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Abstract: The in vitro culture technique can be used for micropropagation of medicinal plants as well
as for creating genotypes with an improved profile of phytochemical compounds. For this purpose,
somaclonal variability may be used for the induction of genetic diversity among regenerants. The
paper presents a protocol for obtaining Scutellaria baicalensis regenerants by indirect organogenesis
and the assessment of their genetic variability with the use of start codon-targeted markers. The
most intense process of indirect shoot organogenesis was observed on Murashige and Skoog medium
supplemented with kinetin and 6-Benzylaminopurine (0.5 mg x dm~3 each)—7.4 shoot per explant
on average. The callogenesis process occurred on the medium supplemented with TDZ, while the
medium supplemented with GAj3 allowed for direct shoot organogenesis and was used for the
micropropagation of regenerants. In the analysis of plantlets obtained by indirect organogenesis,
11 ScoT markers generated a total of 130 amplicons, 45 of which were polymorphic. This analysis
showed genetic diversity of regenerants in relation to the donor plant as well as within them, with
mean similarity among the analyzed genotypes at the level of 0.90. This study confirms that the use
of in vitro cultures allows for the possibility to generate genetic variability in Scutellaria baicalensis,
which can be effectively revealed with the use of the SCoT marker.

Keywords: indirect organogenesis; genetic diversity; medicinal plant; molecular marker; plant tissue
culture; somaclonal variation

1. Introduction

Scutellaria baicalensis Georgi. (common name—Baikal skullcap) is a widespread medic-
inal plant of the family Lamiaceae. It belongs to the genus Scutellaria, subfamily Scutellar-
ioideae. The species is diploid (2n = 18) and belongs to entomophilous cross-pollinated
plants [1,2]. Baikal skullcap is one of the 50 essential herbs of traditional Chinese medicine
that have been used since ancient times to treat inflammation, high blood pressure, bacterial
and viral infections, and to improve the overall health of the body. S. baicalensis contains
many active substances, the main source of which is the root and, to a lesser extent, the
aerial parts of the plant [3]. Baicalin, baicalein, vogonoside and vogonin are the most
popular flavonoids, and their content in S. baicalensis root is as high as 20%, of which
approximately 12-17% constitute baicalin and 3-4% constitute vogonoside [4]. In addition
to flavonoids, S. baicalensis contains volatile oils, which are mainly responsible for the scent
and sweet taste, and additionally exhibit antibacterial activity against Gram-positive and
Gram-negative bacteria [5]. S. baicalensis also contains over 100 diterpenoids, mainly in
the aerial part, which exhibit antibacterial and antiviral activity [6]. An important aspect
in the cultivation of Baikal skullcap is the appropriate selection of conditions that have a
significant impact on the content of active ingredients in the plant. In vitro cultures are an
alternative to conventional methods of vegetative reproduction. Culturing plant material
in vitro can induce or reveal variation between cells, tissues and organs, thereby creating
variability within cultures or between regenerated plants (somaclonal variation). Some
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or all of the somaclons may differ phenotypically and genetically from the donor plants
from which the culture was derived. Variability of this type, which usually occurs sponta-
neously and is largely uncontrolled, may be the result of genetic and epigenetic changes
occurring in cells in vivo as well as during in vitro culture [7]. In vitro culture alone or in
combination with mutagenesis induced by physicochemical and biological factors can be
used to produce plants with increased genetic variability and mutants as a potential source
of new commercial varieties. For this reason, plants regenerated from tissue, organ, callus,
or protoplast cultures and through somatic embryogenesis may show variability at the
phenotypic and genotypic level [8]. This type of variability can be studied using molecular
markers. In 2009, Collard and Mackill [9] developed a new alternative and repeatable
technique based on start codon-targeted (SCoT) markers. These markers are based on
DNA and target the conserved ATG translation start codons. The SCoT system has been
successfully used to assess genetic diversity or identify varieties and map quantitative trait
loci in different species, generating high polymorphism and repeatability of the results.

The main aim of the study was: (i) to obtain regenerants of S. baicalensis through
indirect organogenesis; and (ii) the assessment of genetic variation in plants regener-
ated in vitro using SCoT markers. The study also optimized the procedure for obtaining
S. baicalensis regenerants and their multiplication in vitro, which will enable access to ready
protocols for efficient propagation of the analyzed species.

2. Materials and Methods

In order to assess the possibility of inducing genetic variation during in vitro culture
of the tested species, a two-step procedure for obtaining regenerants was applied.

