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ABSTRACT 

Japanese Angelica Root prepared from Angelica acutiloba var. acutiloba and A. acutiloba var. sugiyamae, known in 
Japan as “Toki” and “Hokkai Toki”, is an important crude drug used in Kampo medicine (traditional Japanese medi-
cine). However, since these Angelica varieties have recently outcrossed with each other, it is unclear whether Japanese 
Angelica Root sold for use in Kampo medicine is a pure variety. Here, we describe DNA sequence polymorphisms that 
can be used to distinguish between A. acutiloba var. acutiloba and A. acutiloba var. sugiyamae. In our analyses, differ-
ences in the trnK region of chloroplast DNA distinguished among some A. acutiloba varieties and related species, but 
not between A. acutiloba var. acutiloba and A. acutiloba var. iwatensis. One geographical strain of A. acutiloba var. 
acutiloba and A. acutiloba var. sugiyamae showed identical sequences in three regions of chloroplast DNA, but differ-
ences in the internal transcribed spacer region of nuclear ribosomal DNA. One strain of A. acutiloba var. iwatensis and 
A. acutiloba var. sugiyamae had identical sequences in all of the chloroplast and nuclear ribosomal DNA regions ex-
amined. These findings show that A. acutiloba var. acutiloba has hybridized with A. acutiloba var. sugiyamae and that 
the “Hokkai Toki” variety resulted from outcrossing with A. acutiloba var. iwatensis. Molecular authentication based on 
analyses of chloroplast and nuclear ribosomal DNA sequences of A. acutiloba and related species is an efficient method 
to authenticate Japanese Angelica Root at the variety level. Therefore, these analyses can determine whether a product 
is derived from A. acutiloba var. acutiloba or A. acutiloba var. sugiyamae. 
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1. Introduction 

The Japanese indigenous species of Angelica acutiloba 
Kitagawa var. acutiloba Kitagawa (Toki) or A. acutiloba 
Kitagawa var. sugiyamae Hikino (Hokkai Toki) are listed 
in the Japanese Pharmacopoeia, 16th Edition [1], and are 
precious crude drugs in Kampo medicine (traditional 
Japanese medicine). The A. acutiloba cultivar (also 
called “Yamato Toki” or “Ohbuka Toki”), is of higher 
quality than the “Hokkai Toki” cultivar, and was origin- 
nally grown in Nara prefecture, Japan. The high quality 
of this cultivar is described in historical Japanese litera- 
ture [2,3]. To this day, its quality is still regarded as be- 
ing higher than that of other cultivars, and this is re- 
flected in the market price of the root. Since the 1950s, 
the “Hokkai Toki” variety of A. acutiloba var. sugiyamae 
has been cultivated in various regions of Japan, including 
Nara prefecture [4]. Angelica species are thought to be 

outcrossed [5]. There are wild-growing species that that 
are closely related to A. acutiloba, including A. acutiloba 
Kitagawa var. iwatensis Hikino (Miyama Toki), which is 
genetically very close to “Yamato Toki”, and A. steno- 
loba (“Hosoba Toki” or “Tokachi Toki”) [6]. These spe- 
cies readily outcross with A. acutiloba var. acutiloba and 
A. acutiloba var. sugiyamae [7]. 

Previous molecular studies on A. acutiloba did not 
show any nucleotide polymorphisms in the intergenic 
spacer region of 5S rDNA [8], while A. acutiloba var. 
iwatensis collected from different geographical locations 
showed genetic polymorphisms in a random amplified 
polymorphism (RAPD) analysis [9]. There were small 
differences in RAPD patterns between A. acutiloba var. 
acutiloba and A. acutiloba var. sugiyamae [10], and there 
were differences among individual plants of these varie- 
ties, indicating genetic diversity among A. acutiloba va- 
rieties. The three varieties of A. acutiloba var. acutiloba, 
A. acutiloba var. sugiyamae, and A. acutiloba var. iwat- *Corresponding author. 
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ensis had two-nucleotide differences in the spacer region 
between the atpF and atpA genes in the plastid genome 
[11]. Although there are genomic DNA polymorphisms 
among Angelica varieties, these varieties are genetically 
heterogeneous because of the high rate of cross-pollina- 
tion [12]. 

