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Abstract This scientific research study investigated the effect of glycyrrhizic acid (GA) isolated from the roots of the
liquorice plant (Glycyrrhiza glabra L.) and its complexes with certain microelements and phytohormones (IAA—indole
3—acetic acid; IBA-indole butyric acid; NAA-naphthyl acetic acid) on the most important morphogenetic and
molecular—genetic traits of wheat and cotton seeds, such as germination, root system and stem development, chlorophyll
grains and carotenoids. The results of this scientific study indicate high prospects for the use of glycyrrhizic acid complexes
in agricultural practice to increase the resistance of plants to external stress factors and their productivity, as well as to
optimize the process of growing environmentally friendly products. The results obtained indicate high prospects for the use of
glycyrrhizic acid complexes in agricultural practice to increase the resistance of plants to external stress factors and their
productivity, as well as to optimize the process of growing ecologically safe products.
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1. Introduction

In the field of agriculture, many types of chemical
preparations (stimulants, herbicides, retardants, etc.) and
large quantities of chemical substances are used to increase
the yield of plants. However, the influences of most of
the chemical preparations used on the morphogenetic traits
and molecular genetic parameters of plants are unclear. This
requires studying the growth and development of plants, as
well as the quality and ecological safety of the product being
grown [1-4]. Accordingly, the main goal in finding a solution
to the existing problem in this field is to identify new
physiologically active substances that regulate plant growth
and development and have biostimulatory properties in
connection with increasing plant productivity. In addition,
nowadays, special attention is paid to protecting plants from
external stress factors, reducing the use of synthetic chemical
compounds, and using environmentally safe compounds
based on natural substances, in connection with obtaining
high—quality harvest. The complexes of phytohormones
with steroidal natural physiologically active substances and
stimulatory properties, isolated from natural sources, are used
to protect plants from fungal and bacterial diseases [1-4].
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This scientific work also notes some results on increasing the
level of resistance of agricultural crops to external stress
factors with the help of bioregulators, as well as the most
important biological indicators at the stages of growth and
development [5,6].

Clarifying the importance of phytohormones in the
formation of resistance mechanisms in plant organisms
under the influence of various stress factors, and developing
optimization technologies, methods, and approaches is an
actual issue from a theoretical/practical point of view [7].

In this scientific work, studies were conducted to study
the influence of glycyrrhizic acid compounds on certain
morphogenetic and molecular—genetic parameters of cotton
(Gossypium barbadense L.) and wheat (Tritcum aestivum L)
seeds during germination, growth, and development.

2. Materials and Methods

The studies investigated the influence of glycyrrhizic acid
(Figure 1) isolated from the roots of the liquorice plant
(Glycyrrhiza glabra L.) and its GA:PHs supramolecular
complexes synthesized with certain microelements and Phs
(IAA, IBA, NAA) [8-10] on the germination, growth, and
development of wheat and cotton seeds.
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Figure 1. The chemical structural formula of glycyrrhizic acid (Empirical formula—C,Hg,016; 20p—carboxy—11-oxo—-30-norolean-12—-en-3p-yl-2-O—
B—D—-glucopyranuronosyl-o—D—glucopyranosiduronic acid) [Shlotgauer, 2013, p. 553-556; Yakovshin, 2018, p. 10-19]

The seeds of cotton (Gossypium barbadense L.) Ravnag—1
and wheat (Triticum aestivum) Dostlik varieties were
analyzed based on the study of germination indicators under
laboratory conditions. During the research, cotton and wheat
seeds were sterilized in NaClO (2%) solution for 5 minutes
[11] or KMnO, (1%) solution or in ethanol solution (70%)
for 2 minutes [12], then washed in a stream of distilled water
and grew in a Petri dish [13]. The Petri dish was sterilized
using ethanol solution (70%). In each dish, 50 cotton and 100
wheat seeds were cut to a size equal to the diameter of the
Petri dish and placed on filter paper soaked in distilled water
(10 ml) [6,14].