2.1. Procedure for Obtaining Regenerants
2.1.1. Callus Induction and Shoot Regeneration

At this stage, through the use of nutrient supplementation with different types and
concentrations of plant growth regulators (PGRs), it was determined which ones had the
greatest effect on the process of indirect shoot organogenesis, i.e., callus tissue forma-
tion and shoot regeneration. The regenerated shoots could potentially show variation
at the DNA level due to the genetic instability of the callus tissue. These shoots were
obtained in such a way that the mature S. baicalensis plants grown at the Experimental Farm
of the Department of Vegetable and Medicinal Plants of the University of Life Sciences
in Lublin (51°14/53"" N, 2°34/13"" E) were used as a source material for the experiment,
i.e., donor plants (DP—Figure 2). Directly after harvest, the explants were transported
to the in vitro culture laboratory at the Institute of Plant Genetics, Breeding and Biotech-
nology, University of Life Sciences in Lublin. Healthy shoots with 10-12 nodes were
harvested from field-grown plants and washed under tap water for an hour. Shoots were
subsequently rinsed for 15 min in distilled water with a drop of Tween-20 on a stirrer.
Shoots were sterilized with 75% ethanol for 1 min and 1% sodium hypochlorite for 5 min.
Shoots were then washed three times (5 min each) in sterile distilled water and cut into
fragments to obtain nodal explants (Figure 1). Explants were transferred to jars containing
approximately 15 mL Murashige and Skoog (MS) [10] medium with different types and
concentrations of plant growth regulators (PGRs). The type and concentration of PGs used
are listed in Table 1. The medium composition was as follows: Murashige and Skoog basal
medium supplemented with sucrose (30.0 g dm~3), thiamine (0.4 g x dm~3), pyridoxine
(0.5mg x dm™3), nicotinic acid (0.5 mg X dm™3), inositol (100 dm~—3), PGRs and agar-agar
(8.0 g x dm~3). (Sigma-Aldrich—St. Louis, MO, USA). For the experiment, the pH of the
medium was adjusted to 5.8 with 1 M NaOH and 1 M HCl before autoclaving at 121 °C for
20 min. After initiation, the explants were cultured under 40 umol m~2 s~! light provided by
cool white fluorescent tubes with a 16-h photoperiod and a temperature of 21 °C & 2 °C. The
experiment was carried out in triplicate. One replicate consisted of three jars of five explants
each. Observations of the number of propagated shoots, their average length, average number
of nodes and callus formation were carried out after 42 days of the culture.
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Table 1. Phytohormones used in the media, their combinations and the observed effect on the
regeneration process of S. baicaliensis.

Plant Growth Regulator Concentration and

Medium Combination (mg x dm—3) Mean Number of Mean Shoot Mean Number of . .
Number 8 Shoot per Explant Length (cm) Nodes per Shoot Calli Formation
KIN BAP TDZ GA; 2iP

1. 0.5 0.5 - - - 74a*(I) 1.7b 30b +++

2. — — 0.5 — - - - - +++

3. - - - 0.5 - 2.1b (D) 63a 44a -

4. - - - - 05 6.0 ab (I) 55a 35ab —/+

5. - - - 0.5 0.5 4.8 ab (I) 48a 32ab +

*—means in columns followed by the same letter do not differ significantly at 5% level of probability, D—direct
organogenesis, I—indirect organogenesis, +++ very high degree of callus tissue formation, ++ high degree
of callus tissue formation, + low degree of callus tissue formation, - no callus tissue formation; KIN-kinetin;
BAP-6-Benzylaminopurine; TDZ-thidiazuron; GAsz-gibberellic acid; 2iP-2-isopentenyladenine.

2.1.2. Shoot Multiplication of Regenerants

The hypothesis concerning the genetic diversity of regenerants obtained in the first
stage was verified in the second stage by conducting direct shoot organogenesis, and the ob-
tained plants were intended for DNA analysis. To this end, 10 randomly selected shoots re-
generated on MS medium supplemented with 0.5 mg x dm~3 BAP (6-Benzylaminopurine)
and kinetin 0.5 mg x dm~2 were cut into nodal fragments and used as secondary explants.
Three nodal explants were collected from the selected regenerant for individual multipli-
cation. Explants were placed on an MS medium supplemented with GA3. The number
of propagated shoots, their average length, the average number of nodes and root system
development stage were assessed after 6 weeks of the culture. After this time, the plants
were ready for the process of acclimatization.

2.2. Acclimatization

In vitro-rooted plantlets were removed from the jar. Their roots were washed with
running tap water to remove the medium. Regenerants were inserted into plastic vessels
filled with soil and perlite in a 2:1 ratio and kept in a growth chamber at 23-25 °C and 16-h
photoperiod for 20 days. During this time, the high relative humidity in the vessel was
gradually reduced by removing the cover. The plants were subsequently transferred to a
greenhouse for further acclimatization.

2.3. Molecular Assays
2.3.1. DNA Extraction

Genomic DNA was isolated from a fragment of a shoot with leaves of the mother plant
and regenerated plants after the multiplication process was completed (Section 2.2). DNA
was extracted following the CTAB method described by Doyle and Doyle [11]. The DNA
concentration was determined using a Nanodrop spectrophotometer (Thermo Scientific).
All test samples were diluted to a final concentration of 25 ng uL 1.

2.3.2. SCoT Analysis

To perform the genetic analysis of S. baicalensis, the PCR was optimized for the SCoT
markers tested. The optimization involved determining the optimal magnesium ion con-
centration, which affects polymerase performance. Thus, primers that initiated stable
amplification of clearly separated bands could be selected. Eleven 18-base primers selected
from 20 arbitrary primers were used for PCR amplification. DNA amplification of SCoT
markers was carried out in a final volume of 10 pL containing 0.5 U of Tag DNA Polymerase
(Fermentas), 0.8 pL of oligonucleotide primer (0.8 pM), 1 uM dNTPs, 1 x PCR buffer with
1.5 mM MgCl,, and 25 ng of genomic DNA as a template. Amplification was performed in
a gradient thermal cycler (Biometra GmbH) with the following reaction conditions: initial
predenaturation at 94 °C for 3 min, followed by 35 denaturation cycles at 94 °C for 1 min,
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annealing at 50 °C for 1 min, and extension at 72 °C for 2 min. The final extension was
carried out for 5 min at 72 °C with the holding temperature of 4 °C. To verify reproducibility,
the primers were tested twice on the same sample.

