTTA
AAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT
CAAGAGCTT

(crpouHbiMM OyKBaMM TOKa3aHa MPOTOCHEHCEpHasi TOCIEAOBATEIbHOCTb, KOTOpasi
CBS3BIBAETCS C  IOCJIEJOBATEIbHOCTHIO—MUIIEHBIO.  BbIeNeHHass  MOCiIenoBaTeNbHOCTh
NpeACTaBIsieT COOOH MOCIEA0BATENIbLHOCTD, Koaupyromyro onpPHK).

Ipumep II; res OTUBI1

SEQ ID NO: 130: nocnegosarenbHocTh—MuiieHb SbOTUB1 CRISPR

tgttcacataattgcectatcgg

SEQ ID NO: 131: mporocneticepHast mocnenoBareabHocTs SbOTUB1

tgttcacataattgcectat

SEQ ID NO: 132: nocnenosatenbHOCTh HykJIenHoBoH kucioTel opPHK SbOTUB1

tgttcacataattgeccctatGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCC
GTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

SEQ ID NO: 133: KOHCTpyKLHsA HYKJIEHHOBON kuciaotsl kjactepa U3—oupPHK
SbOTUB1 onHOAOIBHOTO pacTeHUs

TGGAATCGGCAGCAAAGGACGCGTTGACATTGTAGGACTATATTGCTCTAAT
AAAGGAAGGAATCTTTAAACATACGAACAGATCACTTAAAGTTCTTCTGAAGCAAC
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TTAAAGTTATCAGGCATGCATGGATCTTGGAGGAATCAGATGTGCAGTCAGGGACC
ATAGCACAAGACAGGCGTCTTCTACTGGTGCTACCAGCAAATGCTGGAAGCCGGGA
ACACTGGGTACGTTGGAAACCACGTGTGATGTGAAGGAGTAAGATAAACTGTAGGA
GAAAAGCATTTCGTAGTGGGCCATGAAGCCTTTCAGGACATGTATTGCAGTATGGGC
CGGCCCATTACGCAATTGGACGACAACAAAGACTAGTATTAGTACCACCTCGGCTAT
CCACATAGATCAAAGCTGGTTTAAAAGAGTTGTGCAGATGATCCGTGGCAtgttcacataat
tgccctatGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTT
GAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCTT

(cTrpounbIME OyKBaMM TIOKa3aHa MPOTOCHEHCEpHAsl TOCIEAOBATEIbHOCTb, KOTOpast
CBA3BIBAETCST C  IOCJIENOBATEIbHOCTBIO—MUIIEHBIO.  BbIA€NeHHas  MOCIeN0BaTEIbHOCTD
NpeACTaBIsieT COOOH MOCIEA0BATENbHOCTD, Koaupyromyro onpPHK).

— Con

Ipumep I; res OTUBI1

SEQ ID NO: 134: nocnenoBarenbHocTh—MullieHs GmOTUB1 CRISPR

attcgtcgtactcgaggagatgg

SEQ ID NO: 135: mporocneticepHast nocnenoBareabHocte GmOTUB1

attcgtcgtactcgaggaga

SEQ ID NO: 136: nocnenosatenbHOCTb HyKjIenHOBOH kucnoTel oipPHK GmOTUB1

attcgtcgtactcgaggagaGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC
CGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCT

SEQ ID NO: 137: KOHCTpyKUus HyKJeHHOBOW Kkuciaorel kjactepa U3b—oupPHK
GmOTUBI1 onHORONIBHOTO pacTeHus

TGGAATCGGCAGCAAAGGATTTACTTTAAATTTTTTCTTATGCAGCCTGTGAT
GGATAACTGAATCAAACAAATGGCGTCTGGGTTTAAGAAGATCTGTTTTGGCTATGT
TGGACGAAACAAGTGAACTTTTAGGATCAACTTCAGTTTATATATGGAGCTTATATC
GAGCAATAAGATAAGTGGGCTTTTTATGTAATTTAATGGGCTATCGTCCATAGATTC
ACTAATACCCATGCCCAGTACCCATGTATGCGTTTCATATAAGCTCCTAATTTCTCCC
ACATCGCTCAAATCTAAACAAATCTTGTTGTATATATAACACTGAGGGAGCAACATT
GGTCAattcgtcgtactcgaggagaGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGT
CCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCT

(cTrpounbiMM OykBaMM TIOKa3aHa MPOTOCIEHCEpHAsl IOCIEAOBATEIbHOCTb, KOTOpas
CBSA3BIBAETCS C  IOCJIEJOBATEIbHOCTHIO—MULIEHbIO.  BbIeNeHHass  MocienoBaTelbHOCTD
NpeACTaBisieT cCOOOH MOCIeA0BATENbHOCTD, Koaupyromyro onpPHK).

Ipumep II; res OTUBI1

SEQ ID NO: 138: nocinenoBarenbHocTh—MullieHs GmOTUB1 CRISPR

tactgccectttcagatgcattgg

SEQ ID NO: 139: mporocneticepHast nocynenoBareabHocte GmOTUB1
tactgccctttcagatgcat

SEQ ID NO: 140: nocnenosaTtenbHOCTb HyKJIenHOBOH kucnoTel opPHK GmOTUB1
tactgccctttcagatgcat GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC
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CGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCT
SEQ ID NO: 141: xoHCTpykuMs HYKJIEMHOBOH kucinoTel kjacrepa U6-1-onpPHK

GmOTUBI1 onHORONIBHOTO pacTeHus

TGGAATCGGCAGCAAAGGAAGAAATCTCAAAATTCCGGCAGAACAATTTTGA
ATCTCGATCCGTAGAAACGAGACGGTCATTGTTTTAGTTCCACCACGATTATATTTG
AAATTTACGTGAGTGTGAGTGAGACTTGCATAAGAAAATAAAATCTTTAGTTGGGA
AAAAATTCAATAATATAAATGGGCTTGAGAAGGAAGCGAGGGATAGGCCTTTTTCT
AAAATAGGCCCATTTAAGCTATTAACAATCTTCAAAAGTACCACAGCGCTTAGGTAA
AGAAAGCAGCTGAGTTTATATATGGTTAGAGACGAAGTAGTGATTGtactgecctttcagatge
atGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
AAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCT

(cTrpounbiMM OyKBaMM IOKa3aHa MPOTOCMEHCEpHAsl TOCIEAOBATENIbHOCTb, KOTOpast
CBSA3BIBAETCS C  IIOCJIEJOBATEIbHOCTHIO—MUIIEHbIO.  BbIeNeHHass  MOciIen0oBaTeNbHOCTD
NpeACTaBisieT OO0 MOCIeA0BATENbHOCTD, Koaupyromyro onpPHK).

— Kanycra

IIpumep I; res OTUBI1

SEQ ID NO: 142: nocnenoBarenbHocTh—MuIllleHs BnOTUB1 CRISPR

atcaggcgaacaagaggagatgg

SEQ ID NO: 143: mporocneticepHas mocnenosareabHocts BnOTUB1

atcaggcgaacaagaggaga

SEQ ID NO: 144: nocnenosatenbHOCTh HyKIenHOBOH kucnoTel oupPHK BnOTUBI1

atcaggcgaacaagaggagaGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGT
CCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCT

SEQ ID NO: 145: xoHCTpyKLMs HYKJIEMHOBOH kucioTel kiacrepa U3b—oupPHK
BnOTUB1 ogHORONBHOTO pacTeHUsI

TGGAATCGGCAGCAAAGGATTTACTTTAAATTTTTTCTTATGCAGCCTGTGAT
GGATAACTGAATCAAACAAATGGCGTCTGGGTTTAAGAAGATCTGTTTTGGCTATGT
TGGACGAAACAAGTGAACTTTTAGGATCAACTTCAGTTTATATATGGAGCTTATATC
GAGCAATAAGATAAGTGGGCTTTTTATGTAATTTAATGGGCTATCGTCCATAGATTC
ACTAATACCCATGCCCAGTACCCATGTATGCGTTTCATATAAGCTCCTAATTTCTCCC
ACATCGCTCAAATCTAAACAAATCTTGTTGTATATATAACACTGAGGGAGCAACATT
GGTCAatcaggcgaacaagaggagaGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAG
TCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCT

(cTrpounbiMH OyKBaMM TIOKa3aHa MPOTOCIEHCEpHAsl TOCIEAOBATENIbHOCTb, KOTOpast
CBSA3BIBAETCS €  IOCJIEJOBATEIbHOCTHIO—MUIIEHbIO.  BbIleJleHHas  MOCiIen0BaTeNbHOCTD
NpeACTaBIsieT COOOH MOCIEA0BATENbHOCTD, Koaupyromyro onpPHK).

ITpumep II; res OTUB1

SEQ ID NO: 146: nocnenoBarenbHocTh—MuIllieHs BnOTUB1 CRISPR

tattcacataacagctttgtcgg

SEQ ID NO: 147: nporocneticepHast nociuenosareabHocts BnOTUB1
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tattcacataacagctttgt

SEQ ID NO: 148: nocnenosatenbHOCTh HyKIenHOBOH kucnoTel oupPHK BnOTUBI1

tattcacataacagctttgtGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCC
GTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCT

SEQ ID NO: 149: xoHCTpyKLus HyKJeHMHOBOW KkucioTel kinactepa U6-1-oupPHK
BnOTUB1 ogHORONBHOTO pacTeHUs

TGGAATCGGCAGCAAAGGAAGAAATCTCAAAATTCCGGCAGAACAATTTTGA
ATCTCGATCCGTAGAAACGAGACGGTCATTGTTTTAGTTCCACCACGATTATATTTG
AAATTTACGTGAGTGTGAGTGAGACTTGCATAAGAAAATAAAATCTTTAGTTGGGA
AAAAATTCAATAATATAAATGGGCTTGAGAAGGAAGCGAGGGATAGGCCTTTTTCT
AAAATAGGCCCATTTAAGCTATTAACAATCTTCAAAAGTACCACAGCGCTTAGGTAA
AGAAAGCAGCTGAGTTTATATATGGTTAGAGACGAAGTAGTGATTGtattcacataacagcttt
gtGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAA
AAAGTGGCACCGAGTCGGTGCTTTTTTTCAAGAGCT

(cTrpounbiMH OykBaMM TIOKa3aHa MPOTOCHEHCEpPHAsl IOCIENOBATENIbHOCTb, KOTOpast
CBA3BIBAETCSI €  MOCJIENOBATEIbHOCTHIO-MULIEHBIO.  BbIIEIEHHass  MOCIEN0BATENLHOCTD
NpeACTaBIsieT COOOH MOCIeA0BATENbHOCTD, Koaupyromyo onpPHK).

SEQ ID NO: 150; Cas 9

atggctcctaagaagaagcggaaggttggtaticacggggtgcctgeggcetgacaagaagtactccatcggectcgacategg
caccaacagcgtcggetgggcggtgatcaccgacgagtacaaggtcecgtccaagaagttcaaggtectgggcaacaccgaccgecact
ccatcaagaagaacctcatcggcgecctectettcgactccggegagacggcggaggcgacccgectcaagegeaccgeccgecgeeg
ctacacccgcecgceaagaaccgceatetgetacctccaggagatcttctccaacgagatggegaaggtcgacgactcecttcticcaccgecte
gaggagtccttcctcgtggaggaggacaagaagcacgagegecaccccatettcggecaacatcgtcgacgaggtcgectaccacgagaa
gtaccccactatctaccaccticgtaagaagcttgttgactctactgataaggetgatettcgtetcatctaccttgetetegetcacatgatcaag
ttccgtggtcacttccttatcgagggtgaccttaaccctgataactccgacgtggacaagcetettcatccagetegtecagacctacaaccage
tcttcgaggagaaccctatcaacgettccggtgtcgacgctaaggegatectttccgetaggetetccaagteccaggegtetcgagaaccte
atcgcccagcetecctggtgagaagaagaacggtcttttcggtaacctcatcgetcetetececteggtetgaccectaacttcaagtccaactteg
acctcgetgaggacgctaagcettcagetctccaaggatacctacgacgatgatctcgacaacctectecgetcagattggagatcagtacget
gatctcttecttgetgetaagaacctetccgatgctatectectttcggatatecttagggttaacactgagatcactaaggcetectctttetgette
catgatcaagcgctacgacgagcaccaccaggacctcaccetectcaaggetettgttcgtcagecagetccccgagaagtacaaggagat
cttcttcgaccagtccaagaacggcetacgecggttacattgacggtggagetagecaggaggagtictacaagttcatcaagecaatecttg
agaagatggatggtactgaggagcttctcgttaagcttaaccgtgaggacctecttaggaagcagaggactttcgataacggctctatcecte
accagatccaccttggtgagcttcacgccatecttcgtaggcaggaggacttctacectttcctcaaggacaaccgtgagaagatcgagaag
atccttactttccgtattccttactacgttggtectettgetcgtggtaactecegtttcgettggatgactaggaagtccgaggagactatcacce
cttggaacttcgaggaggttgttgacaagggtgcticcgeccagtecttcatcgagegeatgaccaacticgacaagaacctcceccaacgag
aaggtcctceccaagceactecctectctacgagtacttcacggtctacaacgagctcaccaaggtcaagtacgtcaccgagggtatgegea
agcctgecttectetccggegageagaagaaggctategttgacctectettcaagaccaaccgcaaggtcaccgtcaagcagetcaagga
ggactacttcaagaagatcgagtgcttcgactccgtcgagatcageggegtigaggaccgtttcaacgcettctctcggtacctaccacgatct
cctcaagatcatcaaggacaaggacticctcgacaacgaggagaacgaggacatcctcgaggacatcgtectcactcttactctcticgagg

