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Development of SCAR Markers for the Discrimination of Rhei Radix et Rhizoma and
Rhei Undulatai Rhizoma based on the RAPD
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ABSTRACTS

Objectives : Due to the morphological similarity and frequent occurrence of intermediate forms as
well as morphological variations of aerial part, the correct identification between Rhei Radix et
Rhizoma and Rhei Undulatai Rhizoma is very difficult. To develop a reliable method for correct
identification and improving the quality standards of Rhei Radix et Rhizoma and Rhei Undulatai
Rhizoma, we analyzed RAPD and developed SCAR marker.

Methods : To amplify target DNA at the genomic level, 32 Operon 10-mer random primers were
applied with four Rheum species, K. officinale, R. palmatum, R tanguticum and K. undulatum. The
nucleotide sequences were determined and species—specific primers were prepared depending on
the species—specific RAPD amplicons after subcloned into the pGEM-Teasy vector. To develop the
SCAR markers, species—specific PCR amplification and mutiplex-PCR were carried out using the
single species—specific primer pairs and combinations of them, respectively.

Results : We used RAPD analysis of four Rheum plant species to obtain several species—specific
RAPD amplicons. From nucleotide sequences of these RAPD amplicons, we developed two SCAR
markers that amplified 314 bp and 390 bp DNA fragments in only A wundulatum but not in £
officinale, R. palmatum, K. tanguticum and K. undulatum, for distinguishing Rhei Undulatai Rhizoma
and Rhei Radix et Rhizoma. Furthermore, we established SCAR markers for the simultaneous
discrimination of the three species within a single reaction by using multiplex—PCR.

Conclusions : These genetic markers can be used for the efficient discrimination of plants species
and commercial herbal medicines between Rhei Undulatai Rhizoma and Rhei Radix et Rhizoma, to
ultimately prevent indiscriminate distribution and prescription of these herbal medicines.

Key words : Rheum species, Rhei Radix et Rhizoma, Rhei Undulatai Rhizoma, Sequence Characterized
Amplified Region(SCAR) marker, Random Amplified Polymorphic DNA(RAPD), Molecular authentication
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Table 1. List of Plant Materials and Information of Specimens

Official Species Source Spacimen line
Rheum Kodairasi, Tokyo, Japan Leaf 1
dfficinale Li County, Gansu, China Leaf 2
Baill Enshi City, Hubei, China Seed 3
. ) . Leaf 4
Rhel Rheum Li County, Gansu, China Root 5
radix palmatum L. - -
et thizoma Rong County, Sichuan, China Leaf 6
Rheum Rong County, Sichuan, China Leaf 7
i . . . Leaf 8
M, 1 Couny, G, Chia
e Ball Wihen Gity, Hubd, China Root 10
Li County, Gansu, China Root 11
Kodairasi, Tokyo, Japan Leaf 12
Rhei
rhlzoma undulatum L. Taehack City, Leaf 14
Kangwon, Korea Leaf 15
Leaf 16
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(Solgent, Korea) &+ DNeasy plant mini kit(QIAGEN,
Germany)& ©]&3le] AZkA7} AF3 protocolol] whek
& AASA. BAE DNAY + AL 3913}
-.40}04 15% agarose gel= O]J‘LO}@] A719% &, EtBr
(Ethidium Bromide)2 9G235le] UV light’dollA] DNAS] %}
s FBIYoH, HEHOZE UV spectrophotometer
(Nanodrop ND-1000, Nanodrop, UK)Z o]&3}l 260
nme}t 230 nmolA FHEE g3t FF SFuTh

M
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Folge) Sl FENES A7) 81 & 2
10-mer RAPD primer(Operon Technologies, Germany)
2 o] g3t +49 Williams 7”22 RAPD PCR %
Eo Pt Table 2). PCR &2 ¢F 5~20 ng«]
genomic DNA9} 30 pmole®] RAPD primer, —12]il
unit®] DNA polymeraseS 30 w9 1x¥kg-8-M(75 mM
TrissHCL (pH 88), 20 mM  (NHy2SO4 0.1%(v/v)
Tween 20, 20 uM dNTP, 200 uM MgCl?ol z+2+ #7}s)
o] DNA Engine Dyad Thermal Cycler (MJ Research, USA)

