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Molecular Authentication of Morus Folium Using Mitochondrial nad7 
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Abstract - Morus Folium (Sang‐yeop in Korean) is one of the most important Oriental medicinal plants. In Korea, both M. 
alba and M. cathayana are regarded as the botanical sources for Morus Folium. In order to discriminate M. alba and M. 
cathayana from their adulterant, M. tricuspidata, mitochondrial NADH dehydrogenase subunit 7 (nad7) intron 2 region was 
targeted for molecular analysis with universal primers. DNA polymorphisms, including SNP sites, insertions, and deletions, 
were detected among these three species sequencing data. Based on these DNA polymorphisms, specific primers were 
designed for the three species respectively. Multiplex PCR was conducted for molecular authentication of M. alba, M. 
cathayana, and M. tricuspidata with specific primers. The present results indicate that it is possible to identify Morus 
Folium from its adulterant using mitochondrial nad7 intron 2 region. The established multiplex‐PCR system was proved to 
be effective for identification of Morus Folium. The results indicate that mitochondrial introns can be used for inter‐specific 
polymorphic study, and the described method can be applied for molecular identification of medicinal materials.
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Introduction

Morus Folium (Sang‐yeop in Korean), the dried leaf of 
Morus alba Line, is one of the most important Oriental 
medicinal plants used in the Orient. Plants of the Morus genus 
are known to be rich in flavonoids and have been shown to 
exhibit anti‐HIV, anti‐oxidative, antihypotensive and cytotoxic 
activities (Nomura et al., 1980; Nomura et al., 1978; Luo et 
al., 1995; Hosseinzadeh et al., 1999; Kim et al., 1999; Doi et 
al., 2001). Morus Folium has been traditionally used in 
Korea, China and Japan for various medicinal purposes, such 
as clear the lung and moisten dryness, clear the liver, promote 
hair, eliminate abiding blood, stop thirst, soothe and disperse 
wind‐heat, aching and numbness of joints, moisten dryness 
(Chen et al., 1995).

In Korea, Morus L. species ca. 11 (4, with 1 cultivated) 
(Park, 2007) especially both M. alba Line and M. cathayana 
are regarded as the botanical sources for Morus Folium. 
However, the leaves of M. tricuspidata are always 

misidentified as Morus Folium due to their morphological 
similarities, especially the Morus Folium products in the 
market which are packaged in forms of powers of slices. 
Traditional authentication methods, which have relied on 
morphological and histological differences, are limited and 
quite often unreliable. Chemical analysis via examination of 
secondary metabolites is another ways to tried, but the 
metabolite profiles are significantly affected by environmental 
growth conditions as well as storage conditions (Yip et al., 
1985). In comparison, DNA analysis by molecular techniques 
is highly accepted for the proper identification of medicinal 
plants, because the identification of medicinal plants based 
on genotype is not influenced by growth stage and environ-
mental conditions of plants (Zhu et al., 2004). Several molecular 
biological methods such as random amplified polymorphic 
DNA (RAPD) (Cui et al., 2003; Shim et al., 2003; Shaw and 
But, 1995), arbitrarily primed polymerase chain reaction (AP
‐PCR) (Cheung et al., 1994), sequence characterized‐
amplified region (SCAR) (Choi et al., 2008; Wang et al., 
2001), restriction fragment length polymorphism (RFLP) 
(Ngan et al., 1999), loop‐mediated isothermal amplification 
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Table 1. Plant samples used in this study

Species Voucher Collection Date GenBank accessions of nad7 intron2 
M. alba DbHN1489 2010.3 

JF340231 

M. alba MAK301 2010.3 
M. alba MAK302 2010.3 
M. alba MAK303 2010.4 
M. alba MAK304 2010.3 
M. alba MAK305 2010.3 
M. alba MAK306 2010.4 

M.cathayana KRIBBSD2333 2010.4 

JF340232 
M.cathayana MCK201 2010.3 
M.cathayana    MCK202 2010.3 
M.cathayana MCK203 2010.3 

M.tricuspidata KRIBBSD2334 2010.3 

JF340233 
M.tricuspidata MTK101 2010.3 
M.tricuspidata MTK102 2010.4 
M.tricuspidata MTK103 2010.4 

(LAMP) (Sasaki et al., 2008), amplification fragment length 
polymorphism (AFLP) (Ha et al., 2002) and DNA microarray 
(Zhu et al., 2008) have been described until now. In this 
study, we developed a DNA technique to discriminate M. 
alba and M. cathayan from M. tricuspidata, by analyzing the 
mitochondrial nad7 intron 2 region.

