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IKCIepUMEeHTAJIbHOE CO37l[aHWe JIMHUH W TUOPUIOB BO3/EIbIBAEMBIX PACTEHHH, CIOCOOHBIX
K AallOMHUKTUYHOMY Pa3MHOKEHHI0O B TedeHHe MHOTUX JIeT IIPUBJIEKAJI0 BHUMaHUE TeHETUKOB U
CeJIEKIIMOHEPOB pacTreHnil. PopMUpOBaHUEe HEPEIYyIITPOBAHHBIX 3aPO/IBIIIIEBBIX MEMTKOB (3M) — BasKHBIN
KOMIIOHEHT allOMUKTUYHOTO Pa3MHOXKEHUs y pacTeHHi. M3BecTHO, UTO MyTallul B TeHe ameiotic,
KOHTDPOJIUPYIOIIIEM PpACXOXKJIeHHEe TOMOJIOTHYHBIX XpoMocoM B | [lesleHMH Melo3a, BeAyT K
00pa30BaHNIO HepeAyINPOBaHHBIX raMeT. C 1eJIbI0 MTOJIyYeHUs MyTaHTOB, CHOCOOHBIX K (DOPMUPOBAHUIO
HepeyIMpOBaHHBIX 3M, HaMu Ha OCHOBe OMHApHOro BekTopa PBALC, cozeprkaiiero reHeTHYecKyro
koHcTpyknuio CRISPR/Cas s caliTa- HallpaBJeHHOTO MyTareHe3a, ObLIM CKOHCTPYUPOBAHBI BEKTOPA
p09 u plO, y xoroppix B cait miaa rtuaPHK Opuim BerpoeHbl (dparMeHThl  HYKJIEOTUHOMN
IIOC/IEIOBATEIPHOCTY  I'eHAa  ameiotic.  /laHHBle BeKTOpa IIOCPEJICTBOM  arpobaKTepHasibHOU
TpaHcdopManuy ObUTH BBeZleHBI B reHoM JsimHUM KyKypy3bl AT T'TIJI, obGnagaromieil criocoOHOCTHIO
K TaIUIOWTHOMY IIapTeHOTeHe3y, a TakKe B reHoM copro (copt ABaHc). B pesysbrare ObLIO MOJydeHO
16 TpaHCreHHBIX pacTeHHH KyKypy3sl (dactora Tpancopmannu 4.4—11.5%) u 6 pacrenuii copro (9.4%),
Hecylux reHerndeckue koHcTpykuu CRISPR/Cas.

Jlnsg  BBIABJIEHUS MYyTaHTOB, CHOCOOHBIX K (OPMHUDPOBAHUIO HEPEAYIUPOBAaHHBIX 3M
HCIIOJIb30BAJICA ITUTOJIOTUUECKUN aHAIN3 MbUIbIEL. Cpeu pereHepaHTOB KyKypy3bl ObLIO BBISABJIEHO
O/IHO pacTeHUe C KpPYNHbIMHU (epTUIbHBIMHU ObUIbLieBbIMU 3epHamMu (I13). ¥ copro Takue pacreHus
ObUTH BBIABJIEHHI B T1 B IOTOMCTBE JIBYX pereHepaHToB (YacToTa KpynHbIx [13 — 26—34%).

Jlis  [asbHEUIero WCCIIeIOBAHUA TIIOJyYeHHBIX MYTAHTOB IIPEJIIIOJIaraeTcsl HCIO0JIb30BaTh
reteporUioniHble ckperuBanus (@ 2nx d4n), KoTopbie ABASIOTCA 3(PGEKTUBHBIM HHCTPYMEHTOM JIJIsi
BBIIBJIEHUs HepeAynupoBaHHBIX 3M. B Takux CKpelmuBaHUAX, B CJIy4dae OIUIOJOTBOPEHUS
HepeaynupoBaHHOro 3M MBUIBLION TETPAIUVIONZA, B 3SHAOCIEpDME BOCCTaHABIMBaeTcs  OayiaHc
MATEPUHCKOTO M OTIIOBCKOTO TeHOMOB (2M:10), HeEOOXOAMMBIA [UJIi Pa3BUTUA ITOJHOIEHHBIX
BBIIIOJTHEHHBIX 3€PHOBOK.

B Hammx 3KcllepUMEHTaX MPU CKPENUBAaHUM HEKOTOPBIX JIMHUM U TUOPHUAOB KYKYypy3bl C
TeTPAIUIOUIHBIMU JIMHUAMU ObLIO 00Hapy>keHO (OpMHUPOBAaHME BBIINOJIHEHHBIX 3€PDHOBOK, IIPU 3TOM
4acTOTa 3€PHOBOK C HepeAylUPOBaHHBIMU 3M, 13 KOTOPBIX pA3BUBAINCH IUIIOUIHBIE, GeHOTUIINYECKU
MAaTPOKJIMHHBIE pACTeHUS U TETPAIIONAHbIE THOPUBI, cocTaBiisia 17.6%.

