(Mavka/CDC Camino, Belko/CDC Rosalee and Mavka/Niger Wally) were studied. The study
object was the performance and suitability for mechanized harvesting as well as traits that de-
termine them. The breeding was conducted according to the full breeding design. We conduct-
ed multiple individual selections, starting with F,. We used experimental-field and laboratory-
analytical methods and statistical processing of data on a PC.

Results and discussion. The degree of phenotypic dominance of the plant height in F; hybrids
varied 9.4 to —1.75, of the performance and its constituents — 2.7 to — 1.5. The frequency of
probable transgressions in F, was within 16.5-32.0 and 0-14.7%, respectively, with a
coefficient of variation ranging 17.5% to 61.9%. The index traits were less variable. In the F;
Mavka/CDC Camino the share of performance-positive transgressions was 50.0%; in the F;
Belko/CDC Rosalee it was 12.0% related to the number of transgressive forms in F, In the F4
Mavka/CDC Camino, it increased to 66.1%. 57.1% of the Fs—F¢ breeding lines gave higher
yields than that from check variety Pervomaiska. In 64.3% of the breeding lines, the yield
stability exceeded 70%; 39.2% of the accessions were better (81.4-97.1%) than the check va-
riety (76.5%).

Conclusions. Intravariety hybridization was proved to be an effective method for the crop breed-
ing. It is recommended to select idiotypes from hybrid populations from crossing forms have
contrasting traits, starting with Fj3; it is advisable to use the harvest index as a selection
criterion.

Key words: common bean, breeding, variety, trait, hybridization, intervariety hybrids,
inheritance of traits, heterosis, breeding accession.
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VARIABILITY OF CANNABINOID CONTENTS DEPENDING ON BREEDING
METHODS

Laiko [.M., Mishchenko S.V., Kyrychenko A.I.
Institute of Bast Crops NAAS, Ukraine

Breeding methods are proposed for reducing psychotropic tetrahydrocannabinol, stabiliz-
ing the absence of cannabinoids in cannabis cultivars — populations and increasing the contents of
cannabidiol, cannabigerol and cannabichromen gaining advantage from valuable collection ac-
cessions.

Key words: breeding, cultivar, mutagenesis, inbreeding, cannabinoids, performance.

Introduction. In cannabis breeding, a number of techniques have been developed. The
techniques allow for the assessment, stabilization and consolidation of the contents or absence of
cannabinoid compounds. Current studies are focused on developing approaches to expansion of
ranges of genotype expression with subsequent stabilization of valuable traits in the offspring [1].

Literature review and problem articulation. For almost 50 years of breeding for reduc-
tion in the narcotic activity of industrial hemp, Ukrainian scientists have achieved the lowest lev-
el of tetrahydrocannabinol (THC) in the world — 0.000-0.001%. It is unique that in these studies
the dominant trait of the THC presence has been brought to high homozygosity of the population
for this trait by selections and targeted cross-pollination of plants without cannabinoids at all. In
such a population, there are no plants with a THC content above 1 point, although initially there
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were plants with 3 to 10 points and higher. The breeding effectiveness is attributed to new meth-
ods of evaluation of breeding material, selection of elite plants, investigation of mechanisms of
formation and accumulation of cannabinoids in plant organs during different phases of vegetation
[2-5].

THC-free cultivars of industrial hemp have opened the prospects for a transition to a new
level of increasing the cultivars™ performance in terms of oil and fiber contents as well as of seed
and stem yields. New hemp cultivars, Hlesiia, Mykolaichyk, Hlukhivski 51, and Hlukhivski 85,
are noticeable for these unique biological features [6—9].

In light of the curative properties of some non-psychotropic cannabinoids [10, 11], the
creation of medical cannabis (in compliance with current laws) has become relevant. The grow-
ing interest in such cannabis requires a quick solution, and therefore exploratory studies are con-
ducted to identify valuable accessions with high contents of cannabidiol (CBD), cannabigerol
(CBQG), cannabichromene (CBC) and other non-psychotropic compounds [12, 13]. It is known
that inbreeding results both in aligned homozygous lines and in heterozygous material, and this
can become a methods of selecting valuable plants and stabilizing the offspring populations [14].
Gamma irradiation of seeds also causes genotypic changes.