atagggagatgatcgaggagaggctcaagacttacgctcatctcttcgatgacaaggttatgaagcagctcaagegtcgecgttacaccggt
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tggggtaggctctcccgeaagetcatcaacggtatcagggataagcagageggcaagactatcctcgacttcctcaagtctgatggtticge
taacaggaacttcatgcagctcatccacgatgactctcttaccticaaggaggatattcagaaggctcaggtgtccggtcagggegactctct
ccacgagcacattgctaaccttgetggttceccctgetatcaagaagggceatccttcagactgttaaggttgtcgatgagcetigtcaaggttatg
ggtcgtcacaagectgagaacatcgtcatcgagatggcetcgtgagaaccagactacccagaagggtcagaagaactcgagggagegcat
gaagaggattgaggagggtatcaaggagcttggtictcagatccttaaggagcaccctgtcgagaacacccagetccagaacgagaagct
ctacctctactacctccagaacggtagggatatgtacgttgaccaggagcetcgacatcaacaggcetttctgactacgacgtcgaccacattgt
tectcagtetttccttaaggatgactecatcgacaacaaggtcetcacgaggtecgacaagaacaggggtaagtcggacaacgteecttceg
aggaggttgtcaagaagatgaagaactactggaggcagcttctcaacgctaagetcattacccagaggaagttcgacaacctcacgaagg
ctgagaggggtgocctttccgagettgacaaggcetggtitcatcaagaggeagettgtigagacgaggcagattaccaageacgttgetea
gatcctcgattctaggatgaacaccaagtacgacgagaacgacaagctcatccgegaggtcaaggtgatcaccctcaagtccaagetegte
tccgacttccgecaaggacttccagttctacaaggteccgegagatcaacaactaccaccacgctcacgatgettaccttaacgetgtegttggt
accgctcttatcaagaagtaccctaagettgagtccgagticgtectacggtgactacaaggtetacgacgttcgtaagatgatcgecaagtcec
gagcaggagatcggcaaggccaccgccaagtacttctictactccaacatcatgaacttcttcaagaccgagatcaccctcgecaacggeg
agatccgcaagegcecectcttatcgagacgaacggtgagactggtgagatcgtitgggacaagggtcgegacticgetactgttcgcaaggt
cctttctatgectcaggttaacatcgtcaagaagaccgaggtccagaccggtggctictccaaggagtctatccttccaaagagaaactcgga
caagctcatcgctaggaagaaggattgggaccctaagaagtacggtggtticgactcecctactgtcgectactecgtectegtggtegeca
aggtggagaagggtaagtcgaagaagctcaagtcecgtcaaggagetectcggeatcaccatcatggagegetectecticgagaagaace
cgatcgacttcctcgaggecaagggctacaaggaggtcaagaaggacctcatcatcaagetcceccaagtactctctittcgagetcgagaa
cggtcgtaagaggatgctggcttcecgetggtgagetccagaagggtaacgagcttgetcettccttccaagtacgtgaacttectctacctege
ctcccactacgagaagcetcaagggticcectgaggataacgagcagaageagetcticgtggagcagceacaageactacctcgacgagat
catcgagcagatctccgagttctccaagegegtcatcctcgetgacgctaacctcgacaaggtectctccgectacaacaageaccgegac
aagcccatccgegagcaggcecgagaacatcatccacctcttcacgetcacgaacctecggegeecctgetgctttcaagtacttcgacacca
ccatcgacaggaagcgttacacgtccaccaaggaggttctcgacgctactctcatccaccagtccatcaccggtctttacgagactcgtate
gacctttcccagettggtggtgataagegtectgetgecaccaaaaaggecggacaggetaagaaaaagaagtag

SEQ ID NO: 151: nocnenoBareiabHOCTb HykJIenHOBOH kucaoTel Cys4—P2A—-TaCas9

5’ATGGACCACTACCTCGACATCAGGCTCAGGCCAGACCCAGAGTTCCCACCA
GCCCAGCTCATGTCCGTCCTCTTCGGCAAGCTCCACCAGGCCCTCGTGGCCCAGGGC
GGCGACAGGATCGGCGTGTCCTTCCCAGACCTCGACGAGTCCAGGTCCAGGCTCGG
CGAGAGGCTCCGCATCCACGCCTCCGCCGACGACCTCAGGGCCCTCCTCGCCAGGCC
GTGGCTGGAGGGCCTCAGGGACCACCTCCAGTTCGGCGAGCCAGCCGTGGTGCCAC
ACCCAACCCCATACAGGCAAGTGTCCAGGGTGCAAGCCAAGTCCAACCCAGAGAGG
CTCAGGAGGAGGCTCATGAGGAGGCACGACCTCTCCGAGGAAGAGGCCAGGAAGC
GCATCCCAGACACCGTGGCCAGGGCCCTCGACCTCCCATTCGTGACCCTCAGGTCCC
AGTCCACCGGCCAGCACTTCCGCCTCTTCATCAGGCACGGCCCACTCCAGGTGACCG
CCGAGGAGGGCGGCTTTACCTGCTACGGCCTCTCCAAGGGCGGCTTCGTGCCGTGGT
TCGGCTCCGGCGCCACCAACTTCTCCCTCCTCAAGCAAGCCGGCGACGTGGAGG
AGAACCCAGGCCCAATGGACAAGAAGTACTCGATCGGCCTCGACATCGGGACGAACTC
AGTTGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCTCTAAGAAGTTCAAGGTCCT
GGGGAACACCGACCGCCATTCCATCAAGAAGAACCTCATCGGCGCTCTCCTGTTCGACAG
CGGGGAGACCGCTGAGGCTACGAGGCTCAAGAGAACCGCTAGGCGCCGGTACACGAGA
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AGGAAGAACAGGATCTGCTACCTCCAAGAGATTTTCTCCAACGAGATGGCCAAGGTTGAC
GATTCATTCTTCCACCGCCTGGAGGAGTCTTTCCTCGTGGAGGAGGATAAGAAGCACGAG
CGGCATCCCATCTTCGGCAACATCGTGGACGAGGTTGCCTACCACGAGAAGTACCCTACG
ATCTACCATCTGCGGAAGAAGCTCGTGGACTCCACCGATAAGGCGGACCTCAGACTGATC
TACCTCGCTCTGGCCCACATGATCAAGTTCCGCGGCCATTTCCTGATCGAGGGGGATCTC
AACCCAGACAACAGCGATGTTGACAAGCTGTTCATCCAACTCGTGCAGACCTACAACCAAC
TCTTCGAGGAGAACCCGATCAACGCCTCTGGCGTGGACGCGAAGGCTATCCTGTCCGCG
AGGCTCTCGAAGTCCAGGAGGCTGGAGAACCTGATCGCTCAGCTCCCAGGCGAGAAGAA
GAACGGCCTGTTCGGGAACCTCATCGCTCTCAGCCTGGGGCTCACCCCGAACTTCAAGTC
GAACTTCGATCTCGCTGAGGACGCCAAGCTGCAACTCTCCAAGGACACCTACGACGATGA
CCTCGATAACCTCCTGGCCCAGATCGGCGATCAATACGCGGACCTGTTCCTCGCTGCCAA
GAACCTGTCGGACGCCATCCTCCTGTCAGATATCCTCCGCGTGAACACCGAGATCACGAA
GGCTCCACTCTCTGCCTCCATGATCAAGCGCTACGACGAGCACCATCAGGATCTGACCCT
CCTGAAGGCGCTGGTCCGCCAACAGCTCCCGGAGAAGTACAAGGAGATTTTCTTCGATCA
GTCGAAGAACGGCTACGCTGGGTACATCGACGGCGGGGCCTCACAAGAGGAGTTCTACA
AGTTCATCAAGCCAATCCTGGAGAAGATGGACGGCACGGAGGAGCTCCTGGTGAAGCTC
AACAGGGAGGACCTCCTGCGGAAGCAGAGAACCTTCGATAACGGCAGCATCCCCCACCA
AATCCATCTCGGGGAGCTGCACGCCATCCTGAGAAGGCAAGAGGACTTCTACCCTTTCCT
CAAGGATAACCGGGAGAAGATCGAGAAGATCCTGACCTTCAGAATCCCATACTACGTCGG
CCCTCTCGCGCGGGGGAACTCAAGATTCGCTTGGATGACCCGCAAGTCTGAGGAGACCA
TCACGCCGTGGAACTTCGAGGAGGTGGTGGACAAGGGCGCTAGCGCTCAGTCGTTCATC
GAGAGGATGACCAACTTCGACAAGAACCTGCCCAACGAGAAGGTGCTCCCTAAGCACTCG
CTCCTGTACGAGTACTTCACCGTCTACAACGAGCTCACGAAGGTGAAGTACGTCACCGAG
GGCATGCGCAAGCCAGCGTTCCTGTCCGGGGAGCAGAAGAAGGCTATCGTGGACCTCCT
GTTCAAGACCAACCGGAAGGTCACGGTTAAGCAACTCAAGGAGGACTACTTCAAGAAGAT
CGAGTGCTTCGATTCGGTCGAGATCAGCGGCGTTGAGGACCGCTTCAACGCCAGCCTCG
GGACCTACCACGATCTCCTGAAGATCATCAAGGATAAGGACTTCCTGGACAACGAGGAGA
ACGAGGATATCCTGGAGGACATCGTGCTGACCCTCACGCTGTTCGAGGACAGGGAGATG
ATCGAGGAGCGCCTGAAGACGTACGCCCATCTCTTCGATGACAAGGTCATGAAGCAACTC
AAGCGCCGGAGATACACCGGCTGGGGGAGGCTGTCCCGCAAGCTCATCAACGGCATCCG
GGACAAGCAGTCCGGGAAGACCATCCTCGACTTCCTCAAGAGCGATGGCTTCGCCAACA
GGAACTTCATGCAACTGATCCACGATGACAGCCTCACCTTCAAGGAGGATATCCAAAAGG
CTCAAGTGAGCGGCCAGGGGGACTCGCTGCACGAGCATATCGCGAACCTCGCTGGCTCC
CCCGCGATCAAGAAGGGCATCCTCCAGACCGTGAAGGTTGTGGACGAGCTCGTGAAGGT
CATGGGCCGGCACAAGCCTGAGAACATCGTCATCGAGATGGCCAGAGAGAACCAAACCA
CGCAGAAGGGGCAAAAGAACTCTAGGGAGCGCATGAAGCGCATCGAGGAGGGCATCAAG
GAGCTGGGGTCCCAAATCCTCAAGGAGCACCCAGTGGAGAACACCCAACTGCAGAACGA
GAAGCTCTACCTGTACTACCTCCAGAACGGCAGGGATATGTACGTGGACCAAGAGCTGGA
TATCAACCGCCTCAGCGATTACGACGTCGATCATATCGTTCCCCAGTCTTTCCTGAAGGAT
GACTCCATCGACAACAAGGTCCTCACCAGGTCGGACAAGAACCGCGGCAAGTCAGATAAC
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GTTCCATCTGAGGAGGTCGTTAAGAAGATGAAGAACTACTGGAGGCAGCTCCTGAACGCC
AAGCTGATCACGCAAAGGAAGTTCGACAACCTCACCAAGGCTGAGAGAGGCGGGCTCTC
AGAGCTGGACAAGGCCGGCTTCATCAAGCGGCAGCTGGTCGAGACCAGACAAATCACGA
AGCACGTTGCGCAAATCCTCGACTCTCGGATGAACACGAAGTACGATGAGAACGACAAGC
TGATCAGGGAGGTTAAGGTGATCACCCTGAAGTCTAAGCTCGTCTCCGACTTCAGGAAGG
ATTTCCAGTTCTACAAGGTTCGCGAGATCAACAACTACCACCATGCCCATGACGCTTACCT
CAACGCTGTGGTCGGCACCGCTCTGATCAAGAAGTACCCAAAGCTGGAGTCCGAGTTCGT
GTACGGGGACTACAAGGTTTACGATGTGCGCAAGATGATCGCCAAGTCGGAGCAAGAGAT
CGGCAAGGCTACCGCCAAGTACTTCTTCTACTCAAACATCATGAACTTCTTCAAGACCGAG
ATCACGCTGGCCAACGGCGAGATCCGGAAGAGACCGCTCATCGAGACCAACGGCGAGAC
GGGGGAGATCGTGTGGGACAAGGGCAGGGATTTCGCGACCGTCCGCAAGGTTCTCTCCA
TGCCCCAGGTGAACATCGTCAAGAAGACCGAGGTCCAAACGGGCGGGTTCTCAAAGGAG
TCTATCCTGCCTAAGCGGAACAGCGACAAGCTCATCGCCAGAAAGAAGGACTGGGACCCA
AAGAAGTACGGCGGGTTCGACAGCCCTACCGTGGCCTACTCGGTCCTGGTTGTGGCGAA
GGTTGAGAAGGGCAAGTCCAAGAAGCTCAAGAGCGTGAAGGAGCTCCTGGGGATCACCA
TCATGGAGAGGTCCAGCTTCGAGAAGAACCCAATCGACTTCCTGGAGGCCAAGGGCTACA
AGGAGGTGAAGAAGGACCTGATCATCAAGCTCCCGAAGTACTCTCTCTTCGAGCTGGAGA
ACGGCAGGAAGAGAATGCTGGCTTCCGCTGGCGAGCTCCAGAAGGGGAACGAGCTCGC
GCTGCCAAGCAAGTACGTGAACTTCCTCTACCTGGCTTCCCACTACGAGAAGCTCAAGGG
CAGCCCGGAGGACAACGAGCAAAAGCAGCTGTTCGTCGAGCAGCACAAGCATTACCTCG
ACGAGATCATCGAGCAAATCTCCGAGTTCAGCAAGCGCGTGATCCTCGCCGACGCGAACC
TGGATAAGGTCCTCTCCGCCTACAACAAGCACCGGGACAAGCCCATCAGAGAGCAAGCG
GAGAACATCATCCATCTCTTCACCCTGACGAACCTCGGCGCTCCTGCTGCTTTCAAGTACT
TCGACACCACGATCGATCGGAAGAGATACACCTCCACGAAGGAGGTCCTGGACGCGACC
CTCATCCACCAGTCGATCACCGGCCTGTACGAGACGAGGATCGACCTCTCACAACTCGGC
GGGGATAAGAGACCCGCAGCAACCAAGAAGGCAGGGCAAGCAAAGAAGAAGAAGTGA 3’
SEQ ID NO: 152; Orybans—1ionoOHbIi TOMeH
PYVGDKEPLSTLAAEFQSGSPILQEKIKLLGEQYDALRRTRGDGNCFYRSFMFSY
LEHILETQDKAEVERILKKIEQCKKTLADLGYIEFTFEDFFSIFIDQLESVLQGHESSIGAEE
LLERTRDQMVSDYVVMFFRFVTSGEIQRRAEFFEPFISGLTNSTVVQFCKASVEPMGEES
DHVHIIALSDALGVPIRVMYLDRSSCDAGNISVNHHDFSPEANSSDGAAAAEKPYITLLY
RPGHYDILYP
SEQ ID NO: 153; Mytuposannsiit OsOTUB1
ATGGGCGGGGACTACTACCACTCGTGCTGCGGCGACCCCGACCCCGACCTCC
GCGCGCCCGAGGGGCCCAAGCTGCCGTACGTCGGGGACAAGGAACCTCTCTCCACT
TTAGCCGCCGAGTTTCAGTCTGGCAGCCCCATTTTACAGGAGAAAATAAAGTTGCTT
GGTGAACAGTATGATGCTTTAAGAAGGACACGAGGAGATGGAAACTGCTTTTATCG
AAGCTTTATGTTTTCCTACTTGGAACATATCCTAGAGACACAAGACAAAGCTGAGGT
TGAGCGCATTCTAAAAAAAATTGAGCAGTGCAAGAAGACTCTTGCAGATCTTGGAT
ACATTGAGTTCACCTTTGAAGATTTCTTCTCTGTCTTTATTGTTACTTTGTGTGGCCCT




