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PHENOTYPIC EXPRESSION OF CANNABINOID PRESENCE AND CONTENT UPON
SELF-POLLINATION AND DIRECTIONAL SELECTION IN MONOECIOUS HEMP
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It was found that upon targeted selection of initial cannabis plants without cannabidiol,
tetrahydrocannabinol and cannabinol their contents decreased to complete absence in the process
of self-pollination. The stability (homozygation) of lines was achieved in I, — lg and depended on
the genotype of a particular variety. Self-pollinated lines of these generations should be used as
parents in crossing. The ability to segregate cannabinoid-free families as early as in ;. is a char-
acteristic feature of the hemp varieties under investigation. There were strong positive correla-
tions between the cannabinoid contents, which makes selection for reduced contents of all canna-
binoid compounds and easier, but at the same time significantly complicates breeding for in-
creased cannabidiol content with concurrent reduced tetrahydrocannabinol content. The correla-
tions between the contents of cannabinoid compounds in self-pollinated lines were weaker than
those in the initial forms, which allows using closely related reproduction in breeding aimed at
tetrahydrocannabinol elimination and increasing non-psychotropic cannabinoid contents.

Key words: hemp, breeding, inbreeding, self-pollinated lines, inheritance, cannabinoids,
correlation

Introduction. The presence of cannabinoid compounds is one of the main biological fea-
tures of cannabis (Cannabis sativa L.), which is constantly monitored at all stages of breeding
and seed production: from creation of starting material to production of certified seeds and culti-
vation on an industrial scale. The need to stabilize the absence of cannabinoid compounds and
monoeciousness significantly complicates breeding for increased productivity, improved fiber
and oil quality, resistance to pests, diseases and abiotic factors.

Review of literature, problem statement. Cannabinoids are specific substances in can-
nabis that belong to the class of aromatic compounds and are synthesized and accumulated main-
ly in glandular trichomes (hairs) [1-5]. It is believed that the cannabinoid biosynthesis occurs on
the plasma membrane surface or in the cell wall at the border with secretory cavities. Canna-
binoids are found not only in excretory tissue cells. This attests to the fact that genes for the syn-
thesis of these compounds can be expressed in all plant cells; however, it is glandular trichomes
that specialize in the synthesis of high amounts of cannabinoids, in other tissues the contents of
these substances are much lower [6]. Cannabinoids are toxic for plant cells, as they change the
permeability of mitochondrial membranes, cause DNA degradation, which ultimately leads to
apoptosis [7, 8]. To avoid damage and cell death, an adaptation, which consists in the fact that
cannabinoids are accumulated and stored in the glandular trichome cavities (specialized secretory
tissues), evolved. It is glandular trichomes that are the site of the last stage of the biosynthesis of
these compounds [2, 6]. Probably, cannabinoids play a protective role in the plant, while reduc-
tion in cannabinoid levels and in the number of glands in technical (industrial) hemp do not
change these physiological functions; the synthesis of these substances in small quantities by oth-
er cells of the plant is sufficient [6].

The most common cannabinoids in the glandular trichomes of cannabis are tetrahydro-
cannabinol acid (THCA), cannabidiol acid (CBDA) and cannabigerolic acid (CBGA). Bioactive
cannabinoids (neutral chemical compounds) — tetrahydrocannabinol (THC), cannabidiol (CBD),
cannabigerol (CBG) and others — are produced as a result of the decarboxylation under the influ-
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ence of external conditions. Decarboxylated derivatives — cannabichromen (CBC) and cannabinol
(CBN) are found in small quantities [9]. About 120 phytocannabinoids have been identified in
cannabis [10, 11]. Currently, cannabinoid compounds are classified by their chemical structure,
mainly, there are 11 subclasses, which include: 1) seven types of CBG; 2) five types of CBC; 3)
five types of CBD; 4) basic psychoactive A>-THC in nine different forms, including its precursor
A’-THCA (acid), A®-THC, which is the most stable isomer of A°>-THC, but 20% less active; 5)
three types of cannabicyclol (CBL), 6) five different forms of cannabielsoin (CBE); 7) seven
types of CBN, which is the final product of the synthesis (oxidation) of A’-THC; 8) cannabitriol
(CBT); 9) cannabidivarin (CBDV); 10) tetrahydrocannabivarin (THCV); 11) others [11-13].
Cannabimovon (CBM) has recently been identified and is being actively studied [14].

The biosynthesis pathways of major cannabinoid compounds in hemp have been discov-
ered relatively recently. Cannabinoid precursors are produced in two different biosynthetic path-
ways: polyketide, which produces olivetolic acid, and plastid, which produces geranyl diphos-
phate, from which CBGA is synthesized by prenyltransferase, which is the key precursor of at
least eight different cannabinoids. It has been proved that enzymes can convert CBGA even un-
der experimental hydrophobic imitation of trichomes [3]. Specific synthases that ferment a cer-
tain cannabinoid compound have been identified and characterized [17-19], in particular THCA-
synthase converts CBGA to THCA [20, 21], accordingly CBDA-synthase — to CBDA [22] and
CBCA-synthase —to CBCA [23]. ].

It is customary to distinguish several chemical phenotypes (chemotypes) of cannabis
based on the ratio of certain cannabinoids. Given the inheritance patterns of chemical phenotypes,
genes encoding THCA-synthase and CBDA-synthase are considered codominant alleles in one
locus. This codominance is due to two alleles for different isoforms of the same synthase, which
showes different specificity to the conversion of CBGA-precursor to CBDA or to THCA, respec-
tively [24], while the gene encoding CBCA-synthase is in an independent locus. In other studies,
a variety of sequences for THCA- and CBDA-synthase was observed, which may be attributed to
the presence of several linked loci containing these genes [25]. RAPD analysis showed that the
ability to accumulate THC is not a dominant feature, and the primary synthesis of non-
psychotropic cannabidiol is associated with high activity of CBDA-synthase [26]. In general, the
genetic mechanisms of regulating the cannabinoid presence and contents are quite complex and
still being studied.

