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Abstract: Acori Graminei Rhizoma (AGR), widely used in traditional herbal medicine, is composed of the roots of
Acorus gramineus Soland. The family Acoraceae includes A. gramineus, A. calamus, and A. tatarinowii, among oth-
ers. We compared genomic DNA sequences of AGR for polymorphisms. The sequences of the internal transcribed
spacer (ITS) regions of nuclear ribosomal DNA, the rbcL region of chloroplast DNA from A. gramineus, A. calamus,
and A. tatarinowii were compared. We designed primers specific to the ITS region of A. calamus and A. tatarinowii
(A. cataF4/R4) and the internal primer Araceae Radix (IntAcoF2/R4). Random amplification of polymorphic DNA
(RAPD) analysis showed a difference in A. calamus using the UBC 681 primer. A specific primer (Aca681-F/R) ampli-
fied 138 base pairs of A. calamus. The primers designed for this study (A. cataF4/R4, Aca681-F/R, and IntAcoF2/
R2) can be used for multiplex PCR to distinguish the three species of Acorus. An allelic discrimination assay was
conducted using commercially available AGR. We used sequence-characterized amplified region (SCAR) markers
to confirm whether AGR purchased at a market was A. gramineus. Our study indicated the SCAR markers could be
used as molecular evidence to distinguish Araceae Radix.
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Introduction

Owing to the recent import liberalization of agri-
cultural products caused by Korea’s entry into
the World Trade Organization and International
Union for the Protection of New Varieties of
Plants, it is necessary to differentiate various
species of domestic and foreign agricultural
products. In particular, it is very difficult to dif-
ferentiate between similar species of medicinal
herbs and their places of origin by morphologi-
cal observation alone because medicinal herbs
are typically dried products.

Acori graminei rhizoma (AGR) originates from
the root of Acorus gramineus Soland (Araceae)
and distributed throughout Korea, China,
Japan, Siberia, and Europe [1]. Acorus gramin-
eus is a medicinal herb that has been refer-
enced more than 1200 times in “Bojebang”,

the most comprehensive oriental prescription
book [2]. Its root has been prescribed for the
treatment of convulsions and stomach aches
and as a sedative in oriental medicine. In addi-
tion, Acorus gramineus is effective against oxi-
dation, to activate suppressive neuroceptors, to
show antibacterial activity, and to act against
Alzheimer’s disease [3].

Acori plants include two species: A. gramineus
and A. calamus L. A. gramineus Soland is the
original species in Korea (KP), whereas A. tata-
rinowii Schott, which is similar to A. gramineus.
Soland is the original species in China (CP). The
use of A. calamus and A. gramineus is ambigu-
ous [4]. The aerial and subterranean parts of A.
gramineus, A. tatarinowii, and A. calamus, both
are medicinal herbs, show similar morpholo-
gies. Patients should be sure to use the correct
plant. However, more accurate and effective
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genus Acorus [10, 11]. Monitoring of
AGR purchased in Korean markets

Table 1. List of Acorus specimens used in this study

No. Locality Collection Date Identification results ) ”
1 Jeju, Korea 20102 A. gramineus using genomic DNA.markers has not
. been conducted previously.

2 Jeonbuk, Korea 2010.2 A. gramineus

3 Jeju, Korea 2010.2 A. gramineus Accordingly, our goals were to establish

4 Seoul, Korea 2010.2 A. gramineus a screening method and monitoring

5 Banan, China 2010.2 A. gramineus system at the genomic DNA level by

6 Guangxi, China 2002.7 A. gramineus developing markers using RAPD anal-

7 Szechuan, China 2010.2 A. calamus ysis to preyent the misuse an_d mix yse

8 Gyeongiu, Korea 2010.2 A. calamus of A. g_rammeus, and to identify its ina-
ppropriate use.

9 Seoul, Korea 2002.9 A. calamus

10 Guangxi, China 2002.9 A. calamus Materials and methods

11 Bonghwa, Korea 2010.2 A. calamus .

12 Uiseong, Korea 2002.7 A. calamus Plant materials

13 Zhejiang, China 2010.2 A. tatarinowii A total 16 Acorus samples were used in

14 Nanjing, China 2010.7 A. tatarinowii this study. Six of which were A. gramin-

15 Nanjing, China 2010.7 A. tatarinowii eus, six were A. calamus, and four were

16 Changsha, China 2010.7 A. tatarinowii A. tatarinowii (Table 1). Materials came

from dried roots or purchased from
commercial suppliers in Korea and

Table 2. Amplification and sequencing primers used in China. These samples were preserved

this study at the Korea Institute of Oriental Medi-
Primer name Direction Sequence (5’ to 3’) cine.