108

CCTTACTTATCCTGTTCAATTGCTGTTTTGCAACTTATGCCAGATGTATTCCCTCTGA
ATAGTATGAAGATCTGTCCGATTATTTTCATGTATGCTTGTTTGCATTTCCTTTITAG
ATGTTCCTGGAATAATTTTTGTATGAGCTAGTTATAATGAGAGCTTGTGCATTTTCCT
GTCATGCAACAAATTAAATACTAGTGTCTAATCCTTGTGCATTGTTAATAACTTTGA
AAATGATTAGCCTTGAAGATTGGTCCATTATATATATGTTCACTTGTTTCTTAGTTAG
GATCACTCACCAGTCACCCTTCTGAAGTTCATAATGTATCACTTATAAGTAAGCTAG
CAAAACAAAATTTGGACTGTTTGTAGCCACCCAGAACCCAAATAGATGGATTTCAC
ATTATTTTCTACTGGCTTTGGGAGTTATTTGATCGATGCTAGTACAACGTTGAAATTT
GGGTAGTTGAGATGCATTTTTCACAAAGGACTCCTTTATTGGTGCTTGATCTACAAC
TGGTGTTTTACTTTTTTACAAAAAAATGTAATCTCCTTGCAGTGCACTCAAATTATTG
CAACCTCCTTCCTTATGTTCCCACCCTCATTATTTTCAGATATTCATTGATCAGCTGG
AAAGTGTTCTGCAGGGACATGAATCCTCCATAGGGGCCGAAGAGCTTCTAGAAAGA
ACCAGGGATCAGATGGTTTCTGATTATGTTGTCATGTTCTTTAGGTTTGTCACCTCTG
GTGAAATCCAAAGGAGGGCCGAGTTCTTCGAACCATTCATCTCTGGCTTGACAAATT
CGACTGTGGTTCAGTTCTGCAAGGCTTCCGTGGAGCCGATGGGCGAGGAAAGTGAC
CATGTCCACATAATTGCCCTATCAGATGCGTTGGGTGTGCCAATCCGTGTGATGTAC
CTAGACAGAAGCTCATGTGATGCTGGAAATATAAGTGTGAACCACCATGATTTCAG
CCCTGAGGCCAATTCATCGGACGGTGCTGCTGCTGCTGAGAAACCTTACATTACTTT
GCTCTACCGTCCTGGTCACTACGACATTCTCTACCCGAAGTGA

SEQ ID NO: 154; myranus wtg OsOTUB1

MGGDYYHSCCGDPDPDLRAPEGPKLPY VGDKEPLSTLAAEFQSGSPILQEKIKLL
GEQYDALRRTRGDGNCFYRSFMFESYLEHILETQDKAEVERILKKIEQCKKTLADLGYIEF
TFEDFFSVFIVTLCGPPYLSCSIAVLQLMPDVFPLNSMKICPIIFMY ACLHFLFRCSWNNFEFC
MS

SEQ ID NO: 155: npomotopnas nocneposareabHocTe NPT1 2,5 T.m.o. ot IR66167-27-
5-1-6

gagttgaagttgttgctgctgtcataagtactatctgctaaatgggceacactectageattattagaactgagaaatatcccaagecaa
tgaaagcgacaaaaaagtacccgtitgaagacatgattgacatggtcacatcaaacaccggacatcaacatctaaatgtacataacaaggcc
aaaataattttcgatgctggtiggtgctaccaagtcccacgtatgatacttaagaatcaatcatgaatattacaaatcaagtcaaactacgttatgt
attgaactcttataattactgcaacatatcacactggaatttcctatggtaattcctcgecagecttatcctacccateccttgcagtatattaagag
catcaacaacaaacatgattcaagacaacttttattaacactgaacaacataaattgggaacaaaacaaaccacttggaggcatgattaggat
aatcggtattaaagaactggacatcacaattcacaactagatgttgaaataatacctgtctcttctttggctcatggcaggtgtcagtgaaatata
ctgatgctccaagagagctggaagcaccgtttccacgtaatcaaaatgtecttttcgtttgetgcaatcaaccttaaagggctcttttgatgctat
ctcttcaggcatgtccttcacaacttccacataacctetggtttgctcaatgaagtaatcaacatcgaaaacgtctgcaaatccactgacagaga
ataccaataagtgatgaactaccttttgaacagaaataaactgcataactacaagtagcacagtcgttcatcttgtagagtgattctcatacctag
attcattccagtaggcagcaacctcaaacttgggcagaaccattgttgegttgagaaggcgegecaaccgcaattccatcacatagcetgaaga
aacattcggaagaataattacaaccaggagtaacataataacatagccagttgaaatcacattcgecttgcaatgtgaaaattttcataaataat
ctgaaaatttagttatgccactatatatcatgcaacctgectccacgacattttaatcatggagtagaagataaaacatatgatceccectcattga
ccctactatcttactacttgtgcatggecgaacgatctaacagcgaaatccagaaagecaacactcatttgatcccactaacaacggaagaga

gaaacgctagccgagatcgcttaacgtacatcgegtcgeagetggtigageccgecgtageagtcgatccggatgtacccattecteeteg
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acggagctgcagaagaagaggaggttcaaaaccgcaatcaccaccacagtctcaagcagagatgtccactacccggatccttaaaccca
aaccacaaatcacggcgaggtctcacccggceattgecgeccgecaccacccgeacgaccgecactecegecacccgecgetgegeccat
atgacccgcgaccecgacgecgacggcgactectcectaaagaccaaaagcegagtaagegagatccgtaagetictggaacaatctcga
gcatcagctgcaagaggtgaggctgggccgegtacctggaggtgggaagagtgaagaagaaaggeggagaggagggtggagagag
gaggaagtagagcgcggggecgaggaagatgaccggtaggaggatgcggacgeggetgegegeccaccacgecgeeggegacge
cgacgacgacatcgcctcgecgegagaageactggatetgatcggecgeegectccacgecggagtggagageatatataagetcgtea
gaatgtgggcccgtggctatgtgggcccaccatgtcatcgacgettatcaagatcgageggtggcgtgaggaaaccggtaggggteggg
gggctaaccaatcggaaacgegtaataactcaccegeggttcactttctecttatgacacgtgggcccatetcttcctggacccacctgtcagt
tacccttacggectecactctgaggatctaaacgtaaaaacgaatttatcggagggcttatccgegaggggaaaaaaacgegeacttatttct
cgecttcgecgagatetcggaagagaagaacacgeaccgeggggagaggggagagaageggaaagetecaccgaatcgaageecce
acacacgcgaagetggegegggaggcggccgacgcgagegeccggaagegraaggcgecggacggcggcggegageocgacgc
cgeggegacggleceggaggaggegglgalgggggaggeggeggeggeagecgeggeeccegagecgglegicgaggggggag
gaggggggggggaggggligaatectaacectageggegglgggggaggagglgglggagggtgeteggacteegtgleggicgage
tcteg

SEQ ID NO: 156: nocnenosarensuocts k/IHK DEP1:

atgggggaggaggcggtggtgatggaggcgecgaggcccaagicgecgecgaggtacccggacctgtgeggeeggegec
ggatgcagctggaggtgcagatcctgagecgegagatcacgticctcaaggatgagcttcacttccttgaaggagetcageecgttictegtt
ctggatgcattaaagagataaatgagtttgttggtacaaaacatgacccactaataccaacaaagagaaggaggcacagatcttgecgtettt
ttcggtggatcggatcaaaattgtgtatctgcatticatgtetttgetactgttgcaagtgetcacccaagtgcaaaagaccaaggtgectcaatt
gttcttgcagctcatgetgecgacgagecatgetgtaagecaaactgecagtgegtgctgegetgggtecatgetgtagtccagactgetgetcat
gctgtaaacctaactgcagttgctgcaagacccecticttgetgcaaaccgaactgetegtgetectgtccaagetgecagetcatgetgegata
catcgtgctgcaaaccgagctgcacctgcettcaacatcttttcatgcttcaaatccetgtacagetgettcaagateccttcatgettcaagtece
agtgcaactgctctagccccaattgetgcacttgecaccecticcaagetgtagetgcaagggctgtgcectgtccaagetgtggatgcaacggcet
gtggcetgtccaagetgeggatgeaacggttgtggctgtccaagetgeggtigecaacggcetgtggecttccaagetgeggttgecaacggetg
cggcetegtgcetettgegeccaatgcaaaccegattgtggetegtgetetaccaattgetgtagetgecaagecaagetgeaacggetgetgeg
gcgageagtgetgecgetgegeggactgettctectgetegtgecctegtigeteccagetgettcaacatcttcaaatgetectgegetggetg
ctgctcgagectgtgcaagtgecectgecacgacgeagtgcttcagetgecagtegteatgetgecaageggeagecttegtgetgcaagtge
cagtcgtcttgetgegaggggcagecttectgetgegagggacactgetgecagecteccgaaaccgtegtgeectgaatgttectgtgggt
gtgtctggtcttgcaagaattgtacagagggttgtcgatgcccacggtgtegtaacccatgetgtctcagtggttgcttatgtiga

SEQ ID NO: 157: 6enok DEP1:

mgeeavvmeaprpkspprypdlcgrirmglevqilsreitflkdelhflegaqpvsrsgeikeinefvgtkhdpliptkrrrhr
scrlfrwigsklcicisclcycckespkekrprelnescsscedepeckpnesaccagscespdecscckpnesccktpscckpnescesce
pscsscedtscckpsctefnifscfkslyscfkipsctksqencsspncectctlpsesckgeacpscgengegepscgengegepscgen
gcglpscgengegsescaqckpdcgscstneesckpsengecgeqecrcadefsescpresscfnifkescagecesslckepettqefs
cqgsscckrgpscckegssccegqpscecegheeslpkpscpecscgevwscknctegereprernpeclsgele

SEQ ID NO: 158: nocnenosarensHocts kJIHK depl:

ATGGGGGAGGAGGCGGTGGTGATGGAGGCGCCGAGGCCCAAGTCGCCGCCG
AGGTACCCGGACCTGTGCGGCCGGCGGCGGATGCAGCTGGAGGTGCAGATCCTGAG
CCGCGAGATCACGTTCCTCAAGGATGAGCTTCACTTCCTTGAAGGAGCTCAGCCCGT
TTCTCGTTCTGGATGCATTAAAGAGATAAATGAGTTTGTTGGTACAAAACATGACCC
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ACTAATACCAACAAAGAGAAGGAGGCACAGATCTTGCCGTCTTTTTCGGTGGATCG
GATCAAAATTGTGTATCTGCATTTCATGTCTTTGCTACTGTTGCAAGTGCTCACCCAA
GTGCAAAAGACCAAGGTGCCTCAATTGTTCTTGCAGCTCATGCTGCGACGAGCCATG
CTGTAAGCCAAACTGCAGTGCGTGCTGCGCTGGGTCATGCTGCAGTCCAGACTGCTG
CTCATGCTGTAAACCTAACTGCAGTTGCTGCAAGACCCCTTCTTGCTGCAAACCGAA
CTGCTCGTGCTCCTGTCCAAGCTGCAGCTCATGCTGCGATACATCGTGCTGCAAACC
GAGCTGCACCTGCTTCAACATCTAG

SEQ ID NO: 159: 6enok depl:

mgeeavvmeaprpkspprypdlcgrirmglevqilsreitflkdelhflegaqpvsrsgeikeinefvgtkhdpliptkrrrhr
scrlfrwigsklcicisclcycckespkekrprelnesesscedepeckpnesaccagscespdecscckpnesccktpscckpnescesc
pscsscedtscckpsctefnif

SEQ ID NO: 160: xk/IHK OsUBC13

atggccaacagcaacctececcggegaatcatcaaggagacgeagegactectcagegagecagegecgggaatcagege
gictecgtcggaggagaacatgegetacticaacgtcatgatecttggeccggeacagteccectatgaaggtggagtttttaagettgaact
ctttttacctgaggaatatcctatggetgctccaaaggttaggttcctgaccaaaatataccaccccaacattgacaagcettggtaggatatgec
ttgacattctcaaggacaaatggagcccageccttcagattcggacagttcttttgagtatccaggeactcctaagtgcaccaaaccctgatga
tcetetetctgataacattgcaaageactggaaagecaatgaagcagaagcetgtigaaacagcaaaggagtggactcgectgtatgecage
ggtgcataa

SEQ ID NO: 161: 6enok OsUBC13:

Mansnlprriiketqrllsepapgisaspseenmryfnvmilgpaqspyeggviklelflpeeypmaapkvrfltkiyhpni
dklgricldilkdkwspalgirtvllsiqallsapnpddplsdniakhwkaneaeavetakewtrlyasga