The root of A. acutiloba var. iwatensis is not used as a 
crude drug for Kampo medicine in Japan [1], although 
the morphological features are very similar among re- 
lated varieties of A. acutiloba, making them difficult to 
distinguish from one another. Therefore, a simple method 
to discriminate among these varieties is required. A. acu- 
tiloba var. acutiloba is also cultivated in China [13]. The 
Chinese product prepared from the root of A. acutiloba 
var. acutiloba is called “Nisshiki Toki” and resembles 
the Japanese style of “Yamato Toki”. This product has 
been imported into Japan. It is now difficult to find the 
original varieties of A. acutiloba var. acutiloba and A. 
acutiloba var. sugiyamae. Therefore, it is important to be 
able to distinguish among species and to determine the 
geographic origin of Angelica varieties. A reliable identi-
fication method will be useful to maintain pure varieties 

with superior traits for use in Kampo medicine. 
In this study, we investigated various DNA sequences 

to provide useful information for authentication of A. 
acutiloba varieties and related species. The DNA se- 
quences were the atpF-atpA, rpl16-rpl14, and trnK re- 
gions of chloroplast DNA (cpDNA), and the internal 
transcribed spacer (ITS) of nuclear ribosomal DNA, con- 
sisting of five regions; 18S, ITS1, 5.8S, ITS2, and 26S. 

2. Materials and Methods 

2.1. Plant Materials 

As shown in Table 1, we collected nine strains of Angel- 
ica acutiloba var. acutiloba, three of A. acutiloba var. 
sugiyamae, and two of A. acutiloba var. iwatensis from 
cultivars of different location or native populations. We 
also collected the cultivated strains of related species A. 
stenoloba (“Hosoba Toki”), A. stenoloba f. lanceolata 
(“Tokachi Toki”), and A. shikokiana (“Inu Toki”). Each 
collected plant was identified by morphological charac- 
ters. Three individuals of each strain/variety were culti- 
vated in a greenhouse before use in experiments. 

 
Table 1. Plant materials used in this study and summary of haplotype data for Angelica acutiloba and related species. 

DDBJ/GenBank/EBI Data Bank accession number Sample 
code 

Species 
Japanese  

name 
Locality Origin 

atpF-atpA rpl16-rpl14 trnK ITS 

TG-1a A. acutiloba var. acutiloba Toki Gumma Cultivar AB697525 AB697547 AB697569 AB697591

TG-2 A. acutiloba var. acutiloba Toki Gumma Cultivar AB697526 AB697548 AB697570 AB697592

TK A. acutiloba var. acutiloba Toki Kyoto Cultivar AB697527 AB697549 AB697571 AB697593

TY A. acutiloba var. acutiloba Toki Yamagata Cultivar AB697528 AB697550 AB697572 AB697594

TH A. acutiloba var. acutiloba Toki Hokkaido Cultivar AB697529 AB697551 AB697573 AB697595

TC A. acutiloba var. acutiloba Toki China Cultivar AB697530 AB697552 AB697574 AB697596

YH A. acutiloba var. acutiloba Toki Hokkaido Cultivar AB697531 AB697553 AB697575 AB697597

YM A. acutiloba var. acutiloba Toki Miyagi Cultivar AB697532 AB697554 AB697576 AB697598

OT-1 A. acutiloba var. acutiloba Toki Toyama Cultivar AB697533 AB697555 AB697577 AB697599

OT-2 A. acutiloba var. acutiloba Toki Toyama Cultivar AB697534 AB697556 AB697578 AB697600

OC-1 A. acutiloba var. acutiloba Toki Chiba Cultivar AB697535 AB697557 AB697579 AB697601