ITSp 1 Forward TACCGATTGAATGRTCCG DNA extraction

ITS 4 Reverse TCCTCCGCTTATTGATATGC

rbeL-1F Forward ATGTCACCACAAACAGAAAC Total DNA was extracted from the
rbeL-1352R Reverse CAGCAACTAGTTCAGGRCTCC Acorus samples and purified using a

screening methods need to develop before this
is feasible.

With recent advances in analytical methods in
molecular biology such as PCR and sequence
analysis, more accurate and objective methods
for classifying medicinal herbs have been
developed [5, 6]. Of these, randomly amplified
polymorphic DNA (RAPD) has been widely used
for accurately identifying plant species [7, 8]. In
particular, with the introduction of more accu-
rate and stable sequence-characterized, ampli-
fied region (SCAR) markers developed using
species-specific amplified products obtained
from RAPD analysis [9], studies involving
screening of medicinal herbs have been active-
ly conducted both domestically and interna-
tionally.

The objective of this study was to analyze the
genetic diversity of Korean Acorus using RAPD
markers and to examine the efficacy of SCAR
markers for distinguishing members of the
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Nucleospin® plant Il kit (Macherey-
Nagel, Diren, Germany), according to
the manufacturer’'s instructions. DNA was
quantified using an ND-1000 spectrophotome-
ter (NanoDrop Tech, Wilmington, DE, USA).

ITS and rbcL sequence analysis

ITS regions were amplified from total DNA by
PCR. The ITS region was amplified using the
primers ITSp 1 and ITS4 (Table 2) (White et al.,
1990). For a 25 pL PCR reaction, 1 pL of ge-
nomic DNA (~ 20 ng) was added to 12.5 pL
PrimeSTAR HS Premix (Takara, Shiga, Japan)
containing 0.63 U PrimeSTAR HS DNA Poly-
merase, 0.4 mM dNTP mixture, 2 mM Prime-
STAR Buffer, and 1 uL forward and reverse
primers (10 pM). PCR was performed using a
C1000™ Thermal Cycler (Bio-Rad, Hercules,
CA, USA) according to the following program:
denaturation was followed by 30 cycles of 10 s
at 98°C, 15 s at 50°C with a ramp time of
1°C/s, 1 min at 72°C, and 5 min of final exten-
sion at 72°C. The PCR product was purified
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Table 3. List of the sequences of the UBC 10-mer oligonucleotide primers used for RAPD analysis

