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The use of in vitro tissue culture for herbal medicines has been recognized as a valuable source of botanical
secondary metabolites. The tissue culture of ginseng species is used in the production of bioactive compounds
such as phenolics, polysaccharides, and especially ginsenosides, which are utilized in the food, cosmetics, and

pharmaceutical industries.

P. ginseng in vitro tissue culture ginseng breeding

| 1. Introduction

Panax species, commonly referred as ginseng, which belong to the Araliaceae family, are slow-growing perennial
herbal medicines with adaptive properties 2. The word ‘Panax’ comes from the Greek word ‘pan’ (all) and ‘zxos’
(treatment of medicine), which means cure-all 2. There are three commonly used commercial ginseng species,
including Panax. ginseng, P. quinquefolius, and P. notoginseng [3l. Most of the secondary compounds, especially
ginsenosides, have been recorded in the roots. They act as tonic agents and stimulants that have been used in
Asian countries for thousands of years, and they are becoming increasingly popular all over the world 4,
Pharmacological studies have demonstrated that ginseng species are rich in bioactive compounds such as
ginsenosides, polysaccharides, flavonoids, phenolics, and volatile oils 2. Among them, ginsenosides are known as
the main bioactive ingredients responsible for the pharmaceutical efficacy of ginseng species €, such as their anti-
cancer U, anti-fatigue 8, anti-inflammatory & activity and their prevention of cardiovascular disease 19, obesity

(11 and cerebrovascular diseases 12, etc.

However, the prolonged cultivation period, susceptibility to pathogens and replant diseases, limited availability of
arable land, and labor-intensive cultivation practices have impeded farmers from meeting the growing market
demand 13, Moreover, the use of pesticides and the fluctuating environmental conditions resulting from global
warming have compelled researchers and plant scientists to explore alternative methods to meet the demands of a
rapidly increasing population 4. Traditionally, there are two sources for obtaining ginseng species, one of which
involves harvesting wild ginseng species. However, due to the over-exploitation of wild ginseng species and the
destruction of arable land for growing ginseng species, the amount of wild ginseng is decreasing (2. Another origin
of ginseng species supply is to grow it in fields or forests, which is a time-consuming and labor-intensive process

(261 Furthermore, replanting disease will also result from intensive replanting, where replanting a second time in the
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same place will often lead to failure 2. For these reasons, ginseng is becoming increasingly difficult to obtain and

more expensive.

To address the above problems, tissue culture approaches have developed rapidly in recent years to produce
bioactive compounds with high content and activities that not only have health-promoting properties but also
significantly alter natural sources. The first attempt at plant cell cultivation was by the Austrian botanist Haberlandt
in 1902, who isolated plant cells and cultivated them outside the whole plant 28 The successful development of a
nutrient medium by Murashige and Skoog in 1962, commonly known as MS medium, has remained in use, with
minor adjustments 12, The introduction of this specific nutrient medium, along with a range of plant growth
regulators (PGRs), has significantly revolutionized the field of plant tissue culture research, leading to its successful
integration as a viable commercial venture offering numerous advantages and possibilities. Multiple investigations
have subsequently demonstrated that undifferentiated plant cells, such as calluses and cell suspensions, can be a
valuable resource for producing identical secondary metabolites found in naturally occurring plants. It represents a
significant advancement in plant research, over a century after Haberlandt's initial attempts in the field 22, Plant
tissue culture technology is helpful for plant transformation, clonal propagation, breeding, and protection of

pharmaceutical plants and crops. Figure 1 describes the history and establishment of ginseng species’ in vitro
plant tissue culture [221[22][23][24][25][26][27]

Figure 1. History of in vitro plant tissue culture of ginseng species. Note: This figure shows the in vitro cultivation of
ginseng species from 1967 to present.
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| 2. In Vitro Culture of P. ginseng Technologies

Tissue culture is classified based on the purpose of the culture and the source of materials. Several processes
were established in P. ginseng based on the organization of the cells and organs (Figure 2), producing a
consistent quality of P. ginseng and promoting the sustainable application of the species. In addition, under
controlled culture conditions, numerous factors influence the quantity and quality of ginsenosides, such as medium

constituents, pH, light conditions, culture temperature, explants, and abiotic factors.