SEQ ID NO: 162: rIHK OsUBC13

atggccaacagcaacctcceccggegaatcatcaaggtcgegectecgatcetgattgectgggcegtagatctccccacgectet
aacccgattccccccttttettttetetttttttttattttcectttctgtgetgattttttgttttgetgtetgtgtgticgegtetggtitggatetgegeag
gagacgcagcgactcctcagegagecaggtgegggcggttttttttttttttatgtatcgeggattttggegatggtgtigtgtttttccgtggttt
gggttegtgttgttctgatggtittgggttggtitgtttgtgcagegecgggaatcagegegtetecgtcggaggagaacatgegetacttcaa
cgtcatgatccttggeeccggeacagteceecctatgaaggtacggcacccgatggatacgttatitgttgtagagggtgttacggctcecgatg
gatatgttatttgttgtagagggtggtcgattagggcgttictaggtataccgcagaattgggtgattctgtataaacccaattactagaagtgtta
attatgtgtcagtcatggacgggcacgcatttcgtaagectgcettitgettgattaggctggttctittgcacttaccagttttagtttctcgggcgg
cgggcacttgcatgttctatgtgtctcatattcectttctagtatgaagttagtaatgctaaaacactagtgacttttagcaataatgttctaaactcg
gattatatacgtgacttataagtgcttttctittatgtgttaacttgtttgatgctitgtgcggcaaaggttgccettgattttccataaccaaattgate
tcttcgatttatttgattagactaattatgagtattgatattgttggcttttcatgttgtg gtgtataatttaaatatttcctttcttaaacccetttttgegtta
attcgggttggatatataatgggtgttaacagttagtagctitagatggtttattctattatcatttggcticctgatattgttctttctatcaggtggag
tttttaagcttgaactctttttacctgaggaatatcctatggctgetccaaaggtaacaagacatagataaactttggttatgttttatatgatattatg
gggactgtataccttcaagctaattatgtcgtatttagaattgcgtgtggttatatactcatattaaaagtcaggacatttctgcattcattgactegt
gitgtgaagcggagcattaatttggtgacattggactcatgcatataaccaaatacaggaaagtagctgaaacatttaatttgtttgaaccattct
ttggcaaaaaaaaatttttattctttatagcctaatttttagttacccatatttaatcgtgtcgetctggaaccatcgtiggttttatatgttatatgtgat
glcttgttggtaatagttttgttacatttgettgatttcctittagggataatgcaaaccetgectatttgagatgtaatttgcaatgagatcetgtgec
aaggaccaaggttgtaagatatacttttggtcctgtgggaacttttagetgtgtcctgagcatcagecacgecattgettctcttgaccgtcttttg
cttcaagttcttaaaggtgttcttaacatcacattgticgtitggtgttcagccaaattataccttgattagttatttttttagtctgtttggcttgacaat
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gtcatagattggaagggtgaagaaatattactcatatgttatacaaccataccggattattgtctacttcagtctccctaagtgtaaagetatataa
ttcattattgtctacctcagtctccatttttictttgtigegtatgecaggttaggticctgaccaaaatataccaccccaacattgacaaggtttgcag
tcacattcctctttgttatttagtttacttcgtaatacattgtitattcattaataggtttacttttgtagcttggtaggatatgecttgacattctcaagga
caaatggagcccagcccttcagaticggacagttctittgaggtctctccecegttgectgecacatgtgtattagetttttatatcctgcacaaatt
ccttgtctgctaagetgttgtcttattacgattgacatgattictgttgaatttgaattatttgttagettacctgcatttagtaattttatcactgeecttg
atgtgtttttccaacaaaaactcttgagcattgtcaactattggaagttaggggtatcactttgetatacttaccttgtgacaacactcttttttttcag
tatccaggcactcctaagtgcaccaaaccctgatgatectetcetetgataacattgcaaageactggaaagecaatgaagcagaagetgttga
aacaggtaaattgaagctagcaatccagttaacagtgtctcccctcacactctgattttattggttgectgataagegatggtetggeatttgeag
caaaggagtggactcgectgtatgccageggtgcataa
SEQ ID NO: 163: npomoropHas nocienosaTenbHocTs U3:
AAAGGAAGGAATCTTTAAACATACGAACAGATCACTTAAAGTTCTTCTGAAG
CAACTTAAAGTTATCAGGCATGCATGGATCTTGGAGGAATCAGATGTGCAGTCAGG
GACCATAGCACAAGACAGGCGTCTTCTACTGGTGCTACCAGCAAATGCTGGAAGCC
GGGAACACTGGGTACGTTGGAAACCACGTGTGATGTGAAGGAGTAAGATAAACTGT
AGGAGAAAAGCATTTCGTAGTGGGCCATGAAGCCTTTCAGGACATGTATTGCAGTA
TGGGCCGGCCCATTACGCAATTGGACGACAACAAAGACTAGTATTAGTACCACCTC
GGCTATCCACATAGATCAAAGCTGGTTTAAAAGAGTTGTGCAGATGATCCGTGGCA
SEQ ID NO: 164: npomoropHas nocienosatenbHocTs Uba:
TTTTTTCCTGTAGTTTTCCCACAACCATTTTTTACCATCCGAATGATAGGATAG
GAAAAATATCCAAGTGAACAGTATTCCTATAAAATTCCCGTAAAAAGCCTGCAATC
CGAATGAGCCCTGAAGTCTGAACTAGCCGGTCACCTGTACAGGCTATCGAGATGCC
ATACAAGAGACGGTAGTAGGAACTAGGAAGACGATGGTTGATTCGTCAGGCGAAAT
CGTCGTCCTGCAGTCGCATCTATGGGCCTGGACGGAATAGGGGAAAAAGTTGGCCG
GATAGGAGGGAAAGGCCCAGGTGCTTACGTGCGAGGTAGGCCTGGGCTCTCAGCAC
TTCGATTCGTTGGCACCGGGGTAGGATGCAATAGAGAGCAACGTTTAGTACCACCTC
GCTTAGCTAGAGCAAACTGGACTGCCTTATATGCGCGGGTGCTGGCTTGGCTGCCG
SEQ ID NO: 165: npomoropHas nocienosaTenbHocTs Ubb:
TGCAAGAACGAACTAAGCCGGACAAAAAAAAAAGGAGCACATATACAAACC
GGTTTTATTCATGAATGGTCACGATGGATGATGGGGCTCAGACTTGAGCTACGAGGC
CGCAGGCGAGAGAAGCCTAGTGTGCTCTCTGCTTGTTTGGGCCGTAACGGAGGATA
CGGCCGACGAGCGTGTACTACCGCGCGGGATGCCGCTGGGCGCTGCGGGGGCCETT
GGATGGGGATCGGTGGGTCGCGGGAGCGTTGAGGGGAGACAGGTTTAGTACCACCT
CGCCTACCGAACAATGAAGAACCCACCTTATAACCCCGCGCGCTGCCGCTTGTGTTG
SEQ ID NO: 166: U3b B 1ByA0JIbHOM pacTeHUU
TTTACTTTAAATTTTTTCTTATGCAGCCTGTGATGGATAACTGAATCAAACAA
ATGGCGTCTGGGTTTAAGAAGATCTGTTTTGGCTATGTTGGACGAAACAAGTGAACT
TTTAGGATCAACTTCAGTTTATATATGGAGCTTATATCGAGCAATAAGATAAGTGGG
CTTTTTATGTAATTTAATGGGCTATCGTCCATAGATTCACTAATACCCATGCCCAGTA
CCCATGTATGCGTTTCATATAAGCTCCTAATTTCTCCCACATCGCTCAAATCTAAACA
AATCTTGTTGTATATATAACACTGAGGGAGCAACATTGGTCA
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SEQ ID NO: 167: U6—1 B AByJOJIBHOM pacTeHUU

AGAAATCTCAAAATTCCGGCAGAACAATTTTGAATCTCGATCCGTAGAAACG
AGACGGTCATTGTTTTAGTTCCACCACGATTATATTTGAAATTTACGTGAGTGTGAG
TGAGACTTGCATAAGAAAATAAAATCTTTAGTTGGGAAAAAATTCAATAATATAAA
TGGGCTTGAGAAGGAAGCGAGGGATAGGCCTTTTTCTAAAATAGGCCCATTTAAGC
TATTAACAATCTTCAAAAGTACCACAGCGCTTAGGTAAAGAAAGCAGCTGAGTTTAT
ATATGGTTAGAGACGAAGTAGTGATTG

SEQ ID NO: 168; nocnenoBaTenbHOCTh HyKJIeMHOBON KUCIOTHI Cysd—P2A—-TaCas9

5’ATGGACCACTACCTCGACATCAGGCTCAGGCCAGACCCAGAGTTCCCACCA
GCCCAGCTCATGTCCGTCCTCTTCGGCAAGCTCCACCAGGCCCTCGTGGCCCAGGGC
GGCGACAGGATCGGCGTGTCCTTCCCAGACCTCGACGAGTCCAGGTCCAGGCTCGG
CGAGAGGCTCCGCATCCACGCCTCCGCCGACGACCTCAGGGCCCTCCTCGCCAGGCC
GTGGCTGGAGGGCCTCAGGGACCACCTCCAGTTCGGCGAGCCAGCCGTGGTGCCAC
ACCCAACCCCATACAGGCAAGTGTCCAGGGTGCAAGCCAAGTCCAACCCAGAGAGG
CTCAGGAGGAGGCTCATGAGGAGGCACGACCTCTCCGAGGAAGAGGCCAGGAAGC
GCATCCCAGACACCGTGGCCAGGGCCCTCGACCTCCCATTCGTGACCCTCAGGTCCC
AGTCCACCGGCCAGCACTTCCGCCTCTTCATCAGGCACGGCCCACTCCAGGTGACCG
CCGAGGAGGGCGGCTTTACCTGCTACGGCCTCTCCAAGGGCGGCTTCGTGCCGTGGT
TCGGCTCCGGCGCCACCAACTTCTCCCTCCTCAAGCAAGCCGGCGACGTGGAGG
AGAACCCAGGCCCAATGGACAAGAAGTACTCGATCGGCCTCGACATCGGGACGAACTC
AGTTGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCTCTAAGAAGTTCAAGGTCCT
GGGGAACACCGACCGCCATTCCATCAAGAAGAACCTCATCGGCGCTCTCCTGTTCGACAG
CGGGGAGACCGCTGAGGCTACGAGGCTCAAGAGAACCGCTAGGCGCCGGTACACGAGA
AGGAAGAACAGGATCTGCTACCTCCAAGAGATTTTCTCCAACGAGATGGCCAAGGTTGAC
GATTCATTCTTCCACCGCCTGGAGGAGTCTTTCCTCGTGGAGGAGGATAAGAAGCACGAG
CGGCATCCCATCTTCGGCAACATCGTGGACGAGGTTGCCTACCACGAGAAGTACCCTACG
ATCTACCATCTGCGGAAGAAGCTCGTGGACTCCACCGATAAGGCGGACCTCAGACTGATC
TACCTCGCTCTGGCCCACATGATCAAGTTCCGCGGCCATTTCCTGATCGAGGGGGATCTC
AACCCAGACAACAGCGATGTTGACAAGCTGTTCATCCAACTCGTGCAGACCTACAACCAAC
TCTTCGAGGAGAACCCGATCAACGCCTCTGGCGTGGACGCGAAGGCTATCCTGTCCGCG
AGGCTCTCGAAGTCCAGGAGGCTGGAGAACCTGATCGCTCAGCTCCCAGGCGAGAAGAA
GAACGGCCTGTTCGGGAACCTCATCGCTCTCAGCCTGGGGCTCACCCCGAACTTCAAGTC
GAACTTCGATCTCGCTGAGGACGCCAAGCTGCAACTCTCCAAGGACACCTACGACGATGA
CCTCGATAACCTCCTGGCCCAGATCGGCGATCAATACGCGGACCTGTTCCTCGCTGCCAA
GAACCTGTCGGACGCCATCCTCCTGTCAGATATCCTCCGCGTGAACACCGAGATCACGAA
GGCTCCACTCTCTGCCTCCATGATCAAGCGCTACGACGAGCACCATCAGGATCTGACCCT
CCTGAAGGCGCTGGTCCGCCAACAGCTCCCGGAGAAGTACAAGGAGATTTTCTTCGATCA
GTCGAAGAACGGCTACGCTGGGTACATCGACGGCGGGGCCTCACAAGAGGAGTTCTACA
AGTTCATCAAGCCAATCCTGGAGAAGATGGACGGCACGGAGGAGCTCCTGGTGAAGCTC
AACAGGGAGGACCTCCTGCGGAAGCAGAGAACCTTCGATAACGGCAGCATCCCCCACCA
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AATCCATCTCGGGGAGCTGCACGCCATCCTGAGAAGGCAAGAGGACTTCTACCCTTTCCT
CAAGGATAACCGGGAGAAGATCGAGAAGATCCTGACCTTCAGAATCCCATACTACGTCGG
CCCTCTCGCGCGGGGGAACTCAAGATTCGCTTGGATGACCCGCAAGTCTGAGGAGACCA
TCACGCCGTGGAACTTCGAGGAGGTGGTGGACAAGGGCGCTAGCGCTCAGTCGTTCATC
GAGAGGATGACCAACTTCGACAAGAACCTGCCCAACGAGAAGGTGCTCCCTAAGCACTCG
CTCCTGTACGAGTACTTCACCGTCTACAACGAGCTCACGAAGGTGAAGTACGTCACCGAG
GGCATGCGCAAGCCAGCGTTCCTGTCCGGGGAGCAGAAGAAGGCTATCGTGGACCTCCT
GTTCAAGACCAACCGGAAGGTCACGGTTAAGCAACTCAAGGAGGACTACTTCAAGAAGAT
CGAGTGCTTCGATTCGGTCGAGATCAGCGGCGTTGAGGACCGCTTCAACGCCAGCCTCG
GGACCTACCACGATCTCCTGAAGATCATCAAGGATAAGGACTTCCTGGACAACGAGGAGA
ACGAGGATATCCTGGAGGACATCGTGCTGACCCTCACGCTGTTCGAGGACAGGGAGATG
ATCGAGGAGCGCCTGAAGACGTACGCCCATCTCTTCGATGACAAGGTCATGAAGCAACTC
AAGCGCCGGAGATACACCGGCTGGGGGAGGCTGTCCCGCAAGCTCATCAACGGCATCCG
GGACAAGCAGTCCGGGAAGACCATCCTCGACTTCCTCAAGAGCGATGGCTTCGCCAACA
GGAACTTCATGCAACTGATCCACGATGACAGCCTCACCTTCAAGGAGGATATCCAAAAGG
CTCAAGTGAGCGGCCAGGGGGACTCGCTGCACGAGCATATCGCGAACCTCGCTGGCTCC
CCCGCGATCAAGAAGGGCATCCTCCAGACCGTGAAGGTTGTGGACGAGCTCGTGAAGGT
CATGGGCCGGCACAAGCCTGAGAACATCGTCATCGAGATGGCCAGAGAGAACCAAACCA
CGCAGAAGGGGCAAAAGAACTCTAGGGAGCGCATGAAGCGCATCGAGGAGGGCATCAAG
GAGCTGGGGTCCCAAATCCTCAAGGAGCACCCAGTGGAGAACACCCAACTGCAGAACGA
GAAGCTCTACCTGTACTACCTCCAGAACGGCAGGGATATGTACGTGGACCAAGAGCTGGA
TATCAACCGCCTCAGCGATTACGACGTCGATCATATCGTTCCCCAGTCTTTCCTGAAGGAT
GACTCCATCGACAACAAGGTCCTCACCAGGTCGGACAAGAACCGCGGCAAGTCAGATAAC
GTTCCATCTGAGGAGGTCGTTAAGAAGATGAAGAACTACTGGAGGCAGCTCCTGAACGCC
AAGCTGATCACGCAAAGGAAGTTCGACAACCTCACCAAGGCTGAGAGAGGCGGGCTCTC
AGAGCTGGACAAGGCCGGCTTCATCAAGCGGCAGCTGGTCGAGACCAGACAAATCACGA
AGCACGTTGCGCAAATCCTCGACTCTCGGATGAACACGAAGTACGATGAGAACGACAAGC
TGATCAGGGAGGTTAAGGTGATCACCCTGAAGTCTAAGCTCGTCTCCGACTTCAGGAAGG
ATTTCCAGTTCTACAAGGTTCGCGAGATCAACAACTACCACCATGCCCATGACGCTTACCT
CAACGCTGTGGTCGGCACCGCTCTGATCAAGAAGTACCCAAAGCTGGAGTCCGAGTTCGT
GTACGGGGACTACAAGGTTTACGATGTGCGCAAGATGATCGCCAAGTCGGAGCAAGAGAT
CGGCAAGGCTACCGCCAAGTACTTCTTCTACTCAAACATCATGAACTTCTTCAAGACCGAG
ATCACGCTGGCCAACGGCGAGATCCGGAAGAGACCGCTCATCGAGACCAACGGCGAGAC
GGGGGAGATCGTGTGGGACAAGGGCAGGGATTTCGCGACCGTCCGCAAGGTTCTCTCCA
TGCCCCAGGTGAACATCGTCAAGAAGACCGAGGTCCAAACGGGCGGGTTCTCAAAGGAG
TCTATCCTGCCTAAGCGGAACAGCGACAAGCTCATCGCCAGAAAGAAGGACTGGGACCCA
AAGAAGTACGGCGGGTTCGACAGCCCTACCGTGGCCTACTCGGTCCTGGTTGTGGCGAA
GGTTGAGAAGGGCAAGTCCAAGAAGCTCAAGAGCGTGAAGGAGCTCCTGGGGATCACCA
TCATGGAGAGGTCCAGCTTCGAGAAGAACCCAATCGACTTCCTGGAGGCCAAGGGCTACA
AGGAGGTGAAGAAGGACCTGATCATCAAGCTCCCGAAGTACTCTCTCTTCGAGCTGGAGA
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ACGGCAGGAAGAGAATGCTGGCTTCCGCTGGCGAGCTCCAGAAGGGGAACGAGCTCGC
GCTGCCAAGCAAGTACGTGAACTTCCTCTACCTGGCTTCCCACTACGAGAAGCTCAAGGG
CAGCCCGGAGGACAACGAGCAAAAGCAGCTGTTCGTCGAGCAGCACAAGCATTACCTCG
ACGAGATCATCGAGCAAATCTCCGAGTTCAGCAAGCGCGTGATCCTCGCCGACGCGAACC
TGGATAAGGTCCTCTCCGCCTACAACAAGCACCGGGACAAGCCCATCAGAGAGCAAGCG
GAGAACATCATCCATCTCTTCACCCTGACGAACCTCGGCGCTCCTGCTGCTTITCAAGTACT
TCGACACCACGATCGATCGGAAGAGATACACCTCCACGAAGGAGGTCCTGGACGCGACC
CTCATCCACCAGTCGATCACCGGCCTGTACGAGACGAGGATCGACCTCTCACAACTCGGC
GGGGATAAGAGACCCGCAGCAACCAAGAAGGCAGGGCAAGCAAAGAAGAAGAAGTGA 3’