The experiments used filter papers “Vatman Nel” (“Sigma
—Aldrich”; Germany) and D=110 (“Ximreaktivkomplekt”;
Russia).

Germination of plant seeds was carried out for 10 days
(240 hours) in a dark state, in a thermostat at a temperature of
+22°C. After 24 hours, the germination process began in the
seeds (Figure 2).

During the germination process, germination energy was
calculated on the 3 days (72 hours) and the germination rate
of the seeds was recorded on the 10 days [14].

A seed was considered germinated if it produced a root
longer than half its length [14].
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Figure 2. The condition of studying the level of germination of cotton (A) and wheat (B) seeds treated with GA:PHs complexes in the laboratory

Germination energy expresses the percentage of grains
that have germinated at a standard rate over a given period of
time (3 days) compared to the total number of grains [15,16].

Germination rate—generally expressed as the percentage
of grains that germinated at a standard rate relative to the
number of seeds used in an experiment [16].

In the experiments, the germination rate (GA) was calculated
using the following formula [17]:

GR=x,/D,+(X, —x1)/D,..x,—x, -1 /D,

Here D represents the number of experimental days in
which the calculation was carried out.

GA: Study of the effect of PHs supramolecular complexes
on the content of chlorophylls and carotenoids in plants.

The effect of the cotton variety “Ravnaq 1” on the content
of chlorophylls and carotenoids.

To study the effect of GA:PHs complexes on the amount
of chlorophyll in plant seedlings, 50 mg of cotton leaves were
placed in a test tube. Each leaf sample was homogenized in
5 ml of 95% ethyl alcohol solution and centrifuged for
30 minutes at 4500 rpm. The amounts of chlorophyll “a”,
chlorophyll “b” and carotenoids in the resulting liquid were
determined by light absorption at 664, 649 and 470 nm
(HACH DR 3900 spectrophotometer). Based on this indicator,
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the amounts of chlorophyll “a”, chlorophyll “b” and carotenoids
in the leaves of the cotton plant were calculated using the
Lichtentaler equation [8].

Chlorophyll “a” [mg/g]=13,36* Aggs—5,19*Agag

Chlorophyll “b” [mg/g]=27,43* Agsg—8,12* Agss

Carotenoid [mg/g]=(1000 A47p—2,13*Xlo “a”-97,63 Xlo
“b”)/209

F(ma/g)=(V*C)/P

Where: F—amount of pigment in the plant leaf (mg/gr);
V-volume of liquid (ml); C—pigment concentration (mg/l);
P—mass of plant tissue.

Statistical analysis of the experimentally obtained total
chlorophyll, chlorophyll a, chlorophyll b, and carotenoid
content of plants was performed in EXCEL 2016, using the
Stat View program using ANOVA.

Mathematical and statistical processing of the obtained
results. The experimental results were mathematically and
statistically processed using the special software package
OriginPro v. 8.5 SR1 (EULA, USA) according to standard
biometric methods [18-21].

3. Results and Discussions

In the experiments, it was found that in the control variant,
the average weight of 1 cotton seed was 48.2+1.3 mg, and the
average weight of 1 wheat seed was 41.7+2.4 mg. After the
water absorption phase (72 hours), the cotton seed increased
by 54.6+2.7% and the wheat seed by 47.5+3.5% compared
to the control, i.e., an average of 63.92+2.4 and 72+2.1 mg,
respectively. It was noted that the intensity of water absorption

Table 1.
laboratory conditions

will be high for the first 16—72 hours (1-3 days).

It was found that under the influence of GA:PHs (1AA,
IBA, NAA) supramolecular complexes (100 uM), the intensity
and amount of water absorption dynamics of cotton and
wheat seeds during germination under laboratory conditions
increased compared to the control.

The results obtained are consistent with the available
literature data [6]. During the germination process, cotton
seeds enter the germination phase after absorbing ~45-50%
of their dry weight [6]. Studies have shown that the water
absorption phase of cotton seeds lasts ~2—-6 hours, and in
the next phase (~6-16 hours), water reaches the endosperm,
during which the activation of enzymatic reactions occurs
[22].

