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Abstract The dried root of Angelica species is used in
traditional Chinese medicine in East Asia, particularly in
Korea, China and Japan. Since the plant origin differs in
these countries, they are often misused or adulterated in the
commercial markets, resulting in distrust among the
consumers. Enormous efforts have therefore been focused to
distinguish the origin for the Angelica genus, by using
morphological or cytogenetical analyses, and chemical
markers based on biochemical analyses of secondary
metabolites. DNA is considerably stable against different
cultivation conditions, and to treatment and processing after
harvesting of plants. Hence, several researches have been
filed for the development of molecular markers, based on the
single nucleotide polymorphisms in specific regions of
DNA. However, there are several obstacles for application in
the commercial markets, concerning the reproducibility,
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accuracy, sensitivity, and rapidity of these tests. In this
review, we summarize the research achievements that help
classify the origin of Angelica species, in particular, Angelica
gigas Nakai. 4. sinensis(oliv.) Diels, A. acutiloba Kitag., and
A. acutiloba var. sugiyamae Hikino. Further researches are
required for practical applications.
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Table 1 Discrimination for the origin of Angelica Radix based on their representative phytochemicals

Analysis Plant Representative Comments References
techniques species phytochemicals
A. gigas, . . fingerprint
HPLC A. sinensis, %—rllilglglgst?ﬁgie and for quality Zhao et al., 2003
A. acutiloba control
HPLC A. gigas, E-ligustilide fingerprint
LC-MS A. sinensis, and Z-ligustilide for quality Lu et al., 2004
A. acutiloba control
A. sinensis .
oy Senkyunolide A :
HPLC 4 acutiloba, and 10 other ingerprint Lu et al, 2005
species compounds P
. 10 common peaks quality
GC/MS R including decursin control of Piao et al., 2007
A acutiloba and decursinol Korean "
) angelate Angelica
A. acutiloba
Kitagawa ualit
(yamato-toki) g al gtion
1H NMR. and 4. acutiloba A broad range of zo li‘a hical and Tarachiwin et al. (2008)
multivariate analysis Kitagawa var. metabolites %ari%t P ’
sukiyamae diff Y
Hikino ifferences
(hokkai-toki)
biosynthetic
HPLC A. gigas decursinol, pathway by Ji et al. 2008
Nakai decursin feeding ”
experiment
twenty-two
A. acutiloba metabolites quality N
GC-TOF-MS (Yamato-toki) consisting of control Tianniam et al., 2008
sugars, amino and
organic acids
- - : specific
(UP)LC-TOF-MS A. acutiloba n;c(e)tgll:)eoshte profiles for Tianniam et al., 2009
p A. acutiloba
cultivation
Pyrolysis . metabolite area to o
GC-MS A. acutiloba fingerprinting quality Tianniam et al., 2010
evaluation
A oioas decursinol, rapid
DART-TOF- " fifen}sis decursin, identification Kim et al.. 2011
MS A acutiloba ligustilide, and quality °
) linoleic acid, control
nodakenin,
marmqsin,
UHPLC-DAD A. gigas gggelgg()l geographical origin  Kim et al.,, 2013
decursin,
demethylsuberosin
Electric nose
system ) )
ﬁ?ﬁ%lsgrizgh A. sinensis - %fi%%rﬂap hical Liu et al., 2014
statistical
analyses
quality
- A. gigas, 13 common control of
H-NMR A. sinensis, metabolites Angelica Chan et al., 2014
Radix
A. gigas, .
HPLC/DAD A sinensis, standard rapid =~ Jeong et al, 2015
A acutiloba compounds identification

GC-TOF-MS : Gas chromatography time-of-flight mass spectrometry

DART-TOF-MS : Direct analyses in real time - time-of - flight mass spectrometry
(UP)LC-TOF-MS : Ultra performance liquid chromatography time-of-flight mass spectrometry.
NMR : Nuclear magnetic resonance spectroscopy.

