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Panax vietnamensis is a species in the Araliaceae family. It is one of the ginsengs with the highest 
saponin content, similar to some precious ginseng plants that have been studied and used for a long 
time in the world. Several detected chemical compounds and practical effects on human health cause 
the price of Panax vietnamensis increase rapidly on the market. Due to its high medicinal and 
economical value, this medicinal herb is being counterfeited by mixing with different species of Panax 
genus. At the present, the identification is mainly based on morphology or biochemistry, resulting in low 
discrimination, especially when the sample has been pretreated or has undergone poor storage 
conditions. This study focused on designing a specialized primer set and the development of allele-
specific PCR protocol to differentiate Panax vietnamensis from its relatives consisting of P. 
bipinnatifidus, P. stipuleanatus and P. notoginseng. Two pairs of PCR primers were developed which 
specifically amplified Panax vietnamensis and other Panax spp. at 921 bp and 667 bp, respectively. The 
obtained results show the high efficiency of the application of allele-specific PCR technology in the 
identification Panax vietnamensis other common species in Panax genus. 
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INTRODUCTION 

Ginseng is common name of at least 17 
species in Panax genus (Zhang et al. 2000). This 
medicinal herb has been widely used in many 
parts of the world for the prevention and treatment 
of allergy-related diseases, anti-cancer, immune 
regulation, cardiovascular health enhancement, 
and support central nervous system and 
endocrine system (Lee and Rhee, 2017; Ratan et 
al. 2021). Besides Panax ginseng Korean 
ginseng), which is consumed and popular all over 
the world, many other types of ginseng have a 
lower yield but their quality is not inferior, including 
Vietnam ginseng (Panax vietnamensis) which is 
only identified in Vietnam and neighbor countries 
(Duy et al. 2016; Shim et al. 2021). In Vietnam, P. 
vietnamensis has been used to inhibit and destroy 
tumor cells, and enhance the health of the user. It 

is also used in several treatments to human such 
as nourish blood, darken hair, strengthen teeth, 
and increase longevity; used as an antidote: 
treatment of diseases such as digestion and 
treatment: heart, respiratory, liver, urinary, 
abdominal pain, rheumatism, ears, nose, and 
throat. Its usage has been increasing because it 
was recently used for treatments of nervous 
system and cardiovascular diseases, tumors, 
aging and stress (Le et al. 2018). 

Due to its high biomedical and economical 
value, the natural ginseng population is being 
strongly exploited, leading to the danger of 
eradication for the increasingly high demand for 
this medicinal herbs (Manzanilla et al. 2018). As a 
result, in many countries, there has been a 
situation of mixed ginseng with different qualities 
to gain illicit profits (Jo et al. 2016). The ginseng 
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species are distinguished based on morphological 
features such as leaves, stem structure or flowers 
and mostly focus on root characteristics (Proctor 
et al. 2011; Baeg and So, 2013). Although this 
method has been economically confirmed due to 
its ease and low cost, it is prone to error due to 
the many similarities in morphological features, in 
addition to morphological variability between 
mature and young plants, and environmental 
factors lead to the inaccuracy of this approach 
(Ahmedand et al. 2014). Furthermore, many 
commercial ginseng products are in slices or 
powder so authenticating them by morphological 
and histological methods is difficult if not 
impossible. Recently, a number of studies have 
proposed to use biochemical methods to 
distinguish different types of ventricles based on 
their chemical composition and medicinal 
properties (Kim et al. 2011; Proctor et al, 2011; 
Liu et al. 2017). However, the application of 
chemical analysis may be limited as the quantity 
and configuration of ginseng compounds are 
significantly influenced by plant growth conditions 
as well as varying storage conditions of sample 
storage, freshness, age of samples and post-
harvest processing are different (Ngan et al. 
1999). The inability to accurately identify the 
specimens, especially those that have been 
damaged or that have been pre-processed and 
processed, raises concerns about the medicinal 
value of the medicinal plant products because 
improper use will reduce the effectiveness or 
harm the health of the patient due to the variation 
in pharmaceutical ingredients and application 
between different types of ventricles. In addition, 
the chemical method requires a large amount of 
material for proper analysis. Therefore, the 
development of a method with lower cost and high 
effectiveness to differentiate P. vietnamensis from 
its common relatives in Panax genus is 
necessary. 