PCR products were electrophoresced in 1.5% agarose gels stained with ethidium bro-
mide at constant voltage (3 V cm~!) until bromophenol blue/loading dye migrated to the
other end of the gel. The gel was visualized in a UV transilluminator and photographed
using a GeneSnap ver. 7.09 (SynGene) gel documentation system. NZYDNA Ladder III
(NZYTech) was used to establish the molecular weight of the products. Among obtained
SCoT products, only reproducible and clear fragments were scored from the photographs.
Bands detected in analyzed genotypes and scored as present (1) or absent (0) were con-
sidered polymorphic profiles, while specific bands were restricted to a specific individual.
Indistinct or weak bands were excluded from the analysis.

2.4. Statistical Analysis

Statistical analysis of the results of shoot multiplication of regenerants was carried out
using ANOVA, and the significance of differences between mean values was calculated
using Duncan’s multiple range tests performed at p < 0.05. The similarity coefficient
between the studied genotypes in the SCoT analysis was assessed according to the Dice
formula [12]. A cluster analysis was conducted using the UPGMA (unweighted pair-group
method with arithmetic mean) distance method implemented in the PAST software [13].

3. Results and Discussion
3.1. Callus Induction and Shoot Regeneration

Phytohormones applied at the regeneration stage caused different directions of culture
development (Table 1, Figure 1).

The process of direct shoot organogenesis was observed—medium 3, indirect shoot
organogenesis (intensive callus formation with intensive shoot production, as well as the
formation of a small amount of callus with simultaneous shoot formation)—medium 1
and 5, moreover formation of only callus tissue—medium 2. Since the prerequisite for
obtaining genetic differentiation among regenerants is their formation via callus tissue, it
should be pointed out that its formation was most intense on the medium containing KIN
+ BAP (0.5 mg x dm~3 each) and the medium with TDZ (0.5 mg x dm~3) addition. In
contrast, small amounts of callus were observed on media with a combination of GA3 + 2iP
(0.5 mg x dm—3 each) and with 2iP only (0.5 mg x dm—3). With respect to the medium
containing TDZ (0.5 mg x dm~3), intensive formation of callus tissue was observed, on
which subsequently a large number of shoot buds formed; unfortunately, they were not
capable of regenerating shoots. Despite the statement of Guo et al. [14] that TDZ induced
shoot regeneration in many plant species of the genus Scutellaria, (Table 1), such an effect
was not recorded. Similarly, in a study of Ozdemir et al. [15], TDZ effectively stimulated
the formation of callus tissue on various types of explants derived from seedlings of this
species. However, on some of them, although shoot buds were clearly visible on the
explants, they did not show any shoot regeneration. In a study by Stojakowska et al. [16],
nodal explants on TDZ-containing media produced caulogeniccalli, and those obtained
at a concentration of 0.5 pM TDZ developed numerous shoot buds, but only a few were
capable of regenerating shoots. In contrast, Zhang et al. [17] reported that calli induced
by 0.3 mg x dm~3 TDZ produced shoots directly, while those obtained with a higher
TDZ concentration required a change of medium composition to initiate the process. In
turn, Gharari et al. [18] indicated that by increasing TDZ concentrations (0.5 mg x dm3),
the response rate of explants for shoot induction increased. Therefore, in connection
with the aim of the research, it is necessary to indicate that potential genetic variability
should be sought among the regenerants obtained on medium containing the combination
of KIN + BAP (0.5 mg x dm~3 each). Nevertheless, it should be noted that, as shown
by other authors, the process of indirect shoot organogenesis can be carried out using
various combinations of phytohormones. According to Gharari et al. [19], stem explants of
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S. araxensis allowed efficient shoot organogenesis through the callus stage, and obtaining
up to 18 new shoots per explant on medium containing 0.5 mg x dm~2 BAP in addition to
0.5 mg x dm~3 IBA. Hwang et al. [20] reported that callus induction in S. baicalensis occurred
in the presence of 1-Naphthaleneacetic acid (NAA) 1 mg x dm ™2 plus BAP mg x dm~3, while
Trivedi et al. [21] showed that relatively high concentrations of TDZ (4 mg X dm™3) stimulated
this process, and subsequently NAA 1 mg x dm~3 was sufficient for shoot regeneration. In
contrast, according to a study by Ozdemir et al. [22], in S. orientalis subsp. bicolor, there was the
possibility of callus regeneration in the presence of BAP alone or in combination with NAA.

¥
X

Figure 1. In vitro regeneration of Scutellaria baicalensis on Murashige and Skoog (MS) media. (1a)—
primary explants used to establish the culture; (1b)—Donor plants in in vivo condition; (1c)—Indirect
organogenesis from nodal explants MS medium supplemented with KIN + BAP (0.5 mg x dm™ each);
(1d)—Cultures on the media according to Table 1 after 42 days. (1e)—Plantlet on the media according
to Table 1 after 42 days. (1f)—Plantlet acclimatization in pot containing soil and perlite in a 2:1 ratio.