Materials and Methods

Plant Materials
Plant samples of M. alba, M. cathayan, and M. tricuspidata 

were collected from Korea local market, Plant DNA Bank 
and The Wild Plant Seed Bank (http://seedbank.pdrc.re.kr/), 
respectively (Table 1). Three Morus standard samples were 
collected from Plant DNA BanK (http://pdbk.korea.ac.kr/), 
and The Wild Plant Seed Bank (http://seedbank.pdrc. re.kr/). 
Each standard sample number is M. alba (DbHN1489), M. 
cathayan(KRIBBSD2333), and M. tricuspidata(KRIBBSD2 
334).

DNA extraction and PCR amplification of nad7 intron 2 
region

The collected sample leaves were frozen in liquid nitrogen 
and ground into fine powder. Genomic DNA was isolated and 

purified using a Plant DNA extraction kit (Gene All, General 
bio system, Seoul, Korea). The primer pairs used for amplifica-
tion of nad7 intron2 region were nad7/2 (5’‐GCTTTACCTT 
ATTCTGATCG‐3’) and nad7/3 (5’‐TGTTCTTGGGCCATC 
ATAGA‐3’) (Duminil et al., 2002). PCR amplification was 
performed in a total volume of 20 μl, and the reaction mixture 
consisted of each of the primers at a concentration of 0.5 μM, 
50 ng of template DNA, and 10 μl of 2 × PCR premix 
(Genotech, South Korea). The amplification profile consisted 
of 1 pre‐denaturation cycle of 4 min at 94°C, followed by 35 
cycles of 30 s at 94°C, 30 s at 58°C, 1 min at 72°C, and a final 
extension at 72°C for 7 min. The PCR products were 
migrated on a 1.0% agarose gel electrophoresis and detected 
by ethidium bromide staining under UV.

Sequencing and DNA sequence analysis
The PCR products were purified used PCR product 

purification kit (GENEALL PCR SV, General bio system), 
according to the manufacturer’s instructions. The purified 
products were sequenced by Genotech, Inc. The DNA 
sequences of the mitochondrial nad7 intron2 regions obtained 
in sequencing experiments were compiled using SeqMan 
software, and the sequences were edited with BioEdit 
program (Hall et al., 1999). Multiple sequence alignments 
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Fig. 1. Comparison of the nad7 intron 2 regions of M. cathayana, M. alba, and M. tricuspidata.
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Table 2. Primers used in this study

Primer name Nucleotide sequences (5’→3’) Location
nad7/2 GCT TTACCTTATTCTGATCG nad7 exon
nad7/3 TGTTCTTGGGCCATCATAGA nad7 exon

PCF TTGTTGGCGAAACGAAGGT 759−777
DBF GGAGAAACTCTCGAGTTTCCTA 1103‐1134
DBR AATAAGGTCACCCATAACACG 1421‐1442
GBF AGAGATGACTAAGTGACATATGGA 33‐58
GBR GTA AGT GTGCGACT CCGTAT 503‐522

Fig. 2. Schematic diagrams of the primers used in multiplex 
PCR.

were performed using online ClustalW2 program (http://www.  
ebi.ac.uk/Tools/clustalw2/).

Design of specific primers
Specific primers were designed for M. alba, M. cathayana, 

and M. tricuspidata, respectively, on the basis of the DNA 
polymorphisms detected (Fig. 1). Primers GBF and GBR 
were designed for authentication of M. tricuspidata based on 
its specific SNP sites, while primers DBF and DBR were 
designed for specific identification of M. cathayana, based on 
its specific 10 bp‐deletion. Primer PCF, another sense primer 
of DBR, was designed to provide a positive control for all 
samples. The sequences and orientations of specific primers 
and common primers were shown in Table 2 and Fig. 2, 
respectively.