Currently, the technique of DNA Polymerase 
Chain Reaction (PCR) amplification to identify and 
distinguish plant species has been widely used. 
This method possesses many advantages over 
traditional methods such as high repeatability and 
stability, applicability to any stage of growth of the 
organism. Thus, it was applied to differentiate 
several species of ginseng. In 1996, a study 
conducted in Japan utilized 18S ribosomal RNA 
gene sequences to identify three Panax species 
and its corresponding ginseng drugs (Fushimi et 
al. 1996). In 1999, Ngan and colleagues analyzed 
the differences in the ITS1-5.8S-ITS2 region to 
distinguish six species of Panax ginseng including 

P. ginseng, P. quinquefolius, P. notoginseng, P. 
japonicas, P. trifolius and P. major (Ngan et al. 
1999). In addition, this group of authors also used 
PCR to distinguish these six species of ginseng 
from two commonly used plants to blend or imitate 
ginseng including Mirabilis jalapa and Phytolacca 
acinosa (Ngan et al. 1999). In 2005, the team 
from Korea used gradient PCR to determine the 
existence of Panax species in 40 herbal 
medicines (Shim et al. 2005), the results amplified 
P. notoginseng (Chinese ginseng), P. japonicus 
(Japanese ginseng) and P. quinquefolius 
(American ginseng), along with P. ginseng 
(Korean ginseng). 

Allele specific-PCR (AS-PCR) is an improved 
PCR application in which alleles different by one 
or more nucleotides can be differentiated on the 
basis of PCR amplification. This method was 
successfully used for detecting the nucleotide 
variation of Alzeimer’s disease (Darawi et al. 
2013), detection different allele relating to self-
incompatibly in sweet cherry (Sharma et al. 2014) 
or investigates the genetic variation on oil palm 
nurseries (Reyes et al. 2015). This study focused 
on developing AS-PCR protocol to discriminate P. 
vietnamensis from its relatives. The results of this 
study have potential applications in the 
conservation and development programs as well 
as facilitate the quality management of this herbal 
plant. 
  
MATERIALS AND METHODS 

Sample collection  
A total of nine samples were collected from 
research institutes, university nurseries, and 
seedling centers of different provinces of Vietnam 
(Table 1). After sampling, samples were dried in 
silica gel and stored until use. 

DNA extraction 
DNA from Panax samples was isolated by 
cetyltrimethyl ammonium bromide (CTAB) method 
followed Li et al. (2013). DNA quality was then 
tested by electrophoresis on 1% agarose gel in 
TAE 1X buffer and stained with Gelred dye 
(Biotium, USA). The result was observed under 
ultraviolet light by Quantum - ST4 3000 gel reader 
(Montreal - Biotech, Canada). DNA concentrations 
were determined by spectrophotometer (Optima 
SP 3000 nano UV-VIS, Japan) and the DNA 
sample was stored at -20 °C until use. 
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Table 1: List of ginseng samples in this study 

No. Local name Latin name Collected location Sample code 

1 Sam Vietnam P. vietnamensis Ho Chi Minh city PV1 

2 Sam Vietnam P. vietnamensis Quang Nam PV2 

3 Sam Vietnam P. vietnamensis var fuscidiscus Lai Chau PV3 

4 Sam vu diep P. bipinnatifidus Yen Bai PB1 

5 Sam vu diep P. bipinnatifidus Yen Bai PB2 

6 Tam that hoang P. stipuleanatus Yen Bai PS1 

7 Tam that hoang P. stipuleanatus Yen Bai PS2 

8 Tam that hoang P. stipuleanatus Lao Cai PS3 

9 Tam that bac P. notoginseng Quang Nam PN 

 

 
 
Figure 1: Schematic diagram showing the regions used for designing specific primers for P. 
vietnamensis (A) and other Panax species (B). Black bar showing the binding site of primer for P. 
vietnamensis.

Primer design and PCR reaction 
The sequences of complete chloroplast 

genome of different Panax species were 
downloaded from Genbank (NCBI, USA) in 
FASTA format. The obtained sequences were 
aligned by the MEGA X software with default 
parameters. The variable sequences among 
Panax species was used to design primer (Figure 
1) using Primer3plus software 
(https://www.bioinformatics.nl/cgi-
bin/primer3plus/primer3plus.cgi) with default 
parameters. 

Primer sequences were then synthesized at 
Phu Sa Biochemistry Company (Can Tho, 
Vietnam) and used for subsequent PCR reactions. 