Since the 1970s, the domestic breeding and genetic studies of hemp has been gradually
reoriented to the creation of monoecious high-yielding varieties and hybrids with low canna-
binoid contents. Subsequently, almost cannabinoid-free varieties were developed; however, this
feature requires further stabilization via eliminating the physiological and biochemical functions
of cannabis to synthesize cannabinoids. To accelerate the breeding work, as early as at the initial
stages of breeding it is necessary to select such source plants that would not have the ability to
synthesize undesirable compounds in the offspring. We assume that closely related reproduction
can serve as an effective method, in particular its extreme variant - self-pollination, which allows
to differentiate a complex heterozygous population of the cross-pollinated crop into a number of
relatively homozygous lines with stable expression of the vast majority of breeding traits, and
subsequent development of heterozygous hybrids that would be homogeneous in terms of the
absence of cannabinoid compounds from these self-pollinated lines. Self-pollination can be also
used in the medical cannabis breeding (which is currently being actively developed), i.e. in the
creation of varieties with high contents of non-psychotropic CBD, CBG, CBN, CBC with con-
comitant absence or very small amounts of THC.

Previous studies have demonstrated that it is possible to obtain self-pollinated cannabis
lines, which are valuable because of morphological characteristics of the stem (total and technical
length, diameter), fiber characteristics (stem and fiber weight, fiber content), seed productivity,
sex composition, etc. [27].

Purpose and objectives. The purpose was to reveal peculiarities of the inheritance of the
traits of cannabinoid compound presence and contents upon self-pollination in monoecious hemp.
The objectives were to establish peculiarities of the inheritance of the traits of cannabinoid pres-

59



ence or absence in plants of self-pollinated lines from different generations and varieties devel-
oped as a result of targeted selection for complete absence of such compounds; to determine ex-
pression levels of the “cannabinoid contents” traits in self-pollinated lines (if starting forms had
these traits); to compare the pair correlation coefficients between the contents of major canna-
binoid compounds in initial genotypes and self-pollinated lines; and to evaluate the effectiveness
of self-pollination of cannabis plants as a breeding method to stabilize (increase the homozygosi-
ty level) of starting material by the non-psychotropicity trait.

Material and methods. The study was carried out at the Institute of Bast Crops of the
National Academy of Agricultural Sciences (Hlukhiv, Sumy Oblast, Ukraine) in 2009-2019. In-
bred lines of industrial hemp varieties Hlukhivski 58, Hlesiia, Mykolaichyk, and Hlukhivski 46
belonging to the Central European eco-geographical type and variety Zolotoniski 15 belonging to
the Southern eco-geographical type were taken as test objects. Self-pollination of plants (with and
without cannabinoids) was carried out under individual agrotextile bags in a greenhouse. The
offspring were grown in a evaluation nursery. Plants were sampled for determination of canna-
binoid contents during phase BBCH 87 [28] (20 plants per family — offspring of a self-pollinated
plant). Analysis of cannabinoid compounds were conducted by thin-layer chromatography as
follows: extraction medium - ethanol, solvent mixture "petroleum ether 65-90°C - diethyl ether"
(40:10), staining - durable blue B dye, calibration reference sample with known cannabinoid con-
tents (variety US 9), 10-point rating scale. In all the varieties and inbred lines under study, the
THC content did not exceed 0.08%; that is the standard allowed by the current legislation of
Ukraine. Data were statistically processed with calculating arithmetic mean, sampling mean error,
pairwise correlation coefficients, and curvilinear regression in compliance with the field experi-
mentation methodology [29].

Results and discussion. Plants with the 0-point contents of CBD, THC and CBN were se-
lected from variety Hlukhivski 58 to obtain self-pollinated lines belonging to the Central Europe-
an eco-geographical type. lp plants were obtained from sown seeds, which segregated by the stud-
ied trait, indicating their heterozygosity (in a broad sense). The average CBD content was 0.06,
THC — 0.01 and CBN — 0.04 points. Subsequently, plants without cannabinoids were self-
pollinated, however, in 1; and I, the cannabinoid contents increased: the CBD content was found
to be 0.21, THC — 0.15 and CBN — 0.13 points in I;, and 0.18, 0.24, 0.17 points in I, respective-
ly. This indicates that genes determining the expression of cannabinoid content genes were con-
verted into a homozygous state, and that mutant plants with cannabinoids segregated as a conse-
quence of the genotypic environment effect on persistent changes in the hereditary apparatus up-
on the extreme variant of closely related reproduction. The semi-quantitative assessment by thin
layer chromatography showed that the CBD content increased by 3.5, THC — by 15.0, and CBN —
by 3.2 times in the 1*" generation from self-pollination, respectively by 3.0, 24.0 and 4.2 times in
the second generation after self-pollination. In I3 derived from Hlukhivski 58, the CBD content
decreased to the level of Iy, and the contents of the other two studied compounds — to the level of
I, (Fig. 1).

A characteristic feature of the response of the studied variety to closely related reproduc-
tion was that in the 1% generation the THC content increased the most of all, and in the 2" gener-
ation after self-pollination the accumulation persisted. The cannabinoids were completely elimi-
nated in l4, and no plants with these compounds appeared in later generations up to lyo; only in Is
from Hlukhivski 58 there were few specimens with weak trace contents of the cannabinoids and
traces of nonpsychotropic CBD (Table 1), but the average content of this substance was 0.00
points.

