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Horseradish (Armoracia rusticana) is a traditional herb used mainly in Asia, Europe, and North 
America.  Processed food products that include horseradish as an ingredient have been developed and 
produced.  Here, we report on the detection of multiple myrosinase genes of horseradish that closely re-
semble each other.  For amplifi cation of each myrosinase gene, a primer was designed and subjected to 
polymerase chain reaction (PCR) to obtain the horseradish DNA fragments (ca. 500 bp).  PCR using the 
myrosinase gene primers obtained no corresponding DNA fragments of other species, including wasabi, 
radish, spinach, and pea.  This amplifi cation technique is therefore applicable for the specifi c detection of 
horseradish for processed food products.
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Introduction
Horseradish (Armoracia rusticana) is a perennial herb of 

the Brassicaceae family that is grown in Asia, Europe, and 

North America.  Processed food products, such as horserad-

ish dry powder, horseradish paste and prepared horseradish 

mixed with other condiments, have been developed and pro-

duced.  Recently, reported health benefi ts of horseradish and 

its constituents include plasma cholesterol reduction in mice 

(Balasinska et al., 2005), tumor cell proliferation and cyclo-

oxygenase activity prevention (Weil et al., 2005), as well 

as an antimicrobial effect on Vibrio parahaemolyticus by 

horseradish extract (Yano et al., 2006).  Allyl isothiocyanate, 

a major pungent component in horseradish (Li and Kushad, 

2005; Zhang et al., 2007), shows biological activities, such 

as inhibition of urotoxicity in mice (Manesh and Kuttan, 

2005), bactericidal activities (Nadarajah et al., 2005; Shin et 

al., 2004), and antifungal activity (Mari et al., 2002).

Isothiocyanates are generated by a two component 

myrosinase-glucosinolate system (Rask et al., 2000).  The 

mechanical disruption of plant tissue provides the enzymatic 

reaction, which converts glucosinolates to the correspond-

ing isothiocyanates.  Myrosinase genes have been isolated 

from Brassicaceae plants (Thangstad et al., 1993).  From the 

amino acid sequences, myrosinases of Brassicaceae fall into 

two major subfamily types, the Brassicaceae crop type and 

Arabidopsis type (Saitoh et al., 2006).  However, myrosi-

nases of horseradish (Li et al., 2007) and wasabi (Eutrema 

wasabi) (Saitoh et al., 2006) do not fall into either subfamily 

type.

Food companies have developed processed food products 

related to horseradish.  Since information about the composi-

tion of processed food products has become important, the 

inclusion of a universal method to detect horseradish is nec-

essary.  In the case of wasabi, which is a pungent condiment 

used in Japanese dishes, a polymerase chain reaction (PCR)-

based detection method with specific primers to amplify 

wasabi myrosinase genes from products containing wasabi 

has been reported by Hara et al. (2007).  In this paper, we ap-

ply a similar method to detect horseradish myrosinase genes 

in products containing horseradish.

Materials and Methods
Plant materials   Two cultivars of horseradish (Armora-

cia rusticana), a Bohemian type and a common type, were 

grown in a field at S&B Foods Inc., Japan and were har-

vested after 1 year.  The petioles were kept at -70℃ until 

analysis.  Radish, spinach and peas were purchased at a local 
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market in Japan.

Food products   Horseradish powder and ready-to-use 

wasabi paste were purchased from a food market in Japan 

and kept at 4℃ until DNA extraction analysis.

Cloning of myrosinase cDNA fragments   Total RNA 

was extracted from the horseradish petiole with an RNeasy 

Plant Mini Kit (Qiagen, Tokyo, Japan).  Petiole tissues were 

used for the RNA extraction. The petiole was preferred over 

the root because a better quality of RNA could be extracted.  

Early experiments unintentionally found partial sequences 

of two cDNA clones, which were selected from reverse tran-

scription-polymerase chain reaction (RT-PCR) products am-

plified from the horseradish petiole, and were identical to the 

previously reported root-derived horseradish myrosinase se-

quence, ArMY1 (accession No. AY822710, Li et al., 2007).  

This finding showed that expression of myrosinase could be 

similar for both the petiole and the root of the horseradish.  