Purpose and objectives. To reveal new possibilities for the expression of cannabis geno-
types to obtain starting material with increased contents of non-psychotropic cannabinoids, with-
out THC and stabilized biological traits.

Material and methods. In our study, we took Ukrainian hemp cultivars, the populations
of which were distinguished by high stability of cannabinoid contents in comparison with foreign
cultivars, as a basis. The study was carried out using breeding, biochemical and statistical meth-
ods: physical mutagenesis, inbreeding, individual selection, thin-layer and gas-liquid chromatog-
raphy to evaluate plants for cannabinoids (HP 6890 Series Hewlett Packard chromatograph using
an internal standard).

Results and discussion. Using the developed breeding methods, today it is possible both
to stabilize a population of a cross-pollinated crop and to change the vector of the cannabinoid
contents, i.e. to increase or to decrease them. Let us consider changes in the cannabinoid contents
under the influence of gamma irradiation, self-pollination and selection of plants for the absence
or increase in cannabinoids without boosting the psychotropic activity of industrial hemp culti-
vars.

Seeds of several cannabis cultivars gamma irradiated at a dose of 200 or 150 Gy at the
Dagqing branch of the Academy of Sciences of Heilongjiang Province (China) were studied in
order to identify mutant beneficial forms. In the process of obtaining M;—M3, the cannabinoid
contents were also monitored in order to identify new material with high CBD and CBG levels.

It was found that the higher dose of irradiation (200 Gy) of Hlesiia cultivar expanded the
cannabinoid content variability range from 0 to 10 points, with accumulation of the maximum
amounts (the original plants contained no cannabinoids at all). Of 10 analyzed plants, only one
plant had no cannabinoids at all; 7 plants contained trace or small (up to 3 points) amounts of
these compounds (from thin-layer chromatography data); and there were 2 plants with a high con-
tent of THC or CBD. Moreover, one of them can be referred to the Central European type - 10
points of CBD and the minimum of THC, while the other was not a typical southern type with a
high content of THC and a small amount of CBD (trace amount). This plant is a mutant by origin
(My) (Table 1).

The lower dose of irradiation (150 Gy) did not affect the genotypic trait of the canna-
binoid absence in 11 plants during their investigation up to M4. The same pattern was observed
for Zolotonoshskaya 15 (150 Gy). The cultivar remained stable in terms of the absence of canna-
binoids during propagation up to My.

Among the plants of the Chinese cultivar, CK (irradiated with 200 Gy), segregation was
seen, and four plants with a THC content of 1-3 points and seven plants with a THC content of
5-10 points appeared. At the same time, the initial plants of this cultivar contained THC of not
below 10 points (Table 2).
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Table 1
Cannabinoid contents in M3 Hlesiia plants (200 Gy)
Cannabinoid content, point

Plant No

CBD THC CBN CBC CBG
1 0 0 0 0 0
2 0.25 0 0 0 0
3 10 5 0.25 5 6
4 0.5 0 0 0 0
5 0.5 10 2 5 0
6 0.5 2 0 0.25 0
7 0.25 0.25 0 3 6
8 0.5 3 0 3 0
9 1 0.5 0 1 0
10 1 0.5 0 3 0
Average 1.45 2.12 0.22 2.02 1.2
Table 2
Cannabinoid contents in M3 CK plants (200 Gy)
Plant No Cannabinoid content, point
CBD THC CBN CBC CBG
1 0.5 1 0 0.5 0
2 0.25 10 2 6 3
3 1 6 0.25 6 3
4 1 6 0.25 6 3
5 0.5 5 0 1 0.5
6 1 10 0.5 8 4
7 0.5 10 0.5 8 4
8 0 6 0.5 6 0.5
9 0 7 0.5 2 0
10 0.5 3 0 2 0
11 0.5 3 0 3 0
12 0.5 3 0 2 0
Average 0.52 5.83 0.38 5.05 1.50

Gamma rays at a dose of 200 Gy disrupt the genotypic relationships between canna-
binoids, with accumulation of their minimum or maximum amounts. Lowering the irradiation
dose to 150 Gy does not destabilize the population in terms of the cannabinoid contents. These
results confirm the possibility of using this method in breeding to identify valuable economic
traits in collection hemp cultivars with high cannabinoid contents and in subsequent individual
selection of plants with a lower amount of THC, with their involvement in the breeding process.