Biological features of variety Zolotoniski 15 belonging to the Southern eco-geographical
type were quite different from those of the above-described variety belonging to the Central Eu-
ropean eco-geographical type: the response to closely related reproduction and the inheritance
patterns of cannabinoid compounds as a result of self-pollination differed.
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Fig. 1. Reduction of the CBD, THC and CBN contents upon self-pollination of variety
Hlukhivski 58 and selection for cannabinoid complete absence (average, 2009-2018)

Table 1
Inheritance of the “complete absence of cannabinoid compounds” trait in plants of self-
pollinated lines derived from the hemp varieties as a result of directional (average,

2009-2019)
Com- Number of plants (%) without cannabinoid in generations
pOUﬂd Io Io Io Io Io Io
Hlukhivski 58

CBD 88,2 813 754 800 100 975 100 100 100 100 100
THC 96,7 909 81,7 875 100 100 100 100 100 100 100
CBN 96,7 919 90,8 883 100 100 100 100 100 100 100
Zolotoniski 15
CBD 836 811 812 96,7 96,7 925 100 100 100 100 100
THC 939 936 938 983 100 98,3 100 100 100 100 100
CBN 91,1 936 93,1 983 100 98,3 100 100 100 100 100
Hlesiia
CBD 100 974 96,2 98,0 100 100 100 100 100 — —
THC 100 99,7 100 100 100 100 100 100 100 - -
CBN 100 99,7 100 99,0 100 100 100 100 100 — —
Mykolaichyk
CBD 91,7 97,8 100 100 100 100 100 — — — —
THC 100 97,8 100 100 100 100 100 — - - -
CBN 91,7 97,8 100 100 100 100 100 — — — —
Hlukhivski 46
CBD 100 99,0 100 100 100 100 100 — — — —
THC 100 99,0 100 100 100 100 100 — - - -
CBN 100 99,0 100 100 100 100 100 — — — —

First, higher contents of cannabinoid compounds were observed in 1o from Zolotoniski 15,
although seeds were sown from plants with CBD 0, THC 0 and CBN 0 points. On average, CBD
0.10, THC 0.07 and CBN 0.14 points were identified. In I, there was an increase in the contents
of test compounds, namely: CBD and THC — up to 0.15 points, CBN — up to 0.25, or by 1.4, 2.1
and 1.8 times, respectively, i.e. the contents of all the three compounds increased similarly. Sec-
ondly, starting from I, the cannabinoid contents began to decrease (in contrast to I, from
Hlukhivski 58): as early as in I3 from Zolotoniski 15 the levels these compounds were lower than
those in lo, which is a characteristic feature of this variety. It should be noted that in I, the canna-
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binoid contents decreased to almost zero, and in Is there was a sharp increase: on average CBD
0.08, THC 0.06 and CBN 0.01 point were detected. The complete absence of cannabinoids and
stabilization (homozygation) occurred starting with Ig (Fig. 2).
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Fig. 2. Reduction in the contents of CBD, THC and CBN upon self-pollination of variety Zoloto-
niski 15 and selection for their complete absence (average, 2009-2018)

Thus, variety Zolotoniski 15 is more heterozygous for the studied traits and requires in-
volvement of the later generations of self-pollinated lines to create starting breeding material, for
example via hybridization. At the same time, a notable feature of self-pollinated lines derived
from Zolotoniski 15 is a larger number of plants without cannabinoids at all in 1;—I3, compared to
the self-pollinated lines derived from Hlukhivski 58. Thus, 81.1% of plants I, from Zolotoniski
15 contained no CBD, 93.6% of plants — no THC, and 93.6% — no CBN, i.e., as a rule, more in
comparison with I, from Hlukhivski 58, where these indicators were 81.3, 90.9 and 91.9%, re-
spectively. In I, from Zolotoniski 15, these values were 81.2, 93.8 and 93.1%, respectively; com-
pared with 75.4, 81.7 and 90.8% in I, from Hlukhivski 58, respectively; in I3 from Zolotoniski 15
- 96.7, 98.3 and 98.3%, respectively, compared with 80.0, 87.5 and 88.3% in I3 from Hlukhivski
58 (see Table 1).

Variety Hlesia appeared to be quite stable in terms of absence of cannabinoid compounds in
general and nonpsychotropy (no THC). No specimens with cannabinoids were detected among lg
plants. In I; from Hlesia, the CBD content was 0.03 points and CBN — 0.01; in I, the CBD content
averaged 0.02 points; in I3 plants with CBN segregated, and the CBN content averaged 0.01 points.
THC was not detected at all. From 14 to Ig, there were no cannabinoid compounds at all.

In contrast to varieties Hlukhivski 58 and Zolotoniski 15, variety Hlesia is characterized
by an extremely high level of homozygosity for the absence of cannabinoids upon close related
reproduction, since few plants with cannabinoids segregated. This fact is confirmed by the num-
bers of plants without the three studied compounds among the families of self-pollinated lines,
which were very high (only few specimens were able to accumulate them), namely, 97.4-99.7%
in 11, 96.2-100.0% in 1, and 98.0-100.0% in I3, i.e. the range (limits) of segregation by these
traits was narrow (see Table 1).

In the offspring from original cannabinoid-free plants of variety Mykolaichyk (lp), alt-
hough plants expressing the studied traits (CBD 0.17 points and THC 0.04) were observed, in I,
their contents reduced to 0.01 points. Despite the fact that plants with THC appeared (0.01
points), as early as in I, the “no cannabinoids” and “nonpsychotropy’ traits became homozygous,
which persisted to lg inclusively (see Table 1). Obviously, the pattern of cannabinoid inheritance
depends on the variety genotype, valence of genes determining the biosynthesis of cannabinoids,
quantity of mutant genes in the recessive state, which in the process of self-pollination become
homozygous and expressed in phenotypes, breeding purity and type of material, which depend on
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the methodological conditions of cannabinoid tests and compliance with the rules of selection for
these traits before anthesis in breeding nurseries.

Variety Hlukhivski 46 also proved to be highly stable: only single plants with minor
amounts of CBD and CBN segregated. 99.0% of the specimens in the test sample contained none
the three compounds at all. From I to ls, no cannabinoids were detected (see Table 1).