During the process of seed germination, PHs perform the
most important physiological function as essential endogenous
regulators [6].

Studies have shown that GA optimize the permeability of
biological membranes [23-25].

The results obtained can be explained by the optimization
of the permeability properties of biological membranes
under the influence of supramolecular complexes of GA:PHs
(IAA, IBA, NAA) (100 pM).

In the course of the research, in order to draw clear
conclusions about the effect of supramolecular complexes
of GA:PHs (IAA, IBA, NAA) on the intensity of water
absorption dynamics of seeds, cotton seeds were treated with
complexes and planted in soil beds. The results obtained
during the research were consistent with laboratory results,
and corresponding changes were also detected in the amount
of chlorophyll and carotenoids in plant seedlings (Table 1).

Effect of supramolecular complexes of GA:PHs (IAA, IBA) on the content of chlorophylls and carotenoids in the cotton variety “Ravnaqg 1 under

Experience options Chlorophyll “a” Chlorophyll “b” Common chlorophylls Carotenoids
Control (distilled water) 0,530 0,263 0,793 0,110
GA 10°M 0,867 0,434 1,301 0,188
GA 10%°M 0,512 0,264 0,776 0,089
GA 10°M 0,722 0,353 1,075 0,143
GA10'M 0,521 0,246 0,767 0,083
NUK 10°M 0,870 0,429 1,299 0,146
NUK 10°%*M 0,521 0,263 0,784 0,090
NUK 10°M 0,732 0,352 1,084 0,139
NUK 107 M 0,502 0,245 0,767 0,073
2GA: IAA10°M 0,876 0,455 1,301 0,159
2GA: IAA 10%° M 0,523 0,275 0,747 0,094
2GA: IAA10°M 0,742 0,374 1,116 0,176
2GA: IAA107M 0,513 0,227 0,740 0,082
2GA: IBA 10°M 0,860 0,445 1,305 0,182
2GA: IBA 10°°*M 0,505 0,276 0,781 0,092
2GA: IBA 10°M 0,734 0,465 1,199 0,152
2GA: IBA107M 0,567 0,233 0,80 0,097

When the chlorophyll and carotenoid content of plants was examined spectrophotometrically, it was found that the chlorophyll
content was higher in cotton plants exposed to 10-> M solutions of GA and PHs supramolecular complexes (Table 1). It was also found
that the carotenoid content was higher in plants grown from seeds exposed to 10-° M solutions of GA.
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Table 2. Effect of GA:PHs (IAA, IBA) supramolecular complexes on the content of chlorophylls and carotenoids in wheat under laboratory conditions
Chlorophyll “a” Chlorophyll “b” Common chlorophylls Carotenoids

Control 1,529 0,838 2,367 0,249
GA10°M 0,881 0,446 1,326 0,213
GA 10*°*M 1,569 0,855 2,424 0,331
GA 10°M 0,903 0,471 1,374 0,188
GA10"M 1,132 0,584 1,716 0,218
2GA: IAA10°M 1,927 1,227 3,154 0,349
2GA: IAA 10°°M 1,308 0,669 1,977 0,289
2GA: IAA 10°M 1,615 0,892 2,508 0,369
2GA: IAA107M 1,755 1,036 2,791 0,304
2GA: IBA 10°M 1,204 0,606 1,810 0,266
2GA: IBA10**M 1,196 0,591 1,787 0,258
2GA: IBA10°M 1,663 0,977 2,640 0,243
2GA: IBA10"M 0,956 0,473 1,428 0,199

When the chlorophyll and carotenoid content of 3—week—old wheat plants was examined spectrophotometrically, it was found that the
chlorophyll content was highest in wheat plants exposed to a 10-> M solution of the GA and PHs supramolecular complexes (Table 2).
It was also found that the carotenoid content was higher in plants grown from seeds exposed to a 10-° M solution of 2GA:IAA.

