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anther culture and ploidy assessment using flow cytometry
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Abstract Korean ginseng (Panax ginseng Meyer) is an
economically important plant because of it is rich in
saponins. It is mainly cultivated in Asia, including Korea and
China. Since ginseng requires a long breeding period due to
juvenility, homozygote production techniques, such as
anther culture, must be urgently established. In the present
study, callus induction and embryogenesis through anther
culture were observed in P. ginseng. Murashige and Skoog
medium was used as the basal medium suitable for callus
induction. When the medium was supplemented with 3%
sucrose, the callus induction rate was high and the callus size
was large. Cold pretreatment did not significantly affect
callus induction and embryogenesis. Embryogenesis was the
most efficient when the embryo-formation medium was
supplemented with 1.0 or 3.0 mg/L 2,4-dichlorophenoxyacetic
acid. Cultivar significantly affected anther culture efficiency.
Specifically, ‘Cheongseon’ showed the highest embryo-
formation efficiency, whereas no embryogenesis occurred in
‘Sunun’. Ploidy assessment revealed the haploid status of the
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induced calli. Embryos derived from anther culture formed
shoots upon transfer to germination medium, although no
difference in ploidy was noted between the induced callus
and control. Overall, the anther culture conditions
established in the present study may contribute to the
production of homozygous P. ginseng plants in the future.
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ALl of 5 7| U 22 Hf S o] &-3}o] w7} Bk A & G- 25}
T 9) tHDunwell 2010).

v 7} kA = S5 7179 TS o] -85k A Y A A &
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2012), FAA] ol §HE2 91 7] A o] Wol f-AA A+
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Fig 1 Anther culture in Panax ginseng ‘Yunpoong’. (A) Floral buds for anther culture. (B) Anthers inoculated on callus induction
medium. (C) A callus emerged 10 days after anther culture. (D) Callus at 30 days after anther culture. (E) Adventitious root formation
from the callus following subculture on callus induction medium. (F) Embryogenesis following transfer to Murashige and Skoog
medium supplemented with 3.0 mg/L IBA. Scale bars, 10 mm

1% sucrose

Fig 2 Callus morphology at 8 weeks after anther culture in Panax ginseng ‘Yunpoong’ depending on (A) basal medium and (B)
sucrose concentration in the callus induction medium. Scale bars, 10 mm

Table 1 Effect of basal medium on callus induction via anther culture in Panax ginseng ‘Yunpoong’

Basal medium Callus induction rate (%) Callus size (cm)
Murashige and Skoog 83.8 £ 11.5** 2.6 + 0.6°
NLN 74.8 £ 17.9° 13 £ 03¢
BS 81.6 + 14.7% 22+ 05°
N6 86.6 + 8.2° 22 +05°

“Different letters within the same column indicate significant differences at p < 0.05 according to Duncan’s multiple comparison test.
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= 9 w3519k 1 21k sucrose kol Aglo] e A
% 45| CHFig. 2B). 2 A 9 =8O 78.7%-84.8% 1 9]
=, sucrose®] FE7F S/ RE A A FEES ST
AR FA A 2 Fofu]gh ZFo]= ¢l TH(Table 2). 3t
9k A A A7) sucrose 2 H 2 2ol 7t Q1 l=T, 3%
sucroseo| Al 4t 2.6 cmE 7HA 7 21, 1%2}F 5% sucrose ]|
M= FBF2.4emo| Yt B =7} 7HE =2 7% sucrose )| A =
A A A7) 7F H+t 2.0 em=E 71 ARttt of & 2] oF v
FollH FE AMEEE HAYUL maltoseS=dl, oA
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Table 2 Effect of sucrose concentration on callus induction via anther culture in Panax ginseng ‘Yunpoong’

Sucrose (%)

Callus induction rate (%)

Callus size (cm)

1 78.7 + 13.9 24 + 0.6°°
3 82.1 + 10.0 2.6 + 0.5°
5 833 = 10.6 24 £ 0.5
7 84.8 + 13.4 2.1 + 04°

“Different letters within the same column indicate significant differences at p < 0.05 according to Duncan’s multiple comparison test.

Table 3 Effect of hormone concentration on embryogenesis via anther culture in Panax ginseng ‘Yunpoong’

Hormones (mg/L)

Embryo formation rate (%)  Number of embryos per callus

2,4-D IBA
0.5 - 46 + 2.6 2.6 + 1.4%
1.0 - 6.8 + 3.2° 4.1 £ 0.6°
3.0 - 5.7 + 3.7 5.1 + 3.4°
5.0 - 1.9 +2.2% 2.0 + 1.0™
- 0.5 1.4 £ 0.9% 1.5 £ 0.5™
- 1.0 3.1 + 0.9 43 + 3.1°
- 3.0 2.7 £ 2.1 3.5 £ 1.9®
- 5.0 0.0 = 0.0° 0.0 £ 0.0°

“Different letters within the same column indicate significant differences at p =< 0.05 according to Duncan’s multiple comparison test.
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et al. 2012; Zhang and Takahata 2001). Buyser 5-(1985)-2 2F uj]
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Ak o ufFoll A el e B A FAIEX 247 E ol &5
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ﬂJX%LQ}Q%ZHHﬂl“O‘%\%DW 17§ ol A k=4 e 9]
AHA7F FEEHASS SHlstthFig. 3A, B). Lee 5
(2009)2] Q14+ oF v <k OEHLOM 4a A %XJEJ Fe7tH
ﬂﬂﬂk VAR Wk A e A 0] 2Ql-2 o] A of B g up
oleh. sFA gk kA 2 T @Eﬁéﬂl*ﬂ A= le
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Table 4 Effect of cold pretreatment on callus induction and embryogenesis via anther culture in Panax ginseng ‘Yunpoong’

Cold pretreatment (days) Callus induction rate (%)

Embryo formation rate (%)

Number of embryos per callus

0 88.0 £ 9.3°
1 832 + 9.3
2 85.0 £ 89
4 80.3 + 12.1
8 84.0 = 11.1

1.5+12 2.0+ 1.0
14 £ 1.0 3.0 £ 2.7
32 +09 25+24
2.1 +£3.0 6.0 £ 5.7
2.1 +£24 35+ 0.7

“Different letters within the same column indicate significant differences at p < 0.05 according to Duncan’s multiple comparison test.

Table 5 Effect of cultivar on callus induction and embryogenesis via anther culture in Panax ginseng

Cultivar Callus induction rate (%) Embryo formation rate (%)  Number of embryos per callus
‘Chunpoong’ 78.7 + 13.9 14 £ 1.1%* 22+ 1.3
‘Cheongsun’ 79.7 £ 9.8 54 £ 1.6° 2.0 £ 0.3

‘Gopoong’ 83.3 £ 10.6 1.0 £ 0.6™ 1.0 £ 0.0°
‘Gumpoong’ 84.8 £ 13.4 14+ 1.1 25+ 1.3°

‘Sunun’ 81.2 £ 15.8 0.0 £ 0.0° 0.0 £ 0.0°

“Yunpoong’ 82.1 £ 10.0 32+ 09° 13 £ 04°

“Different letters within the same column indicate significant differences at p < 0.05 according to Duncan’s multiple comparison test.
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Fig 3 Ploidy level analysis using flow cytometry and plant regeneration from anther culture in Panax ginseng ‘Yunpoong’. Histogram
of (A) diploid type derived from the control and (B) haploid type derived from callus. (C) Regenerated shoots and (D) histogram

of diploid type derived from the shoots
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