Primer sequences

No. Sequences (5’ to 3’) No. Sequences (5’ to 3') No. Sequences (5’ to 3’)
UBC-001 CCTGGGCTTC UBC-315 GGTCTCCTAG UBC-491 TCCTGT CAAG
UBC-011 CCCCCCTTTA UBC-321 ATC TAG GGA C UBC-495 CTTTCCTICC
UBC-021 ACCGGGTTTC UBC-325 TCT AAG CTC G UBC-501 CGG ATATACC
UBC-030 CCGGCCTTAG UBC-331 GCCTAGTCAC UBC-511 GAATGG TGA G
UBC-040 TTA CCT GGG C UBC-335 TGG ACCACCC UBC-521 CCGCCCCACT
UBC-051 CTACCCGTGC UBC-341 CTGGGG CCGT UBC-531 GCTCACTGTT
UBC-060 TTG GCC GAG C UBC-345 GCGTGACCCG UBC-541 GCCCCTTTAC
UBC-071 GAG GGC GAG G UBC-351 CTC CCG GTG G UBC-551 GGAAGTCCAC
UBC-080 GTG CTCTAG A UBC-355 GTATGG GGC T UBC-561 CAT AACGACC
UBC-100 ATC GGG TCC G UBC-361 GCGAGGTGCT UBC-571 GCGCGG CACT
UBC-101 GCG GCTGGA G UBC-365 TAG ACA GAG G UBC-581 CCC GTT AAG G
UBC-111 AGT AGA CGG G UBC-371 TCTCGATIGC UBC-591 TCC CTC GTG G
UBC-121 ATA CAG GGA G UBC-376 CAG GACATC G UBC-601 CCG CCCACT G
UBC-131 GAAACAGCGT UBC-381 ATG AGT CCT G UBC-611 CCATCGTACC
UBC-141 ATCCTGTTC G UBC-386 TGT AAG CTC G UBC-621 GTCTGC GCTA
UBC-151 GTCGTAGTGT UBC-391 GCG AACCTC G UBC-631 GGCTTAACCG
UBC-161 CGTTAT CTC G UBC-395 TCACTT GAG G UBC-641 TGG AAC CAT G
UBC-171 TGACCCCTCC UBC-401 TAG GAC AGT C UBC-651 TCATTTCGCC
UBC-181 ATG ACG ACG G UBC-405 CTCTCGTGC G UBC-661 CCTGCTTAC G
UBC-191 CGATGGCTTT UBC-411 GAG GCCCGTT UBC-671 CAT TAAGGC G
UBC-201 CTGGGGATTT UBC-415 GTT CCAGCA G UBC-681 CCCCCGGACT
UBC-211 GAAGCG CGAT UBC-421 ACG GCC CACC UBC-691 AAA CCA GGC G
UBC-221 CCC GTC AATA UBC-425 CGTCGGGCCT UBC-701 CCCACAACCC
UBC-231 AGG GAGTTC C UBC-431 CTG CGG GTCA UBC-711 CCCTCTCCCT
UBC-241 GCCCGACGCG UBC-435 CTAGTA GGG G UBC-721 CCCTICCCTC
UBC-251 CTT GAC GGG G UBC-441 CTGCGTTCTT UBC-731 CCCACACCAC
UBC-261 CTGGCGTGAC UBC-445 TAG CAG CTT G UBC-741 CCTCCCTCTC
UBC-271 GCC ATC AAG A UBC-451 CTAATCTCGC UBC-751 CCCACCACAC
UBC-281 GAG AGT GGA A UBC-455 AGC AAG CCG G UBC-761 GAG AGG AGG G
UBC-291 AGC TGA AGA G UBC-461 CCCGTATGT C UBC-771 CccTccTCcCC
UBC-301 CGG TGG CGA A UBC-471 CCGACCGGAA UBC-781 GGG AAG AAG G
UBC-305 GCTGGTACCC UBC-481 GTAATT GCG C UBC-791 GTG GGT TGT G
UBC-311 GGT AAC CGT A UBC-485 AGA ATA GGG C

using a PCR purification kit (LaboPass™ PCR;
Cosmo Genetech, Seoul, Korea), according to
the manufacturer’s instructions. Cycle sequenc-
ing and the sequencing reactions were per-
formed by an external company (Solgent, Da-
ejeon, Korea). All sequences were edited using
Chromas (Technelysium, South Brisbane, Aus-
tralia) and aligned using the ClustalW algori-
thm of the software MEGA3. All sequence dis-
tances were calculated using MEGA3. Additi-
onally, a dendrogram phylogenetic tree was
constructed according to Kimura2-parame-
ters.
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RAPD analysis

RAPD amplification using 95 primers (Table 3)
was repeated twice. The amplification was per-
formed according to the protocol previously
described by Williams. Briefly, amplification
was performed with 1 pL of genomic DNA (~ 20
ng) in a 20 uL reaction volume containing 10 uL
2 x EF-Taq Premix (Solgent) and 2 uL 10 pM
primer (UBC, Canada). PCR was performed
using a C1000™ Thermal Cycler (Bio-Rad) un-
der the following conditions: initiation with 5
min of denaturation at 95°C, followed by 35

Int J Clin Exp Med 2014;7(9):2488-2496
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1' A.gramineus 1 GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGTCGAGGCCCGCGGACGA  ACCACCCCAAGAGARCCCGTCATCARC
2. Agramineus
3, Agramineus I
'4, Agramineus (NCBI)
5 Acalamus
6. Acalamus (NCBI) -
7, Atatarinowii Lt B
8, Atatarinowii .
9, Atatarinowii
10. A tatarinowii ;
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; ARAACGARCAACARCCCCGGCGCOGTCTGCGCCARGGARCTCTCCCGACAGGGATGAR CHECGCETGECACCHGCCTCTCGCCCACCCOGCG

sosnbuavibiiaal o foavalsvesfannel R N T M T T T M T
1 CTCTCGGCARCGGATATCTAGGCTCTCGCATCGATGAAGARACGT AGCGARARTGCGATACTTGCTGTGARTTGCAGARTCCCGTGARCCATCGAGTCTTTG

shosasbonaslonasfoanaloasabunnsloansloasulorvaloanalasnafovas
1 ARCGCARGTTGCGCCCGAGACCCATCOGGTCOAGGGCACGCCTGCCTGHGCGTCACGCCTTCCG