In the process of self-pollination of plants with the THC level of 1 to 4 points, both THC-
free plants and plants containing THC of >10 points were identified. Along with plants of the
Central European type, where a high content of CBD is combined with the minimum content of
THC (for example, 6 points and 0.5 points, 10 and 1 points, respectively), three plants of the
southern type, where CBD is significantly lower than THC (2-3 points of CBD, >10 points of
THC), appeared. Inbreeding can be also used in breeding both to create inbred lines that are ho-
mozygous for the ,,no cannabinoids® trait and to identify lines with increased contents of CBD,
CBG and CBC.

At the beginning of breeding for reduced narcotic activity, some collection cultivars con-
tained CBD and THC in the range of 0.952-2.249 and 0.008—0.080%, respectively. A lot of ear-
ly-bred and modern cultivars (French, Polish, Hungarian, German) show a high population varia-
bility of the cannabinoid contents, proving that no systemic breeding was conducted to stabilize
these traits in the populations of these cultivars (Table 3).
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Table 3
CBD and THC contents in collection hemp cultivars, 2019-2020 average

Content, %

Cultivar

CBD THC

Yuso 1 1.668 0.008
Bernburgskaya Odnodomnaya 1.779 0.011
Yus 9 0.952 0.074
Fedora 19 2.249 0.080
Futura 77 1.628 0.060
LSDys 0.150 0.004

High homogeneity of populations in terms of the formation and accumulation of canna-
binoids is only intrinsic to monoecious hemp cultivars bred by the Institute of Bast Crops of
NAAS. These non-narcotic cultivars were created by the developed unique methods of breeding,
assessing and analyzing plants for the contents of cannabinoids on the basis of fixing the ,,no can-
nabinoid at all* trait for ten years. It was found that the homozygosity of a population primarily
depended on the control of targeted cross-pollination between cannabinoid-free plants using an
express testing plants for these compounds prior to anthesis onset and subsequent analysis of the
selected elite plants by thin-layer chromatography (Table 4).

Table 4
CBD and THC contents in modern hemp cultivars, 2019-2020
CBD and THC contents, %
Cultivar 2019 2020 Average

CBD THC CBD THC CBD THC

Hliana 0.056 0.007 0.091 0.000 0.074 0.004
Mykolaichyk 0.128 0.000 0.188 0.008 0.158 0.004
Hlesiia 0.017 0.010 0.010 0.000 0.014 0.005
Hlukhivski 51 0.010 0.028 0.026 0.000 0.018 0.014
Hlukhivski 85 0.007 0.022 0.015 0.016 0.011 0.019
LSDys 0.008 0.002

Given the relevance of creating hemp varieties with therapeutic properties, breeding
methods have been developed to shift the balance of ,,no cannabinoid at all“ towards a genetically
determined increase in one of the cannabinoids (CBD, CBG, CBC) combined with eliminated
psychotropic activity (the THC content does not exceed 0.08%).

Studies of cannabinoid accumulation revealed differences in their formation during the
growing period. Thus, in a population with a high CBG content, its content ranged 1.037 to
1.355%, in large leaves during the mass flowering phase, and a 3.5-fold increase in the CBG con-
tent was observed in small leaves and perianths (inflorescences) 38 days later, during the seed
ripening onset (Table 5).

Table 5
Cannabinoid accumulation during the growth and development of Vik 2020 plants,
2019-2020 average

Mass flowering, large leaves Seed ripening onset, small leaves and

Family No perianths
CBD THC CBG CBD THC CBG
138 0.234 0.028 1.311 0.291 0.029 4.057*
139 0.112 0.021 1.037 0.090 0.000* 3.850*
140 0.267 0.032 1.355 0.261 0.014* 4.700*
Average 0.204 0.027 1.234 0.214 0.014 4.202%*

Note. * — significant difference (between phenological phases), p < 0.05 (Student's t-test).
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There was a 2-fold increase in the accumulation of cannabidiol in plants from anthesis to
the seed ripening onset, that is, it is accumulated less intensively, and this is only noted during the
perianth formation, which is associated with an augmented function of the excretory system —
glandular hairs (trichomes).