Considering the number of shoots produced by the explant, the medium containing
KIN + BAP (0.5 mg x dm~2 each) proved to be most optimal, and an average of 7.4 new shoots
were obtained on this substrate. Slightly lower values, although: statistically not significantly
different from the above, were recorded on medium enriched with 2iP (0.5 mg x dm™3)—
6.0 shoots per explant, and the medium with GA3 and 2iP (0.5 mg x dm ™~ each)—4.8 shoots
per explant. In contrast, only 2.1 shoots per explant were obtained on substrate with GA3.
The latter is generally known for its effect in the direction of shoot elongation [19], and only
caused the development of two axillary buds present on the explant, with the length of the
resulting shoots being greater compared to those obtained on the other media. Stem elongation
in the presence of GAj3 also resulted in the development of an average of one internode more
on the shoot compared to the other PGRs applied. Nevertheless, when using the regenerant
cultures obtained at this stage for further multiplication using nodal explants, the highest culture
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efficiency can be obtained using KIN + BAP medium (7.4 x 3.0 = 22.2 nodal segments) and
2iP (6.0 x 3.5 = 21 nodal segments). This stage of culture could be summarized by the statement
that the PGRs used in the medium induced a differential response of the explants (same
genotype), resulting in the possibility of genetic variability occurrence among regenerants,
particularly those obtained on medium 1.

3.2. Shoot Multiplication of Regenerants

Due to the fact that the process of direct regeneration from axillary buds was observed
on the medium with GAj3 addition, it was applied in the second stage of culture, which
required limiting the possibility of variability, and as reported by Ngezahayo and Liu [23],
axillary bud proliferation was the most frequently used, and also considered the most
suitable to guarantee the genetic stability of the regenerated plants. Since a genetically
diverse group of genotypes is likely to be evaluated at this stage, it should be assumed that
they would show a slightly different morphogenetic response to the applied medium (the
same for all genotypes). The data in Table 2 and Figure 2 clearly show the differentiation
of the regenerants at the phenotypic level expressed by the coefficient of variation, whose
value was the highest for the mean shoot number, while slightly lower for the other two
traits—mean shoot length and mean number of nodes per shoot. This especially reflected
the variability in the number of shoots, which ranged from 2.0 to 9.4. Variability regarding
this trait was also observed in other species of the genus. The average number of shoots
in S. alpina and S. altissima was 5.4 and 2.0, respectively, and was obtained on a medium
with identical PGR composition [24]. The observed differences could be due to the fact
that the studied species reacted differently to the applied media. On the other hand, the
identical number of shoots (an average of 4.5) obtained on MS medium supplemented
with meta-Topolin + NAA for both S. barbata and S. racemosa, in this case indicated a
similar response of each species [25]. The interactions between genotype, a type and PGR
concentration in the assessment of morphogenetic capacity, were described previously by
Dyduch-Siemiriska [26]. Comparing the mean value of shoot length and mean number
of nodes per shoot of the analyzed regenerants in relation to the donor plant cultured
on the same medium (Table 1—medium 3), genotypes R5 and R9 could be considered
the most distinct characterized by advantageous morphogenetic potential, while R7 was
particularly unfavorable. Regenerants after this stage of culture were fully prepared for
the acclimatization process and after its completion (Figure 1f), they were planted at the
Experimental Farm of the Department of Vegetable and Medicinal Plants to evaluate their
phytochemical properties.

Table 2. Evaluation of the morphogenetic capacity of regenerants derived from medium number 1
regenerated on medium number 3.

Plant Number Mean Number of Shoot Mean Shoot Length Mean Number of Nodes per Shoot ~ Root System Development Stage !
R1 3.4bc* 41d 5.7 de 1
R2 46b 6.0c 84c 3
R3 20c 7.8 be 7.0 cd 1
R4 3.4 bc 7.7 be 6.7 cd 3
R5 20c 133a 16.5a 2
R6 74a 28e 46e 2
R7 94a 3.2de 40e 3
R8 8.6a 5.0cd 5.4 de 2
R9 2.4bc 8.7b 10.5b 3
R10 3.6 bc 84b 6.9 cd 2
Mean 4.6 6.7 7.5
Coefficient of variation (%) 56.8 44.8 45.2 -

*—means in columns followed by the same letter do not differ significantly at 5% level of probability, !—Root system
development stage: 1—only a few short roots, 2—a few roots up to 2 cm long, 3—several roots longer than 2 cm.
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Figure 2. Phenotypic diversity of regenerants (from R-1 to R-10) on medium number 3 after 6 weeks
of the culture.

3.3. Molecular Assays

Since DNA methylation, amplification, activation of transposable elements, polyploidy,
changes in chromosome number or DNA sequence can be affected by in vitro culture
conditions and consequently lead to genetic changes in regenerated plants [27,28], it is
necessary to monitor the occurrence of somaclonal variations during in vitro propagation
and assess the genetic constitution and variability of the plants regenerated in vitro. The
genetic diversity was successfully detected in the genus Scutellaria and mainly concerned
the assessment of the genetic diversity of the study’s wild and cultivated populations
using RAPD markers [29-31], ISSR markers [32,33], and SSR (simple sequence repeat)
markers [34]. The use of the aforementioned markers to assess the variability of Baikal
skullcap genotypes obtained using a tissue culture has been reported sporadically in the
literature, but SCoT-type markers were used for the first time in this study.