¢: Shoots

e: Cell suspension f: Adventitious roots

Figure 2. Types of P. ginseng tissue culture. Note: (a) Callus (bar 1 cm) 28 (b) somatic embryos (bar 1 mm) 22,
(c) shoots (bar 1 cm) 28], (d) hairy roots (bar 820 um) %, (e) cell suspension 21l and (f) adventitious roots 22,

2.1. Direct Organogenesis of P. ginseng

Direct organogenesis is the induction of roots and shoots directly from explants without forming a callus. Shoot
culture demonstrated genetic stability and the potential to produce secondary metabolites. However, the research

on the direct organogenesis of ginsenoside production is limited. Among the limited research available, it is vital to
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discuss the work of Hee-Young Lee et al., who studied the regeneration of P. ginseng from embryos obtained from
the cultures of anthers. The results from the study indicated the optimum conditions required for the regeneration of
P. ginseng—for example, cold treatment matters. The highest callus induction rate was achieved when the explants

were cultured post-pretreatment at 4 °C.

On the other hand, the findings also report that the application of PGRs also affects shoot and root production. The
shoots and roots can be induced on a medium supplemented with Gibberellin A3 (GA3) and 3-Indolebutyric acid
(IBA) at the concentration of 28.9 uM and 14.7 pM, respectively 281, Another study suggested that supplementing
naphthaleneacetic acid (NAA) and IBA enhances the organogenic potential. Though IBA attained the highest shoot
and root production rates, the roots induced by NAA showed better growth and were thicker than those of IBA. In

addition, the roots induced by NAA also attained the highest ginsenosides production rates 531,

2.2. Indirect Organogenesis of P. ginseng

Indirect organogenesis, called callogenesis, is regenerating plantlets from the callus. The morphology and
characteristics of calluses also influence organogenesis and biomass production. Friable and compact calluses are

the two types of callus used in suspension culture and regeneration research, respectively 341,

2.2.1. Callus Culture

To date, explants, such as roots, stems, seeds, leaves, buds, petioles, anthers, and hypocotyls, have been used to
induce ginseng callus. Among them, the leaves and roots are the most common ones. Typical callus induction and
culture are carried out using Murashige and Skoog's (MS) basic medium or Gamborg medium (B5) with 3%
sucrose and various PGRs at different concentrations. Researchers have investigated the effects of PGRs, among
which 2,4-Dichlorophenoxyacetic acid (2,4-D) is the most potent one for the induction of the callus of many plant
species. A summary of callus cultures is given in Table 1. Generally, the ginseng explants are cultured in the dark
at 23 + 2 °C. Wang et al. successfully induced callus from P. ginseng roots using MS medium supplemented with 2
mg/L of 2,4-D and 0.5 mg/L of Kinetin (KT) 2. Similarly, Chang et al. 8 induced callus from ginseng roots using
MS medium enriched with 1 mg/L of 2,4-D. However, the growth of the callus was initially slow, with only 1 cm of
elongation in diameter after ten weeks. Nevertheless, it grew vigorously when the callus was subcultured on a new
medium at 6-8-week intervals. In another study, Liu et al. used 3-year-old fresh ginseng roots as explants to
induce callus on a modified MS medium enriched with 2 ppm of 2,4-D, 0.5 ppm of thidiazuron (TDZ), and 1 g/L of
peptone 7. They also induced another callus from 2-year-old ginseng roots on MS medium supplemented with 1
mg/L of 2,4-D and 0.1 mg/L of KT, sub-culturing every 15 days. As a result, after six months, they obtained three
types of calluses [28],

Table 1. Callus induction and culture of P. ginseng.

. PGRs
Explants  Medium 2.4-D KT Other Factors Ref.
roots MS 2 mg/L 0.5 mg/L 331
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PGRs

Explants Medium 2,4-D KT Other Factors Ref.
roots MS 1 mg/L 6]
roots MS 2 mg/L 1 g/Lpeptone, 0.5 mg/L TDZ 7]
roots MS 1 mg/L 0.1 mg/L (8]
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