Based on the fact that the maximum accumulation of cannabinoids occurs during the seed
ripening onset, and, in particular, their synthesis is the most intensive in perianths and small
leaves, it is possible to evaluate the prospects for creating hemp cultivars with a branched dia-
mond-shaped inflorescence, which will provide, in addition to a high content of one or another
cannabinoid, an increased yield of plant biomass.

Conclusions. Gamma irradiation of seeds makes it possible to obtain genetic mutations of
contents of different cannabinoid compounds and to select valuable ones. Furthermore, in the
process of self-pollination, inbred lines both with a high homogeneity of the ,,no cannabinoid at
all* trait and with an increased content of one of their cannabinoids appear. Such lines are stabi-
lized through individual selection into populations of new breeding material. When creating cul-
tivars with therapeutic properties, one should take into account the main criteria for such breeding
material, which should have consistently high levels of CBD, CBG, CBC without narcotically
active tetrahydrocannabinol (in compliance with current laws) and produce an increased biomass
of plants.
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MIH/THBICTb O3HAKH 3MICTY KAHABIHOIIB 3AJIEJKHO BI] CEJIEKITIHHHX
ITPHHOMIB

Jlatiko .M., Mimenko C.B., Kupuuenxko I'.1.
[actutyT ny6“stnux kyneTyp HAAH, Ykpaina

Mera i 3aBaaHHA A0CJHiI:KeHb. BUSBUTH HOBI MOXJIMBOCTI MPOSIBY TEHOTHUIIB KOHOIENb JIS
OTPUMAaHHS BHXIJIHOTO MaTepiaiy 3 MiABUIICHUM BMICTOM HEIICUXOTPOITHUX KaHaO1HOiMiB, Bi-
ncytaictio TT'K 1 crabinizoBanuME 010JIOTITYHUME O3HAKAMH.

MartepiaJ i MeToau. Y cBOiX JOCTII)KEHHAX MU BUXOJWJIH 3 TOTO, 1110 32 OCHOBY Opajii yKpaiH-
CBKi COPTH KOHOIIEJb, TOMYJIALIT SIKAX BiIPI3HSUIHCS BUCOKOIO CTAOLIBHICTIO 32 O3HAKOKO BMi-
CTy KaHa01HOiNiB, B MOPIBHIHHI 3 3apyODKHUMHU cOopTo3pa3zkaMu. J[OCHiKEHHs MPOBOIUIH 3
BUKOPHUCTAHHSAM CEJICKIIHHUX, 010XIMIYHUX Ta CTATUCTUYHHUX METOMIB: (PI3WIHOrO MyTarcHe-
3y, IHIIYXTYBaHHS, 1HAUBIAYyaJIbHOTO 1000PY, TOHKOMIAPOBOi Ta Ta30piAMHHOI Xpomartorpadii
JUTSL OLIIHKM POCIIMH 3a HAasBHICTIO KaHaOiHOimiB (xpomartorpad HP 6890 Series Hewlett
Packard 3 BukopucTtanHsM BHYTPIIIIHHOTO CTAaHAAPTY).

OoroBopenHsi pe3yJbTaTiB. Bctanosieno, mo o0poOka ramma-npomensimu B 1031 200 I'p mpu-
3BOJUTH A0 MOPYIIEHb T'€HOTUITUYECKUX B3a€MO3B'A3KIB MK KaHAO1HOIJaMH 3 MPOSIBOM X Mi-
HIMaJIBHHUX 1 MAKCUMAIILHUX KUIbKOCTEH. 3HWKEHHS 103u onpomineHHs 10 150 I'p e necra-
O1113y€ MOMYJIALII0 32 BMICTOM KaHA01HOT/IB.