Eleven SCoT primers were analyzed in this study, and their sequences are listed in
Table 3. The visualized amplification products after electrophoresis are shown in the images
(Figure 3). All primers produced a total of 130 polymorphic bands, averaging more than
11 bands per primer. The percentage of polymorphism obtained ranged from 20 to 45%,
averaging 34.86% for the eleven primers mentioned above. Previous studies in medicinal
plants [35,36] used RAPD and ISSR markers and indicated the presence of somaclonal
variation in callus tissue, as well as between the regenerants obtained from it [37]. Specific
products generated by eight primers (SCoT 4, SCoT 14, SCoT 19, SCoT 24, SCoT 25, SCoT
35, SCoT 46 and SCoT 50) were also detected. A total of 11 products were obtained, with
an average of 0.73 bands for all primers amplifying these products. All analyzed primers
generated monomorphic products. Primer SCoT 46 produced the highest number of bands
of this type, and SCoT 35 produced the lowest. The size of the obtained products ranged
between 310 and 9800 bp.

Based on the polymorphism identified using the SCoT technique, the genetic similarity
between the studied genotypes was determined according to Dice’s formula after Nei and
Li[12]. Table 4 shows the values of genetic similarity between the genotypes. The similarity
of individual regenerants to the donor plant ranged from 0.82 to 0.86. Regenerates R3 and
R8 showed the highest similarity to the donor plant (0.86), while R7 showed the lowest,
at the level of 0.82. The highest similarity was found for regenerant R3 and R4, as well as
R8 and R9, amounting to 0.96. A similarity below 0.9 was observed between regenerant
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R1 and R2; R2-R8; R2-R9. The mean similarity among the analyzed genotypes was 0.90,
which indicated rather minor changes within the studied group of regenerants. The level of
polymorphism in the range of 10-15% indicates low genetic variability for the SSR, RAPD
and ISSR markers [35,36,38]. Etminan et al. [39] and Shahlaei et al. [40] reported that the
verification of the results with SCoT markers could lead to different conclusions due to the
higher informativeness of this marker compared to other marker systems. The variability
observed in our study was due to the use of more sensitive markers, such as SCoT-type
markers. Therefore, the utilization of this marker system in the identification of genetic
variation in regenerants grown in in vitro cultures allows the detection of more subtle
changes at the DNA level. The results are also visualized in the form of a dendrogram
(Figure 4). It was observed that the studied genotypes could be assigned to two groups,
which consisted of one single genotype (DP) and a cluster consisting of the remaining
10 regenerants. The presented method of grouping the studied genotypes clearly indicates
the distinctiveness of DP in comparison to all in vitro regenerated plants. This confirms the
existence of genetic variation within the analyzed genotypes, resulting from the process of
indirect organogenesis used to obtain them. The reasons for this differentiation may result
from in vitro culture conditions affecting different regions of the genome, including the
types and level of PGRs use, which can stimulate rapid and disordered cell proliferation or
the accumulation of somatic mutation during the tissue culture period [41-43].

Table 3. Assessment of the number and type of products generated with the primers used in the study.

Number of Products

£ -

o g S &

= o & s S

Primer Primer Sequence 5'-3' = g‘ & 5 & g

g E Z : s b

2 »n £ A~ 8

s g 5 G

2

SCoT 4 CAACAATGGCTACCACCT 10 2 1 7 20.00 600—-6000
SCoT 9 CAACAATGGCTACCAGCA 9 4 0 5 44.44 1200-5800
SCoT 14 ACGACATGGCGACCACGC 13 3 2 8 23.08 420-3200
SCoT 19 ACCATGGCTACCACCGGC 15 5 2 8 33.33 310-9300
SCoT 24 CACCATGGCTACCACCAT 11 5 1 5 45.45 520-9000
SCoT 25 ACCATGGCTACCACCGGG 10 3 1 6 30.00 370-6000
SCoT 31 CCATGGCTACCACCGCCT 12 5 0 7 41.67 470-8000
SCoT 35 CATGGCTACCACCGGCCC 8 3 1 4 37.50 380-9800
SCoT 36 GCAACAATGGCTACCACC 13 5 0 8 38.46 480-5500
SCoT 46 ACAATGGCTACCACTGAG 15 4 1 10 26.67 500-8200
SCoT 50 ACAATGGCTACCACTGGG 14 6 2 6 42.86 380-5000

Mean per primer 11.82 4.09 1.00 6.73 34.86 -
Total 130 45 11 74 - 310-9800

67 8 9 :10:11- ME15 20 34 ST 8910211 M 3 5 8§ 91011 M

T AR EETETE

A B A A"

SEEassoese=san B A 2 A 2 A 2 1 L A

N e e e e e e e e

Figure 3. SCoT profile of regenerants 1-10 (from R-1to R-10 respectively) and DP—I11 for primer 19,
24 and 25 respectively. M—NZYDNA Ladder III.
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Table 4. Matrix of genetic similarity between the studied genotypes obtained on the basis of

SCoT markers.
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 DP
R1 1.00 0.86 0.94 0.94 0.92 0.90 0.90 0.92 0.92 0.92 0.85
R2 1.00 0.90 0.90 0.93 0.93 0.92 0.89 0.89 0.90 0.83
R3 1.00 0.96 0.93 0.91 0.94 0.95 0.93 0.93 0.86
R4 1.00 0.92 0.92 0.91 0.93 0.92 0.90 0.84
R5 1.00 0.92 0.92 0.92 0.92 0.92 0.83
R6 1.00 0.94 0.91 0.91 0.90 0.83
R7 1.00 0.95 0.93 0.93 0.82
R8 1.00 0.96 0.94 0.86
R9 1.00 0.95 0.84
R10 1.00 0.83
DP 1.00
Smulanty

o o o o o o o o

2 8 8 8 8 & 8 8

1 1 1 1 1 1 1 1

DP
RS
R2
R6
R7
R3

b R4

Rl

e RS

b— R

R10
Figure 4. UPGMA dendrogram of DP and regenerants (from R-1 to R-10) based on SCoT marker analysis.