Self-pollinated lines from original plants with cannabinoids (within the limits allowed by
the current legislation) also contained these compounds. It is noteworthy that phenotypes such as
CBD/+THC-/CBD - ("+" — presence, "-" — absence), CBD/+ THC-/CBD+, CBD+/THC+/CBD-
with varying contents of CBD, THC and CBD (in case of their presence) have plants with canna-
binoids in theeir offspring, in addition, there is a significant variability in their contents. The ab-
sence of a certain compound in the initial form can give a sharp increase in its content in the off-
spring from self-pollination (Tables 2-4).

Table 2
Expression of the cannabinoid contents trait in 1,—1, self-pollinated lines derived from
Hlukhivski 58, provided that the initial forms contained these cannabinoids
(average, 2009-2011)

Cannabinoid contents in 1,1, the self-pollinated lines, score

Cannabinoid CBD THC CBN
contents in g, Min—Max Min—Max Min—Max
score X +s; within the X £s5 within the X £s5 within the
families families families

I1 Hlukhivski 58

¢cBD 0,251  0,16+0,097 0,02-0,41 0,10+0,080 0-0,56  0,15+0,131 0-0,40
THC 0

CBN O

CBD 0,5-1 1,180,306 0,92-1,44 0,72+0,280 0,51-0,92 1,76+0,669 1,22-2,32
THC O

CBN 0,5

CBD 05 2,15+0,456 2,15 2,24+0,680 2,24 4,98+0,830 4,98
THC 0,5

CBN O

CBD 0,52 1,3240,397 0,52-2,00 0,99+0,383 0,30-2,32 2,45+0,895 1,30-3,69
THC 0,25-1

CBN 0,25-2

CBD 5-6 4,00+0,243 2,36-5,51 2,82+0,300 2,10-5,60 7,36+0,542 5,74-9,50
THC 4

CBN 6

CBD 4 5,95+0,050 5,95 9,85+0,150 9,85 10,00 10,00
THC 4

CBN 1

I, Hlukhivski 58
CBD 0,5-1 1,88+0,510 1,32-2,44 2,44+0,840 1,61-3,28 2,21+0,824 1,34-3,08
THC 0,25

CBN 0,25

CBD 3 3,20+0,408 3,20 4,45+0,773 4,45 4,90+0,675 4,90
THC 3

CBN 5
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Table 3
Expression of the cannabinoid contents trait in I, self-pollinated lines derived from Hlesia,
provided that the initial forms contained these cannabinoids (average, 2009—2011)

Cannabinoid contents in self-pollinated lines, score

Cannabinoid CBD THC CBN
cont:(r;(t)srem lo Min-Max Min-Max Min-Max
X +8; within the X £s; within the X +s; within the
families families families
I, Hlesiia
CBD 0,25 0,04+0,016  0-0,09 0 0 0 0
THC O
CBN O
CBD 0,5 1,14+0,426 0,18-2,12 1,38+0,653 0-2,75 3,50+1,450 3,40-3,60
THC O
CBN 0,5-3
CBD 0,5 0,71+0,240 0,12-1,30 0,99+0,532 0,10-1,88 0,73+0,411 0,11-1,35
THC 05
CBN 0,5
CBD 1 2,53+0,385 1,85-3,70 4,61+0,721 2,91-8,20 4,62+0,798 3,35-7,10
THC 0,54
CBN 35
CBD 6 3,18+0,506 1,90-4,45 5,94+0,719 3,80-8,80 6,92+0,772 5,15-9,45
THC 8-10
CBN 10
Table 4

Expression of the cannabinoid contents trait in 1,1, self-pollinated lines derived from
Zolotoniski 15, provided that the initial forms contained these cannabinoids
(average, 2009-2011)

Cannabinoid contents in self-pollinated lines, score

Cannabinoid CBD THC CBN
contents in lo, Min—Max Min—Max Min—Max
score _ L _ o _ o
X £S5 within the X £S5 withinthe X £sx within the
families families families
1 2 3 4 5 6 7 8

I; Zolotoniski 15

¢cBD 0,25~  0,32+0,104 0,05-0,60 0,10+0,055 0-0,19  0,11+0,078 0-0,22
THC 05

CBN O
0
CBD 1 0,98+0,354 0,98 0,68+0,391 0,68 1,08+0,585 1,08
THC 05
CBN O
CBD 0,52 1,37+0,726  0,98-1,58 1,30+0,694 0,78-1,65 2,59+1,027 2,00-3,28
THC 0,251
CBN 1
CBD 3 3,25+0,898 3,25 4,52+1,536 4,52 8,90+0,823 8,90
THC 8
CBN 10
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1 2 3 4 5 6 7 8

I, Zolotoniski 15
CBD 0,51 0,76+0,341 0,72-1,64 0,66+0,414 0,25-1,08 1,62+0,778 0,55-2,68
THC 0,25

CBN 0,25

CBD 2 0,84+0,334 0,84 6,1540,930 6,15 3,06+0,864 3,06
THC 5

CBN 2

Such expression indicates significant relationships between the traits of presence and con-
tents of different cannabinoid compounds, location of genes determining their biosynthesis and
biochemical transformations in the plant in close linkage groups, and synthesis of different sub-
stances from a common precursor. Genetic determination of the traits of presence and contents of
different cannabinoid compounds is quite complex, they appear to be inherited polygenically by
nuclear-cytoplasmic mode. For example, in 1; derived from original Hlukhivski 58 plants with
indicators of CBD 0.25-1 points, THC 0 and CBN 0, on average CBD 0.16 points, THC 0.10 and
CBN 0.15 were obtained, i.e. the compounds that were absent in 1o, were expressed. In contrast to
these data, the I, offspring from of a self-pollinated Hlesia plant with a similar phenotype only
contained CBD at the level of 0.04 points. From plants with the CBD+/THC-/CBD+ and
CBD+/THC+/CBD- phenotypes, lines having all the three test substances were obtained (I,
Hlukhivski 58, I:.—1, Hlesia, 1; Zolotoniski 15) as a result of self-pollination. It has been estab-
lished that in the early generations from self-pollination the offspring may have values of the
cannabinoid contents that are similar to those in the parents, or significantly lower values, or sig-
nificantly higher values. For example, in 1; self-pollinated lines derived from Hlesia plants with
indicators of CBD 6 points, THC 8-10 and CBN 10, on average CBD 3.18 points, THC 5.94 and
CBN 6.92, and in 11 Glukhivsky 58, obtained from the original form with indicators of 4 KBD, 4
THC and 10 points KBN, on average, these compounds were found to be 5.95, 9.85 and 10
points, respectively.