OC-2 A. acutiloba var. acutiloba Toki Chiba Cultivar AB697536 AB697558 AB697580 AB697602

HA A. acutiloba var. sugiyamae Hokkai Toki Hokkaido Cultivar AB697537 AB697559 AB697581 AB697603

HB A. acutiloba var. sugiyamae Hokkai Toki Hokkaido Cultivar AB697538 AB697560 AB697582 AB697604

HC A. acutiloba var. sugiyamae Hokkai Toki Chiba Cultivar AB697539 AB697561 AB697583 AB697605

MM A. acutiloba var. iwatensis Miyama Toki Miyagi Cultivar AB697540 AB697562 AB697584 AB697606

MY A. acutiloba var. iwatensis Miyama Toki Yamagata Native population AB697541 AB697563 AB697585 AB697607

LH A. stenoloba Hosoba Toki Saitama Cultivar AB697542 AB697564 AB697586 AB697608

LT A. stenoloba f. lanceolata Tokachi Toki Saitama Cultivar AB697543 AB697565 AB697587 AB697609

IM-1 A. shikokiana Inu Toki Miyazaki Cultivar AB697544 AB697566 AB697588 AB697610

IM-2 A. shikokiana Inu Toki Miyazaki Cultivar AB697545 AB697567 AB697589 AB697611

BB Peucedanum japonicum Botanbofu Chiba Native population AB697546 AB697568 AB697590 AB697612

a, -1, and -2 are the same strain but different individuals. 
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2.2. Total DNA Extraction and Amplifications 

We extracted total DNA from approximately 200 mg 
young leaf tissue using the modified CTAB method [14]. 
The extracted DNA was used as the template for poly- 
merase chain reaction (PCR) amplifications. The atpF- 
atpA, rpl16-rpl14, and trnK regions, and the entire ITS 
region containing intergenic spacer regions were ampli- 
fied with the following primers: atpF1 (TTACGAGGA- 
GCTCTAGAACTCTGAATAGTTGTT TG) and atpR1 
(GCCATTACTTCATCAAGACCGTG AATACGAGC- 
AATGCC) for the atpF-atpA region desinged by Hoso- 
kawa et al. [11]; PSIDF1 (AAAGATCTAGATTTC- 
GTAAACAACATAGAGGAAGAA) and PSIDR1 (AT- 
CTGCAGCATTTAAAAGGGTCTGAGGT TGAATC- 
AT) for the rpl16-rpl14 region desinged by Ohta et al. 
[15]; trnKF1 (TGGGTTGCTAACTCAATG G) and trn- 
KR1 (AACTAGTCGGATGGAGTAG) for the trnK re- 
gion desinged by Zhu et al. [16]; and ITSF1 (TCCAC- 
TGAACCTTATCATTTAG) and ITSR1 (CCA TGCTT- 
AAACTCAGCGGGT) for the ITS region desinged in 
this study. Each amplification was carried in a reaction 
mixture containing ~50 ng total DNA, 1×ExTaq buffer, 
0.2 mM each deoxynucleotide triphosphate, 1 mM each 
primer, and 2.5 U ExTaq (TaKaRa, Japan). The amplify- 
cation conditions were as follows: initial denaturation for 
5 min at 95˚C, followed by 30 cycles of 95˚C for 45 s, 
60˚C for 1 min, and 72˚C for 2 min, and a final extension 
at 72˚C for 5 min. The PCR products were purified using 
the ChargeSwitch-Pro PCR Clean-up kit (Invitrogen, 
Carlsbad, CA, USA). The purified PCR products were 
sequenced and analyzed using an ABI PRISM Dye Ter- 
minator Cycle Sequencing FS Core kit (Applied Biosys- 
tems, USA) and an ABI 3100 DNA Sequencer (Applied 
Biosystems). The sequences obtained in this study have 
been registered in DDBJ/GenBank/EBI Data Bank under 
the accession numbers shown in Table 1. 