Multiplex PCR
Molecular authentication of Morus Folium was performed 

using multiplex PCR. Five primers, PCF, DBF, DBR, GBF 
and GBR, were used simultaneously in multiplex PCR 
amplification. The reaction mixture was identical with 
described above except the concentration of primers: the 
concentrations of five primers, PCF, DBF, DBR, GBF and 
GBR, were 0.7 μM, 0.25 μM, 0.38 μM, 0.38 μM and 0.38 μ

M, respectively. PCR amplification was performed in a total 
volume of 20 μl. The amplification profile consisted of 1 pre‐
denaturation cycle of 4 min at 94°C, followed by 30 cycles of 
30 s at 94°C, 30 s at 65°C, 1 min at 72°C, and a final extension 
at 72°C for 7 min. The PCR products were migrated on a 
1.0% agarose gel.

Results and Discussion

Nuclear internal transcribed spacer (ITS) region and 
chloroplast trnL‐F region have been demonstrated useful for 
identification at the species level (Baldwin 1992; Quandt and 
Stech, 2004). However, these two regions cannot be used for 
authentication of Morus Folium due to their less poly-
morphism. In comparison, mitochondrial genome has a remark-
able feature of slow‐rate evolution (Wolfe et al., 1987), 
resulted in low rate of sequence change. However, the 
sequence of introns and intergenic regions are highly variable 
due to the lack of sequence conservation in function (Hu and 
Luo, 2006). The mitochondrial nad7 introns have been 
demonstrated useful for intra‐specific polymorphic studies 
(Wang et al., 2009). In this study, the mitochondrial nad7 
intron 2 region was targeted for molecular analysis and this 
region was proved to be useful for discrimination of M. alba, 
M. cathayana, and M. tricuspidata.

The mitochondrial nad7 intron 2 regions of three species 
were PCR amplified using the universal primer sets of nad7 
intron 2 region, ‘nad7/2F’ and ‘nad7/3R’. The nad7 intron 2 
regions of M. alba, M. cathayana, and M. tricuspidata were 
determined to be 1491 bp, 1482 bp, and 1507 bp, respectively. 
Their sequences were registered in GeneBank with the 
accession numbers JF340231‐JF340233.
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Fig. 3. Gel image of multiplex‐PCR products. Lane M: 1,000 
bp DNA ladder; lane 1‐7: Morus alba; lane 8‐11: Morus
cathayana; lane 12‐15: Maclura tricuspidata.

Multiplex alignments of the nad7 intron 2 regions of M. 
cathayana, M. alba, and M. tricuspidata were perfomed with 
the CLUSTAL X program. DNA polymorphisms, including 
SNP sites, insertions, and deletions, were detected among 
these three species. Based on the three M. tricuspidata‐
specific SNP sites on the 54th‐56th positions, primer set GBF 
and GBR were designed. M. cathayana‐specific primer set, 
DBF and DBR, were designed according to the deletion 
located at 1,123th‐1,132th nucleotide positions. Primer PCF 
was designed to provide a positive control for all the samples, 
by combination with primer DBR (Fig. 1).

Molecular discrimination of M. cathayana, M. alba, and 
M. tricuspidata was conducted using multiplex PCR with the 
five primers described above. The combination of five 
specific primers, as shown in Fig. 3, yielded expected 
amplicons for different species. The lengths of specific 
amplicons were determined according the positions of 
corresponding specific primer sets. All the three species 
generated a universal band of 686 bp with primer PCF and 
DBR, which provide a positive control to show that the PCR 
amplification works properly. As expected, M. cathayana and 
M. tricuspidata yielded their specific amplicons with sizes of 
325 bp and 488 bp, which generated by their specific primer 
sets, GBF‐GBR and DBF‐DBR, respectively. Therefore, M. 
alba, M. cathayana, and M. tricuspidata can be clearly 
differentiated from each other by the developed multiplex 
PCR system. 

In the present study, we identified three Morus species by 
simultaneously amplifying their specific alleles using 
multiplex PCR. The present results indicate that it is possible 
to identify Morus Folium from its adulterant using mito-
chondrial nad7 intron 2 regions. Compared with other 
molecular markers, this method is reliable, time‐saving, and 

can be used for numerous repeated tests of many medicinal 
plants. We strongly recommend multiplex PCR for identifica-
tion of medicinal plants, and the methodology presented in 
this study can be adapted for authentication of other medicinal 
materials.
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