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BJINAHUE MYTAITUH B IIPOMOTOPE T'EHOB PPD-1, ITOJIYYEHHBIX C
NCITIO/Ib3OBAHMUEM I'EHOMHOI'O PEJAKTPOBAHUNA, HA CYTOUHbBIN ITATTEPH
AKCITPECCHUU 3TUX I'EHOB 1 HA BPEMA KOJIOIIEHUA Y T. AESTIVUM L.
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Bpems co3peBaHHsA KYJIBTYPHBIX PACTEeHHUU ABJIAETCA OJHUM U3 OCHOBHBIX (DPaKTOPOB,
OIIpeIeJIAIONI IPUCIIOCOOIEHHOCTD K OKPY’KAIOIIEN cpefie, YTO, B CBOIO OU€EPE/Ib, BIUAET HA YPOIKAWHOCTD.
ITepexop k reHepaTUBHOU (pa3e pa3BUTHSA B 3HAUUTEIbHOU CTEIIEHU PETYJINPYETCS UyBCTBUTEIHBHOCTHIO K
¢oronepuony. YV ImIIeHUNBI YyBCTBUTEJIBHOCTh K (OTOIIEpHOAY KOHTposmupyercsa reHamuPPD-1.
WsBectHo, uto amnenuPPD-1, He OTHOcAmMecs K JUKOMY THITy, UMEIOT WU3MEHEHHBI NaTTepH
SKCIPECCUH, YTO NMPUBOAUT K YCUJIEHUIO TPAHCKPUILIMU B TeueHUe JHA U, KaK CJIe/ICTBUE, K Oosee
paHHEMY KOJIOLIEHHI0. B mpoMOTOpe T'eHOB pacloJioKeH ps/ CalTOB CBA3BIBAHUA C (aKTOpaMU
tpanckpunnuu (CHE BOXIIPCCHS, CCA-1, VOZ-2, LHY), koTopble peryJupyroT 3Kcupeccuro. Mbl
ucronbp3oBasiu CRISPR/Cas9 i mosiyueHUs KOJUIEKIUM PACTeHHH ¢ MyTalUsMH B IIPOMOTOPHOM
obstactu reHOB PPD-1, KOJUIEKITUIO MYTaHTHBIX PACTEHUH MbI UCIIOJIb30BAIH JIJISA BBISICHEHUS (DYHKIIUU
CaNTOB CBA3BIBAHUSA (DAKTOPOB TPAHCKPHUIIIIUH, OOHAPYKEHHBIX B IIpoMoTope PPD-1.

V3 1470 5MOpHUOHOB, MOJBEPrIINXCSA OWOIUCTHYECKOW 00paboTke, ObUIO modydeHO 193
pereHepanta. CKpUHHUHT MyTanui nposoguicsa MeronoMm IIIP co crnenuduueckumu nmpaiiMepaMu K
IpOMOTOpHBIM yuacTkam reHPoped-Bl u Ppd-D1. TouyHass oOIleHKa ITOJIy4EeHHBIX MyTalluii ObLia
IIpOBeJieHa ¢ IIOMOIIbI0 cekBeHupoBaHu:A 1o Canrepy u NGS. Hasyuue TpaHCreHa onpeziesisiyd IyTeM
amiumndukanuu pparmenToB SGQRNA u rena BAR. U3 142 nmpoaHasim3upoBaHHBIX pacTeHuil 54 (38%)
HECJIM MyTallid IO KpaliHel Mepe B omaHoM reHe-muinienu P (pd-Bl u/wim Ppd-D1). BosbiuHCTBO
IIOJIyYeHHBIX MyTaluil B MMPOMOTOpEe ObLIU JieJIeNUAMU; JJINHA JeJIelUil BapbUpOBajia OT €JUHUYHBIX
3aMeH JI0 COTEH HYKJIEOTHUZOB. MyTaHTHbIe T€HOTHUIIBI OBUIM MOJyYeHbl B TeTEPO3UTOTHOM, OH- U
TOMO3UTOTHOM COCTOSIHHHU. BoJsbmuHCTBO MyTaHTOB TO OBUIM reTepo3UroTHhIMU, 18 pacrenuit TO ¢
MyTaIUAMHU He COJIEPKAJIN TPAHCTeHOB. JKcIpeccus reHoB Ppd-Bl u Ppd-D1 6b11a n3yyeHa B pacTeHUAX
TO u T1 c momomipo ITIIP B pearbHOM BpeMeHHU. BhLIO MTOKa3aHO, YTO MUPKAHBI PUTM SKCIIPECCUH
F€HOB IUKOTO THUIIA HapPYIIAETCA y MyTAaHTOB KaK C JeJelUAMHU, TaK U C AeJeuAMU. Y KOHTPOJIBHBIX
pacTeHu# TUKOTOo TUIa reHbIPPD-1 aKTUBHBI B TEUEHHE THSA M HEAKTUBHBI HOUYBIO, TOT/Ia KaK y PACTEHUI
C MyTalisIMU 3TU TeHbl IOCTOSIHHO aKTUBHBI B TeUeHNe JIHS.