4. Conclusions

In the literature, a number of works can be found indicating the possibility of regen-
erating shoots from nodal segments in various Scutellaria species, however, none of them
analyzed the impact of regeneration through the callus stage (indirect organogenesis) on
the variability within the obtained regenerants, and this has been presented in this study
both at the phenotypic level and in detail at the genotypic level. The authenticated protocol
presented in this work enables the micropropagation of S. baicalensis. The application of a
protocol using indirect organogenesis generates somaclonal variation among the regener-
ants. The effective revealing of this variability at the DNA level was possible thanks to the
precise SCoT marker system, which was presented for the first time for the studied species.
This provides a basis for further biochemical studies of the obtained regenerants aimed at
isolating genotypes with higher secondary metabolite content of S. baicalensis.



Genes 2022, 13, 2114 10 of 11

Author Contributions: Conceptualization, J.G. and M.D.-S.; methodology, ].G.; software, ].G.; vali-
dation, J.G. and M.D.-S,; formal analysis, ].G.; investigation, M.D.-S.; resources, ].G.; data curation,
J.G.; writing—original draft preparation, J.G.; writing—review and editing, M.D.-S.; visualization,
M.D.-S.; supervision, ].G.; project administration, M.D.-S.; funding acquisition, ].G. All authors have
read and agreed to the published version of the manuscript.

Funding: The work was funded from the statutory activity of the University of Life Sciences in Lublin
UP/RGH/6/022.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Xu, Z.; Gao, R.; Pu, X,; Xu, R.;; Wang, J.; Zheng, S.; Zeng, Y.; Chen, ].; He, C.; Song, ]. Comparative Genome Analysis of Scutellaria
baicalensis and Scutellaria barbata Reveals the Evolution of Active Flavonoid Biosynthesis. Genom. Proteom. Bioinform. 2000, 18,
230-240. [CrossRef]

Zhang, H.; Gao, Z.; He, D.; Wang, W. Pollination biology characters of Scutellaria baicalensis. Acta Hortic. Sin. 2011, 38, 2209-2214.
Ciocarlan, N. Scutellaria baicalensis Georgi in the national botanical garden (institute), Republic of Moldova. In Main, Rare and
Non-Traditional Plant Types—From Research to Development (Agricultural and Biological Sciences); National Academy of Agrarian
Sciences of Ukraine: Georgia, Ukraine, 2021; Volume 4, pp. 123-127.

Jarostawska, A.; Sokot-Letowska, A.; Oszmiariski, I.]. Use of natural polyphenols to stabilization of sunflower oil. Food 2003, 2,
77-86.

Zhao, T.; Tang, H.; Xie, L.; Zheng, Y.; Ma, Z.; Sun, Q.; Li, LX. Scutellaria baicalensis Georgi. (Lamiaceae): A review of itstraditional
uses, botany, phytochemistry, pharmacology and toxicology. JPP 2019, 71, 1353-1369. [CrossRef]

Song, J.-W.; Long, ].-Y.; Xie, L.; Zhang, L.-L.; Xie, Q.-X.; Chen, H.-].; Deng, M.; Li, X.-F. Applications, phytochemistry, pharma-
cological effects, pharmacokinetics, toxicity of Scutellaria baicalensis Georgi. and its probably potential therapeutic effects on
COVID-19: A review. Chin. Med. 2020, 15, 102. [CrossRef] [PubMed]

Krishna, H.; Alizadeh, M.; Singh, D.; Singh, U.; Chauhan, N.; Eftekhari, M.; Kishan, R. Somaclonal variations and their applications
in horticultural crops improvement. 3 Biotech 2016, 6, 54. [CrossRef] [PubMed]

Orbovi¢, V,; Calovié¢, M.; Viloria, Z.; Nielsen, B.; Gmitter, F.; Castle, W.; Grosser, J. Analysis of genetic variability in various tissue
culture-derived lemon plant populations using RAPD and flow cytometry. Euphytica 2000, 161, 329-335. [CrossRef]

Collard, B.C.Y.; Mackill, D.J. Start Codon Targeted (SCoT) Polymorphism: A Simple, Novel DNA Marker Technique for Generating
Gene-Targeted Markers in Plants. Plant Mol. Biol. Rep. 2009, 27, 86-93. [CrossRef]

Murashige, T.; Skoog, F.A. Revised medium for rapid growth and bioassays with tobacco tissue culture. Physiol. Plant. 1962, 15,
473-497. [CrossRef]

Doyle, J.J.; Doyle, J.L. A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytochem. Bull. 1987, 9, 11-15.
Nei, M.; Li, W. Mathematical model for studying genetic variation in terms of restriction endonucleases. Proc. Natl. Acad. Sci.
USA 1979, 76, 5269-5273. [CrossRef] [PubMed]

Hammer, @.; Harper, D.A.T.; Ryan, P.D. Past: Paleontological statistics software package for education and data analysis.
Palaeontol. Elect. 2001, 4, 9.