Merton HIIyXTyBaHHS TaKOX MOK€ OyTH 3aCTOCOBaHMIA B CEJIEKIIii PU CTBOPEHHI 1HIYXT-JIiHIMH,
TOMO3UTOTHHUX SIK 32 O3HAKOKO BiJICYTHOCTI1 KaHAO1HOIAIB, TaK 1 JJsl BUABICHHS JIHIN 3 MiIBU-
IICHUM BMICTOM KaHHa01/1i0)Ty, KaHHA0Irepory, KaHHA01XpOMEHY.

VY 6araThox COpPTO3pa3KiB PaHHBOI 1 Cy4acHOI CeNeKIlii KOHOmenb ((paHIly3bKi, MOIBCHKI, Yrop-
CBbK1, HIMEIIbK1) B1I3HAYA€THCS BUCOKA MOMYJIALIMHA MIHJIMBICTh 03HAKU HAassBHOCTI KaHa01HOI-
IiB, 1110 IOBOJUTH BIJICYTHICTh CHCTEMHOI CENEeKIiHHOT poOOTH Ha cTabiTi3allilo IUX O3HAK B
nomyssiiii. BUCokoro oJHOPITHICTIO MOMYIsALii 3 GopMyBaHHS 1 HAKONIMYEHHs] KaHAO1HOIIIB
BIJIPI3HSAIOTHCSA TUTBKH COPTH OJHOJOMHHX KOHOMENb celeKuii [HCTUTyTy ny0'ssHUX KyIbTyp
HAAH.

['OMO3UTOTHICTh MOMYJIAIIT B MEPIILY YEpry 3aJeKHUTh BiJl YAHHUKIB KOHTPOIIOBAHHS CIIPSIMOBA-
HOTO TEpE3anuIeHHs] MK POCIMHAMHU 3 MOBHOIO BIJICYTHICTIO KaHAOIHOIAIB 3a JIOIOMOIOIO
MPOBEJICHHS €KCIIPEC-METOAY POCIUH Ha HAsBHICTH IIMX CIONYK JIO MMOYATKY LBITIHHS 1 MOAA-
JBIITUM aHATI30M BiJIIOpaHUX €TITHUX POCIHH METOJIOM TOHKOIIIAPOBOI XpoMatorpadii.

VY 3B'S13Ky 3 aKTyaJlbHICTIO CTBOPEHHSI COPTIB KOHOMENb 3 TEPANeBTUYHIUMH BIACTUBOCTSIMH OYIH
po3po0bIieHi METOIU CeJeKIlii Ha 3MiHYy OajlaHCy BIJICYTHOCTI BCiX KaHAOIHOIIB B OiK T€HETHY-
HO 3yYMOBJICHOT'O 301IbILIEHHS OHOTO 3 HEMICUXOTPOIHUX KaHAOIHOI/NIB: KaHHA01/1101y, KaHHA-
Oireposy, KaHHaO01XpPOMEHY 3 BIJICYTHICTIO IICUXOTPOITHOT aKTUBHOCTI (HasBHICTb TETparijpo-
kaHHaOiHony He nepesuirye 0,08%).

JlocnmiKeHHAMH TIPOIIeCiB HAaKOMWYEHHsI KaHAOIHOIMIB Oynau BHSIBJICHI BIJIMIHHOCTI B OioJjorii
dbopMyBaHHS iX TPOTIroM Bererailii. Buxoasuu 3 Toro, o MakcuMaabHE HAaKOMMYEHHS KaHa-
01HOI/1IB JOBOAUTHCA Ha (Da3y MOYaTKy J03piIBaHHSA HACIHHS 1, 30KpeMa, iX HaiOlabIle CUHTe-
3YETHCS B OLBITHHAX 1 APIOHUX JTUCTKAX, MOXKHA BU3HAYUTHU MEPCIIEKTUBHICTh CTBOPEHHS COP-
TIB KOHOIIEJb 3 PO3Taly’kKeHHM CYLBITTSIM poMOornoaiOoHoi ¢popmu, mo Oyne 3abe3neuyBaTu
HOPS/ 3 BUCOKUM BMICTOM TOT'O UM 1HIIOTO KaHHAOIHOIY I ¥ MiJBUILEHUH yposkail pOCIUH-
HOi OloMacH.