The first and second generations from self-pollination with various cannabinoid contents
are important for breeding, because as a result of closely related reproduction a significant segre-
gation of traits occurs, allowing one to distinguish lines with less close relationships between
cannabinoid compounds to create starting material with high contents of nonpsychotropic canna-
binoids with a concomitant decrease in THC. This is supported by a considerable range of the
trait variation (the difference between the maximum and minimum) within the families of self-
pollinated lines.

There are strong positive correlations between the contents of cannabinoid compounds
[30], simplifying breeding for reduced contents or absolute absence of all cannabinoid com-
pounds, but being a negative phenomenon when it is desirable to increase the amount of one or
more non-psychotropic substances while controlling a low THC content. At the same time, dif-
ferent chemotypes of hemp (at least 111 and V) can have different degrees of association [31], so it
is logical to ask whether there are differences in correlations among varieties and self-pollinated
lines, assuming that inbreeding can result in breeding material with relatively weak relationships
between cannabinoid compounds.

Thus, in I1—I3 self-pollinated hemp lines from Hlukhivski 58 and I1—I3 lines from Zoloto-
niski 15 there was a strong positive correlation between the CBD and THC contents (correlation
coefficients ranged 0.72 to 0.79 and 0.71 to 0, 90, respectively), a strong or medium positive cor-
relation between the CBD and CBN contents (0.68-0.80 and 0.67-0.82, respectively) and a
strong positive correlation between the THC and CBN contents (0.71-0.83 and 0.80-0.85, re-
spectively). At the same time, as compared to the original genotypes (lo), this relationship was
somewhat weaker; the coefficients tended to decrease to I3, and, importantly for medicinal can-
nabis breeding, the range of variation of the coefficient correlations sharply broadens, especially
in Iy, as a result of self-pollination (Figs. 3, 4). Thus, there are prerequisites for the selection of
breeding material, which is characterized by interrupted cannabinoid biosynthesis, although self-
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pollinated lines with weak (at least by individual correlation coefficients between different can-
nabinoids) or medium associations are quite rare. Closely related reproduction provides prospects
for the creation of starting material with high contents of non-psychotropic compounds and with-
put THC.

The cannabis self-pollination efficiency as a breeding method of stabilization (increasing
the homozygosity level) of starting material in terms of the “no cannabinoid compounds” trait
[32] with simultaneous targeted selection was confirmed by several-year inbreeding of unrelated
varieties Hlukhivski 58, Hlesia, Mykolaichyk, Hlukhivski 46 (Central European eco-geographical
type), and Zolotoniski 15 (Southern European eco-geographical type). Self-pollination only of
plants without CBD, THC or CBN can reduce the contents of these cannabinoids to zero in the
entire offspring. The inheritance patterns of the “presence and contents of cannabinoid com-
pounds” depend on the genotype of a variety and specific source plant taken for self-pollination.
After crossing self-pollinated lines, no heterosis effect for the cannabinoid contents in hybrids is
observed [33].
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Fig. 3. Average and limit values of pairwise correlation coefficients between the annabinoid con-
tents in the original genotype and self-pollinated lines from variety Hlukhivski 58 (2009-2012,

values are significant at the significance level of 0.05)
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Fig. 4. Average and limit values of pairwise correlation coefficients between the annabinoid con-
tents in the original genotype and self-pollinated lines from variety Zolotoniski 15 (2009-2012,
values are significant at the significance level of 0.05)

Conclusions. Self-pollination is an effective way to determine the cannabis variety popula-
tion stability in terms of presence and contents of cannabinoid compounds and a breeding method
to create starting material with stable absence or presence of these compounds. Directional selec-
tion of source plants without CBD, THC or CBN in the process of self-pollination leads to a reduc-
tion in their contents to absolute absence. The stabilization (homozygation) of the lines occurred in
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I, — lg and depended on the genotype of a variety. Self-pollinated lines of these generations should
be used as parents in crossing. In addition, a characteristic feature of the studied modern hemp vari-
eties is the ability to segregate families without CBD, THC or CBN at all as early as in I;. There are
strong positive correlations between the contents of cannabinoid compounds, simplifying the selec-
tion for reduced the contents of all cannabinoids and considerably complicating the breeding for an
increased CBD content with a concomitant reduction in the THC content. The correlations between
the contents of cannabinoid compounds in self-pollinated lines are slightly weaker than the original
genotypes, which allows one to use closely related reproduction in the breeding for THC elimina-
tion and increased contents of non-psychotropic cannabinoids.
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®EHOTHITOBHH ITPOAB O3HAK HASIBHOCTI TA BMICTY KAHABIHOIIIB Y
ITPOIECI CAMO3AITHJIEHHSA OJJHOJJOMHOI KOHOITII TA CIIPAMOBAHOI' O
JIOBOPY

Mimenko C.B.
[actutyT pocnunnunTsa imeHi B.S1. FOp’eBa HAAH, Ykpaina

Meta Ta 3asa4i A0CTi>KEHHsI — YCTAaHOBUTH OCOOJIMBOCTI YCIAaJKyBaHHS O3HAaK HasBHOCTI Ta
BMICTY KaHAOIHOIAHUX CIIOJNYK Yy IPOIECi CaMO3aNWICHHS OJHOJOMHOI KOHOIUI; MPOBECTH
KOMITApaTUBHHUI aHajli3 3Ha4YeHb KOe(DIIiEHTIB MapHOi KOPEJAIil M’k 03HaKaMH BMICTY OCHO-
BHUX KaHAOIHOIMHUX CHOJYK y BUXIIHUX KOMIIOHEHTaX Ta CAaMO3AMMUIICHUX JIHISAX; TOCHITUTH
e(eKTUBHICTb 3aCTOCYBAaHHS CaMO3aIICHHS B CEJIEKIII] KOHOILI.

