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CaliT-HampaBJIEeHHBII MyTareHe3 IOCPEICTBOM Te€HETUUECKUX KOHCTPYKIIMH, HECYIINX CHUCTEMY
CRISPR/Cas, siBisiercsa 3dEKTUBHON TEXHOJIOTHEN, aKTUBHO HCIOJIB3YIOIIENCSA /Il PELIeHUs CaMbIX
Pa3HBIX 3a7lady TeHEeTUKU U CeJIeKIMM pacreHud. OFHOM M3 TaKUX 3a7a4 ABJISAETCA YIydIleHUe
MIUTATEJIPHON IIEHHOCTH 3€pHAa COPro — BBICOKOYPOXKAWHOHN 3Kapo- M 3aCyXOyCTOMYMBOU 3JIaKOBOU
KyJIbTYpBbI, IpuobpeTarieil Bcé 60bI10e 3HaUeHNe B YCJIOBUAX apuau3anuu kaumara. CyliecTBeHHbBIM
HEJIOCTAaTKOM COPro fABJIAeTCS HU3KasA NUTaTesIbHas I€HHOCTb 3epHAa, O0YyC/IOBJIEHHAsA, B TOM YHCIIE,
YCTOMYHBOCTBIO €0 3aIaCHBIX 0€JIKOB — KaUPUHOB — K IPOTEOJIUTUUECKOMY pacIIellJIEHHUIO.

Hamu panee 6putn co3zanbl Bektopa (plC, p2C) i MHAYKIWKA MyTaluid B OJTHOM W3 T'E€HOB
TeHHOTO ceMelicTBa, koaupymwomlero cunTe3 25kDa a-kadupuna (k1C5), mpu 5TOM B KaudecrTBe
MHIIEHU  HCIOJB30BAJIM  HYKJIEOTHAHYIO IIOCJIE/IOBATEIbHOCTh  CHUTHAJIBHOTO  IOJIUIIENTH/IA,
OTBETCTBEHHOTO 32 YIAKOBKY KadupHUHA B OEJIKOBBIE TEJIbIA KJIETOK SHJIOCIIEPMA, C TEM PACYETOM, UTO
WH/IYIIMPOBAaHHAsA MyTalus HapymUT JaHHbIM 1npouecc. Co3faHHbIE BeKTOpa IOCPEAICTBOM
arpobakTepuasbHOU TpaHcopMmanuu ObLUIM BBeJleHbI B TeHOM copro (copT ABaHc). B moromcrse
pereHepUpOBaHHBIX pacTeHUH (B TMOKosieHMU T:) OBUIM BBIABJIEHBl MYTaHTBl C YJIyYIIEHHOH
IlepeBapuBaeMOCThIO0 KapUPUHOB B cUcTeMe in Vitro.

Ananus noxosienus To, BRIPALIEHHOTO B yCJIOBHAX OIBITHOTO II0JIfA, IIOKA3aJsl, YTO y HEKOTOPBIX