SEQ ID NO: 169: nocnenoBaTebHOCTb HYKJIEHHOBOH KUCIOTHI 3HA0pUOOHYKiIea3bl Cys

5’ATGGACCACTACCTCGACATCAGGCTCAGGCCAGACCCAGAGTTCCCACCA
GCCCAGCTCATGTCCGTCCTCTTCGGCAAGCTCCACCAGGCCCTCGTGGCCCAGGGC
GGCGACAGGATCGGCGTGTCCTTCCCAGACCTCGACGAGTCCAGGTCCAGGCTCGG
CGAGAGGCTCCGCATCCACGCCTCCGCCGACGACCTCAGGGCCCTCCTCGCCAGGCC
GTGGCTGGAGGGCCTCAGGGACCACCTCCAGTTCGGCGAGCCAGCCGTGGTGCCAC
ACCCAACCCCATACAGGCAAGTGTCCAGGGTGCAAGCCAAGTCCAACCCAGAGAGG
CTCAGGAGGAGGCTCATGAGGAGGCACGACCTCTCCGAGGAAGAGGCCAGGAAGC
GCATCCCAGACACCGTGGCCAGGGCCCTCGACCTCCCATTCGTGACCCTCAGGTCCC
AGTCCACCGGCCAGCACTTCCGCCTCTTCATCAGGCACGGCCCACTCCAGGTGACCG
CCGAGGAGGGCGGCTTTACCTGCTACGGCCTCTCCAAGGGCGGCTTCGTGCCGTGGT
TC3’

Tabauna I: TTpaliMepsl, HCTIOIB3YEMbIE JUIs KOHCTPYHpoBaHus oupPHK

Homep IIpsimoii mpaiimep OOparHblii npaiimep

1 Agcggeggtgggogaggagggttttagaget | Cetectceecccaccgecgetecggeagecaagecagea
agaaat (SEQ ID NO: 170) (SEQ ID NO: 171)

2 Gggaggaggaggggggooooottttagage | Cccecececcctectectcceccggeagecaagecagea
tagaaat (SEQ ID NO: 172) (SEQ ID NO: 173)

3 Ggggggaggaggagggggogaottttagage | Ccceeectectectececcccggeagecaagecagea
tagaaat (SEQ ID NO: 174) (SEQ ID NO: 175)

4 Tcgaggggggaggaggaggogttttagaget | Cectectectecceectegacggeagecaagecagea
agaaat (SEQ ID NO: 176) (SEQ ID NO: 177)

5 Gtcgtcgaggggggaggagggttttagageta | Cetccteceecccctcgacgaccggeagecaagecagea
gaaat (SEQ ID NO: 178) (SEQ ID NO: 179)

6 Ggcagecgeggeccccgagegttttagageta | Getcgggggeegeggetgeceggeagecaageeag
gaaat (SEQ ID NO: 180) ca (SEQ ID NO: 181)

7 Tcceggaggaggeggtgatggttttagageta | Catcaccgectectccgggacggeagecaagecage
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gaaat (SEQ ID NO: 182) a (SEQ ID NO: 183)

8 Cgcccggaagegeaaggegggttttagaget | Cegecttgegcettecgggegeggeagecaagecage
agaaat (SEQ ID NO: 184) a (SEQ ID NO: 185)

9 Gaagagaagaacacgcaccggttttagageta | Cggtgegtgttettetettccggeagecaagecagea
gaaat (SEQ ID NO: 186) (SEQ ID NO: 187)

10 cccttacggectecactctggttttagagetaga | Cagagtggaggecgtaagggeggeagecaagecag
aat ca (SEQ ID NO: 189)
(SEQ ID NO: 188)

11 Cactttctccttatgacacggttttagagctagaa | Cgtgtcataaggagaaagtgcggeagecaagecage
at (SEQ ID NO: 190) a (SEQ ID NO: 191)

12 Tatataagctcgtcagaatggttttagagetaga | Cattctgacgagcttatatacggcagccaagecagea
aat (SEQ ID NO: 192) (SEQ ID NO: 193)

13 Cgagaagcactggatctgatgttttagagctag | Atcagatccagtgcttctcgeggeagecaagecagea
aaat (SEQ ID NO: 194) (SEQ ID NO: 195)

14 Gagaggaggaagtagagcgegttttagageta | Gegetctacttectectetcecggeagecaagecagea
gaaat (SEQ ID NO: 196) (SEQ ID NO: 197)

15 Taaacccaaaccacaaatcagttttagagetag | Tgatttgtggtttgggtttacggcagecaagecagea
aaat (SEQ ID NO: 198) (SEQ ID NO: 199)

16 Atgtacccattcctectegagttttagagetaga | Tcgaggaggaatgggtacatcggeagecaagecage
aat (SEQ ID NO: 200) a (SEQ ID NO: 201)

17 Aacgtacatcgcgtcgeagegttttagagetag | Getgegacgegatgtacgttcggeagecaagecagea
aaat (SEQ ID NO: 202) (SEQ ID NO: 203)

18 Actatcttactacttgtgcagttttagagctagaa | Tgcacaagtagtaagatagtcggcagecaagecagea
at (SEQ ID NO: 204) (SEQ ID NO: 205)

19 Tcggaagaataattacaaccgttttagagctag | Ggttgtaattattcttccgacggcagecaagecagea
aaat (SEQ ID NO: 206) (SEQ ID NO: 207)

20 Gtaggcagcaacctcaaactgttttagagctag | Agtttgaggttgetgectaccggeagecaagecagea
aaat (SEQ ID NO: 208) (SEQ ID NO: 209)

SEQ ID NO: 210: nocnenosaTenbHOCTb HyKJIeMHOBOH kucnoTel PHKu

TCTGGTGAAATCCAAAGGAGGGCCGAGTTCTTCGAACCATTCATCTCTGGCTT
GACAAATTCGACTGTGGTTCAGTTCTGCAAGGCTTCCGTGGAGCCGATGGGCGAGG
AAAGTGACCATGTCCACATAATTGCCCTATCAGATGCGTTGGGTGTGCCAATCCGTG
TGATGTACCTAGACAGAAGCTCATGTGATGCTGGAAATATAAGTGTGAACCACCAT
GATTTCAGCCCTGAGGCCAATTCATCGGACGGTGCTGCTGCTGCTGAGAAACCTTAC
ATTACTTTGCTCTACCGTCCTGGTCACTACG
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D®OPMYJIA U3OBPETEHUS

1. Croco® moBbIIIEHUs] ypoykas 3epHA pacTeHHs, IIe YKa3aHHbI Croco0 BKIKOYAET
CHIDKEHUE YPOBHsI SKCIIPECCUM IO MEHbIIEH Mepe ONHOW HYKJIEHMHOBOU KUCJIOTHI, KOAUPYIOLIEH
otrybann-nonoOHyto nporeazy (OTUB1), u/unu camkenune akrusnoctu OTUBI.

2. Cnoco® 1o 1. 1, rae ykasaHHOE MOBBILICHUE YPOXKasi 3epHA BKJIIOYAET YBEJIMYCHUE TI0
MEHBIIIEH Mepe YHciia 3epeH, YHciia 3€peH Ha METENKY, MACChl 3€pHA, LIUPUHBI 3€pHA, TOJIIIHUHBI
3€epHa, MaCChI THICSYHU 3€PEeH W/WIIN CHI)KEHHE JUTMHBI 3epHA.

3. Cnocob no rdoMy U3 MPEIIeCTBYOIIMX MYHKTOB, T1€ YKa3aHHBIHN CIIOCO0 BKJIFOYAET
BBEJICHME IO MEHbLIEH Mepe OJHOW MyTallUd MO MEHbIIEH Mepe B OAHY NOCIENOBATENIbHOCTD
HYKJIEMHOBOM KHCIOTHI, komupyroinytro nonunentuny OTUB1 w/wium npoMoTop mosiumnentana
OTUBI.

4. Cnocob mo m. 3, rae yKa3aHHOW MyTalMed SIBJSETCS MyTalusi ¢ YaCTUYHOH moTepeit
byHKIMHU.

5. Cnocob® mo m. 4, rae ykasaHHOW MyTalMed SIBISIETCS WHCEPLMs, AENeLHs W/UJIN
3aMeHa.

6. Crocob mo nro0oMy W3 MPenIIecTBYIOIIUX IMYHKTOB, TI€ HYKJIEHWHOBAs KHUCJIOTa
koaupyet nonunentun OTUBI, rae nmomunentun OTUBI conepsxxut SEQ ID NO: 1 unu ee
(YHKIMOHAIIBHBIN TOMOJIOT FJTH BAPUAHT.

7. Cnocobd mo m. 6, rae HYKJIEHHOBAas KHCJIOTAa COIEPXKHUT IOCIEeNOBATEIbHOCTD,
BbIOpanHyto u3 SEQ ID NO: 2—-5 unn ux QyHKIMOHAIBHOTO BApUaHTa WM TOMOJIOTa.

8. Cnocod mo mroboMy U3 MPEAIIeCTBYIOIIUX IYHKTOB, I HYKJIEMHOBAsl KHCJIOTA,
koaupyromast mpomorop OTUBI, conepxxur SEQ ID NO: 6 unu ee QpyHKIIMOHATBHBINA BapUAHT
WJIM TOMOJIOT.

9. Cnocobd mo moOOMy U3 MPEOIIeCTBYIOLIMX MYHKTOB, I/I€ MYTAlHIO BBOIST
IIOCPE/ICTBOM HAIleJIEeHHOH IeHOMHOW Monudukauuy, a npexnourutensHo, ZFN, TALEN wmn
CRISPR/Cas9.

10. Cnioco6 mo nmrobomy u3 m.m. 1-7, rae MyTaluio BBOIST MOCPENCTBOM MyTareHesa, a
npennoututenbHo, TILLING wnu uncepuuun T-JIHK.

11. Cmocob mo jrobomy 3 mm. 1-7, roe cmoco0 BkOuaeT ucnonb3oBaHue PHK—
UHTEepPEPEHINH U1 CHIDKEHUS SKCIIPECCUN N0 MEHbINEH Mepe OJHOW HYKJIEWHOBOW KHCIOTHI
OTUBI.

12. Croco® mo moboMy M3 MPEALIeCTBYIOIUX MyHKTOB, I7l€ YKa3aHHBIM MOBBIIIEHUEM
ypoXasl sIBJsIeTCs TOBBbIIIEHHE IO CPaBHEHUIO C YPO’KAaeM pacTeHUs [UKOro Tuma WU
KOHTPOJIbHOTO PacTEHUs.

13. Cnoco® mo mroboMy U3 MPEAIIECTBYIOLINX MYHKTOB, 1€ yKa3aHHAs MyTaLUs
cHIDKaeT aeyonxurrnHazHyro aktusHocTe OTUBI.

14. Criocob mo mo0oMy 13 MPEAIECTBYIOMUX MyHKTOB, I/Ie PACTeHHE BHIOPAHO U3 PHCA,
MIIEHUIBI, KYKYPY3bl, COPro, STYMEHS, COM U KaIyCThl.

15. Criocob mo 1. 14, roe pacTeHueM SIBISIETCS PUC.

16. I'ereTnueckn MoAN(PULMPOBAHHOE PACTEHHUE, €r0 YacThb WM KJIETKA, Te yKa3aHHOe
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pacTeHue COAEP>KUT IO MEHbLIEH Mepe OIHYy MYTAalMK IO MEHbIIEHW Mepe B OJHOH
HYKJIEeMHOBOM kuciote, kopupyromei nojunentuy OTUB1 w/mnu npomorop OTUBI.

17. I'enernueckn Moau(ULUMPOBAHHOE pacTeHue Mo M. 16, rae yka3aHHOE pacTeHHe
XapaTepusyeTcsi CHIXKeHHEM ypoBHs okcnpeccun nonunentuaa OTUBI.

18. I'enernuecku MomuUIMPOBaHHOE pacTeHue no 1. 16 umm 17, roe ykaszaHHOe
pacTeHue XxapaTepu3yeTcsi CHUKeHueM neyounxutiuHasnoit akrusaoctu OTUBI.

19. I'enetnueckn MoauduIMpPOBaHHOE pacTeHue Mo m. 16, rae yKa3aHHOE pacTeHHe
XapaTepu3yeTcsl MOBBIIIEHHEM YpOKas 3epHa, MPEeNNOuTUTENbHO, NMPH CPaBHEHUH YKA3aHHOTO
pacTeHusi C KOHTPOJIbHBIM PACTE€HHEM WJIM PACTEHHEM JUKOTO TUIIA.

