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ABSTRACT

Background: In the herbal medicinal industry, Angelica gigas Nakai, Angelica sinensis (Oliv.) Diels. and Angelica acutiloba (Sie-
bold & Zucc.) Kitag. are often confused, because the roots of the three species can not be distinguished by their appearance. This
confusion can cause serious side effects. In this study, we determined the origins of Angelica roots distributed in the Korean market
using the simple sequence repeat (SSR) markers developed based on the 4. gigas chloroplast DNA sequence.

Methods and Results: We collected twenty seven 4. gigas and three 4. acutiloba samples from the Seoul, Daegu, and Cheongju
herbal medicinal markets. Fifty sections of one collection were mixed and ground to make a powder, which was used for DNA
extraction using the cetyl trimethylammonium bromide (CTAB) method. Chloroplast based SSR markers were applied to the DNA
for the determination of the species. In addition, polymorphism was found in eight samples. The phylogenetic analysis showed that
the A. gigas roots collected from herbal medicinal markets were clearly discriminated from 4. sinensis and A. acutiloba even though
they were grouped into four clusters.

Conclusions: This study showed that chloroplast based SSR markers would help the discrimination of Angelica roots in the Korean
herbal medicinal industry and the markers are useful to prevent confusion between Angelica roots.
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Fig. 1. Electrophoretic analysis of the PCR products generated by the polymorphic SSR markers. A;
AGcpSSR2, B; AGcpSSR5. PCR analysis was performed to confirm the discrimination function of
the Angelica species discrimination markers. PCR was performed by applying the cpSSR markers to
5 samples for each Angelica species and electrophoresis was performed on 2% agarose gel at 100 V

for 50 minutes.
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Table 1. Sample information and the band sizes analyzed using SSR markers.
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Amplified PCR product size using the chloroplast SSR markers

Sample Collected Marked speci
number site? pecies AGcpSSR2 AGcpSSR5
(bp)
Ag Angelica gigas 239 152
Aa Angelica acutiloba 211 155
As Angelica sinensis 211 176
1 Cheongju-1 Angelica gigas 239 152
2 Cheongju-2 Angelica gigas 239 152
3 Cheongju-3 Angelica gigas 239 152
4 Cheongju-4 Angelica gigas 239 152
5 Cheongju-5 Angelica gigas 239 152
6 Cheongju-6 Angelica gigas 239 146
7 Seoul-1 Angelica gigas 239 152
8 Seoul-2 Angelica gigas 239 146 152
9 Seoul-3 Angelica gigas 239 146 152
10 Seoul-4 Angelica gigas 239 152
11 Seoul-5 Angelica gigas 239 146 152
12 Seoul-6 Angelica gigas 239 146 152
13 Seoul-7 Angelica gigas 239 152
14 Seoul-8 Angelica gigas 239 152
15 Seoul-9 Angelica gigas 239 152
16 Seoul-10 Angelica gigas 239 146 152
17 Seoul-11 Angelica gigas 239 152
18 Seoul-12 Angelica acutiloba 211 155
19 Seoul-13 Angelica gigas 239 152
20 Seoul-14 Angelica gigas 239 146 152
21 Seoul-15 Angelica gigas 239 152
22 Daegu-1 Angelica gigas 239 152
23 Daegu-2 Angelica gigas 239 152
24 Daegu-3 Angelica gigas 239 152
25 Daegu-4 Angelica gigas 239 152
26 Daegu-5 Angelica gigas 239 152
27 Daegu-6 Angelica gigas 233 239 152
28 Daegu-7 Angelica gigas 233 239 152
29 Daegu-8 Angelica acutiloba 211 155
30 Daegu-9 Angelica acutiloba 211 155

Ag; Angelica gigas, Aa; Angelica acutiloba, As; Angelica sinensis.
samples collected.
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YThe numbers attached after the city name shows the different stores where the



upNel - ez R - H 8 - s - 2SE) - 4ME - PN - 2isel - o] O
23| product sizeS <134t} (Table 1). T3, FHS 4 Table 2. Analysis of the individual sections of the samples showed
Q= AU, L], 22U AHE Tosle] BAS A multi-bands from AGcpSSR5 marker analysis.
shih Sample” Bar(]tc)ipjize Sample Bar(t:ip?ize
3. SRR Cigtd 9 Roizbl| 24 i P2 e