The target DNA regions were amplified using 
the following PCR components: 5 μL 2X Mytaq 
Mix (Bioline, UK), 20 ng DNA, 0.2 μM primer, and 
deionized water (Sigma-Aldrich, USA) to a final 
volume at 10 μl. For PCR optimization, annealing 

temperature of primer in monoplex and multiplex 
PCR were surveyed in range 55.2- 63.5 °C, the 
concentration of three primers from 5:1:5 to 5:5:5 
for PN_specific_F: Panax_F: Panax_R, 
respectively. The PCR reaction conditions are as 
follows: initial denaturation at 94 °C for 2 minutes; 
then 30 cycles of 30 seconds at 94 °C, 30 
seconds at primer annealing temperature, 50 
seconds at 72 °C, and finally five minutes at 72 °C 
to complete the reactions. DNA from PV1 (P. 
vietnamensis) was used for all reaction during 
PCR optimization. The optimized PCR parameters 
were used for discriminating nine collected Panax 
sample presented in Table 1. All reactions were 
performed in the SureCycler 8800 (Agilent, USA) 
thermal cycler. PCR products were checked using 
1.2% agarose gel and compared with the 1000 bp 
ladder (Bioline, UK) to determine the length of 
amplified products. 
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RESULTS  

Presently, no official system is employed to 
classify different species in Panax genus. 
Morphological method is showing low accuracy 
due to the identical features among species. In 
2011, a study from Korea successfully employed 
Random Amplified Polymorphic DNA (RAPD) and 
Sequence characterized amplified regions 
(SCAR) markers to identify Chinese and Korean 
ginseng (Ahn et al. 2011), however this method is 
costly and time consuming since it requires 
several laboratory work for cloning and designing 
primer with serial of PCR testing. In this study, the 
availability of DNA sequences on Genbank was 
employed to designed specific primer pair to 
distinguish Vietnam ginseng to other ginseng 
species. 

After obtaining chloroplast genome 
sequences from NBCI Genbank, the sequence 
alignment shows high similarity among 
sequences. A significant variation region was 
detected at location between the gene regions 
ycf1 (26520792) and ndhF (26520793) (Figure 2). 
This result is in line with previous study of Kim 
and colleagues when surveying complete 
chloroplast sequences of 11 Panax ginseng 
species in Korean and found the high variation 
locate mostly in ycf1 genes and in the intergenic 
regions of rps16-trnUUG and rpl32-trnUAG (Kim 
et al. 2015). Previous study in Vietnam reported 
the high variation in ITS-rDNA region between P. 

vietnamenesis with P. ginseng, P. notoginseng, P. 
bipinnatifidus, P. stipuleanatus (Nguyen et al. 
2011), nevertheless, the complex inherent 
patterns in the nucleus could make it difficult to 
develop specific primers as well as determine the 
genetic origins of plant species. In 2001, Komatsu 
and colleagues compared 18S rRNA and matK 
sequences of P. vietnamensis with five related 
Panax species consisting of P. japonicas C.A. 
Meyer var. major, P. pseudo-ginseng Wall. subsp. 
himalaicus Hara, P. ginseng C.A. Myer, P. 
japonicus C. A. Meyer, and P. quinquefolius 
Linnn. The result showed that there was only 
limited nucleotide substitution specifically found in 
P. vietnamensis (Komatsu et al, 2001). Low 
variation in these genes suggests the impossibility 
to develop primers for identify P. vietnamese from 
its relatives by using these regions 

Then, using Primer3plus software, P. 

vietnamensis-specific primer was designed limited 

within detected variation region, matching with 
P. vietnamensis sequence. The other primers 

were designed to generate PCR product sizes 
between 200 and 1000 bp. One additional primer 
annealing to sequence from all studied species 
was used to, in combination with second primer, 
generate a common band as Panax internal 
control. The results we obtained primer pair 
sequence as shown in Table 2. 

 
 
Figure 2: Alignment results of chloroplast sequences from different Panax species. 
 

Table 2: Primer sequences to differentiate Panax species. 

Direction Primer Sequence (5’- 3’) 
Amplification 

size (bp) 

Forward PV_ specific_F ATGACACTAAAAAAGATTACTTGCC 921 

Forward Panax_F CCACGATTACACGACCAACC  

Reverse Panax_R CAGCGGGATTAACCGCATTT 667 
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For PCR reaction, finding proper annealing 
temperature of primers is important since in PCR 
reaction, lower optimal annealing temperature 
could produce non-specific products whereas too 
high annealing temperature could decline the yield 
of PCR products. Moreover, this condition could 
lower reaction efficiency. Through examining the 
annealing temperature of designed primer pairs, 
the results are shown in Figure 2. The results 
show amplified bands at expected size. The 
primer annealing is working well in wide 
temperature from lowest to highest surveyed 
temperature (Figure 3). 