20. I'eneTruecku MOTU(UIIMPOBAHHOE pacTeHUe Mo M. 19, rae yka3aHHOE MOBBILICHUE
ypoXasl 3epHa BKJIIOYaeT yBEJIMUEHUE N0 MEHbIIEH Mepe YnCia 3epeH, YKciia 3epeH Ha METENKY,
Macchl 3epHa, UIMPUHBI 3€PHA, TOJIIHHBI 36pPHA, MACChI THICSIUM 3€PEH /WU CHUKCHUE JIJTHHBI
3epHa.

21. TI'enernueckn MomM(ULMPOBAHHOE pacTeHHe mo Jrobomy u3 mm. 16-20, roe
yYKa3aHHOW MyTalMeH sIBJISIETCS] MyTaLUs C YaCTUYHOH moTepeit QyHKIu.

22. I'eHeTnueckn MOAM(HUIMPOBAHHOE pacTeHHe mo M. 21, rae ykasaHHOW MyTauuel
SIBJIIETCSI MHCEPLIVSI, AeNIEHsT U/ WA 3aMeHa.

23. TI'enernueckn MOAM(UIIMPOBAHHOE pacTeHHe 1o Jrobomy u3 mm. 16-20, roe
MYTaIMIO BBOAAT TOCPEICTBOM HALEJIEHHONW TI€HOMHOW Moau(uKauuy, a NPenrnoyYTHTEIBHO,
ZFN, TALEN umu CRISPR/Cas9.

24. T'enernuecku MOAM(UIIMPOBAHHOE pacTeHHe mo Jwbomy u3 mm. 16-20, roe
MYTAaLUI0 BBOJAT MOCPEACTBOM MyTareHesa, a npeanoututensHo, TILLING wnu uncepuun T—
JHK.

25. T'enermueckn MOAMGUIMPOBAHHOE pacTeHHe Mo modoMy w3 m.m. 16-24, roe
HyKJIeMHOBasi kuciota, kopupyrowmas nojunentun OTUBI1, cogepxur SEQ ID NO: 1 unu ee
(YHKLIMOHAJIbHBIN BAPUAHT WJIA TOMOJIOT.

26. I'eHeTnyecku MOTU(HUIIMPOBAHHOE pacTEHHE MO M. 25, rie HYKJICHHOBAas KUCIIOTa
COZIEPIKUT TMOCNIENOBATEIbHOCTD, BhIOpaHHyto u3 SEQ ID NO: 2-5 wnu ux (QyHKUHOHAIBHOTO
BapHaHTa UM rOMOJIOra.

27. T'enernuecku MOAM(UIIMPOBAHHOE pacTeHHe NO Jrobomy u3 mm. 16-24, roe
HYKJIEHMHOBasi kucnorta, koxupyromas npomorop OTUBI, comepxxut SEQ ID NO: 6 unu ee
(YHKIMOHAJIBHBIN BAPUAHT WJIM TOMOJIOT.

28. TI'enermueckn MOAM(UIIMPOBAHHOE pacTeHHe MO Jrobomy u3 mm. 16-24, roe
pacreHne BKJIOuUaeT KOHCTpykuuio st PHK-umaTEpdeperHunn, koTopas CHUKAET SKCIPECCHIO
nonunentuaa OTUBI.

29. TI'enernueckn MOAM(UIIMPOBAHHOE pacTeHHe mo Jrobomy u3 mm. 16-28, roe
pacTeHne BbIOPaHO U3 PHCA, MIIEHHUIBL, KYKYPY3bl, COPTo, SIMMEHsI, COU U KaIyCThI.

30. Yactp pacreHuss mo moboMy m3 1. 1629, rae yka3aHHOW YacThIO PaCTEHUS
SIBJIIETCS 3€PHO WM CEMS.

31. Cnoco0 monyueHus pacTeHUsl C IOBBILIEHHBIM YpPOJKaeéM 3€pHA, IAe yKa3aHHbBIN
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croco0 BKIIFOYAET BBEICHHWE 0 MEHbLIEH Mepe ONHOH MyTalHMM [0 MEHbLIEH Mepe B OIHY
NOCJIEIOBATENIbHOCTh HYKJIEMHOBOH KHUCJIOTHI, koaupyrouyro mnomunentuny OTUB1  w/mnm
npomotop nonunentuaa OTUBI.

32. Cnocob no 1. 31, rae yka3aHHOH MyTalueil sIBIseTcst MyTalus ¢ YaCTHYHON moTepei
byHKIIH.

33. Cnocob mo m. 32, rae yKa3aHHOW MyTauueil sIBISeTCS MHCEPUUs, Aelenus Wi
3aMeHa.

34. Cnocob o mobomy u3 m.i. 31-33, rae MyTauuo BBOAST MOCPEACTBOM HALEJIEHHON
reHoMHOM Monudukaimy, a npeanouturenbHo, ZFN, TALEN wnu CRISPR/Cas9.

35. Cnocob mo mrobomy u3 .. 31-33, rae MyTauuio BBOASAT NOCPEACTBOM MyTareHesa, a
npennoututenbHOo, TILLING unu uncepuun T-JJTHK.

36. Criocob mo mrobomy u3 .. 31-35, rue HyKJIeHMHOBAs KHCIOTa KOJUPYET MOJTHITETITH
OTUBI, rae nomunentun OTUB1 cogepxxut SEQ ID NO: 1 mnu ee pyHKIMOHAIBHBIA TOMOJIOT
WJIM BapUaHT.

37. Cnocob mo m. 36, rae HYKJIEHHOBas KHUCJIOTa COIEPXKHUT MOCIENOBATEIbHOCTD,
BbIOpanHyto u3 SEQ ID NO: 2—-5 nnn ux QyHKIHOHAJIBHOTO BApUaHTa WM TOMOJIOTa.

38. Cmoco6 mo mobomy m3 mm. 31-35, rae HYKJIEHHOBas KHCJIOTA, KOTUPYIOINAsS
npomotop OTUBI, cogepxut SEQ ID NO: 6 wnu ee GyHKIMOHAIBHBINA BAPUAHT UM TOMOJIOT.

39. Cnoco0 monyueHus pacTeHUs] C TOBBILIEHHBIM YPOKaeM 3€pHa, IAe yKa3aHHBIN
BKJIIOUAET BBEACHUE B YKa3aHHOE PACTEHUE U HKCIIPECCUIO B YKa3aHHOM PaCTEHUU KOHCTPYKLIMU
st PHK—uHTEpdepeninm, KoTopast CHUXKAeT dKCIpeccuio HykiaenHoBoi kuciotel OTUBI.

40. Cnoco0 no modomy u3 m.1. 31-39, rae cnocod Takke BKJIIOYAET OLIEHKY IOBBILIEHUS
IO MEHbIIEH Mepe yposkas 3€pHa, a MPeaNOYTUTENbHO, YBEJINYeHNe 10 MEHbILIEH Mepe 4ucia
3€peH, YMCJIa 36pEH HAa METENKY, MAacChl 3€pPHA, IINPHUHBI 3€pHA, TOJIIUHBI 3€PHA, MACChl THICSYU
3epeH W/WIIM CHIKEHUS JUTMHBI 3epHa.

41. Cnocob no modomy u3 m.m. 31-39, rae cnocod Takke BKIFOYAET OLEHKY CHUKECHHUS
ypOBHs 3Kcnpeccun HykyienHoBou kuciorbl OTUB1 w/uiu OLeHKY CHUKEHMsI aKTMBHOCTH, a
MPEINOYTUTENBHO, NeyOuXUTHHA3HON akTuBHOCTH nosmnenTtiuna OTUBI.

42. Cnocob mo smodomy u3 m.am. 31-41, roe crmocod Takke BKIIOYAET PEreHEPALUIO
pacTeHUsl U CKPUHUHT Ha MOBBIIIEHUE ypoXKasi 3epHa.

43. Cnocob mo mobomy u3 mn. 31-42, rme pacreHue BBIOPAHO M3 pUCA, MIIEHHIIBI,
KYKYPY3bl, COPro, STUYMEHsI, COM U KaIyCThl.

44. PacTeHue, 4acThb pacTeHMs WM KJI€TKAa PacTeHHs, NOJy4deHHble WU IOJydyaeMble
criocoboM 1o rodomy u3 m.am. 31-43.

45. Cnocobd wupeHTuduKanmu wWwid otdopa pacTeHus, KOTopoe Oyaer maBaTh
MOBBILIEHHbIN ypOXkall 3€pHa, MPEeANOYTUTEIbHO, IO CPABHEHUIO C PACTEHUEM JUKOIo TUIIA WU
KOHTPOJIbHBIM PAaCTEHHUEM, Il YKa3aHHBIN CIIOCO0 BKJFOUAET IETEKTHPOBAHNE B PACTEHUH U B
3apOJBILIEBON IUIa3Me pacTEeHUs MO MeHblueld Mmepe omHoro nojmumopdusma B ree OTUBI1
u/unu B npomorope OTUB1, u oTOop yka3aHHOTO pacTeHUs WIN €r0 MOTOMCTBA.

46. Cniocob no . 45, rae noauMophU3MOM SABIISIETCS WHCEPLIHS, AeNeNs W/ UK 3aMeHa.
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47. Cnocod mo m. 45, rae crnoco0 TakXKe BKIIOYAET HWHTPOTPECCHIO XPOMOCOMHOM
oOnactu, coxepxameil mo MeHblneld mepe oauH mnomumopdusm B reme OTUB1 w/mnmm B
npomotope OTUBI1, Bo BTOpO€ pacTeHHe UK B 3apOJBIIIEBYIO MJIa3My PACTEHHs C MOJy4eHHEM
pacTeHUsl WK 3apOABILIEBON IIa3Mbl PACTEHUS] C UHTPOTPECCUEH.

48. KoHCTpyKIHMs HYKJIEMHOBOW KHCIOTBL, COZepXKalias IOCJIeA0BAaTENIbHOCTD
HYKJIEMHOBOW KHUCJIOTBI, KOAUPYIOLYK MO MeHbuiell mepe oaun JHK-cBsaspiBatrommii foMeH
WIM NPOTOCHENCEPHBIN 3JIEMEHT, KOTOPBI MOXKET CBSI3bIBATBCSI IO MEHbIIEH Mepe C OIHOU
NIOCJIeIOBATEIbHOCTBIO—MHIIEHBIO B TeHe u/win B mpomorope OTUBI1, rae, mpeanodturensHo,
nocJieIoBaTeIbHOCTh—MHUIIEHD BbiOpana u3 SEQ ID NO: 28, 34, 38, 42, 45, 48, 51, 54, 57, 60,
63, 66, 69, 72, 75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 106, 110, 114, 118, 122, 126, 130, 134,
138, 142 u 146 wnu ee BapuaHTa.

49. KoHCTpyKUHMS HYKJIEMHOBOW KHCJIOTBI 1o 1. 48, Trne MociaenoBaTeIbHOCTh
nportocneiicepHoro siemenTa Beidopana u3 SEQ ID NO: 20, 30, 33, 36, 39, 42, 45, 48, 51, 54, 57,
60, 63, 66 1 69 unu ee BapuaHTa.

50. KoHcTpyKLMsl HYyKJIEUMHOBON KUCIOTHI 1O M. 48 mnu 49, rae ykazaHHas KOHCTPYKLUS
TaK)k€  BKJIOYAaeT  IOCJIEeNOBaTeNIbHOCTb  HYKJIEMHOBOM  KHUCJIOTBI, KOAMPYIOIIYIO
nocienosarenbHocTh PHK CRISPR (cr-PHK), roe ykxasanHast mocienosarenbHOCTh cr—PHK
COMEP>KUT IO MeEHblIeH Mepe OAHY IOCIeN0BaTeNbHOCTh MPOTOCHENHCEPHOro 3JIEMEHTa U
JOTIOJIHUTEIIbHbIE HYKJIEOTHUIbL.

51. KoHCTpyKIusl HYKJIEHHOBOH KHUCIOTHI MO JroboMy u3 m.m. 48-50, roe ykaszaHHas
KOHCTPYKLUSl TakKK€ BKJIIOYAET IOCJIENOBATENbHOCTb HYKJIEUHOBOM KHUCJIOTBI, KOAUPYIOIIYIO
tpancaktusupyomyo PHK (tracr—PHK), rne npennoururensho, tracr-PHK onpenenena B SEQ
ID NO: 30, unu ee GyHKIIMOHAIBHBIH BApPUAHT.

52. KOHCTpyKIMsI HYKJIEHHOBOW KHCIOTHI MO Jro0omy u3 m.n. 48-51, roe ykasaHHas
KOHCTPYKLUSI KOAMUPYET MO MEHbIIEH Mepe OAHY OAHOLeno4deuHyr pykoBoaaumyr PHK
(oupPHK), rme ykasannas oupPHK conepxxur mnocnenoBarenbHocTh tracr-PHK  wu
nocnenosarenbHocTh cr—PHK wnnm nporocneticepa, roe oupPHK conmepxut, uam cocTout us
Hee, TIOCJIeIOBATEIbHOCTD, BbiOpaHHyto u3 31, 36, 40, 44, 47, 50, 53, 56, 59, 62, 65, 68, 71, 74,
77, 80, 83, 86, 89, 92, 95, 98, 101, 104, 108, 112, 116, 120, 124, 128, 132, 136, 140, 144 u 148.

53. KOHCTpyKIMSI HYKJIEUHOBOH KHUCJIOTHI MO Jodomy m3 m.u. 48-52, rme ykasaHHas
KOHCTPYKLUS (PYHKLMOHAIBHO MPUCOEIUHEHA K IPOMOTOPY .

54. KoHCTpyKUMsSI HYKJIEMHOBOH KHCJIOTBI MO I1.53, TZ€ NPOMOTOPOM SIBJISIETCS
KOHCTUTYTHUBHBIA IPOMOTOP.

55. KoHCTpyKuMs HYKJIEWHOBOH KHCIOTHI 1O JIEOOOMY U3 1.1 48—54, rae KOHCTPYKLIHUS
HYKJIEMHOBOM KHCJIOTBI TakXKe€ BKJHOYAET IIOCIEeOBATENbHOCTh HYKJIEHHOBOM KHCIOTBI,
konupyromyo pepment CRISPR.

56. KoHCTpyKIusl HYKJIEMHOBOUW KUCJIOTHI 1O 1. 55, rae ¢pepmenrom CRISPR sBisiercs
6enok Cas nmm Cpfl.

57. KoHCTpyKUUS HYKJIEMHOBOW KUCJIOTHI 1O 1. 56, rae 6emkom Cas siBisiercst Cas9 wiu

ero (yHKIIMOHAJIbHBINA BapHAHT.
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58. KoHcTpykuMsl HYKJI€HMHOBON KHCJIOTBHI MO M. 48, rne KOHCTPYKLUS HYKJIEHHOBOMH
KUCJIOTHI KopupyeT 3¢ dextop TAL.