GA: Effect of pH supramolecular compounds and salts of GA on molecular genetic parameters of plants

In molecular genetic research, quantitative and qualitative
indicators are determined based on DNA. Accordingly,
during our research, we isolated DNA from plant tissues.

For DNA extraction, leaves were collected from plants
treated with supramolecular complexes consisting of GA
and PHs and from control plants as biological materials.
Genomic DNA was extracted from plant leaf tissues using
the STAB method.

Table 3. The effect of GA:PHs (IAA, IBA) supramolecular complexes on
the quantitative and qualitative parameters of the cotton variety “Ravnaq 1”
in laboratory conditions

T Expe.rience az’::r;t Purity Purity
options ng/ul A260/A280 | A260/A230
L distﬁ?er::itrvc\)/later) 810.6 2.05 2.19
2 GA10°M 677.5 1.96 2.28
3 GA 10%°*M 1086.1 1.95 1.79
4 GA 10°M 669.4 1.96 1.99
5 GA10'M 595.1 2.20 2.50
6 NUK 10°M 278.5 1.92 2.18
7 NUK 10°°M 482.2 1.98 1.96
8 NUK 10°M 306.5 1.98 2.86
9 NUK 107" M 266.6 2.18 3.46
10 | 2GA:IAA10°M 411.3 1.96 2.02
11 | 2GAIAA 10°°M 191.1 1.97 2.59
12 | 2GA:IAA10°M 108.6 1.89 1.52
13 | 2GA:IAA10"M 234.1 1.92 224
14 | 2GA:IBA10°M 239.1 1.97 1.81
15 | 2GA: IBA10°%°M 91.6 1.92 2.13
16 | 2GA:IBA10°M 318.6 1.98 2.66
17 | 2GA:IBA107M 385.3 1.97 2.05

The isolated DNA molecules were electrophoresed on
an ethidium bromide—stained agarose gel for 1 hour at 80
V. A DNA marker with an initial step of 50 bp was used
to compare the weights of the DNA samples on the gel
(Figure 3).

The DNA samples showed bright and pure bands in the
agarose gel image. These indicators indicate that the DNA
samples were of high purity and free from protein and
organic matter contamination. High—purity DNA molecules
allow for more efficient subsequent steps in the research.

DNA quantitative and qualitative parameters were studied
using a Nanodrop spectrophotometer (Thermofisher). TE buffer
was used as the measurement. DNA samples were taken and
measured in 2 pl (Table 3).

For PCR and subsequent studies, the optimal DNA
concentration is usually above 50 ng/ul, i.e. purity values of
A260/280 are in the range of 1.8-2, and A260/A230 values
are 2.0-2.2.

The fact that the quantitative and qualitative characteristics
of the extracted DNA samples are compatible with many
PCR markers allows for the use of a wider range of markers
for research purposes.

Accordingly, during the studies conducted, we investigated
the effect of GA:PHs supramolecular complexes and trace
element salts of GA on the variability of morphogenetic traits
in wheat during the growth and development stages.

In this regard, based on the results of the action of
glycyrrhizinic acid salts, corresponding positive changes
were detected in the morphological characteristics of plants.
Based on the detected changes and their results, it can be
noted that glycyrrhizinic acid salts increase the activity of the
most important expression genes that control the ontogenetic
development of the plant. This led to the emergence of
corresponding positive changes in the morphological
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characteristics of the plant, increasing its yield indicators and
resistance to external stress factors.

One of the ways to study the exogenous effects of
physiologically active compounds is to use molecular markers.
Molecular markers are based on RNA polymorphisms and
are a highly valuable and effective tool for classification.
In this study, randomly amplified RNA fragments (RAPD),
amplification of simple sequence repeats (ISSR), and
amplification of regulatory fragments of microRNA (miRNA)
molecules were used as molecular markers based on RNA
polymorphisms.