2.3. Sequence Alignments and Phylogenetic 
Analyses 

The nucleotide sequences were aligned using BioEdit 
software (version 6.0.8.0) [17]. Insertion-deletions (in- 
dels) were removed from all data set prior to phyloge- 
netic analysis. Neighbor-joining (NJ) analyses were per- 
formed using MEGA 5 [18] by calculating genetic dis- 
tance based on Kimura’s two-parameter model [19]. One 
thousand bootstrap replications were performed for each 
tree to evaluate the reliability of the topology. 

3. Results and Discussion 

The intergenic spacer sequences of atpF-atpA in A. acu- 
tiloba varieties were 48 - 50 base pairs (bp) in length and 
contained two polymorphic sites (Table 2). The atpF-  

atpA sequences were identical among all strains of A. 
acutiloba var. sugiyamae, A. acutiloba var. acutiloba 
from Yamagata, A. acutiloba var. iwatensis from Yama- 
gata, A. stenoloba, A. stenoloba f. lanceolata, and one 
individual of A. shikokiana. There were intraspecific 
variations in atpF-atpA sequences in three strains of A. 
acutiloba var. acutiloba (TG, OT, and OC) and A. shi- 
kokiana. Two individuals of each of the TG (TG-1 and 
TG-2), OT (OT-1 and OT-2), and OC (OC-1 and OC-2) 
strains of A. acutiloba var. acutiloba contained indels of 
the T-nucleotide at 31 bp. There was also an indel of the 
T-nucleotide at 30 bp between two individals of A. shi- 
kokiana. Therefore, there were intraspecific variations in 
this region of the chloroplast genome both among and 
within strains of A. acutiloba var. acutiloba and A. shi- 
kokiana. It was previously reported that some varieties of 
A. acutiloba var. acutiloba (such as “Toki”, “Yamato 
Toki” and “Ohbuka Toki”) could be distinguished from 
other varieties (such as A. acutiloba var. sugiyamae and 
A. acutiloba var. iwatensis) by differences in the inter-
genic spacer sequences between the atpF and atpA genes 
[11]. In this study, however, the atpF-atpA region could 
not be used to authenticate A. acutiloba varieties and 
related species. The atpF-atpA sequence of Peucedanum 
japonicum (AB697546 in GenBank), which is a genus re- 
lated to Angelica in the Umbelliferae, contained a 3-bp 
deletion between nucleotide positions 29 and 31, com- 
pared with the atpF-atpA sequences in Angelica species 
determined here. Therefore, this region may be useful to 
distinguish Angelica from related genera Peucedanum, 
but cannot be used to distinguish Angelica species from 
each other. 

In three varieties of A. acutiloba, the sequences of the 
rpl16-rpl14 spacer region consisted of 463 bp that were 
identical to AB199891 in GenBank, which is the rpl16- 
rpl14 region in A. acutiloba var. acutiloba. Although 
there were no variations in this region between A. acuti- 
loba and A. stenoloba, A. stenoloba f. lanceolata con- 
tained a T-nucleotide insertion at nucleotide position 449 
(Table 2). In A. shikokiana, there was a 31-bp insertion 
between nucleotides 365 and 396 in this region. A. shi- 
kokiana differs morphologically from A. acutiloba and A. 
stenoloba varieties, based on phenotypic traits. Therefore, 
the genetic background of A. shikokiana likely differs 
from that of the other species. 