Table 2. List of 10-mer Oligonucleotide Primers Employed
for RAPD Analysis

No  Primer Sequence(5’'—3") G+C Content(%)
1 OPA1 CAG GCC CTT C 70
2 OPA2 TGC CGA GCT G 70
3 OPA3 AGT CAG CCA C 60
4 OPA4 AAT CGG GCT G 60
5 OPA7 GAA ACG GGT G 60
6 OPA10 GTG ATC GCA G 60
7 OPA11 CAA TCG CCG T 60
8 OPB1 GTT TCG CTC C 60
9 OPB2 TGA TCC CTG G 60

10 OPB3 CAT CCC CCT G 70

11 OPB4 GGA CTG GAG T 60

12 OPB5 TGC GCC CTT C 70

13 OPB6 TGC TCT GCC C 70

14 OPB8 GTC CAC ACG G 70

15 OPB10 CTG CTG GGA C 70

16 OPB11 GTA GAC CCG T 60

17 OPC2 GTG AGG CGT C 70

18 OPC4 CCG CAT CTA C 60

19 OPCS8 TGG ACC GGT G 70

20 OPC12 TGT CAT CCC C 60

21 OPD1 ACC GCG AAG G 70

22 OPD2 GGA CCC AAC C 70

23 OPD3 GTC GCC GTC A 70

24 OPD5 TGA GCG GAC A 60

25 OPD8 GTG TGC CCC A 70

26 OPD10 GGT CTA CAC C 60

27 OPE1 CCC AAG GTC C 70

28 OPE2 GGT GCG GGA A 70

29 OPE3 CCA GAT GCA C 60

30 OPJ1 CCC GGC ATA A 60

31 OPJ2 CCC GTT GGG A 70

32 OPJ3 TCT CCG CTT G 60
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Fig. 1. RAPD profile of the R. officinale, R. palmatum, R.
tanguticum and R. undulatum using 10-mer random primers

The arrowheads indicate species-specific RAPD amplicons and
numbers on lanes 1 through 16 correspond to the lanes in Table 1.
M represents a 1 kb plus DNA ladder.
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= 314 bp

Fig. 2. Nucleotide seguence of the JDE1-1 R undulatum
specific RAPD amplicon and development of the SCAR marker

(A) Nucleotide sequence of the JDE1-1 RAPD amplicon.

(B) Confirmation of primer specificity for the SCAR marker.

The numbers corresponds to the lane numbers in Table 1. The
precise size of SCAR marker is indicated to the right of the panel,
with the arrowhead. M represents a 100 bp DNA ladder.
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- TAG TC CAATAGCATT GGGC
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GATGTGTTTG GGGGAGCAGG ATTGGGAGGC GACGTGAGAG GGACCTTGGG
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Fig. 3. Nucleotide sequence of the JDE1-2 R undulatum specific
RAPD amplicon and development of the SCAR marker

(A) Nucleotide sequence of the JDE1-2 RAPD amplicon.

(B) Confirmation of primer specificity for the SCAR marker.

The numbers corresponds to the lane numbers in Table 1. The
precise size of SCAR marker is indicated to the right of the panel,
with the arrowhead. M represents a 100 bp DNA ladder.

Fig. 4. Nucleotide sequence of the JDJ1-1 R. unaulatum
specific RAPD amplicon and development of the SCAR marker

(A) Nucleotide sequence of the JDJ1-1 RAPD amplicon.

(B) Confirmation of primer specificity for the SCAR marker.

The numbers corresponds to the lane numbers in Table 1. The
precise size of SCAR marker is indicated to the right of the panel,
with the arrowhead. M represents a 100 bp DNA ladder.
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Fig. 5. Amplification of a multiplex-PCR products using the
combination of a designed primer pairs

(A) Multiplex-PCR products from the combination of the JDE1-1
primer pair and JDJ1-1 primer pair.

(B) Multiplex-PCR amplification for discriminating Rhei Radix et
Rhizoma, Rhei Undulatai Rhizoma and of the combination of the
JDE1-1 primer pair and JDJ1-1 primer pair.

Numbers on lanes 1 through 14 correspond to the lanes in Table
1, and lane 15 and 16 represent Rumex crispus. The precise size
of SCAR marker is indicated to the right of the panel, with the
arrowhead. M represents a 100 bp DNA ladder.
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