MyTaHTOB HaOJTIOZAJIOCh HACJIe/IoBaHWEe 0Oo0Jiee BBHICOKOTO YPOBHS IEPEBAPUBAEMOCTH OEJIKOB 3€pHA.
Tak, B moroMmcrBe wMmyrtaHTta 2C-2.1.1 mepeBapmBaeMoOCTh O€JIKOB cocTaBisiaa 71%, a B IOTOMCTBe
myTtanta 2C-1.2.5a — 84%, 3HaUUTEJILHO MPEBBIIIASA YPOBEHH IIEPEBAPUBAEMOCTH Y HMCXOJHOTO COPTa
(58-60%; p>0.05). Pacrenust u3 3TUX ceMel IO OCHOBHBIM CEJIEKITMOHHO-I[EHHBIM IMPU3HAKaM
3HAQUMMO He OTJIMYAJIUCh OT MCXOJHOTO COPTa. AHAJIU3 TEKCTYPhI SH/IOCIEPMA Y HEKOTOPBIX PACTEHUU
U3 3THX CEMEH, a TakkKe y JPYrUX MyTaHTOB U3 mokosieHUHd T, u Tz mokasas, 4To B MeTeJIKax
IIPUCYTCTBOBAJIM KAaK 3€PHOBKHU C HOPMaJbHO Pa3BUTHIM CTEKJIOBUJHBIM JH/IOCIIEPMOM, XapaKTePHBIM
JUISl UCXOZHOTO COPTA, TaK U 3€PHOBKHU, y KOTOPBIX CTEKJIOBHIHBIN CJIOM OTCYTCTBOBAJ U HHAOCIIEPM
OBI TIOJIHOCTPIO MYYHHCTBIM, JHU0OO OBLI TIPEACTaBJIE€H TOHKUM CTEKJIOBUIHBIM CJIOEM, JIHOO
BKpAIUIEHUSAMH CTEKJIOBHAHOTO 5HjocnepMa. [lepeBapmuBaeMoCTh O€JIKOB M3 TAaKUX 3€PHOBOK, KakK
IpaBwIo, ObLa Bbllle, YeM y O€JIKOB U3 3€PHOBOK CO CTEKJIOBUIHBIM 3HJIOCIIEPMOM, JOCTUTas, B
HEKOTOPBIX ciaydanx, 84-94%.

Kak nokasasio cekBeHHpOBaHUe KOAUPYIOIel nociaeaoBaTeabHOCTH reHa k1C5, y 060ux MyTaHTOB
(2C-1.2.5a u 2C-2.1.1) npucyTcTBOBaJIa OZ[HA U Ta XK€ MyTalusa: 3aMeHa 23 Hykineorusaa F-uienu: T — C, uto
JIOJDKHO TIPUBECTH K 3aMmeHe koaupytomiero tpumsera CTC—CCC. CiencTtBueM 5TOH MyTalluH, IO-
BUIUMOMY, CTaJI0 3aMellleHHe BOChbMON aMHHOKMCJIOThI CUTHAJIBHOTO IOJIMIENTH/Ia o-KadupunHa, a
MMEHHO, JIEHIINHA, anudaTuuecKon rupooOHON aMUHOKUCIOTHI, Ha IPOJIUH — FeTePOIUKINYECKYIO
MeHee TuAPo¢GOOHYI0 aMUHOKUCJIOTY, BBI3BIBAIOIIYI0O M3rHO a-cnmpanu Oesnka. Takasd 3aMeHa Moruia
W3MEHUTh CTPYKTYPHble U (YHKIIMOHAJIbHbIE CBONCTBA MOJIMIENTHUJIA U, KaK CJIe/CTBUE, XapaKTep
JIeTIOHUPOBaHUA a-KadUpUHA B OEJTKOBBIX TEIbLIAX U, TEM CAMbIM, IOBJIUATH HA UX I€PEBAPUBAEMOCTb.

Bmecte c TeMm, B psjie cemeii T2, BbIABIEHBI CIy4yan HelesieBoro 3¢ @eKTa Co3/JaHHbIX TeHETUYECKIX
KOHCTPYKIIUI: BBIIIEIJIEHHE HHU3KOPOCJIBIX (OpM, MYyTaHTOB C HEKPO30M JINCThEB U METEJIKH,
YCIWJIMBABIIEMCA B IIpollecce OHTOTeHe3a, IPU 3TOM COOTHOIIEHHWE HOPMAaJbHBIX PpACTeHUU U
WHIUBU/TyYMOB C HEKPO30M COOTBETCTBOBAJIO IUTHOPUIHOMY paciierieHuto 9:7 (32=0.672; 0.5<p<0.25).
B moromcrBe mMyTtanTa 2C-1.2.9 Habiofainch pacTeHus ¢ TOHKUM crebiem (quamerp 5.9+0.5 cm, B
cpaBHenuu ¢ 8.4+0.4 cm y ucxomgHoro coprta ABaHc (p<0.01)), cHmxeHHo¥ Mmaccoit 1000 3epeH u
CHUKEHHBIM YpO2KaeM 3epHA C METEeJIKU.