BucHoBku. Qi3u4HUN MyTareHes, IHIYXTYBaHHsS 1 J00Ip € MEpCHEeKTUBHUMM CEIEKIIMHUMU
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puioOMaMH 3HIKCHHS TICHXOTPOITHOTO TETpariIpokaHadiHoy, cTabimi3alii momyisiii cop-
TiB KOHOIIEIb 32 BiICYTHOCTI KaHAOIHOTAIB, IMiIBUIIICHHS BMICTY KaHHA01/110,Ty, KaHHAOIrepoIy
1 KaHHA0IXPOMEHY 3 BUKOPUCTAHHSM I[IHHUX KOJEKIIIMHUX 3pa3KiB.

Knrouosi cnosa: cenexyis, copm, mymaeenes, iHyyxm, KAHaOiHOIOU, nNpOOYKMUBHICb.

HIMEHYHUBOCTH IIPU3HAKA COAEP,KAHUA KAHHABUHOH/IOB B
3ABUCHMOCTH OT CEJIEKITHOHHBIX IIPUEMOB

Jlaiiko 1.M., Mumenko C.B., Kupuuenko A.l.
Wucturyt nyosansix kyastyp HAAH, Ykpanna

Heab u 3anauu uccsaenoBaHuii. BEIIBUTH HOBBIC BO3MOKHOCTH TPOSIBICHHS TEHOTHIIOB KOHOII-
T IS TIOJTyYeHHs MCXOJHOTO MaTepualia ¢ MOBBIIICHHBIM COJIEP)KAHHEM HETICUXOTPOITHBIX
KaHHAOWHOU/IOB, OTCYTCTBUEM TETPAruJAPOKAaHHAOWHONA M CTA0MIM3HPOBAHHBIMU OHMOJIOTH-
YECKHMU TPU3HAKaAMHU.

Matepuaa U MeToAbl. B cBOMX HCCIEOBaHUSAX MBI UCXOIWINA U3 TOTO, YTO 32 OCHOBY Opaju
YKPauHCKUE COpTa KOHOILIH, MOIYJISAIUN KOTOPBIX OTJIMYAINCHh BBICOKOW CTAaOMIBHOCTBIO IO
MPU3HAKY COACP)KaHUSI KaHHAOMHOWIOB, B CPABHEHUU C 3apyOeKHBIMU copTooOpanamu. Mc-
CJICZIOBAHUS TIPOBOJIMIIA C UCIIOIB30BAHUEM CEIICKIIMOHHBIX, OMOXMMHUYECKUX U CTATHCTHYC-
CKMX METO/IOB: (PM3MUECKOT0 MyTareHe3a, MHI[yXTHPOBaHUs, HHANBUAYAIILHOTO 0TOOPa, TOH-
KOCJIOMHOM W Ta30)KHJIKOCTHOH Xpomarorpaduu s ONCHKH PACTCHHWH 10 HAIWYHIO KaH-
HabuHouoB (Xxpomarorpad HP 6890 Series Hewlett Packard ¢ ucnons3oBannem BHyTpeHHETO
CTaHIapTA).

OO0cy:x1eHne pe3yjbTaToB. YCTaHOBIEHO, 4TO 00paboTka ramma-mydamu B no3e 200 I'p mpu-
BOJIUT K HapyIICHUSM TCHOTUITUYECKUX B3aUMOCBS3CH MEXy KaHHAOMHOMJIAMH C TPOSIBIIC-
HHUEM MX MUHUMAQJIbHBIX ¥ MaKCUMAaJIbHBIX KoymuecTB. [loHmkenue mo3b1 o0nyuenus n0 150
I'p HE AecTaOUIM3UPYET TOMYJISAIHMIO 110 COACPIKAHNI0 KAHHAOMHOUIOB.

MeToi MHIIyXTUPOBAHUS TAaK)KE MOXKET OBITh MPUMEHEH B CEJICKIIMHM TPU CO3JAHUU HHITYXT-
JIMHHUNA, TOMO3UTOTHBIX KaK MO MPU3HAKY OTCYTCTBHS KaHHAOWHOW/IOB, TaK U JUIS BBISBIICHHUSI
JMHHH C TIOBBIIICHHBIM COJIEpKaHNEM KaHHAOMInoJa, KaHHAOUTeposia, KAHHAOUXPOMEHa.