The trnK sequence was identical among A. acutiloba 
var. acutiloba from Gumma, Kyoto, Hokkaido, Miyagi, 
Toyama, and Chiba, and A. acutiloba var. iwatensis from 
Miyagi (Table 2). The trnK sequence in the Chinese A. 
acutiloba var. acutiloba had one base substitution at nu- 
cleotide position 2238. Thus, the Chinese A. acutiloba 
var. acutiloba could be distinguished from the others 
based on this sequence difference. In A. acutiloba var. 
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Figure 1. Neighbor-joining tree based on combined analysis of cpDNA (atpF-atpA, rpl16-rpl14, trnK) and ITS sequences. Tree 
was outgroup-rooted using sequence data from Peucedanum japonicum. Numbers beside internal branches indicate Boot-
strap values (>50%) calculated from 1000 replicates. 
 
acutiloba from Yamagata, three strains of A. acutiloba 
var. sugiyamae, and A. acutiloba var. iwatensis from Ya- 
magata, the trnK sequences had an A instead of a C at 
nucleotide position 2193, and often contained a T-nu- 
cleotide insertion at nucleotide position 2368. Two varie- 
ties of A. stenoloba and the “Hokkai Toki” variety also 
had the T-nucleotide insertion at nucleotide position 
2368, and the latter had a T-to-A substitution at nucleo- 
tide position 463. The trnK sequence in A. shikokiana 
had 10 base substitutions compared with that in A. acuti- 
loba. 

To obtain more information on genetic diversity 
among varieties and individuals of Angelica, especially 
among A. acutiloba varieties, we determined the se- 
quences of the ITS region, including the 18S, ITS1, 5.8S, 
ITS2, and 26S regions. There were no variations in this 
region among individuals of A. acutiloba var. acutiloba 
(except for the strains from Yamagata and China), and all 
A. acutiloba var. sugiyamae. There was one unique sub- 
stitution at position 279 in the 5.8S region of A. acutiloba 
var. acutiloba from Yamagata, and a C-to-T substitution 
at position 592 in the ITS2 region of Chinese strain. Also, 
there was a one-nucleotide substitution at position 119 in 
the ITS1 region in A. acutiloba var. iwatensis from Mi- 
yagi and at position 167 in the ITS1 region in A. ste- 
noloba. There were 13 nucleotide substitutions in the ITS 
sequence of A. shikokiana, compared with this region in 
the other varieties. The ITS region and the cpDNA se- 
quence were identical between one strain of A. acutiloba 
var. iwatensis and all strains of A. acutiloba var. sugiya- 
mae. These results imply that the ‘Hokkai Toki’ is de- 
rived from A. acutiloba var. iwatensis. In a previous 
study, A. acutiloba var. iwatensis from different geo- 
graphical locations showed genetic polymorphisms in a 
RAPD analysis [9]. Because of that result and the diffe- 
rences in sequences of both the trnK and ITS regions, 

further analysis should be conducted using other A. acu-
tiloba var. iwatensis varieties. 

We constructed a neighbor-joining tree based on Ki- 
mura’s two-parameter model [19] for the 10 haplotypes 
(Table 2) based on the combined analysis of cpDNA 
(atpF-atpA, rpl16-rpl14 and trnK) and ITS sequences 
(Figure 1). The monophyly of A. shikokiana and other 
species was supported by a bootstrap value of 100. This 
result indicates that A. acutiloba is more closely related 
to two varieties of A. stenoloba than to A. shikokiana. 

The traditional methods for authenticating crude drugs 
and adulterants are based on the morphological charac- 
ters of the plants. In general, differences among morpho- 
logical characters and compounds are subtle and ambi- 
guous [20]. Based on sequence analyses of the trnK and 
ITS regions in A. acutiloba, we have proposed a method 
to authenticate the origin of Japanese Angelica Root; that  
is, whether it is derived from A. acutiloba var. acutiloba 
or A. acutiloba var. sugiyamae. The molecular authentic- 
cation of these regions is a highly sensitive and stable 
method. The authentication results are reliable and are 
not affected by the physical form or physiological condi- 
tions of the plant samples. Therefore, the method based 
on the combined cpDNA and ITS sequences by the addi- 
tion of conventional methods is useful for practical and 
accurate authentication of A. acutiloba var. acutiloba and 
A. acutiloba var. sugiyamae. This method will be useful 
in raw material production processes and for quality con- 
trol of “Toki” produced for use in Kampo medicine in 
Japan. 
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