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Mass Production of Gain-of-Function Mutants of Hair Roots in Ginseng
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ABSTRACT This study describes conditions for the mass production of activation-tagged mutant hairy root lines
of ginseng by cocultivation with Agrobacterium rhizogenes. Because it is not currently possible to produce
progeny from transgenic ginseng, a loss-of-function approach for functional genomics cannot be appliable to this
species. A gain-of-function approach is alternatively the choice and hairy root production by cocultivation of A.
rhizogenes would be most practical to obtain a large number of mutants. Various sources of explants were
subjected to genetic transformation with various strains of A. rhizogenes harboring the activation-tagging vector
PKHO1 to determine optimum conditions for the highest frequency of hairy root formation on explants. Petiole
explants cocultivated with A. rhizogenes R1000 produced hairy roots at a frequency of 85.9% after 4 weeks of
culture. Conditions for maximum growth or branching rate of hairy roots were also investigated by using various
culture media. Petiole explants cultured on half strength Schenk and Hildebrandt medium produced vigorously
growing branched roots at a rate of 2.6 after 4 weeks of culture. A total of 1,989 lines of hairy root mutants

were established in this study. These hairy root lines will be useful to determine functions of genes for
biosynthesis of ginsenosides.
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Figure 1. Activation tagging vector pKH1
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Figure 2. Production of hairy roots transformed with 4. rhizogenes
R1000 harboring pHK1 in ginseng.

A: Cotyledon explants; B, C: Hairy root formation; D:
Secondary hairy root formation; E: Proliferation of hairy roots
on solid medium; F: Proliferation of hairy roots in liquid
medium.

Table 1. Frequency of hairy root formation in various tissues of
ginseng.

Frequency of hairy root formation

No./explant Frequency (%)
Cotyledon 24108 36.5+£30.4
Petiole’ 3.5¢1.3 68.8+23.3
Cotyledonary node 2.3£1.3 44.4+26.3
Leaf segment® 2.620.1 66.0221.3

" 2 Petiole and leaf explants were obtained from seedlings.
Seeds germinated into seedlings on half strength MS basal
medium after 3 to 28 days of culture.
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Table 2. Frequency of hairy root formation on explants induced -

by various A.rhizogenes strains.

) Cotyledon' Petiole?
Agrobacterium
strain NO./ Frequency NO./ Frequency
explant (%) explant (%)
2.3+0.6 31.9£30.7 43:0.3 60.0:20.4
R1000 + AT (a911168) (168/526) (1214/285) (285/476)
R1000 29+15 60.2:299 2.8+09 85.9+11.3
(182/62)  (62/103)  (224/79)  (79/92)
Ad 3.0£.0.8 36.1£36.1 3.0x1.1 65.3+2.3
(78/26) (26/72)  (241/81)  (81/124)
CIP 1.7+0 9.5+0 1.0£0 1.210
104786 (7/4) (4/42) (1n) (1/85)

"% Cotyledon and petiole explants were obtained from seedlings.
Seeds germinated into seedlings on half strength MS basal
medium after 3 to 28 days of culture.

AT: Activation tagging vector (pKH1)

Table 3. Numbers of branched roots on hairy roots cultured on
various culiure media.

Number of branching

Medium roots/explant
1/2 MS basal 1.2
1/2MS basal + IBA 0.1 mg/L 1.4
1/2SH basal 2.8
1/2SH basal + IBA 0.1 mg/L 1.2
1/2White basal 34
1/2White basal + IBA 0.1 mg/L 23
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Figure 4. Comparison of growth rates of hairy root lines. Lines
were established after transformation with 4. rhizogenes R1000
and were maintained on 1/2SH solid medium.
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Figure 5. Comparison of growth rates of hairy root lines after
14 day and 28 days of culture in ginseng. Lines were established
after transformation with 4. rhizogenes R1000 and were
maintained on 1/2SH liquid medium.
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Figure 6. PCR detection of the NPTII gene (A, B, C) or VirC2
(D) in established hairy root lines of ginseng. M: 1 kb ladder;
Lane 1-8: transformants of independent lines; A: pKH1 plasmid
as a positive control; G: Seedling root; N: Negative control.
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