AHanu3 TUIOMJAHOCTU BHJIOCHEPMA BBHIMIOJHEHHBIX 3€PHOBOK € IIOMOIIBID IPOTOYHOU
IUTOMETPUU IIOKa3ay, YTO Y OOJIBIIMHCTBA 3€pPHOBOK 1-ii muK (uiroopecueHIUN HaO/IIOAAJICA IIpU
3HAaUeHUsX, B /IBA pa3a MPEBBIIIAOIINX TaKOBble B 3HjocnepMe AurionioB (3C), U COOTBETCTBOBAI
6C, xapakTepHOU [jig BSHJIOCHEPMA TETPAIUIOWIOB, YTO MOKET CBU/IETEIbCTBOBATh O PA3BUTHU
BBITIOJTHEHHBIX 3€PHOBOK B CKPEIUBAHUAX 2Nx4N y KyKypy3bl Ha OCHOBE HEPeAyIMPOBAaHHBIX 3M.
FeHoTHMNIMPOBaHUE AUIIOW/IHBIX PACTEHUH, ITOJIYYEHHBIX U3 TAKUX 3€PHOBOK, MO BceM 10 Xxpomocomam
KYKYpy3bl € IIOMOIIIBIO ToJUMOp¢HBIX SSR- 1 Indel-mapkepos, nuddepeHnnpyomux OTIOBCKYI0 TUHUIO
OT MAaTepUHCKUX JIMHHUH, I[0Ka3ajo, YTO y OSTUX pacTeHUdl Habsaofanach aMIUITUUKAINA
MIPeUMYIIeCTBEHHO ajllesiell MaTEPUHCKUX XpoMocoM. OTHAKO Y KaXK0T0 U3 U3YYEHHBIX PACTEHUM ObLIN
OTMeYeHbI CJIydau aMIUTUUKAnUu ajuieseld, o KpaHed Mepe, OJHON OTIIOBCKOM XPOMOCOMBI, UTO,
BO3MOXKHO, CBUJIETEJIBCTBYET O (POPMUPDOBAHMU TAaKUX PpACTEHHUN Ha OCHOBe OIUIOZ0OTBOPEHUA
HepeIyIUPOBaHHBIX 3M U MNOC/IeAyIoIed 3IUMUHAIUA XPOMOCOM IPEUMYIIECTBEHHO OTIIOBCKOU
smHun. TakuMm o0pasoM, HAIIM HCCAEAOBAHUSA IOKA3bIBAIOT, UTO COUETAHUE METOZOB KJIACCHYECKOUN
T€HETUKU U COBPEMEHHOU OMOTEXHOJIOTUM OTKPHIBAET HOBBIE IEPCIIEKTUBBI B PELIeHHU ITPOOJIEMBI
aromukcuca. VcesienoBanus poBeJieHsl Ipu nojepkke Poccuiickoro Hayunoro ¢onzma (rpant N224-
16-00063).
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Experimental creation of lines and hybrids of cultivated plants capable of apomictic
reproduction has attracted the attention of geneticists and plant breeders for many years. Formation
of unreduced embryo sacs (ESs) is an important component of apomictic reproduction in plants. It is
known that mutations in the ameiotic gene, which controls the homologous chromosome segregation in
the first meiotic division, lead to the formation of unreduced gametes. In order to obtain mutants capable
of forming unreduced ESs, we constructed vectors p09 and p10. These vectors are based on the binary
vector pBAtC containing the CRISPR/Cas genetic construct for site-directed mutagenesis, in which
fragments of the nucleotide sequence of the ameiotic gene were inserted into the site for guide RNA. These
vectors were introduced into the genome of the AT GPL maize line, which has the ability for haploid
parthenogenesis, and into the genome of the grain sorghum cultivar Avans using Agrobacterium-
mediated genetic transformation. As a result, 16 transgenic maize plants (transformation frequency 4.4—
11.5%) and 6 sorghum plants (9.4%) carrying the CRISPR/Cas genetic constructs were obtained.

To identify mutants capable of forming unreduced ESs, cytological analysis of pollen was used.
Among the maize regenerants, one plant with large fertile pollen grains (PGs) was identified. In
sorghum, such plants were identified in the T4 progeny of two regenerants (the frequency of large PGs is
26-34%).

For further study of these mutants, it is proposed to use heteroploid crosses (@ 2nx d'4n), which
are an effective tool for identifying unreduced ESs. In such crosses, in the case of fertilization of unreduced
ES by pollen of tetraploids, the balance of maternal to paternal genomes (2m:10) is restored in the
endosperm, which is necessary for the development of normally developed plump kernels.

In our experiments, when crossing maize diploid lines and hybrids with tetraploid lines, the
formation of plump kernels was detected, the frequency of kernels with unreduced ESs, from which
diploid, phenotypically matroclinous plants and tetraploid hybrids developed, was 17.6%.

The analysis of the endosperm ploidy of the plump kernels using flow cytometry showed that in
most kernels the 1st fluorescence peak was observed at values twice as high as those in the endosperm of
diploids (3C) and corresponded to 6C peculiar to endosperm of tetraploids. These data may indicate the
development of plump kernels in the 2n x 4n maize crosses on the basis of unreduced ESs. Genotyping of
diploid plants obtained from such kernels for all 10 maize chromosomes using polymorphic SSR and Indel
markers differentiating the paternal and maternal parents, showed that in these plants amplification of
maternal chromosome alleles was observed predominantly. However, in each of the studied plants
amplification of alleles of at least one paternal chromosome was observed. This result may indicate the
formation of such plants as a result of the fertilization of unreduced ESs by diploid pollen grain and
subsequent elimination of chromosomes mainly of the paternal line.

Thus, our research demonstrates that the combination of classical genetics and modern
biotechnology methods opens up new prospects for solving the problem of apomixis.
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