Martepianu i meroau. JlocnimkeHHs npoBeaeHo Ha 0a3i [ncturyry ny6’saux kynetyp HAAH
(M. I'myxiB, Cymcbka 0611., Ykpaina) npotsarom 2009-2019 pp. O6’ekToM ToCTiKeHHs Oyiu
caMo3amnuieHi JiHil copTiB nmpoMucioBoi koHoru [myxiBeski 58, ['nmecist, Mukonaiuuk, ['my-
XiBChKiI 46 CepeTHbOEBPONEHCHKOr0 €KOJIOoro-reorpadiuHoro Tuiy Ta 30J0TOHICHKI 15 miB-
JCHHOTO eKoJioro-reorpadiunoro tTuny. CaMmo3anuiaeHHs poCvH (32 BiICYyTHOCTI Ta HasiBHOC-
Ti KaHAO1HOIIB) TPOBOAMIIM MiJ IHAUBITYyaTbHIUMH 130JISITOPAMH 3 arpOBOJIOKHA B YMOBaX Be-
reramiifHoro OyauHo4Ka. [I0TOMCTBO BHpOIIYBaIl B pO3CAIHUKY OLIHKH, aHAII3 KaHAOIHOI-
HUX CIIOJIYK IPOBOAMIIM METOAOM TOHKOLIApOBOiI Xpomarorpadii. B pocnuHHMX 3pa3kax ycix
JOCIIKEHUX COPTIB Ta caMoO3amlmieHuX JiHii BMicT Terpariapokanadinony (TI'K) ne mepe-
BuiiryBaB 0,08 % — HOpMH, 103BOJICHOT JIIFOUUM 3aKOHOJABCTBOM YKpaiHu. CTaTucTU4Hy 00-
POOKY JaHUX 3I1MCHIOBAIH 32 MOKa3HUKAMH CEPEIHBOT0 apu(METHYHOTO, TOXHUOKH BHOIpKO-
BOi cepeHbO1, Koe]iII€HTIB IMapHOT KOPEJIALii Ta KPUBOIIHIIHOI perpecii.

OOroBopeHHsi pe3yJbTaTiB. 32 YMOBH CIPSIMOBAHOTO JOOOPY BUXIAHUX POCIWH 3 BiJCYTHICTIO
kanaOimiony (KB/I), TTK Tta xana6inony (KbH) B mporeci camo3anuieHHs iX BMICT 3HHKYBaB-
csi 10 moBHOI BijicyTHOCTI. CTabuIbHICTh (TOMO3UTOTAIlis) JiHIA HacTynana B Io—lg 1 3anexana
BiJl TEHOTHITY KOHKpETHOro copty. CaMo3amnuiieHi JIiHii caMe IIUX MOKOJIIHb JOLUIBHO 3aIy4aTu
sIK 0aThKIBCbKI KOMIIOHEHTH B CXpEIlyBaHHs. XapaKTEPHOI OCOOJIMBICTIO JOCIIKEHUX Cydac-
HUX COPTIB KOHOIUII € BIaCTUBICThb AaBaTH Bxke B I cim’i 3 BiacytHicTio KB/I, TT'K i KBH.

Mix o3HaKaMu BMICTY KaHaO1HOIHUX CIOJIYK YCTaHOBJIEHO CHIIbBHY MIO3UTUBHY KOPEJALII0, 30K-
pema B I1—I3 I'myxiBcbki 58 Ta B I1—I3 3070TOHICEKI 15 yCTaHOBIIEHO CUIIbHY MO3UTUBHY KOpe-
nsiro Mk o3Hakamu Bmicty KBJI 1 TT'K (r Bix 0,72 mo 0,79 Ta Bix 0,71 no 0,90), cunibHy abo
CepeIHIO MO3UTHUBHY Kopersiito Mix o3Hakamu Bmicty KbJ1 1 KBH (0,68-0,80 1 0,67-0,82) ta
cunbHy mo3uTuBHy Kopensmito mik TT'K 1 KBH (0,71-0,83 Ta 0,80-0,85 BimmomigHo). Ile
crpolrye 100ip Ha 3HUKEHHSI BMICTY BCIX KOMIIOHEHTIB KaHaOiHOI/NIB Ta 3HAYHO YCKJIQJHIOE
cenekuito Ha migsuieHHs KB/ 1 omnoyacHoro 3umkenHs micty TI'K. Kopensiiist Mixk BMic-
TOM KaHaOIHOIJHUX CHOJYK y CaMO3alMJICHUX JiHIHM € Oibll c1a0Koro B MOPIBHIHHI 3 BUX1J-
HUMH KOMIIOEHTaMH, a Koe(iIlieHTH MarOTh 3HAUHUM pO3Max Bapiarlii, 10 T03BOJIsIE BUKOPHUC-
TOBYBATH OJU3bKOCIIOPITHEHE PO3MHOXKEHHS B cesekilii Ha 3HmkeHHs BMicTy TI'K Ta migBu-
IIEHHS BMICTY HETICUXOTPOITHUX KaHAOIHOIIB.