Figure 1. Partial ITS gene sequence alignment for Acorus gramineus, A. calamus, and A. tatarinowii compared with
sequences from the NCBI database.

cycles of 40 s at 95°C, 30 s at 38°C with a analyzed on 1.5% agarose gels at 130 V con-
ramp time of 1°C/s, 1 min at 72°C, and 5 min stant voltage for approximately 40 min, visual-
of final extension at 72°C. PCR products were ized under ultraviolet light and photographed.
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TCTCQIGACAGGAATGAAAGCHGGCECEECECETEGECACCEECCTCTCACCCACCCCGCEEECTTGCCGGCGACGGCARG

Acata-F4 —
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TCCCGGGGC TGGGAGGGCGE GGCCAA  GCCGCGCGGCGCGC ATCGAGTCCTAAT GGAAACGGTGATGA

TCCCGGGGCGECTEEEACGECGETGCCACCAR  GCCGCGCEECECEE ATmTCATMT GGARACG tTGA
TCCCGGGEC  TGGGAGGGCGG  GGCCAA  GCCGCGCGGCGCGC AT TGA

<— Acata-R4
410 420 430 440 450 460 470 480
saialaias lseislaninlcanelissnlvis )i i |asasliaa: lnaniliieanl e o Liae |
A. gramineus CTCTCGGCAACGGATATCTAGGCTCTCGCATCGATGARGAACGTAGCGAAATGCGATACTTGGTGTGAAT TGCAGAATCC
A. calamus CTCTCGGCAACGGATATCTAGGCTCTCGCATCOATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCC
A. tatarinowii CTCTCGGCAACGGATATCTAGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCC
490 S00 510 520 £30 540 5§50 S60
vnnlenes lswse sl sonl svesilamms Linssles) svnw leans basme leasalssnel voculuiss |
A. gramineus CGTGAACCATCBGAGTCTTTGAACGCAAGTTGCGCCCBAGACCCATCGEGT COAGGGCACGCCTECCTGGGCGTCACGCCT
A. calamus CGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGACCCATCEGGTCGAGGGCACGCCTECCTGEGCGTCACGCCT
A. tatarinowii CGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAGACCCATCGGGTCGAGGGCACGCCTGCCTGGGCGTCACGCCT
A. gramineus TCCG
A. calamus TCCG
A. tatarinowii TCCG

Figure 2. Alignment of ITS sequences from Acorus gramineus, A. calamus, and A. tatarinowii, showing the sequence

used to design the primer pair.

SCAR analysis

The diagnostic band for A. calamus amplified
using RAPD primer UBC-681 (5-CCCCCG-
GACT-3’), which was approximately 246 bp in
length, was purified using a LaboPass™ gel
extraction kit (Cosmo Genetech). Cycle se-
quencing and the sequencing reaction itself
were performed by an external company
(Solgent). These sequences were used to con-
struct alignments based on SCAR markers, and
primers for Aca681-F/R and were designed
using Primer Express (Bioneer, Daejeon, Korea).
The PCR conditions for each 20 uL reaction
were as follows: 1 uL of genomic DNA (~ 20 ng)
was added to 10 pL 2 x EF-Tagq Premix (Solgent)
and 1 uL each of 10-pM primers. PCR was per-
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formed using a C1000™ Thermal Cycler (Bio-
Rad), with 5 min of denaturation at 95°C, 30
cycles of 40 s at 95°C, 30 s at 55°C with a
ramp time of 1°C/s, 1 min at 72°C, and 5 min
of a final extension at 72.