In our research, we soaked wheat seeds in solutions of
various concentrations of cobalt diglycyrrhizinate (1%, 0.1%,

0.01% and 0.001%) for 2 hours and then placed them in a
nutrient medium. We analyzed the germination rate of wheat
seeds after 2 days and the effect of cobalt diglycyrrhizinate
on fungi in vitro after 5 days.

According to the results of the analysis, RNA polymorphism
was observed in the roots and leaves of the control wheat
seedlings. RNA-RAPD fragment profiles were recorded in
almost every concentration sample (Figure 4).

In this case, the presence of the RAPD direction prevents
the dominant trait from opposing the recessive trait. Thus,
this is consistent with the conclusion [26,27] that heterozygous
and homozygous dominant individuals are not distinguished
by RAPD markers.

Figure 3. Visual representation of DNA samples extracted using the STAB method on a 0.9% agarose gel
Leaves
C 1%  01% M
Wess 1000 Dbp
P— ] 700 bp
500 Dbp
200 bp

Figure 4. RAPD-polymorphism analysis of 5-day—old wheat seedlings treated with cobalt diglycyrrhizinate solutions: M—marker, C—control wheat

seedlings. The similarity of DNA profiles with control samples is noted

Leaves

Roots

1000 bp

500 bp

Figure 5. Polymorphism analysis using ISSR markers in 5-day—old wheat seedlings treated with cobalt diglycyrrhizinate solution: M—marker, C—control

plant
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Figure 6. Quantitative indices of 18 miRNA loci amplified in leaf and root tissues of experimental and control samples of wheat seedlings
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Figure 7. miR395 expression in wheat leaves treated with cobalt diglycerides

Comparative analysis of RAPD profiles of individual, i.e.,
separately obtained samples, revealed that ISSR fragments
are almost monomorphic (Figure 5). No variability was
observed in the polymorphism of DNA isolated from wheat
leaf tissue, similar to the differences in the ISSR fragment
profile in root tissue. The profile of the control sample of
wheat genotypes and the lowest (0.001%) elicitor concentration
of the sample is unique compared to the one at the highest
concentration. This indicates that the DNA micro-site
polymorphisms are affected in a manner that is based on.

A conserved type of miRNA family was selected to test
the effect of cobalt diglycyrrhizinate on wheat seedlings. The
miR168 family is considered a marker of plant response to
stress factors [28]. Our studies revealed that the miR395

locus amplification index in wheat tissue samples treated
with cobalt diglycyrrhizinate solution increased several
times compared to the control (Figure 6).

It was found that this indicator is higher in root tissues
than in leaf tissues of wheat.

Analysis of miR168 parameters under the influence of
cobalt diglycyrrhizinate shows that the average effect
coefficient of cobalt diglycyrrhizinate varied from 27.63 to
28.69, with a standard deviation of 0.24 to 0.66. The miR395
parameter was much lower, with an effect coefficient of 34.86
to 35.52, with a standard deviation of 0.35 to 1.52 (Figure 7).

When both miRNAs were analyzed, their abundance was
reduced in the presence of 1% cobalt diglycyrrhizinate (11.76%
for miR168 and 1.5% for miR395). When compared with the
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effects of 0.1% and 0.01% cobalt diglycyrrhizinate solutions,
it was found that miR168 increased by 1.87% and miR395
by 9.52%.

4. Conclusions

The effective effect of supramolecular complexes and
salts of glycyrrhizic acid was distinguished by the longer
survival of plant leaves compared to control samples.

Thus, increasing the yield and quality of agricultural crops
and ensuring food security are considered one of the strategic
priorities, and the prospects for using environmentally safe
endogenous phytoregulators that have the ability to optimize
the germination and development indicators of agricultural
crop seeds in solving this problem are highly appreciated.

It has been found that the use of endogenous phytoregulators
in agricultural practice makes it possible to increase growth
and development, productivity, as well as resistance to the
effects of various phytopathogens and stress factors in the plant
organism through the stimulation of complex biochemical
Iphysiological processes.
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