The cDNA fragments of horseradish myrosinase were pre-

pared by RT-PCR using an RNA PCR Kit ver. 2.1 (Takara, 

Tokyo, Japan).  The two cultivars were labeled “Bohemian” 

and “common”.  Total RNA (1 mL) was reverse transcribed 

at 42℃ for 30 min, and PCR with the primers, Myr1 and 

Myr3 (Fig. 1), was performed 40 cycles of 94℃ for 30 s, 

45℃ for 30 s, and 72℃ for 120 s.  The PCR products (ca. 

700 bp) were cloned into a pDrive Cloning vector (PCR 

Cloning Kit, Qiagen).  Nucleotide sequencing was performed 

using a SequiTherm EXCEL II Long-Read Premix DNA 

Sequencing Kit-LC (Epicenter Technologies, Tokyo, Japan) 

on a DNA sequencer (Model 4000L, Aloka, Tokyo, Japan).  

Alignment and phylogenetic analysis implemented the un-

weighted pair group method using arithmetic average (UP-

GMA) and GENETYX-MAC Ver. 8.0 software (GENETYX, 

Tokyo, Japan).

Preparation of pastes   Rhizome of horseradish and 

wasabi paste were both ground by a steel musher until form-

ing a smooth paste.  The pastes were mixed with the follow-

ing paste ratios (w/w): 0%, 0.01%, 0.1%, 1%, 5%, 10%, and 

100% of horseradish.  Corresponding pastes (100 mg each) 

were frozen by liquid N2 and kept at -70℃ until analysis.

Detection of horseradish myrosinase genes   DNA of 

horseradish, wasabi, radish, spinach, and pea plants were 

extracted by a DNeasy Plant Mini Kit (Qiagen).  Pastes and 

processed food products were directly extracted.  After ex-

traction, quality of the DNA fractions was estimated by using 

0.5% agarose gel electrophoresis.  DNA samples (0.5 μg) 

were used for PCR templates.  Taq DNA polymerase used 

was Gene Taq (Nippon Gene, Tokyo, Japan).  PCR with the 

primers, Seiwasa1 and Seiwasa3 (Fig. 1), was performed 

for either 30 (Fig. 3A) or 25 (Fig. 4) cycles of 94℃ for 

30 s, 60℃ for 30 s, and 72℃ for 120 s.  PCR products were 

analyzed by 1% agarose gel electrophoresis.  For nested 

PCR, 10 ng of the initial 30-cycle PCR products were re-

amplified under the same cycle conditions with primers, Sei-

wasa2 and Seiwasa3 (Fig. 1).

M. hArA et al.

Fig. 1. Positions and sequences of primers for myrosinase genes.
Right- and left-directed arrows indicate sense and antisense primers, respectively.  Locations of the arrows in 
the figure are approximate.  Numbers on the right side of each nucleic acid sequence show a position of the 
corresponding primer.  The numbers represent base pairs from the 5’ end of the ArMY1 open reading frame.
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Results and Discussion
First, the differences between horseradish myrosinase 

and other myrosinases were investigated to determine 

whether the gene of horseradish myrosinase was useful for 

specific detection of horseradish.  Plant myrosinases are 

generally classified into the Brassicaceae crop type and the 

Arabidopsis type.  Recently, sequences of wasabi myrosinase 

WjMY1 (accession number AB194903) (Saitoh et al., 2006) 

and horseradish myrosinase ArMY1 (accession number 

AY822710) (Li et al., 2007) have been determined.  Hara et 

al. (2007) reports that the homology between ArMY1 and 

other myrosinases range from 75.7% (ArMY1 vs. radish 

MB) to 77.5% (ArMY1 vs. Arabidopsis TGG2).  Because 

the nucleic acid sequences between ArMY1 and other my-

rosinases are less than 22.5% different, we predict that dis-

tinction between horseradish myrosinase(s) and other plant 

myrosinases is possible by PCR.

