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[Abstract] Ginseng refers to species within the genus Panax and is a slow-growing perennial
herb from the Araliaceae family. The most widely used Panax species is Panax ginseng Meyer
(Korean ginseng). Panax japonicus (Japanese ginseng), Panax notoginseng (Chinese ginseng),
and Panax quinquefolium (American ginseng). Due to the various pharmaceutical importance of
ginsenosides, ginseng plant has been cultivated for its highly valued root over 2,000 years as a
medicinal plant in East Asian countries particularly in China, Korea, and Japan and North America.
Korean ginseng (Panax ginseng C. A. Meyer) consists of nine cultivars from three Jakyung,
Chungkyung, and Hwangsook lines. Cultivar “Yunpoong” has characteristics to have more axillary
shoots and lateral roots compared to other cultivars. Thus “Yunpoong”: Ginseng seeds are
relatively more feasible for regeneration of adventitious roots during gene transformation. Here,
we describe how to prepare and treat ginseng seeds after harvest till the ginseng immature
embryos are ready for the germination, and to be used in Agrobacterium tumefaciens-mediated
gene transformation.

Materials and Reagents

1. Ginseng seeds, in which zygotic embryos were in a mature state (4 mm in length)
2. Agrobacterium tumefaciens C58C1 (pMP90) strain
3. Binary (pCAMBIA1390) vector
4. MS powder (Duchefa Biochemie, catalog number: M0222)
5. Sucrose (Duchefa Biochemie, catalog number: S0809)
6. 2-(N-morpholino) ethanesulfonic acid (MES) monohydrate (MB cell, catalog number: MBM4837)
7. Phytoagar (Duchefa Biochemie, catalog number: P1003) or Gelrite (Duchefa Biochemie,
catalog number: G1101)
8. Yeast extract (Duchefa Biochemie, catalog number: Y1333)
9. Peptone (Duchefa Biochemie, catalog number: P1328)
10. NaCl (Affymetrix, catalog number: 4171746)
11. Bactoagar (BD, catalog number: 214010)
12. Hygromycin (Duchefa Biochemie, catalog number: H0192)
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13. Kanamycin (Duchefa Biochemie, catalog number: K0126)
14. Cefotaxime (Duchefa Biochemie, catalog number: C0111)
15. 6-benzylaminopurine (BAP) (Duchefa Biochemie, catalog number: B0904)
16. 2,4-dichlorophenoxyacetic acid (2,4-D) (Duchefa Biochemie, catalog number: D0911)
17. Indole-3-butyric acid (IBA) (Duchefa Biochemie, catalog number: I0902)
18. Sucrose
19. Phyto agar
20. 70% ethyl alcohol (EtOH)
21. 2% (v/v) sodium hypochlorite (NaOCl) (Sigma-Aldrich, catalog number: 425044-1L)
22. B5 medium (Duchefa Biochemie, catalog number: G0209)
23. MS (Murashige & Skoog) medium (see Recipes)
24. YEP medium (see Recipes)
25. Antibiotics stock solution (in ddH2O) (see Recipes)
26. Plant growth regulators stock solution (see Recipes)

Equipment
1. Laminar flow cabinet (HEPA filter 99.99% efficient on particle of 0.3 μ and vertical type)
2. Shaking incubator (100~200 rpm on a gyratory shaker)
3. Centrifuge (3,000 x g) (Labnet International, catalog number: C2500-R-230V)
4. Micropipette
5. Forceps (Phoenix Technologies, catalog number: ESD-16)
6. Erlenmeyer flask (50/100 ml) or autoclavable plastic tube for seed sterilization
7. Autoclave machine
8. Growth chamber (23 °C ± 2 °C)
9. Sterile filter paper
10. Petri dish

Procedure

1. Korean ginseng (Panax ginseng Meyer cv. “Yunpoong”) (Lee et al., 2011) seeds were
stratified in humidified sand at 15 °C for 4 months (Figure 1) since the zygotic embryo
right after the harvest were in an immature globular stage (about 200 μm in length).
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Figure 1. Diagram of ginseng seeds stratification. Ginseng seeds were stacked as
depicted in the diagram inside of square cement pad or wooden square box. The seeds
were mixed with river sand 1:3 (seed: sand) or often sandwiched in net bag with sand on
top and down and kept at 15 ~20 °C, 10~15% moisture by watering once or twice a day.
Sand within 2 mm size is good and coarse sand within 4 mm.