BucnoBku. Camo3anuieHHs € €(peKTUBHUM METOJIOM BU3HAYEHHS CTa0UIbHOCTI OMYJIALIT COPTY
KOHOIIII 32 O3HAKaMHU HAasBHOCTI Ta BMICTYy KaHAaOIHOIIHUX CHOJYK 1 CENEKI[IHHUM METOJ0M
CTBOPEHHS BUXITHOT'O MaTepiajty i3 CTablIbHOI0 03HAKOIO 1X BiZICYTHOCTI 200 HAsIBHOCTI.

Knrouoei cnoea: xonons, cenekyis, iHOpuouHe, camo3anuiena ainis, ycnaokye8auHs, KaHabinoio,
Kopenayis
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QEHOTHIIHYECKOE ITPOAB/IEHHE IIPU3SHAKOB HAJIHYUA H COJAEPKAHUA
KAHHABHHOH/[OB B [IPOLECCE CAMOOIIBIUTIEHHA O/THOJAOMHOH KOHOIIIIH
U HAIIPABJIEHHOI'O OTE0OPA

Mumenko C.B.
Nuctutyt pacrenueBojictBa uM. B.A. FOprea HAAH, Ykpauna

Iesas 1 321244 MCCIEJOBAHUS — YCTAHOBUTH OCOOCHHOCTH HACJIEOBAHUS NIPU3HAKOB HAJIMYUS
U COJepKaHMs KaHHAaOMHOMJIHBIX COEAMHEHHUH B Ipollecce CaMOOIbUICHHS! OJHOAOMHON KO-
HOIUIM; MPOBECTH KOMITAPATHUBHBIM aHATU3 3HAYEHUI KOA((HUIMEHTOB MapHOU KOPPESIUH
MEXJy NPU3HAKAMH COJEpPKAHUS OCHOBHBIX KaHHAOWHOWJHBIX COEJIMHEHHH B HCXOAHBIX
dopmMax U caMOOTIBUICHHBIX JIMHHSIX; UCCIIEA0BATh 3(PPEKTUBHOCTD UCIIOIB30BAHUS CAMOOIIBI-
JICHUS B CEJIEKLIIUN KOHOILIH.

Marepuana u meroasl. Mccinenosanus nposeneHs! Ha 60asze MuctutyTa my0sHbix KynsTyp HAAH
(r. F'myxoB, Cymckast 0011., Ykpauna) B Teuenne 2009—2019 rr. O0beKT uccienoBaHuii — ca-
MOOIIBIEHHBIE JIMHUUA COPTOB MPOMBIIUIEHHOW KOHOIIM [ myxoBckue 58, I'necusi, Mukonaii-
4yuK, [yxoBckue 46 cperHeeBpONEeHCKOro 3KoJI0ro-reorpaduyeckoro Tuna U 30J0TOHOLI-
ckue 15 rokHOro 3KO0IIoro-reorpaduueckoro Tuma. CaMoONbUIEHHE PACTEHH (C OTCYTCTBHEM
U HaJM4MeM KaHHAaOWHOWJOB) OCYILECTBIISUIM MO/ MHIUBHUYaIbHBIMH H30JSTOPAMHU C arpo-
BOJIOKHA B YCJIOBHSIX BEreTallMOHHOTrO JoMuKa. [IoTOMCTBO BbIpaluBaiyu B MUTOMHUKE OLEH-
KU, aHAJIN3 KaHHAOMHOUIHBIX COEIMHEHUI MPOBOANIM METO/I0M TOHKOCIOMHOM XpoMaTorpa-
¢uu. B pactutenbHbIX 00pa3nax BCEX HCCIEIYyEMbBIX COPTOB M CaMOOIIBUIEHHBIX JIMHUHN CO-
nepxkanue terparuapokanHadbunona (TI'K) ne npesbimano 0,08 % — HOpMBI, pa3pelieHHOM
JIEUCTBYIOIIMM 3aKOHOJATEIbCTBOM YKpauHbl. CTaTUCTUUECKYI0 OOpabOTKy JaHHBIX OCY-
IIECTBIISUIN 1O MOKa3aTessiM CpeiHero apu(MeTHYecKoro, MOrpeIHOCTH BEIOOPOYHOI cpej-
HEl, KO3 PHUIMEHTOB TapHON KOPPEISINH U KPUBOJIMHEHHON perpeccum.

O0cysxnenne pe3yabTatoB. [Ipyu ycioBuM LieJI€HaNPaBICHHOTO 0TOOpPAa MCXOHBIX PacTEHUil C
orcyrcrBueM kanHabuaunona (KbJ), TI'K u kannabunona (KbH) B mpouecce camoonbuieHus
UX COJIepKaHUE YMEHbIIAIOCh J0 MOJHOr0 0TCyTcTBUS. CTaOMIBHOCTh (TOMO3ZUIOTALMS) JIU-
Hul HacTynana B Ip—lg 1 3aBucena OT reHOTHIIa KOHKPETHOTrO copTa. CaMOONbIIEHHbIE JTUHUH
UMEHHO 3TUX IOKOJICHUH 11e1eco00pa3HO MpPUBIEKaTh KaK POAMUTENIBCKHE KOMIIOHEHTHI B
CKpEIIMBaHUSIX. XapaKTEPHON OCOOEHHOCTBIO MCCIEAYEMBIX COBPEMEHHBIX COPTOB KOHOIUIH
ABJIsIETCS CIOCOOHOCTH 1aBaTh yxe B Iy cembu ¢ orcyrcrBueM Kb/I, TT'K nu KBH.