Guo, B.; Abbasi, B.H.; Zeb, A.; Xu, L.L.; Wei, YH. Thidiazuron: A multi-dimensional plant growth regulator. Afr. J. Biotechnol.
2011, 10, 45. [CrossRef]

Ozdemir, E; Yildirim, M.; Kahriz, P. Micropropagation of Endemic Scutellaria orientalis L. Subsp. Bicolor Using Modified MS
Medium & TDZ. Emir. ]. Food Agric. 2015, 27, 818-824. [CrossRef]

Stojakowska, A.; Malarz, J.; Kohlmiinzer, J. Micropropagation of Scutellaria baicalensis Georgi. Acta Soc. Bot. Pol. 1999, 68, 103-107.
[CrossRef]

Zhang, C.G.; Li, W,; Mao, Y.F; Zhao, D.L.; Dong, W.; Guo, G.Q. Endogenous Hormonal Levels in Scutellaria baicalensis Calli
Induced by Thidiazuron. Russ. J. Plant Physiol. 2005, 52, 345-351. [CrossRef]

Gharari, Z.; Bagheri, K.; Sharafi, A.; Danafar, H. Thidiazuron induced efficient in vitro organogenesis and regeneration of
Scutellaria bornmuelleri: An important medicinal plant. Vitr. Cell. Dev. Biol.-Plant 2019, 55, 133-138. [CrossRef]

Gharari, Z.; Bagheri, K.; Sharafi, A. High-frequency adventitious shoot organogenesis from in vitro stem explants of Scutellaria
araxensis Grossh. BioTechnologia 2022, 103, 143-151. [CrossRef]

Hwang, I.-T.; Lee, ].-].; Lee, J.; Paik, S.-W.; Kim, Y.-H. Production of Baicalin, Baicalein, and Wogonin on Plant Tissue Culture of
Scutellaria baicalensis. Korean J. Plant Resour. 2015, 28, 526-532. [CrossRef]

Trivedi, M.; Trivedi, RK.; Guag, Z.C.; Guo, G.; Zheng, G. Hormone-Induced Indirect Regeneration Protocol for Scutellaria
baicalensis Georgi (Huang-qin). J. Crop Improv. 2011, 25, 550-559. [CrossRef]


http://doi.org/10.1016/j.gpb.2020.06.002
http://doi.org/10.1111/jphp.13129
http://doi.org/10.1186/s13020-020-00384-0
http://www.ncbi.nlm.nih.gov/pubmed/32994803
http://doi.org/10.1007/s13205-016-0389-7
http://www.ncbi.nlm.nih.gov/pubmed/28330124
http://doi.org/10.1007/s10681-007-9559-3
http://doi.org/10.1007/s11105-008-0060-5
http://doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://doi.org/10.1073/pnas.76.10.5269
http://www.ncbi.nlm.nih.gov/pubmed/291943
http://doi.org/10.5897/AJB11.636
http://doi.org/10.9755/ejfa.2015-04-148
http://doi.org/10.5586/asbp.1999.015
http://doi.org/10.1007/s11183-005-0052-3
http://doi.org/10.1007/s11627-019-09965-7
http://doi.org/10.5114/bta.2022.116208
http://doi.org/10.7732/kjpr.2015.28.4.526
http://doi.org/10.1080/15427528.2011.593698

Genes 2022, 13, 2114 11 of 11

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ozdemir, F.A.; Kilic, O.; Atalan, E. In vitro callus propagation and antibacterial activities of callus an edible endemic and medicinal
plant Scutellaria orientalis L. subsp. bicolor. Prog. Nutr. 2016, 18, 81-86.

Ngezahayo, F; Liu, B.Y. Axillary Bud Proliferation Approach for Plant Biodiversity Conservation and Restoration. Int. J. Biodivers.
2014, 2014, 727025. [CrossRef]

Zakaria, I.A.; Sherman, S.; Vaidya, B.; Joshee, N. In vitro propagation and synseed mediated short-term conservation of Scutellaria
alpine L. and Scutellaria altissima L. Plant Cell Cult. Micropropag. 2020, 16, €163. [CrossRef]

Brearley, T.; Vaidya, B.; Joshee, N. Cytokinin, Carbon Source, and Acclimatization Requirements for In Vitro Propagation of
Scutellaria barbata D. Don and Scutellaria racemose Pers. Am. ]. Plant Sci. 2014, 5, 3662-3672. [CrossRef]

Dyduch-Siemiriska, M. A fast and effective protocol for obtaining genetically diverse stevia (Stevia rebaudiana Bertoni) regenerants
through indirect organogenesis. Agron. Sci. 2021, 76, 47-62. [CrossRef]

Bairu, M.W.; Aremu, A.O.; Van Staden, J. Somaclonal variation in plants: Causes and detection methods. Plant Growth Regul.
2011, 63, 147-173. [CrossRef]

Govindaraju, S.; Arulselvi, P.I. Effect of cytokinin combined elicitors (I-phenylalanine, salicylic acid and chitosan) on in vitro
propagation, secondary metabolites and molecular characterization of medicinal herb—Coleus aromaticus Benth (L.). J. Saudi Soc.
Agric. Sci. 2018, 17, 435-444. [CrossRef]

Su, S.; He, CM.; Li, L.C.; Chen, K.J.; Zhou, T.S. Genetic characterization and phytochemical analysis of wild and cultivated
populations of Scutellaria baicalensis. Chem. Biodivers. 2008, 5, 1353-1363. [CrossRef]

Hosokawa, K.; Minami, M.; Kawahara, K.; Nakamura, L; Shibata, T. Discrimination among three species of medicinal Scutellaria
plants using RAPD markers. Planta Med. 2000, 66, 270-272. [CrossRef]

Shao, AJ.; Li, X;; Huang, L.Q.; Lin, S.E; Chen, ]. RAPD analysis of Scutellaria baicalensis from different germplasms. Zhongguo
Zhong Yao Za Zhi 2006, 31, 452—-455.