ITokonenue T1 BpICAKUBAJIN B TEIUIUIE B YCJIOBUAX JUIMTEJIBHOTO CBETOBOTO JHA U OLIEHUBAJIU
denoTHun (OsABIEHUE IIEPBOrO y3Jia U BpeMs HOABJIEHUS BcxooB). Pacrenus T1 ¢ JieslenuaMU CalToOB
CHE, BOXIIPCCHS, CCA-1, VOZ-2 (200 n.1.) B mpoMmoTtope reHa Ppd-D1 BeIkostanuBaiuch Ha 3-5 qHel
paHbllle 10 cpaBHeHUIO ¢ KoHTposieM (P<0,001). KopoTkue aesneruu B MPOMOTOPHBIX 00JIACTAX T'€HOB
PPD-1, xoTOpble 3aTparMBaIi TOJIBKO OJUH CAUT CBSA3BIBAHUS, TaKKe ObLIM acCOIIMHUPOBAHBI ¢ Oosiee
pPaHHUM BbIKOsIalMBaHWeM.Tak, HaMu He ObLIO OOHAPYKEHO 3HAUYMMBIX DPa3IUYUil BO BpeMeHU
KOJIOIIIEHUS MEX/Ty PacCTEHUAMH C Aesenusamu 276 m.H. u 42 n.H. B reHe Ppd-D1. KopoTkas aenenus 42
II.H. 3aTpoHyJa ToabKo calT BOXIIPCCHS, B To BpeMms Kak jiesienus 276 1.H. 3aTpoHysa cautel CHE,
BOXIIPCCHS, CCA-1 u VOZ-2. ¥ moroMmcrBa Tl He OBLIO CyIIEeCTBEHHOW pPa3HUIBI BO BpPEMEHU
CO3PEBAHUA MEX/y IBYMA aJlIeJIIMU U FeTEPO3UTOTHBIMM PACTeHUAMU. JTU JJaHHBIE YKa3bIBAIOT HA TO,
4qr0 re’bl PPD-1 MOryT HaxoguTbCA IIOJ, PEryIATOPHBIM KOHTPOJIEM, OIIOCPELOBAHHBIM MHOXKECTBOM
TPAHCKPUIIIUOHHBIX (PAKTOPOB.

JlaHHOe HccienoBaHue 6610 noaaepxano rpaatom PH® No21-76-30003.
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CAS9-INDUCED MUTATIONS IN THE PROMOTER OF PPD-1 GENES AFFECT THE DAILY
PATTERN OF EXPRESSION OF THESE GENES AND THE HEADING TIME IN T.
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The heading time of cultivated plants is one of the main factors determining their adaptability to
the environment, which, in turn, affects crop yields. The transition to the reproductive phase is largely
regulated by photoperiod sensitivity. In wheat, the photoperiod sensitivity is controlled by the PPD-1
genes. Non-wild-type alleles of PPD-1 are known to have an altered expression, leading to elevated
transcription throughout the day and accelerated heading. It was assumed that a range of transcription
factor binding sites (CHE, BOXIIPCCHS, CCA-1, VOZ-2, LHY) located within thePPD-1 promoter regulate
the gene expression. At the Kurchatov Genomic Center of ICG SB RAS we used the CRISPR/Cas9 genome
editing to obtain a collection of plants with mutations in the promoter region of thePPD-1 genes. The
mutant plant collection was utilized to uncover the function of the transcription factor binding sites found
within the PPD-1 promoter.

Of the 1470 embryos that underwent biolistic bombardment, 193 regenerants were obtained.
Mutation screening was performed by PCR with specific primers to the promoter regions of tPhped-B1 and
Ppd-D1 genes. Precise evaluation of the obtained mutations was carried out using Sanger and NGS
sequencing. The presence of the transgene was determined by amplifying fragments of sRNA and BAR
gene. Of the 142 plants analyzed, 54 (38%) carried mutations at least in one target gene (Ppd-B1 and/or
Ppd-D1). Most mutations in the promoter were deletions; the length varied from single nucleotide
deletions to hundreds of nucleotides. Mutant genotypes were obtained in a heterozygous, bi-, and
homozygous state. The majority of the TO mutants were heterozygous. A total of 18 TO plants with
mutations were transgene-free.

The expression of thePpd-B1 and Ppd-D1 genes was studied in TO and T1 plants using real-time
PCR. It was shown that the circadian rhythm of expression of wild-type genes is disrupted in mutants with
both deletions and insertions. In wild-type control plants, the PPD-1 genes are active during the day and
inactive at night, whereas in the edited plants, these genes are constantly active throughout the day.

The T1 generation of edited wheat was planted in a glasshouse in long daylight conditions, and the
phenotype was evaluated (the first node and the time of heading). There were T1 plants harboring longer
deletions, which eliminated CHE, BOXIIPCCHS, CCA-1, VOZ-2 binding sites. These large deletions
(approximately 200 nucleotides) in the promoter of thPepd-D1 gene led to an acceleration in heading time
for 3—5 days (p<0.001). Short deletions in the promoter regionsPPoDf-1 genes, which affected only one
binding site, were also associated with an earlier heading. For instance, one of the TO plants harbored
biallelic mutations in the Ppd-D1 gene with 276-bp and 42-bp deletions. The shorter deletion only affected
the BOXIIPCCHS site, while the longer deletion covers CHE, BOXIIPCCHS, CCA-1, and VOZ-2 sites. In
the T1 progeny there was no significant difference in heading time between the two alleles and
heterozygous plants. These findings indicate that thPePD-1 genes may be under regulatory control
mediated by multiple transcription factors.
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