HPLC/DAD : High Performance Liquid Chromatography/Diode — Array Detector
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FAHEA BAE EA 8% THTable 2).
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A Seo (2004) O EX ARG HO 7| A Yo zfo]7}
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U EF L= peak patterng AP O, ©
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Table 2 Molecular analyses for the discrimination on the origin of Angelica spp.

Markers or target

Techniques plant species . Comments References
region
Umbelliferae discriminating "Angelica
family 5S-ribosomal root" from
Molecular including gene spacer other . Mizukami, 1995
. several region umbelliferous
phylogenic .
Angelica spp crude drugs
analyses - :
A. gigas, 5S-ribosomal sequence
A. sinensis, gene spacer quet Zhao et al., 2003
. . variation
A. acutiloba region
A. gigas, Five useful RAPD compared
RAPDs A. sinensis, markers specific with internal structure of Lee et al., 2000
A. acutiloba for each species root tissue
markers
A. gigas, related to
RAPDs A. sinensis, Several useful bolting Bang et al., 2002
. RAPD markers .
A. acutiloba -resistant
variety
A gigas specific
AFLP A. sinensis, RFLP markers on RELP Choi et al., 2004
. ITS region pattern for
A. acutiloba .
A. gigas
A. gigas, species-
Pyrosequencing A. sinensis, ITS region specific Seo et al.,, 2004
A. acutiloba pyrosequencing pattern
applied to
. samples
A. gigas,
RAPDs A. sinensis, several useful collected Jin et al., 2005
. RAPD markers from
A. acutiloba .
commercial
markets
SCAR Repetitive DNA Srcirﬁzs
markers, A. acutiloba P prinx Choi et al., 2007
FISH sequences specific for
A. acutiloba
A. gigas, SSR
A. sinensis, . markers for
Chloroplast A. acutiloba Chloroplast simple specific Park et al., 2016
SSR marker sequence repeat .
and other 11 species
species group

ITS :

off g4 = of §lof, ob 2 7kA] A A f-F Al A A8t 5t
7] ol g glo] &5t Hop W 7 A7t Hast A
o2 ZAE QT E3] 2 2o /2E SNPE 0] 831 Eo
Zatolm o] Azt W AL3LE )3t amplification refractory
mutation system (ARMS)-PCR, multiplex single base extension
(MSBE), high-resolution melting (HRM) curve analyses 5= %
£3 7L AT GOl ATk Sa HRM7 & 52 2&
aFo] o 3t 7§ 9] SNP7F &R 3 7 %o = A5 7o
]—h St melting curve pattern& A} 54 4= 9
2 o] g-3fo] wh2 A ko] chepe] 413 %49
2FY =Y Fo A AFE 27| FA T+ Q=
ofof & 702 AbRE .

nuclear ribosomal DNA internal transcribed spacer sequences
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53t 8434 uA
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Table 3 Development of SNP marker (barcode) for the differentiation on the origin of Angelica spp.

Target region Plants species Comments References
A. acutiloba Kitagawa var.
acutiloba Kitagawa,
A. acutiloba Kitagawa var. discriminate
atpF - atpA iwatensis Hikino by SNP Hosokawa et al., 2006
A. acutiloba Kitagawa var.
sugiyamae Hikino
Angelica and its allies discriminate
178 (Apiaceae tribe Selineae) by SNP Feng et al., 2009
. . discriminate
7S 29 accessions of Angelica by SNP Lee et al, 2011
discriminate based on
SNP, tried
rbel, matk, 95 leaf accessions collected from 23 species on the.
trnH-psbA, Known as  Ancelica eenus in China decoction Yuan et al., 2014
ITS g & pieces of A.
sinensis and
A. biserrata
7S 265 samples of Angelicae sinensis radix and SNP for the discrimination of

adulterants

A. sinensis from the decoctions = Wang et al., 2016
of adulterant’s mixture

ITS : nuclear ribosomal DNA internal transcribed spacer sequences
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