Wccnenosanusa npoBeaeHsl Ipu nojaepxkke rpanra PHO® N224-16-00063.
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Improvement of the nutritional value of sorghum grain using genome editing technology:
analysis of the progeny of mutants with increased digestibility of kafirins
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Site-directed mutagenesis using genetic constructs carrying the CRISPR/Cas system is an effective
technology that is actively used to solve a variety of problems in plant genetics and breeding. One of these
problems is improving the nutritional value of sorghum grain, a high-yielding, heat- and drought-tolerant
cereal crop that is becoming increasingly important in the conditions of climate aridization. A significant
disadvantage of sorghum is a low nutritional value of the grain, due, among other things, to the resistance
of its storage proteins, kafirins, to proteolytic digestion.

We have previously created vectors (p1C, p2C) for inducing mutations in one of the genes of the
gene family encoding the synthesis of the 25kDa a-kafirin (k1C5), using as a target the nucleotide sequence
of the signal polypeptide responsible for packaging kafirins into protein bodies of endosperm cells, with
the expectation that the induced mutation would disrupt this process. Using Agrobacterium-mediated
genetic transformation we introduced these constructs into genome of the grain sorghum cultivar
Avans. In the progeny of regenerated plants (in the T; generation), mutants with improved in vitro
protein digestibility were identified.

Analysis of the T, generation grown in the experimental field conditions showed that some mutants
inherited a higher level of grain protein digestibility. Thus, in the progeny of the 2C-2.1.1 mutant, protein
digestibility was 71%, and in the progeny of the 2C-1.2.5a mutant it was 84%, significantly exceeding the
level of protein digestibility of the original cultivar (58-60%; p<0.05). Plants from these families did not
differ significantly from the original cultivar in the main agronomically-valuable traits.

Analysis of the endosperm texture in some plants from the T, and Tz of these mutants showed that
there were kernels with different endosperm types: with normally developed vitreous endosperm which is
peculiar to the original cultivar, with floury endosperm completely devoid of the vitreous layer, or kernels
with a thin vitreous layer, or with inclusions of sectors of vitreous endosperm into the floury one. The
digestibility of proteins from such kernels was generally higher than that of proteins from kernels with
vitreous endosperm, reaching, in some cases, 84-94%.

Sequencing of the coding sequence of the k1C5 gene showed that both mutants (2C-1.2.5a and 2C-
2.1.1) had the same mutation: replacement of 23 nucleotide in the F-chain: T — C, which should lead
to the replacement of the coding triplet CTC—CCC. The consequence of this mutation, apparently,
was the replacement of the eighth amino acid of the signal polypeptide of a-kafirin, namely, leucine,
an aliphatic hydrophobic amino acid, with proline, a heterocyclic less hydrophobic amino acid that that
causes the bending of the protein a-helix. Such a replacement could change the structural and functional
properties of the polypeptide and, as a consequence, the deposition of a-kafirin in the protein bodies and,
thereby, affect their digestibility.

At the same time, in a number of T, families, cases of non-target effects of the created genetic
constructs were observed: appearance of the mutants with reduced plant height, with necrosis of leaves
and panicles, which increased during ontogenesis, segregation ratio of normal plants and individuals with
necrosis fit to 9:7 digenic ratio (y?=0.672; 0.5<p<0.25). In the progeny of the mutant 2C-1.2.9, plants with
a thin stem (diameter 5.9+0.5 cm, compared with 8.4+0.4 cm in the original variety Avans ( p<0.01)),
reduced 1000 grains weight and reduced grain yield per panicle were observed.
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