Bai, C.; Wen, M.; Zhang, L.; Li, G. Genetic diversity and sampling strategy of Scutellaria baicalensis germplasm resources based on
ISSR. Genet. Resour. Crop Evol. 2013, 60, 1673-1685. [CrossRef]

Muraseva, D.S.; Guseva, A.A. ISSR primer screening for analysis of genetic diversity among Scutellaria tuvensis (Lamiaceae)
populations. BIO Web Conf. 2021, 38, 00082. [CrossRef]

Yuan, Y,; Long, P; Jiang, C.; Li, M.; Huang, L. Development and characterization of simple sequence repeat (SSR) markers based
on a full-length cDNA library of Scutellaria baicalensis. Genomics 2015, 105, 61-67. [CrossRef] [PubMed]

Mahmood, T.; Jameel, A.; Abbasi, B.H.; Manir, F.; Naqvi, S.M.S. In vitro callogenesis and detection of somaclonal variations in
Plantago ovata L. ]. Crop Sci. Biotechnol. 2012, 15, 289-295. [CrossRef]

Ghorbanpour, M.; Khadivi-Khub, A. Somaclonal variation in callus samples of Plantago major using inter-simple sequence repeat
marker. Caryologia 2015, 68, 19-24. [CrossRef]

Vitamvas, J.; Viehmannova, I.; Cepkova, P.H.; Mrhalova, H.; Eliasova, K. Assessment of somaclonal variation in indirect
morphogenesis-derived plants of Arracacia xanthorrhiza. Pesqui. Agropecudria Bras. 2019, 54, €00301. [CrossRef]
Chavez-Cortazar, A.; Mata-Rosas, M.; Oyama, K.; Samain, M.S.; Quesada, M. Induction of somatic embryogenesis and evaluation
of genetic stability in regenerated plants of Magnolia dealbata. Biol. Plant. 2020, 64, 224-233. [CrossRef]

Etminan, A.; Pour-Aboughadareh, A.; Noori, A.; Ahmadi-Rad, A.; Shooshtari, L.; Mahdavian, Z.; Yousefiazar-Khanian, M.
Genetic relationships and diversity among wild Salvia accessions revealed by ISSR and SCoT markers. Biotechnol. Biotechnol.
Equip. 2018, 32, 610-617. [CrossRef]

Shahlaei, A.; Torabi, S.; Khosroshahli, M. Efficacy of SCoT and ISSR marekers in assessment of tomato (Lycopersicum esculentum
Mill.) genetic diversity. Int. J. Biosci. 2014, 5, 14-22.

Rathore, M.S.; Chikara, J.; Mastan, S.G.; Rahman, H.; Anand, K.G.V.; Shekhawat, N.S. Assessment of genetic stability and
instability of tissue culture-propagated plantlets of Aloe vera L. by RAPD and ISSR markers. Appl. Biochem. Biotechnol. 2011, 165,
1356-1365. [CrossRef]

Rahmani, M.S.; Pijut, PM.; Shabanian, N.; Nasri, M. Genetic fidelity assessment of in vitro-regenerated plants of Albizia julibrissin
using SCoT and IRAP fingerprinting. Vitr. Cell. Dev. Biol.-Plant. 2015, 51, 407-419. [CrossRef]

Soares, D.M.M.; Sattler, M.C.; Ferreira, M.E.D.S.; Praga-Fontes, M.M. Assessment of genetic stability in three generations of
in vitro propagated Jatropha curcas L. plantlets using ISSR markers. Trop. Plant Biol. 2016, 9, 229-238. [CrossRef]


http://doi.org/10.1155/2014/727025
http://doi.org/10.46526/pccm.2020.v16.163
http://doi.org/10.4236/ajps.2014.524382
http://doi.org/10.24326/as.2021.4.4
http://doi.org/10.1007/s10725-010-9554-x
http://doi.org/10.1016/j.jssas.2016.11.001
http://doi.org/10.1002/cbdv.200890123
http://doi.org/10.1055/s-2000-8557
http://doi.org/10.1007/s10722-012-9949-9
http://doi.org/10.1051/bioconf/20213800082
http://doi.org/10.1016/j.ygeno.2014.10.009
http://www.ncbi.nlm.nih.gov/pubmed/25449176
http://doi.org/10.1007/s12892-012-0014-1
http://doi.org/10.1080/00087114.2014.998128
http://doi.org/10.1590/s1678-3921.pab2019.v54.00301
http://doi.org/10.32615/bp.2020.006
http://doi.org/10.1080/13102818.2018.1447397
http://doi.org/10.1007/s12010-011-9352-6
http://doi.org/10.1007/s11627-015-9692-y
http://doi.org/10.1007/s12042-016-9171-6

	Introduction 
	Materials and Methods 
	Procedure for Obtaining Regenerants 
	Callus Induction and Shoot Regeneration 
	Shoot Multiplication of Regenerants 

	Acclimatization 
	Molecular Assays 
	DNA Extraction 
	SCoT Analysis 

	Statistical Analysis 

	Results and Discussion 
	Callus Induction and Shoot Regeneration 
	Shoot Multiplication of Regenerants 
	Molecular Assays 

	Conclusions 
	References