Y MHOTUX cOpTOOOPA3I0B paHHEH 1 COBPEMEHHOMN CENEKIINN KOHOIUTH ((hpaHIy3CcKHe, MONIbCKUE,
BEHTEPCKHE, HEMEIKHE) OTMEYAeTCs] BBICOKas TMOMYJSIMOHHAS W3MEHUYMBOCTH IPH3HAKA
HaIM4YUs KaHHAOWHOMJIOB, YTO JJOKA3bIBAET OTCYTCTBUE CUCTEMHOM CENEeKIIMOHHON paboThl Ha
CTa0MIIN3AIUI0 3TUX TMPU3HAKOB B TOMYJISANHU. BBICOKOH OZHOPOAHOCTBIO MOIYISIHIA IO
(hOpMHPOBAHHIO U HAKOIUICHUIO KaHHAOMHOUIOB OTIMYAIOTCS TOJIBKO COPTa OJHOJIOMHON KO-
Homu cenekuuu MHctuTyTa nyosHbIx KyiasTtyp HAAH.

['OMO3UTOTHOCTh MOMYJSIUU B TEPBYIO OYEpeb 3aBUCUT OT (PAKTOPOB KOHTPOIUPOBAHUS
HAIPaBJICHHOTO TIEPEOITBUICHHUSI MEKIY PACTEHUSIMH C MOJHBIM OTCYTCTBHEM KaHHAOMHOUIOB
MOCPEACTBOM MPOBENEHUSI SKCIPECC-METO/Aa PACTCHHM Ha HAUYHE JTUX COSAHMHEHHUH [0
Hayvaja [BETEHHs M TOCIEAYIONIMM aHAIM30M OTOOPAHHBIX YIUTHBIX PACTCHUN METOJOM TOH-
KOCJIOMHOM xpomarorpaduu.

B cBsI3M C aKTyaJIbHOCTBIO CO3/aHUSI COPTOB KOHOIUIM C TE€PANEBTHYECKUMHU CBOWCTBAMH OBLIH
pa3paboTaHbl METOJIBI CETIEKIIMU Ha M3MEHeHHe OanaHca OTCYTCTBHUSI BCeX KaHHAOMHOUOB B
CTOPOHY TE€HETHYECKH OOYCIIOBIIEHHOTO YBEJIWYCHHS OJHOTO W3 HENCHXOTPOMHBIX KaHHAOW-
HOMJIOB: KaHHaOWAMOJIa, KaHHAOWreposa, KaHHAaOMXpPOMEHAa C OTCYTCTBHEM ICHXOTPOITHOM
aKTUBHOCTH (HaJlIM4YUe TeTparupokanHaduHoia He npesbiiaet 0,08 %).

HccnenoBaHusMHU TIPOIECCOB HAKOIUICHHUS] KaHHAOMHOUAOB OBLTH BBISBJICHBI OTIWYUS B OHUOJIO-
i (HOpMHPOBAHMS WX B TEUCHHE BereTaruu. VIcXo/s U3 TOro, 4To MaKCUMaIbHOE HAKOILIe-
HUE KaHHAOWHOWJIOB MPUXOMUTCS Ha (pa3y Hayaia co3peBaHUSI CEMSH U, B YACTHOCTH, UX
HanOOIIbIIIE CHHTE3UPYETCSI B OKOJIONBETHUKAX M MEJKUX JIUCTHSIX, MOKHO OTPEACTHUTDH Tep-
CIEKTUBHOCTh CO3JaHUSI COPTOB KOHOIUIM C Pa3BETBIECHHBIM COLBETHEM POMOOBUIHOM (op-
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MBI, 9TO OyZeT oOecTieurBaTh HAPALY C BHICOKMM COJEP’KaHUEM TOTO MJIM MHOTO KaHHAOWHO-
UJa elle U MOBBIIICHHBINA ypOKall paCTUTETHHON OMOMACCHI.

