
 

Agronomy 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/agronomy 

Article 

Colchicine Mutagenesis from Long-term Cultured 
Adventitious Roots Increases Biomass and Ginsenoside 
Production in Wild Ginseng (Panax ginseng Mayer) 
Kim-Cuong Le 1,2, Thanh-Tam Ho 3,4, Jong-Du Lee 5, Kee-Yoeup Paek 1,6 and So-Young Park 1,* 

1 Department of Horticulture, Division of Animal, Horticultural and Food Sciences, Chungbuk National 
University, Cheongju, 28644, Republic of Korea; soypark7@cbnu.ac.kr  

2 Department of Forest Genetics and Plant Physiology, Swedish University of Agricultural Sciences, 901 83, 
Umea, Sweden; lekimcuong88@gmail.com  

3 Institute for Global Health Innovations, Duy Tan University, Da Nang, 550000, Vietnam; 
hothanhtam2@duytan.edu.vn 

4 Faculty of Pharmacy, Duy Tan University, Da Nang, 550000, Vietnam; hothanhtam2@duytan.edu.vn 
5 Biodiversity Research Institute, Shinyedong-ro 338, Seogwipo-si, Jeju, 63608, Republic of Korea; 

zpzp011@nate.com  
6 WellGreen Co., Chungdae-ro 1, Cheongju, 28644, Republic of Korea; paekky@chungbuk.ac.kr  
* Correspondence:  soypark7@cbnu.ac.kr; Tel.: +82-43-261-2531 

Received: 5 May 2020; Accepted: 29 May 2020; Published: 31 May 2020 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Agronomy 2020, 10, x FOR PEER REVIEW 2 of 5 

Supplementary data 

 

Table S1. List of primers related to ginsenoside synthetic genes of Panax ginseng. 
Primer name Sequence Size (bp) Genbank 

PgActin F: AGCCATCGTCTTCGGAAGTT 388 KF699319.1 

 R: TCCTCAGGAGCAACACGAAG   
PgSS2 F: GGGGCAGAAGATTTGGCTAC 195 GQ468527.2 

 R: TGCCTTCCCTGAGTTTTCCT   
PgSE2 F: ATGTGCCGTCGTGTTTTGTT 294 FJ393274.2 

 R: GCATGCTTCTGTTTGGCATT   
PPDS F: GAACCGATGGCAATCTTGTG 263 JN604537.1 

 R: ATCTGTTGTTGGCGATTCCA   
PPTS F: CCTTTAAATTTTCCGGGCAC 153 JX036031.1 

 R: CTCGCCATTGGAAAGCATAA   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



Agronomy 2020, 10, x FOR PEER REVIEW 3 of 5 

Table S2. The retention time values of the ginsenoside standard of Panax ginseng by HPLC analysis. 
No. Ginsenosides standards Retention time (min) r2 
1 Rg1 41.901 0,988365 
2 Re 42.228 0,99282 
3 Rf 60.662 0,999566 
4 Rb1 64.998 0,999535 
5 Rg2 66.523 0,99914 
6 Rc 67.343 0,999297 
7 Rb2 69.517 0,99956 
8 Rb3 69.992 0,999509 
9 Rd 74.382 0,999376 
10 Rg3 91.115 0,999424 
11 Rh2 104.074 0,999482 
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Figure S1. Flow cytometric histogram of nuclei of Panax ginseng (A) control tetraploid, and mutant 
lines (B) 100-1-2, (C) 100-1-18, (D) 300-1-16, (E) 300-2-8 after 6 weeks of culture. 
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Figure S2. The HPLC chromatograms of ginseng extraction of the control (A) and 100-1-18 mutant 
line (B). 