 
Figure 3: Annealing temperature survey for P. 
vietnamensis by PN_specific_F + Panax_R 
primer pair (a) and for Panax spp. by Panax_F 
+ Panax_R primer pair (b). (M: 1kb ladder; A: 
55.2 oC; B: 56.3 oC; C: 57.5 oC; D: 58.5 oC; E: 
59.5 oC; F: 60.5 oC; G: 61.4 oC; H: 62.4 oC; I:  
63.5 oC). 
Multiplex PCR is preferred to detect more than 
one target DNA regions simultaneously in one 
reaction since it could save considerable time, 
reagents and effort. However, the successful 
multiplex PCR assay require the proper 
combination of several factors such as 
concentration of PCR buffer, concentration of 
magnesium chloride, concentration of four types 
of deoxyribonucleotides, concentration of primer 
and the balance among primers (Markoulatos et 
al. 2002). Due to the ready master PCR mix was 
used for all PCR reaction, we only focused on 
investigating the effect of annealing temperature 
and the combination ratio of primers in multiplex 
PCR. The annealing temperature of three primers 
in multiplex PCR was performed and the results 
were shown in Figure 4. The results showed that 
at the temperature lower than 58.5 oC, mainly 
Panax spp. products were amplified, from the 
temperature 58.5 oC and above, the specific 
product for P. vietnamensis appeared. We found 

that the survey temperature at 59.5 oC showed the 
best results of the both desired amplification 
products, so this temperature was used for further 
experiments. 

 
Figure 4: Annealing temperature survey for 
multiplex PCR (M: 1kb ladder; A: 55.2 oC; B: 
56.3 oC; C: 57.5 oC; D: 58.5 oC; E: 59.5 oC; F: 
60.5 oC; G: 61.4 oC; H: 62.4 oC; I:  63.5 oC). 
The combination of three primers resulted in 
appearing byproducts at nearly 2000 bp in Figure 
4 which is absent in two-primer PCR reactions. 
This suggests that the three primer combination 
could be responsible for this amplification. 
Therefore, the combination of primers with 
different concentrations was investigated; the 
results obtained are shown in Figure 5. From the 
obtained result, the ratio of three primers in the 
multiplex PCR reaction as PV_specific_F: Panax-
_F: Panax_R is 5-1.5-5 since this combination 
produced to amplified bands with similar density. 
Thus, this primer ratio was selected to perform for 
the next experiment. 

 
Figure 5: Primer concentration survey primer 
ratio (M: 1kb ladder; primer combination ratio 
of PN_specific_F: Panax_F: Panax_R at 5:1:5 
(A); 5:1.5:5 (B); 5:2:5 (C): 5:3:5 (D); 5:4:5 (E); 
5:5:5 (F), respectively). 
In 1996, research group from Japan tried PCR to 
differentiate three Panax species by specific 
primer for 18S rRNA region, however, the 
amplification length from three species are 
identical at 1809 bp (Fushimi et al. 1996). To 
facilitate the discrimination purpose, this group 
had to sequence the amplified products and found 
four variation sites within these sequences. A 
newer study in 2017 in Vietnam found that normal 
PCR using universal primer for different gene loci 
using for DNA barcode such as 18S, ITS, matK, 
psbA-trnH and rbcL is not able to distinguish 
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Panax species and required additional step via 
DNA sequencing (Le et al. 2016). In this study, 
after accurately confirming the reliability of the 
three primers obtained on the PV1 sample, the 
combination of these three primers was further 
used to distinguish some ginseng samples 
obtained from different regions of Vietnam. The 
results show that the combination of three primers 
designed in this study into multiplex PCR is 
possible to differentiate P. vietnamensis with other 
species of Panax species (Figure 6). 

. 
Figure 6: Multiple PCR for plant identification 
(M: 1 kb ladder, A: PV1; PV2; PV3; PB1; PB22; 

PS1; PS2; PS3; PN). 
 
CONCLUSION 
Through this study, the newly developed AS-PCR 
protocol using the combination of three designed 
primers is able to identify P. vietnamensis ginseng 
from its relatives. These results can be used for 
conservation, propagation and development 
programs for P. vietnamensis in Vietnam. In 
addition, it can be used to serve the inspection 
and supervision of pharmaceutical products 
related to this precious medicinal plant. 
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