59. KoHCTpyKkuus HYKJIEUHOBOM KHUCJIOTBI no m. 48 wumnm 58, rae KOHCTPyKLMsA
HYKJIEUHOBOM KHCJIOTBI TaKXe COAEP>KUT MOCJIeN0BATENbHOCTb, KOAMPYIOIIYIO SHIOHYKJIea3y
unu ee JIHK—pacmensironuii foMeH.

60. KoHCTpyKIHsI HYKJIEMHOBOH KUCJIOTHI I10 1. 59, rae sHAOHyKjIea30i sBisercs: Fokl.

61. Monekyna omgHouenouedHol pykoBomsmed (oup) PHK, rme ykasannas onpPHK
coaepxxut  nocnenosarenbHOCTh  cr—PHK  u nocnenosarenbHocTs  tracr—PHK, rne
nocnenosarenbHocTh  OUpPHK  Moxer cBs3bIBaTBCS MO  MEHbIIEH Mepe ¢ OAHOU
NocJieIoBaTENbHOCTHIO, BoIOpanHOU u3 SEQ ID NO: 28, 34, 38, 42, 45, 48, 51, 54, 57, 60, 63,
66, 69, 72,75, 78, 81, 84, 87, 90, 93, 96, 99, 102, 106, 110, 114, 118, 122, 126, 130, 134, 138,
142 u 146 unu ee BapuaHTa.

62. BpimeneHHas KJeTKa pacTeHHs, TpaHC(enupoBaHHAs MO MeEHbINEH Mepe OXHON
KOHCTPYKLIMEH HYKJIEMHOBOH KHUCIOTHI 1O JiroboMy u3 m.o. 48—60 nnm monekynoi oupPHK mo
n.6l1.

63. BbimeneHHas KieTKa pacTeHHs], TpaHC(euupoBaHHAas MO MeEHbIIEH Mepe OXHOHN
KOHCTPYKLIHMEH HYKJIEHMHOBOW KHCIOTHI MO JEoOoMy m3 m.m. 48-54, m BTOpPOW KOHCTpPyKUMEH
HYKJIEHHOBOM KMCIIOTBI, I7l€ YKa3aHHasl BTOpasi KOHCTPYKLMS HYKJIEHMHOBOM KHUCIOTBI COAEPIKUT
NIOCJIEIOBATENbHOCTh HYKJIEMHOBOM KHCIJIOTHI, Koaupyromyi Oenok Cas, a MpeArnouTUTENbHO,
Cas9 wm ero GyHKIIMOHAIBHBINA BApUAHT.

64. BeineneHHas KjeTka pacTeHUs MO M. 63, re BTOPYH KOHCTPYKLMIO HYKJIEHHOBOMH
KHUCJIOTBI TPAHC(PELUPYIOT 10, BO BPEMs WIH IOCe TpaHC(PEKIUHU KOHCTPYKLUU HYKJIEHHOBOH
KHCJIOTHI IO JIF0OOMy U3 m.11. 48—54.

65. I'enernyeckn MOAU(HLUPOBAHHOE PACTEHHUE, I'I€ YKA3aHHOE PACTEHHE COIEPIKUT
TpaHC(EeLMPOBAHHYIO KJIETKY O JI0OOMY 13 1.1 62-64.

66. 'eHeTHuecKu MOIUPULIMPOBAHHOE pacTeHHE MO M. 05, r7ie HYKJIEWHOBAs KUCIIOTA,
xonupyrommas opPHK w/unm HykienHoBas KUCioTa, Kopupyromas 6enok Cas, HHTerpupOBaHbI
B CTaOUJIBbHOM (hopMme.

67. Cnoco0 MOBBILICHUS] ypOKasi 3€pHA PACTEHUS, INIe YKAa3aHHBIH CIOCOO BKIIOYAET
BBEJICHHUE M HKCIPECCHIO B PACTEHHH KOHCTPYKLMHU HYKJIEWHOBOH KHCIJIOTHI 1O JIOOOMY U3 TLIL
48—60 nnmu monekynsl oupPHK mo nm. 61, raoe, mpeamnouTuUTeNbHO, YKa3aHHBIM MOBBIIIEHUEM
SIBJISIETCS MOBBILIEHHE YpOXKash MO CPaBHEHUIO C ypokaeM pacTeHus IOUKOro TUlla WIU
KOHTPOJIbHOTO PacTEHUsl.

68. PacTeHue, MOMy4YeHHOE WITH MOJIy4aeMOe CIIOCOOOM 1o 1. 67.

69. IIpuMeHeHne KOHCTPYKIMU HYKJIEHHOBON KHCIOTHI MO Jrobomy u3 m.m. 48—60 wim
mounekyJibl oupPHK no n. 61 st noselnenus ypoxas 3epHa paCTeHHUsL.

70. Ilpumenenue no n. 69, rae KOHCTPYKLMSI HYKJIEMHOBOM KHMCJIOTbI CHUKAET YPOBEHb
skcnpeccur OTUB1 B pacTenun.

71. Cnoco0 nosydeHus: reHeTHYeCKU MOTU(UIIMPOBAHHOTO PACTEHHS 110 JIFOOOMY U3 IT.II.

16-29, rae yxazaHHbIH C1IOCOO BKIIFOYAET:
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a. oTOOp YacTH pacTeHus,

b. TpaHCchekiuo Mo MeHbIIEH Mepe OAHON KJIETKM YacTH PAcCTeHUs NyHKTa (a)
KOHCTPYKLIMEH HYKJIEMHOBOH KUCIOTHI 1O JitoboMy u3 m.11. 48—60 mnu monekyoi oupPHK mo m.
61;

C. pereHepanur0 IO MEHbUIEM Mepe OIHOr0 pacTEeHUs. MPOUCXOASINEro OT
TpaHC(eLMPOBAHHON KJIETKH WM TPAHC(ELNPOBAHHBIX KIIETOK;

oTOOp OFHOrO MM OOJiee PaCTEeHUil, MOJYYEHHBIX B COOTBETCTBUU C MYHKTOM (C) H
HMMEIOIIUX [TOHMUKEHHBIN YPOBEHb SKCIPECCUH IO MEHbIIEH Mepe OJHON HYKJIEUHOBOH KHUCJIOTHI
OTUBI B yka3aHHOM pacTE€HUU.

72. Cnoco® MomudpuKanuy, a MPEearNOYTUTENbHO, TOBBIIIEHHS YPOBHEH MO MEHBIIEH
Mepe OmHOro (hakTopa TPAHCKPUIILIHMH, MOAOOHOTO OENKY, CBSI3BIBAIOLIEMYCS C MPOMOTOPOM
SQUAMOSA (SBP-nmomena), rnme yka3aHHbI CHocoO BKJIFOYAeT TMOBBIIIEHUE YPOBHSI
skcnpeccuu unu aktuBHocT UBCI13 mnu cHU>KeHHEe WM OTMEHY 3KCIPECCUU WM aKTUBHOCTHU
OTUBI.

73. KoHCTpykuMsi HYKJIEMHOBON KHCIOTBI, coOJepkallas HYKJIEHHOBYIO KHUCJIOTY,
xoaupyromyto PHKu, rne nocnenosarensHocts PHKu comepxxur SEQ ID NO: 210 unu ee
(YHKIMOHATBHBIN BAPUAHT.

74. llpuMeHeHue KOHCTPYKLMM HYKJEHMHOBON KHUCJIOTBI MO M. 73 1N CHMKEHUs
skcnpeccun OTUB1 B pactenun.

ITo noBepennocTn
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GST T
GST-OsSPL14 = =~ + + + + + + +
His-OsOTUB1A =~ = = = = =

BMOTMHOBbIM 30HL + + + + + + + + +
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OUlr.17

Mpamoit (5°-3°) ObpatHbIn (5'-3")

OsSPLL | Ceageteatglogagtgggotcaagaa SEQ 1D NO: 228 Cepgatocteacttggescotgancgea SEQ 1D NO: 229
OsSPL2 | Gegtegacaatggattgggacgecaagat SEQIDNO: 230 | Copeatcectaccacgatgaganaggan SEQ ID NO: 231
Os3PL3 | Geglegacaatggetictttgggatpea SEQ ID NO: 232 Cgopatccctataatgeaaatagastet SEQ I NO: 233
OsSPLA | Geglegacaalggatizgatgectectee SEQ ID NO: 234 Cazgalccttaatgaaatgacatgeage SEQ 1D NO: 238
OsSPLS Cgagetcatggeggteecageggegee SEQ ID NO: 236 Ceggatccctagatgaaatccacctega SEQ 1D NO; 237
OsSPL6 | Gegtlegacantggagectoceepggtegs SEQ MINO: 238 | Ceopatcctcacattgotecacsitela SEQ I NO: 239
OsSPLT | Gegtegacaatggaaggaaacggetgegee SEQ IDNO: 240 | Copgatectcagaecacgepggegceet SEQ D NO: 241
OsSPES | eoptegacaateatgaacgttccatcege SEQ ID NO: 242 Cegpatecctagtgategaagtegagat SEQ ID NO: 243
OsSPLY | Geglegacartggacgecceeggeggegcg SEQ ID NO:

” Cgpeatecctatgatgagtaghtcctag SEQ D NO: 245
OsSPLI0 | Gpactaglatgatgagegglaggalgaa SRQ 1D NO: 246 Ceggateectacatgaagicgaccloga SEQ 1D NO; 247
OsSPLIL | Gegtegacaatggagtocaaccecgicte SEQ IDNQ: 248 | Coggatccteaatgtatctggticagae SEQ ID NO: 249
OsSPLIZ | Gegtegacaatgpettottttogeatean SEQ 1D NO: 250 Ggactagticagtacagatggecatage SEQ ID NO; 251
OsSPLI3 | Cgagctcatggacegcaaggacaagge SEQ ID NO: 252 Cepatectiatetgatetggaacgecg SEQ ID NO: 253
OsSPLIS | Geglegacuatgcagagggaagtgggoce SEQ ID NO: 254 | Cogratccttatatcgtaccaasateca SEQ ID NO; 235
OsSPLAG | Gregacantgeagtpggatcteaagat SEQ 1D NO: 236 Geatcectactgecatgagaucggea SEQ 1D NO: 257
OsSPLIT | Gegtogacantggegaceggeggeagegy SEQ IDNO: 258 | Copgatecctacagagaccagitcatgg SEQ 1D NO: 259
OsSPLIB | Cageteatggattyggatctcaagat SEQ 1D NO: 260 Cgopatcectactgecacgagaateggas SEQ 1D NO: 261
OsSPEA9 | Coagctentogagteggcggegecege SEQIDNO: 262 | Cgogatecctacucctyccaagagaat SEQ 1D NO: 263
OsOTUBY | Gatgaggagacgagecate SEQ 1D NO: 264 Crittrcagatetgegetee SEQ 1D NO: 268
OsSPLI4 | Cattggglitgigeaticag SEQ ID NO: 266 Caacgacceataticcasce SEQ 1D NO: 267
OSUBCT3 Gggateaciigaggtagtge SEQ 1D NO: 268 Gegacticagttctecacet SEQ ID NO: 269
OsTBI Gaaccactcategiecacca SEQ 1D NO: 278 Cigatectgctgatgetget SEQ ID NO: 271
DEPY Gegagateacgticeicaag SEQ 1D NO: 272 Tgeagtitggcttacageat SEQ 1D NO: 273
OsRCN2Z | Caaccccacggtgaagatza SEQ ID NO: 274 Acctgtegatgecgatgtic SEQ 1D NO: 273
OsMADS3
s Gagategacgtagaggcage SEQ ID NO: 276 Taggecateeacicaggagg SEQ 1D NO: 277
Osi1gd78
70 Agctgeacategtggactac SEQ 1D NO: 278 Tigcageaatggetiggaac SEQ 1D NO: 279
Os062382
o Teglictigtegtggagaty SEQ TD NO: 280 Aggtagatgeeglaggtget SEQ ID NO: 281
Actinl Ceactatgiiccetggeatt SEQ 1D NO: 282 Gtactcageettgecaatee SEQ D NO; 283
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28/44

NpoAoIKeHNe

Mpsmoit (5-3')

ObpartHblit (5'-3’)

DEPL-GTAC-
motif

Aatitatteecttgetgtticatitc glacgtactecgegeicgggatge

ggecatage SEQ ID NO: 284

Gotat rocegoalccegagegeggagtacgtacgnaaty
=

asacageaagggaatanatt SEQ ID NO: 285

pOsOTUBLE

Gasttegagttzaagtighigctectgtea SEQ 1D NO: 286

Ggtacecgagageicgacegacacg SEQ 1 NO:
287

e(sOTUBLI

Ceegegatpggepggoactactaccact SEQ 1D NO: 288

Gtegacteactteg
289

ceetagagaatgteg SEQ D NO:

gOsOTUBL2

Ceegggatgtittectacttggiattatt SEQ ID NO: 290

(itegacteacttcggegtagagaatgteg SEQ I NO:
291

OsOTUBL1-OE

Ceegggatgggeggggactactaccact SEQ 1D NO: 262

Gtegacteacttcggptagagaatgtcy SEQ 1D NO:
293

0sOTUBL2-0k

Ceegggatgttticctactiggaacatatc SEQ 1D NO: 294

Gtegacteacticgaptagagaatgicg SEQ ID NO:
295

OsOTUBL1-
GFP

Ceegggatpgscggggactactaccact SEQ ID NO: 296

Glegaccttegggtagagaatgtegtag SEQ ID NO:
297

0sOTUBI.2-

Ceegggatgitttectacttggaacatate SEQ 1D NO: 298

Glegacctiegggtagagaatgtogtag SEQ 1D NO:

OsSPL14-R

Tetagaaagaacaagggegaaggeegtg SEQ IDNO: 312

GEP 299

CRISPR- Cagetggasagtgtictgegtitiagagetagaaat SEQ ID NO:  [Geagaacactticeagetgeggeagecaagecagea SEQ
0OsOTUB! 300 D NO: 301

DsUBC13-OF Cagttatgeac atacaggeg SE
OsUBCI3-OF Gtegacatggecaacageaaccteccecgg SEQ D NO: 302 ﬁ;‘%ﬁﬁ Hgeacegetggeatacaggeg SEQ 1D
gi‘j{f\éf {3 Actagteeegge gaatcatcaaggagac SEQ I NO: 304 f:;mtad‘lcma gaatcigaagese SEQ D NO:
g‘j{?éc 3R Tetagacecggegaateatcaaggagac SEQ ID NO: 306 §;%a{ccgaactgtccgaatctgaag g2¢ SEQID NO:
OsSPLI4-OE Gaattectatgeagatagecagiagaggag SEQ ID NO: 308 ggz%ti{i;ctacagagaccaatccatc-gtgtt SEQID
RNAI- Actastanoaac e N 5 O 3 Acatcta: et ties s Aot QF N(3s 2
OsSPLI4-L ctagtangaacaagggeaagepcate SEQ ID NO: 310 satctaaagepstitscgeectect SEQ ID NO: 31
RNAI-