Results

ITS sequence analysis and the design of spe-
cific primers for distinguishing A. calamus and
A. tatarinowii from A. gramineus

Amplified ITS sequences, 564 bp long, from the
3 species of Acori were compared. Compared
to A. gramineus, the sequence of A. calamus
showed 27 bp of substitutions, 16 bp of inser-
tions, and 4 bp of deletions, which correlates to

Int J Clin Exp Med 2014;7(9):2488-2496
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Figure 3. Comparison of rbcL sequences from Acorus gramineus, Acorus calamus, and Acorus tatarinowii showing
the sequences used to design the internal primer pair (IntAco-F2/R2).
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Aca-UBC681 GCATTTCCACTCCCAGGTTTCTGCCACTGAAAATTATAGCCTTCTTGCATTGCAGGGGATGAGATTCGCT
570 $80
-l- | O R Ty

Aca-UBC681 CCACAATGTTTAGCATGAATGCTTCCTCG
Figure 4. Characteristics of specific primers designed for discrimination of A. calamus. Sequence of A. calamus
amplified by the UBC-681 RAPD primer and the A. calamus-specific RAPD amplicon (Aca681-F/R).

92% (517 bp/564 bp) homology. Additionally, 2 bp of deletions were found in A. tatarinowii,
15 bp of substitutions, 15 bp of insertions, and correlating with 94% (532 bp/564 bp) homolo-
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Table 4. The sequence of the primers designed in this

bp in A. calamus, and 380 bp in A. tata-

study rinowii. The rbclL region showed no
Primer name Direction Sequence (5’ to 3’) !ntrasDeC!EC nuldeolt'dek\]/anat'on’ atthe
Acab81-F Forward  TTCTGA GGT CCAGGAGCTTCT  Interspecific level, the ~sequences

shared 99% homology, with a 1 bp vari-
Aca681-R Reverse TCC GTG TAC GAG CCA TCA - .

ation. Thus, the rbcL region of cpDNA
Acata-F4 Forward TGA CAG GAA TGA AAG CGG was observed to be highly homologous
Acata-R4 Reverse CAT CGT TTC CAT TCT TAT GAT TC between species, and we designed a
IntAco-F2 Forward ACG CCG GTA CAG TAG TAG GTA pair of primers common to the 3 spe-
IntAco-R2 Reverse ATA CCACGACTT CGGTCT T cies of Acori based on this region

(Figure 3).

Development of a pair of specific prim-
ers for identifying A. calamus by RAPD
analysis

To identify A. calamus, a pair of specific
primers (Aca681-F/R) was designed
based on analysis of the sequencing
results from the UBC 681 primer. This
primer pair produced a 246 bp ampli-
con and only recognized A. calamus
(Figure 4). Additionally, a pair of specific
primers (Aca681-F/R) was confirmed

Figure 5. PCR profile using Acata F4/R4 primer designed from the  for all samples.
partial ITS gene sequence and Aca681-F/R primer designed form

RAPD analysis using the random primer UBC 681 (M: size marker,
1-3: Acorus gramineus, 4-6: A. calamus, 7-9: A. tatarinowii, NTC: No

Template Control).

gy (Figure 1). Analysis of the phylogenetic tree
constructed using ITS sequences showed that
Acori can be classified into 3 groups: A. gramin-
eus, A. calamus, and A. tatarinowii. A. gramin-
eus was shown to be more closely related to A.
tatarinowii than to A. calamus (data not shown).

To distinguish between the 3 species of Acori,
ITS-specific primers were designed and tested.
However, the specific primers proved to be
inappropriate for distinguishing between the 3
species because of low reproducibility. Accor-
dingly, a primer recognizing the same locus in
both A. calamus and A. tatarinowii was desi-
gned (Figure 2). This specific primer was con-
firmed to be suitable for distinguishing A. cala-
mus and A. tatarinowii from A. gramineus.

Analysis of the rbcL sequence from chloroplast
DNA and design of internal primers

Analysis of nucleotide sequences amplified
using primers for the rbcL region of chloroplast
DNA (cpDNA) showed that the size of the ampli-
fied fragment was 523 bp in A. gramineus, 437
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Multiplex PCR analysis

We developed primers that could be

used to simultaneously distinguish
between A. gramineus, A. calamus, and A. tata-
rinowii. Six primers were designed, including A.
cata-F4 and A. cata-R4, which amplifies
sequences in both A. calamus and A. tatari-
nowii, Aca681-F and Aca681-R, which amplifies
sequence in A. calamus, and IntAco-F2 and
IntAco-R2, which simultaneously amplifies
sequences in all 3 species (Table 4). When mul-
tiplex PCR was conducted using all 6 primers,
246 bp and 153 bp bands were observed in A.
calamus, a 153 bp band was observed in A.
tatarinowii, and an identical 138 bp band was
observed in all 3 species (Figure 5). These
results confirmed that the specific primers
developed in this study can be used to distin-
guish between the 3 species of Acori using mul-
tiplex PCR. Additionally, optimal PCR conditions
were determined.