BoiBoabl. Ousndeckuii MyTareHe3, HHIIyXTUPOBAHHE W OTOOp SIBJISIOTCS MEPCIEKTUBHBIMU Ce-
JICKIIMOHHBIMU TIPUEMaMH CHWKCHHS TICUXOTPOIHOTO TETParuIpoKaHHAOWHOIA, CTa0MiIHn3a-
AW TOMYJISIUNA COPTOB KOHOIUIH O OTCYTCTBUIO KaHHAOWMHOMIOB, TIOBBIIICHUS COJICPKAHUS
KaHHA0UAMOIa, KaHHAOUTEepoJla U KaHHAOMXPOMEHA C UCIOJIb30BAHUEM IIEHHBIX KOJUICKIIMOH-
HBIX 00pa3IOB.

Knroueevle cnosa: cenexyus, copm, mymaezenes, UHYYXmM, KAHHAOUHOUObL, NPOOYKMUBHOCHIb.

VARIABILITY OF CANNABINOID CONTENTS DEPENDING ON BREEDING
METHODS

Laiko .M., Mishchenko S.V., Kyrychenko A.I.
Institute of Bast Crops NAAS, Ukraine

Purpose and objectives. To reveal new possibilities for the expression of cannabis genotypes to
obtain starting material with increased contents of non-psychotropic cannabinoids, without tet-
rahydrocannabinol and stabilized biological traits.

Material and methods. In our study, we took Ukrainian hemp cultivars, the populations of
which were distinguished by high stability of cannabinoid contents in comparison with foreign
cultivars, as a basis. The study was carried out using breeding, biochemical and statistical
methods: physical mutagenesis, inbreeding, individual selection, thin-layer and gas-liquid
chromatography to evaluate plants for cannabinoids (HP 6890 Series Hewlett Packard chro-
matograph using an internal standard).

Results and discussion. It was found that gamma rays at a dose of 200 Gy disrupted the geno-
typic relationships between cannabinoids, with accumulation of their minimum or maximum
amounts. Lowering the irradiation dose to 150 Gy does not destabilize the population in terms
of the cannabinoid contents.

Inbreeding can be also used in breeding for both to create inbred lines that are homozygous for
the ,,no cannabinoids™ trait and to identify lines with increased contents of cannabidiol, can-
nabigerol or cannabichromen.

A lot of early-bred and modern cultivars (French, Polish, Hungarian, German) show a high popu-
lation variability of the cannabinoid contents, proving that no systemic breeding was conduct-
ed to stabilize these traits in the populations of these cultivars. High homogeneity of popula-
tions in terms of the formation and accumulation of cannabinoids is only intrinsic to monoe-
cious hemp cultivars bred by the Institute of Bast Crops of NAAS.

The homozygosity of a population primarily depends on the control of targeted cross-pollination
between cannabinoid-free plants using an express testing plants for these compounds prior to
anthesis onset and subsequent analysis of the selected elite plants by thin-layer chromatog-
raphy.

Given the relevance of creating hemp varieties with therapeutic properties, breeding methods
have been developed to shift the balance of ,,no cannabinoid at all* towards a genetically de-
termined increase in one of the cannabinoids (cannabidiol, cannabigerol, cannabichromene)
combined with eliminated psychotropic activity (the THC content does not exceed 0.08%).

Studies of cannabinoid accumulation revealed differences in their formation during the growing
period. Based on the fact that the maximum accumulation of cannabinoids occurs during the
seed ripening onset, and, in particular, their synthesis is the most intensive in perianths and
small leaves, it is possible to evaluate the prospects for creating hemp cultivars with a
branched diamond-shaped inflorescence, which will provide, in addition to a high content of
one or another cannabinoid, an increased yield of plant biomass.
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Conclusions. Physical mutagenesis, inbreeding and selection are promising breeding methods for
reducing psychotropic tetrahydrocannabinol, stabilizing cannabis cultivars in terms of the ab-
sence of cannabinoids, increasing the contents of cannabidiol, cannabigerol and canna-
bichromene gaining advantage from valuable collection accessions.

Key words: breeding, cultivar, mutagenesis, inbreeding, cannabinoids, performance.
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