Ggatccaaaggggtitgeggecteet SEQ D NO: 313

BD-OsOTUBL1

Geatecatggec ggpgactactaccact SEQ D NO: 314

Gaattctcacticgg gtagagaatgtcg SEQ 1D NO:
R1K]

BD-OsOTUBAC

Ggatccatgttpgaacatatectagagac SEQ ID NO: 316

(aaticteacttcgg glagagaatgteg SEQ 1D NO:
317

(Gagetcatggagatgaecagtggaggag SEQ ID NO: 326

v'ST :‘ g 07 5t = ir-s-. Jsg“: X .
AD-OsUBCT3 Ggatceatggecaacagenaccteccecgg SEQ 1D NO: 318 ;’IL;: gactgeaccgeiggealacagges SEQ 1D NO
BD- (gatcecctacagagaccaatecatcetett SEQ ID

Yaatte: SORCCOCLY < 5 ) . oo S
OsSPLI4AND Gaatfeatgeegeegeggtgecaggigga SEQ I NO: 320 NO: 321
cYEP- Gaatectcacttcgggtagagaatgteg SEQ Y NO:
0sOTURL ] Gicgacaatgggeggegactactaccact SEQ D NO: 322 123
FP-OsUIBCT3 sgatcettatgeaccgeiggcatacagace SE
oYEP-OsUBCHS Gicgacaatggecaacageaacciceccegg SEQ 1D NO- 324 g%‘ftizgalgcaccguggcat wigeeg SEQ D
aYFP-OsSPL14 Ggatecetacagagaccaaiccategtgtt SEQ Y NO:

327
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OUlr.17

NpoaomkKeHne
Mpsamon (5-3°) O6partHbin (5-3°)

g§§§L14aN1 Gagetcatgecagecageggcagcaciog SEQ ID NO: 328 ?z%atccctacagagaccaatccatcgtgtt SEQ ID NO:
}(])\fgl};u 0 Gagelcatgecgeegeggtaccagglgga SEQ 1D NO: 330 %giatccctacagagaccaatccatcgtgtt SEQ ID NO:
no‘g}l:u AAN3 Gageteatgagetttacgtiggatticte SEQ I NO: 332 gg;atccctacagagaccaatccatcgtgtt SEQID NO:
YCI)\:S))LE AANA Gagctcatgtgggatactactacccacagt SEQ 1D NO: 334 %gsatccctacagagaccaatccatcgtgtt SEQ ID NO:
n()‘fg}ljl,i AAC] Gagetcatggagatggecagtggageag SEQ 1D NO: 336 gi?iratcccmccatggctgggttgacagaa SEQID NO:
?8\:51}31, 182 Gagctcatggagatgsccagtagagzag SEQ ID NO: 338 %%atccctatctgaacctgcgatgctcac SEQ ID NO:
nO&s/gIE‘)L 14AC3 Gagetcatggagatggccagtggageag SEQ 1D NO: 340 S%zitgigtacggcggcggcggcggcggcg SEQID
gf§§£14AC4 Gagetcatggagatggocagtogaggag SEQ 1D NO: 342 ;igsatccctatgccgcggcggc gtectega SEQ ID NO:
nYFP-3BP Gagctcatgeegecgeggtgecaggtgga SEQ 1D NO: 344 g(g)z:tgzgmggtttgcggcctcctccggc SEQID
glff 1 AASBP-1 Gageteatggagatggecagiggaggag SEQ ID NO: 346 Ség %gtifgﬁ%gggmgcaegcccmcCC{tgtm
zlljﬁ AASBP-2 Caaaccectttggeatcacge SEQ ID NO: 348 ;}%z)a:tgzgmcagugaccaatccatcgtgtt SEQID

OUI.18
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(a)
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0.50 -

0.40 -

0.30 -

0.20 -

35/44

LA D

%‘“ 6\‘0

Q&

QP IS

(b)

WTG1-GFP

Bip

'mcToH H4



36/44

OUI.22

proActinWTG1

AR

ZHJ

gal
2
&=
..m
EAR
ik
lg| &
\.%N

B % |5
-~
et Sy | =
£
T | 3
e
PR 4| @
HE %
! | | T T
& 2 8 8 3 3 3
\m_.u; INILOV/LO1M
N
x bl
X By 5
L 6|3
£
L S w
EH Ly| &
i \.%N
S h L ES o
~ (W) eHdae eHAMLIO |
O
e’



37/44

dUr.23

No
' Xpomoco
ma [lonox
eHne ZH
[ene J  wig-1-
Wil Xpw.8  oogeeas w1t Tew |'|
C_0s08 DEL
042540 [l¢
eneuua
””” 1

% 5 _ =
Ly % % £ F £
< TN ‘2, Z, s 8 §
] 7] >~
R B 0 P tefd 8
R 2 % 9 2 2 3533 > &
‘>é‘9d’/%6@@, =S85 A
g ‘&0)@»%%@‘3—2 8&03&“@&@
52 %",%%%%% sa§%§~§§
~ oy, %%, % %%/ao%% 533 §r\‘§’°\°? $ N
6 %, O % % % B &‘osgﬂ‘f,bfex & o
By, W %, ‘4 5 % %% Eos8§ & & & & @
77 o, 0/%0%951/ _,OOJQ;S (\\7 4§ )
o, 6 7‘9//5."’?'@.%@;0”»%@“’/9 Se'af & F& & @
\0068444 Qs %gq /lapo %@o@/ ) 85 < )%/Q@ §/\®é~ 0’68“50-’ \\e\'b
68, Sty gy QL N
7/ s Ot &L D N A
006383589 (s ,:hop "‘/a? o ¥ n 9"2&“@@@‘“ cp‘“(’%“%\
] <) 3 S .
XP 004 olanum tup, inelfi) & R w7 %\N\e(\ﬁ oot G\!‘e‘s\
_004237567 (Solanum ly erosum)_Fag o ogmhlmm 51\“2\““\
copersi & o
X . icum & e . o
p_000802094 (Nicotiand sylvestris) 2 Ed \ o6 \/\“p\')_';\’l%\s?‘“ac‘ der2 ,)
XP,mzeAszM E hranthe guitata o9 85 xp,mgem tavu\gar\S)
%@ 0\10388%3(5*3“‘“ "“d‘w“\‘\ A0 & o o8f 23\632593431(Medicago fruncatula)
- e e 621 (Tritollu
QQ%A‘%A\ABKG“ a\\\l\)ﬁ\ 96 ,\“ XP_OO 4 48 m SubterraneUm)
*®- \30\““55 ’693\ S 45/ % XP g 5686 (Cicer ari
,\glt\b‘b\c' e‘.—:,c_‘,\cr"“ 9 > = T E~Xp 161882 r aristinium)
o P s 0o B 29 “Kttyyg 23 S(Aracis |
“Q%'\ "65% Q\Q @ \a = ™~ [T e ,\’p 790 737 ( /peons_
o ¢ 2SS 98 o 5 T 90, Voe is)
o @\»@% & K KNS - B2 o STt Yoy Y
Ry ¥y | §E 8508\ 0 R, .
& & & & LE Sz \. % \q, >, <55 ons
Q> +¥ & $EE55S >,§><><><><7<4 %, By Py
S F53850%° el
N @&m,gsgolo\\OO,\-; xy@/,,eo /4
" S & S¢gs8 E§;%ﬁg%@‘% o s s,
R Q§§§§§B§?—%"‘vs%@ogﬁb(¢a
@’Q&q-sﬁﬂ_..w)‘g’og,d’%%»%}- 5%
S s €& E%:?‘;%?’»@%%%"% Y
™~ ~ Q = S s - Pt
YEEES 32&3;‘%’%%%%’@ o,
Vt%&’m§=3%£~év% %,
s § 8§ e w 5 2 B 2 Zz 4 4
e/ § § $ 2% g 2% 2 %,
£ & & & 3 2 = fg
SRR RS S
N -
2



OUI.25

SEQID NO 351 ‘\'ETJBz.
SEQ ID NO: 352 ¥us s
QIDNQ: 353 {TUE
SES IDNO: 354 o gelancaaster
SEQ ID NO: 355 n&ﬁi&h&*‘&'«i&

EQIDNO: 356 Zea ray
SEQTOND, o7 o Efff;fin

SEQ D NO: 358 ¢

SEQ ID NO: 359 Tritic
SEQIDNO: 360 R,

SEQIDNO: 361 slycine max
KOHCEHCYCHast

e

¥us magg ‘-JLJa
OTHRY

&m“lmvga:tﬁ;
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283 maya
L&  0s03g42540

um vulgare
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Flveine mex

KOHCEHCYCHas

Caalegang
{TURZ
s m,z;awlu&

m@@‘lﬂ\-‘&&ﬁ’é

Lol l.{l,?iii};i‘&l&
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L Qe0Rgdaset
wlgare 1
Eal\tl@lll urazty 1

A, thaliaze
Elycine max

[

KOHCEHCYCHast 1
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Mpanmepbl

MNocnenoBarenbLHOCTL NpanMepa

Mapkep dCAPS1 ans ugentudmkaumm mytauumn wig1-1

SEQ ID NO: 362

WTGI-dP

CACAAAGTAACAATAAAGIC  (Hpyi88l)

SEQ ID NO: 363

WTGH-dR

GCTGATGATCTTATCATTITGCTTC

Mpaimepbl ana naeHTuduKkaumm MmoanuLMPoOBaHHOro cnnancuHra

SEQ ID NO: 364

WTGE-Fi

ATGGGCGGGGACTACTAC

SEQ ID NO: 365

WTGH-R1

TCACTTCGGGTAGAGAATGT

Mpaimepbl ANa NNasMUaHLIX KOHCTPYKLUMA

SEQ ID NO: 366 | C99-WIG1-GF | AGCGCAACGAATTCGAGCTCGGTCACATCAAACACCGGAC
SEQ 1D NO: 367 (c};g.wmy GGCCAGTGCCAAGCTTAGCAGCAACATCAACTAGGGGCCT
SEQ 1D NO: 368 gﬁgéwmw GCAGGAATTCAAGCTTATGGGCGGGGACTACTAC

i 0 B S -
SEQIDNO: 369 | oo | AGICACTATGGICGACTCACTICGGGTAGAGAATGT

3.

SEQ 1D NO: 37 EESWTGLF TGAACTATACAAAGGCGCGCCAATGGGCGGGGACTACTAC

) P P -
SEQIDNO: 371 | v | COCTCTAGAACTAGTTAATTAATCACTICGGGTAGAGAATG
SEQIDNO: 372 | proWTGLF | CGGGGCGTAATCTAGATGCTACCAAGTCCCACGTAT
SEQIDNO: 373 | proWTGLR | GGATCGATCCTCTAGAAAAGCTTCGATAAAAGCAGT
SEQIDNO: 374 | MBP-WIGLF | TCGOATCCTCTAGAGTCGACATGGGCGGGGACTACTAC
SEQIDNO: 375 | MBP-WTGIR | GGCCAGTGCCAAGCTIGCTCACTTCGOGTAGAGAATGT
SEQIDNO: 376 | MBP-wiglF | TCGGATCCTCTAGAGTCGACATGGGCGGOGACTACTACCA
SEQIDNO: 377 | MBP-wigl-R | GGCCAGTGCCAAGCTTGCCTAGCTCATACAAAAATTATTCC
SEQ 1D NO: 378 xg{gwc&v TCGGATCCTCTAGAGTCGACATOGGCCGGGACTACTACCA

. T TMBPWTGH- | GOCC AGTOCCARGCTTGOTCACTICOGGTAGAGAATGTCGT
SEQIDNO:37 |\ e AGCGAC
SEQ 1D NO: 380 i“;f;f" TGl A GGAGAAGGAAACAGCTTTTATCG

MBPWIGL-

SEQ ID NO: 381

MutR1

CGATAAAAGCTGTTTCCTTCTCCTC
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OUr.27
NnpoaoImKeHne

Mpanmepbl MNocnenoBarenbLHOCTL NpanMepa

Mpaimepsbl ansa konuvectseHHoi OT-TLP B peansHOM BpeMeHm

SEQ ID NO: 382 | ACTINI-F ACATCGCCCTGGACTATGACCA

SEQ ID NO: 383 | ACTINI-R GTCGTACTCAGCCTTGGCAAT

SEQ ID NO: 384 | WTGI-QF TGGTTCAGTTCTGCAAGGCT

SEQ ID NO: 385 | WTGI-QR CCAGGACGGTAGAGCAAAGT

SEQ 1D NO: 386 | LIC-QF GGAGTTTCGAGCGTATCTGGAA

SEQ ID NO: 387 | LIC-QR TGGACAGAGGAAGCAGGAGACT

SEQ ID NO: 388 | BRDI-QF TCAACCTTCCTGGAACCAAC

SEQ 1D NO: 389 | BRDI-QR TCTGTGAGCTTCTCCCTGGT

SEQ ID NO: 390 | BZR1-QF GACAACAACGAGGTGCTCAA

SEQ IDNO: 391 | BZRI-QR GCTTACATCCCTTGCGGTAG

SEQ ID NO: 392 | DI-QF CGGCCCTAGACCAGAAACTTG

SEQ IDNO: 393 | DI-QR CTTCCCTGGAGCGTCTCATGC

SEQ ID NO: 394 | D2-QF AGCTGCCTGGCACTAGGCTCTACAGATCAC
SEQ ID NO: 395 | D2-QR ATGTTGTCGGAGATGAGCTCGTCGGTGAGC
SEQ ID NO: 396 | D11-QF TGGCGATGACATTCCGATG

SEQIDNO: 397 | D11-QR GCAACTGCAAACCTGTCAGGA

SEQ ID NO: 398 | D61-QF GTTGGACGGCCTTACGTTTATC

SEQ ID NO: 399 | D61-QR GCTGGTAAACTCCAGCAAGC

SEQ ID NO: 400 | GS2-QF GCCATTTCCCCTTTCAAGCTAT

SEQ ID NO: 401 | GS2-QR GACCATGAATCCCTTCCCTTTG

SEQ ID NO: 402 | GL7-QF CACAGGGAAGATGCAAGGTG

SEQ ID NO: 403 | GL7-QR GGCCCCGTGTTGAGGAATAT

SEQ ID NO: 4064 | SPL13-QF CCGCCGTTCCAGATCAGATA

SEQIDNO: 405 | SPL13-QR | AAGAAGGGACGTAGGTGGTG

SEQ D NO: 406 | SRS3-QF GAGTTCGACGATGGTGACG

SEQ IDNO: 23 | SRS3-QR TCAAAACCAGACACACAAACTG
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