Mexny npuzHakamMu CoAep KaHUsI KaHHAOMHOUIHBIX COE€UHEHUH YCTaHOBJIEHBI CHJIbHBIE I10JIO-
KUTEJbHBIC KOPPENSALMOHHBIE CBA3M, B dYacTHOCcTH B I1—l3 I'myxoBckue 58 u B I1—
I3 3omoToHomICcKKE 15 0OHapykeHa CHIIbHAS MOJOKHUTENbHAs KOPPEISIHMOHHAS CBA3b MEXY
npusHakamu conaepxkanus Kb/l u TT'K (r ot 0,72 no 0,79 u ot 0,71 no 0,90), cunbHast wiu
CpeIHssl IMOJIOKHUTEIbHAS KOPpEISIIMOHHAs CBA3b MEXIy npu3Hakamu coaepkanusi KB/l u
KBH (0,68-0,80 u 0,67-0,82) u cuibHast monoxurenbHas cBsi3b Mexay TT'K u KBH (0,71—
0,83 u 0,80—0,85 COOTBETCTBEHHO), YTO YMNPOMIAET OTOOP HA CHUKEHHUE COJIEPKaHHUS BCEX
KOMITOHEHTOB KaHHAaOWHOUJOB U 3HAYUTENBHO YCIOXKHSAET CENEKIUI0 B HAIpPaBJICHUU MOBBI-
menust Kb/l n omHoBpemenHoro cHmkeHus coaepxkanus TI'K. KoppensaimoHHeie cBs3U Mex-
Ny coJlep’KaHHMeM KaHHAOMHOMJIHBIX COEIMHEHHH B CaMOONBIJICHHBIX JMHUH cliabee CpaBHU-
TEJNbHO C UCXOTHBIMU (popMaMu, a KOIPPUIIMEHTHl UMEIOT 3HAUUTENbHBIN pa3Max Bapuali,
YTO MO3BOJISET HCIOJIb30BaTh OJU3KOPOACTBEHHOE Pa3MHOXEHHE B CENIEKIIMU Ha CHU)KEHHUE
conepskanus TI'K u nmoBeieHne copepkaHusi HETICUXOTPOITHBIX KaHHAOMHOUIOB.

BobiBoabl. CamoornbuieHHe sBiseTcsl 3((GEKTUBHBIM MIPHEMOM OIpe/ieeHus] CTaOUIBHOCTH T10-
NyJSIUU COPTa KOHOIUIHM IO MPU3HAKaM HaJIMYMs U COAEepKaHUs KaHHAOMHOMIHBIX COEMHE-
HUH ¥ CENEKIIMOHHBIM METOJIOM CO3JaHHUsI UCXOAHOTO MaTepHaja co CTaOUIbHBIM MPU3HAKOM
UX OTCYTCTBUS WJIH HAJIUYUSL.

Kniouesvie cnosa: kononisi, cenexyus, UHOPUOUHS, CAMOONBLICHHAS TUHUS, HACIe008aHUe,
KaHHAOUHOUO, KOppenayusl
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PHENOTYPIC MANIFESTATION OF THE TRAITS OF PRESENCE AND CONTENT OF
CANNABINOIDS IN THE PROCESS OF SELF-POLLINATION IN MONOECIOUS HEMP
AND SELECTION

Mishchenko S.V.
Plant Production Institute nd. a. V.Ya. Yuriev of NAAS, Ukraine

Purpose and objectives. To reveal peculiarities of the inheritance of the traits of cannabinoid
compound presence and content upon self-pollination in monoecious hemp, to compare the
pair correlation coefficients between the contents of major cannabinoid compounds in initial
genotypes and self-pollinated lines, and to evaluate the effectiveness of self-pollination in
hemp breeding.

Material and methods. The study was carried out at the Institute of Bast Crops of the National
Academy of Agricultural Sciences (Hlukhiv, Sumy Oblast, Ukraine) in 2009—2019. Inbred
lines of industrial hemp varieties Hlukhivski 58, Hlesiia, Mykolaichyk, and Hlukhivski 46 be-
longing to the Central European eco-geographical type and variety Zolotoniski 15 belonging
to the Southern eco-geographical type were taken as test objects. Self-pollination of plants
(with and without cannabinoids) was carried out under individual agrotextile bags in a green-
house. The offspring were grown in a nursery. Evaluation and analysis of cannabinoid com-
pounds were conducted by thin-layer chromatography. In all the genotypes under study, the
tetrahydrocannabinol (THC) content did not exceed 0.08% that is standard allowed by the cur-
rent legislation of Ukraine. Data were statistically processed with calculating arithmetic mean,
sampling mean error, pairwise correlation coefficients, and curvilinear regression.

Results and discussion. Provided directional selection of initial plants that do not contain canna-
bidiol (CBD), THC or cannabinol (CBN), self-pollination reduced their contents to complete
absence. Stabilization (homozygation) of the lines occurred in I—lg and was specific to a par-
ticular variety. Inbred lines of these generations are recommended to involve as parents in
crossing. The ability to segregate CBD-, THC-, and CBN-free families as early as in I;. is a
characteristic feature of the hemp varieties under investigation. There were strong positive cor-
relations between the cannabinoid contents, in particular there was a strong positive correla-
tion was found between the CBD and THC contents (r = 0.72-0.79 and 0.71-0.90, respective-
ly), a strong or medium positive correlation between the CBD and CBN contents (0.68—0.80
and 0.67-0.82, respectively), a strong positive correlation between the THC and CBN contents
(0.71-0.83 and 0.80-0.85, respectively) in 1;—I3 Hlukhivski 58 and 1;—I3 Zolotoniski 15. This
makes selection for reduced contents of all cannabinoid compounds and easier, but at the same
time significantly complicates breeding for increased CBD content with concurrent reduced
THC content or increased contents of non-psychotropic cannabinoids. The correlations be-
tween the contents of cannabinoid compounds in inbred genotypes are weaker than those in
the original breeding genotypes, with the coefficients ranging significantly, which allows us-
ing closely related reproduction in breeding aimed at reducing THC content or increasing non-
psychotropic cannabinoid contents.

Conclusions. Self-pollination is an effective method of determination of the hemp population
stability in terms of the cannabinoid compound presence and contents and at the same time is a
method of creating breeding genotypes with stable traits of cannabinoid absence or presence.

Key words: hemp, breeding, inbreeding, self-pollinated lines, inheritance, cannabinoids,
correlation
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