SR ARl U DR BAE A PHIE A8IRE L2 0 ;a0 s
o] PCR product sizeS EAFOZH o]Fojxc}. ]9 w 7.4 152 12-4 146
Moz 31%E PCR product T 7} size®] f-5Fol wet 1’3} 7-5 146 12-5 146
0= BAEe] lEdan W, NEYAE o8 & 76 146 12:6 152
APA EALS NTSYS-pe 2.11 ZZ 2% (Exeter Software, 7-7 146 12-7 152
Setauket, NY, USA)S ©|-8-at] AASIAL phylogenetic treeS 7-8 146 12-8 146
289tk UPGMA Lael5S 5o A2re doles 79 146 129 146
7-10 146 12-10 152

sequential hierarchical agglomerative non-overlapping (SHAN) T - -
o 1s =1 o olalal e 1Al =10] Ten individual Angelica root sections were randomly selected from
SHEHES AA 72 S fFAAE FA s the sample number 7 and 12, and the DNA was extracted separately
and subjected for the genotyping using AGcpSSR5 marker.

2 o

h =)

al, 2016) ¥ AFe] A A T/ GHAE EF 2 T
UASATE L olfE AdFor s #7195 AHewhS 7R
51901 ol AolMs ZelolHE FFog HA|5

1. £8E 999 I o
g, A5, O] AelA 13 30 Hel Al vAE

g3l PCRE 4339, PCR products= ABI 3730
DNA AnalyzerE 33| pruduct sizeE 13} T} (Table 1).

AGepSSR2 PiHA= FEH (dngelica gigas Nakai), 9F
[Angelica acutiloba (Siebold & Zucc.) Kitag.], =37
[Angelica sinensis (Oliv.) Diels.] TolX HFHE T2 F
= wiAelth (Fig. 1A) (Park et al, 2016). AGcpSSR2
npRte 2= et FHBAE FEY F /7] wEel
AGcpSSRS PHAE o83t F7IE A3t (Fig. 1B,
Table 1).

AGcepSSR5 PHA= 919 Al F/2 B4 FolA T3
2 7RI £ JdEe vIE BuHAEd (Fig 1B) (Park er

fragment analyzer2 ©|-83 A3} A3 B0 71537] o
Foz Almdrt. 18, 29, 30 Y1 A|EE AGepSSR2 wlIAS
He3 Ao YA T TIAZAR FSHAEH,
AGcpSSR5 w9 A go=z A= FHT & Utk
(Table 1).

719 8 A3} 30 e AR F 2718 4E 3 PCR
Z205 9] sjElo] Tk AE7F o steka AlgelA]
g 719 Bt 2 B doka & 5 Atk

GenotypingS 3] Qojzl HoJEIE 7[Wkea 33 7] A
25 olg3le A BA8 AAE A Fe 98 o
F4S Hel Zo= 38l 4 79 cluster® WrolAlE RS

ot

A.gigas
Cheongju-1
Cheongju-2
Cheongju-3
Cheongju-4
Daegu-5
Daegu-2
Daegu-1
Daegu-3
Seoul-11
Daegu-4
Seoul-8
Seoul-9
Seoul-13
Seoul-4
Seoul-15
Seoul-7
Seoul-1
Cheongju-5

| Daegu-6
IDaegu-7

Cheongju-6
Seoul-2
Seoul-3
Seoul-5

Seoul-14
Seoul-6

Seoul-10
A.acutiloba
| Seoul-12

[ | Daegu-0
| Daegu-8
A .sinensis

Cosficient

Fig. 2. Phylogenetic analysis of 33 Angelica samples using the genotyping results generated by 2 cpSSR
markers. Phylogenetic tree was generated by NTSYS-pc 2.11 program (Exeter Software, Setauket, NY, USA)
using UPGMA algorithm and sequential hierarchical agglomerative non-overlapping (SHAN) clustering.
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