Monitoring
For monitoring, an allelic discrimination assay
was used. This method was also applied to

commercially distributed AGR (monitoring no.
1-69) in Korea. A total 52 of monitoring sam-
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Table 5. Monitoring of Acori Graminei Rhizoma purchased from Korean markets

Monitoring No. Identification Results Monitoring No. Identification Results Monitoring No. Identification Results

1 A. gramineus 24 A. tatarinowii 47 A. gramineus
2 A. calamus 25 A. 8ramineus 48 A. gramineus
3 A. tatarinowii 26 A. gramineus 49 A. gramineus
4 A. gramineus 27 A. gramineus 50 A. gramineus
5 A. gramineus 28 A. gramineus 51 A. tatarinowii
6 A. gramineus 29 A. gramineus 52 A. gramineus
7 A. gramineus 30 A. 8ramineus 53 A. gramineus
8 A. gramineus 31 A. 8ramineus 54 A. gramineus
9 A. gramineus 32 A. 8ramineus 55 A. 8ramineus
10 A. gramineus 33 A. gramineus 56 A. tatarinowii
11 A. tatarinowii 34 A. 8ramineus 57 A. gramineus
12 A. gramineus 35 A. gramineus 58 A. calamus

13 A. gramineus 36 A. gramineus 59 A. calamus

14 A. gramineus 37 A. tatarinowii 60 A. calamus

15 A. tatarinowii 38 A. 8ramineus 61 A. calamus

16 A. gramineus 39 A. gramineus 62 A. gramineus
17 A. gramineus 40 A. 8ramineus 63 A. calamus

18 A. calamus 41 A. gramineus 64 A. tatarinowii
19 A. gramineus 42 A. 8ramineus 65 A. gramineus
20 A. gramineus 43 A. gramineus 66 A. gramineus
21 A. gramineus 44 A. gramineus 67 A. tatarinowii
22 A. gramineus 45 A. gramineus 68 A. gramineus
23 A. gramineus 46 A. tatarinowii 69 A. gramineus

ples clustered with the sequence of A. gramin-
eus, 7 monitoring samples clustered with the
sequence of A. calamus, and 10 monitoring
samples clustered with the sequence of A. tata-
rinowii (Table 5). All samples had been sold as
A. gramineus in the commercial market. These
results suggest that our method can be used to
identify AGR in the Korean market. The SCAR
marker was used to confirm that identification
of AGR in the market is possible.

Discussion

Analysis of nuclear ribosomal DNA sequence
data showed that the ITS regions of A. gramin-
eus, A. calamus, and A. tatarinowii are 601 bp,
660 bp, and 624 bp long, respectively. When
these ITS regions were compared with nucleo-
tide sequences from GenBank (National Center
for Biotechnology Information, Bethesda, MD,
USA) using a BLAST search, A. gramineus was
confirmed to share 99% homology (600 bp/601
bp) with NCBI A. gramineus DQ008849, with
only a single one-bp substitution. No nucleotide
sequence variation was observed among the 6
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samples of A. gramineus. A. calamus share
99% homology (550 bp/551 bp) with NCBI A.
calamus DQO08848, with only a single one-bp
substitution. No nucleotide sequence variation
was observed among the six samples of A. cal-
amus. Samples of A. tatarinowii were confirmed
to share 95-97% homology (529-536 bp/552
bp) with NCBI A. tatarinowii DQO08845. Be-
cause each sample showed substitutions and
insertions of 16-23 bp in diverse locations, A.
tatarinowii appears likely to contain a large
number of intraspecific nucleotide polymor-
phisms.

Identifying the origin of medicinal herbs is very
important because their origin is relevant to the
effects of the herbs. However, nearly all import-
ed medicinal herbs are dried or processed,
making it difficult to distinguish between simi-
lar species and production regions based on
appearance. In this study, we developed spe-
cific primers that can be used to distinguish
between three species of herbs in the genus
Acorus using multiplex PCR, along with optimal
PCR conditions for their use. These specific
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primers can be used to identify both dried and
fresh plants. Additionally, a survey of samples
purchased at markets in Korea using these
primers confirmed the incorrect labeling of A.
gramineus bands and showed that most plants
from the Acorus are A. gramineus in the Korean
market.
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