2. Then the seeds were further stratified for 100 days at 2-4 °C to break seed dormancy.
After stratification for about 6.5 -7 months, the zygotic embryos reach in mature stage
(Figure 2C-D, about 4.0-4.5 mm in length), which means the seeds are ready to
germinate.
3. Once uncover the hard seed coat using fingers, the seeds were immersed in 70% (v/v)
EtOH for 1 min, surface sterilized in 2% (v/v) NaOCl for 15 min, and washed three times
with sterilized distilled water (Figure 2A-B) in the clean bench (Figure 2A). The zygotic
embryos from the seed were carefully dissected using fingers and forceps, placed on MS
(Murashige and Skoog, 1962) basal medium vertically containing 3% (w/v) sucrose and
0.8% (w/v) phytoagar, and grown for 5-10 days (Figure 3A).
4. An Agrobacterium tumefaciens C58C1 (pMP90) (Bechtold and Pelletier, 1998) strain
containing a plant binary vector (pCAMBIA1390) harboring gene of interest was cultured
in 5 ml of YEP liquid medium overnight (170 rpm for 20 h) at 28 °C. The next day morning,
5 ml of A. tumefaciens cells was subcultured in 100 ml of erlenmeyer flask till the OD600
nm reach 0.6. Bacteria cells were washed with liquid MS medium containing 3% (w/v)
sucrose twice and resuspended in the same media for the ginseng explants infection.
The cotyledon explants (Figures 2E and 3A, 4 mm) were used for A. tumefaciens
transformation. A pCAMBIA1390 vector contains hptII and nptII genes under the
cauliflower mosaic virus (CaMV) 35S promoter was used (Lee et al., 2010; Kim et al.,
2014).
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Figure 2. Ready-to-go ginseng seeds for transformation and sterilization. A. Clean
Bench. B. Ginseng seeds for sterilization. C. Ginseng seed with and without hard seed
coat, then ginseng embryo covered with endosperm. D. Ginseng embryo. E. Ginseng
cotyledons ready for the Agrobacterium co-cultivation.

5. The explants were dipped in the bacterial solution for 15 min, subsequently blotted with
sterile filter paper, and co-cultivated on MS medium containing 3% (w/v) sucrose and 1
µg/ml 2, 4-dichlorophenoxyacetic acid (2, 4-D) for 2 days (Figure 3B).
6. Thereafter, the explants were cultured on MS selection medium (called callus induction
medium) with 3% (w/v) sucrose, 1 µg/ml 2, 4-D, 0.5 µg/ml 6-benzylaminopurine (BAP),
250 µg/ml cefotaxime, and 50 µg/ml hygromycin (Figure 3C). After subculturing three to
four times every two weeks on selection medium, the surviving cotyledons producing calli
were cultured on the same medium without antibiotics (Figure 3D), and adventitious roots
were induced from calli on B5 medium with 3% (w/v) sucrose and 3 mg/L indole-3-butyric
acid (IBA) (Figure 3E).
7. Adventitious roots were excised from the maternal explants prior to sub-culturing in liquid
B5 medium with 3% sucrose and 2 mg/L IBA, which was replaced every 5 weeks (Figure
3F).
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Figure 3. Ginseng transformation by Agrobacterium tumefaciens for the transgenic
adventitious root induction. A. Five days further grown cotyledons. B. Cotyledon
explants dipped in the bacterial solution for 15 min, subsequently blotted with sterile filter
paper, and co-cultivated on MS medium containing 3% (w/v) sucrose and 1 µg/ml 2, 4dichlorophenoxyacetic acid (2, 4-D) for 2 days. C. Transgenic calli selection on MS
selection medium, 1 µg/ml 2,4-D, 0.5 µg/ml BAP, 250 µg/ml cefotaxime, and 50 µg/ml
hygromycin containing 3% (w/v) sucrose. D. Survived calli were cultured on the same
medium without antibiotics. E. Adventitious roots on B5 medium containing 3% (w/v)
sucrose and 3 mg/L IBA. F. Subculture in liquid B5 medium containing 3% sucrose and 2
mg/L IBA.

Recipes

1. MS (Murashige & Skoog) medium
2.2 g of MS powder
30 g of sucrose
0.5 g of 2-(N-morpholino) ethanesulfonic acid (MES) monohydrate
8 g of phytoagar or 0.25% of Gelrite
Adjust pH to 5.6 with 1 N KOH
Autoclave at 121 °C for 15 min
2. YEP medium
10 g of yeast extract
10 g of peptone
5 g of NaCl and 15 g of Bactoagar
Adjust pH to 7.0 with 1 N HCl
Add to dH2O to 1,000 ml
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Autoclave at 121 °C for 15 min
3. Antibiotics stock solution (in ddH2O)
Hygromycin 50 mg/ml
Kanamycin 50 mg/ml
Cefotaxime 200 mg/ml
Filter sterilize (0.2 μm)
4. Plant growth regulators stock solution
a. 6-benzylaminopurine (BAP): 0.5 mg/ml in 1 N NaOH
Dissolve 50 mg of BAP in small amount of 1 N NaOH
Bring to volume 100 ml with ddH2O
Autoclave or filter sterilize (0.2 μm)
Freeze at -20 °C
b. 2,4-dichlorophenoxyacetic acid (2,4-D): 1 mg/ml in 1 N NaOH
Dissolve 100 mg of 2, 4-D in small amount of 1 N NaOH
Bring to volume 100 ml with ddH2O
Autoclave or filter sterilize (0.2 μm)
Freeze at -20 °C
c.

Indole-3-butyric acid (IBA): 10 mg/ml in 1 N NaOH
Dissolve 1 g of IBA in small amount of 1 N NaOH
Bring to volume 100 ml with ddH2O
Autoclave or filter sterilize (0.2 μm)
Freeze at -20 °C
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