Little information is known about the constitution of a 

gene family of myrosinase in horseradish.  Thus, the varia-

tion of myrosinase genes in horseradish was investigated by 

RT-PCR with degenerate primers, Myr1 and Myr3 (Fig. 1), 

which were designed from conserved regions of the myrosi-

nase amino acid sequences among the Brassicaceae crop type 

and the Arabidopsis type (Hara et al., 2000).  As was ex-

pected, the exclusive amplification of myrosinase genes was 

expressed from the horseradish.  From the Bohemian and 

common cultivar types tested, the expected cDNA fragments 

(ca. 700 bp) were amplified from the RNA samples (data not 

shown).  After cloning the fragments into the plasmid vec-

tor, we sequenced 13 clones (7 clones in Bohemian and 6 

clones in common).  The clone names were Bohemian1, Bo-

hemian2, Bohemian3, Bohemian4, Bohemian5, Bohemian7 

and Bohemian9, and common1, common2, common3, com-

mon5, common6, and common8.  All 13 clones had a nucleic 

acid length of 706 bp.  Bohemian1 (663 bp) with both ends 

of the PCR products corresponding to the degenerate primers 

eliminated was shown in Fig. 2.  A sequence analysis demon-

strated that 6 out of the 13 clones, (Bohemian1, Bohemian2, 

Bohemian9, common1, common6, and common8) had iden-

tical sequences.  The sequences of the 6 clones were also 

identical to the corresponding sequence in the horseradish 

myrosinase clone, ArMY1 (accession number AY822710), 

Detection of Horseradish by Myrosinase Genes

Fig. 2. Nucleic acid sequence of a Bohemian1 clone and mutations found in other clones.
Nucleic acid sequence of a Bohemian1 clone is shown above.  Small letters (a-v) represent positions of mutations.  PCR 
primers (Seiwasa1, Seiwasa2, and Seiwasa3) are represented by arrows at the corresponding sites.  Seiwasa1 and Seiwasa2 
are sense primers.  Seiwasa3 is an antisense primer.  Mutations in 7 clones are summarized below (i.e., "g (A→G))" means 
that A in the Bohemian1 clone changes to G at the position of g.
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which was obtained from a horseradish root (Li et al., 2007).  

This result showed that ArMY1 could be a myrosinase clone 

mainly expressing in the horseradish plant.  The other 7 

clones were not identical, but similar to Bohemian1.  The 

greatest variation to the Bohemian1 was Bohemian3 with 

98.3% homology.  This result suggests that horseradish may 

possess a large myrosinase gene family consisting of mul-

tiple copies of genes with minor mutations.

To perform sensitive detection of horseradish myrosinase 

genes, 2 primers, Seiwasa1 and Seiwasa3, were prepared 

that were could amplify all 13 clones (Figs. 1, 2).  The se-

quences of Seiwasa1 and Seiwasa3 could not be found in the 

sequence of wasabi myrosinase WjMY1 (data not shown), 

thus it was likely that the two primers could not anneal to 

the wasabi myrosinases.  DNA samples were extracted from 

the Bohemian type and the common type.  When the DNA 

samples were subjected to PCR with primers, Seiwasa1 and 

Seiwasa3, an apparent band at a calculated 500 bp was found 

in each reaction (Fig. 3A).  However, no visible signals ap-

peared in the DNA samples of wasabi, radish, spinach, or 

pea.  The fragment size amplified with Seiwasa1 and Sei-

wasa3 was calculated to be 239 bp, excluding introns.  How-

ever, the bands indicated in Fig. 3A are significantly larger 

than the expected size.  To test whether the bands amplified 

from horseradish DNA were fragments of myrosinase genes, 

nested PCR was performed.  PCR products amplified by us-

ing Seiwasa1 and Seiwasa3 were successfully re-amplified 

by Seiwasa2 and Seiwasa3 (Fig. 3B, lane 1 for the Bohemian 

type and lane 3 for the common type).  The re-amplification 

demonstrated that the 500-bp fragments, which could contain 

intron(s), were portions of horseradish myrosinase genes.  

Two additional bands were co-amplified by the PCR (Fig. 3).  

The sizes were calculated to be 740 bp and 240 bp.  These 

minor bands were usually fainter than the major band (ca. 

500 bp).  The larger band (ca. 740 bp) seemed to be specific 

to horseradish, but the smaller one (ca. 240 bp) appeared 

nonspecifically in all samples tested.  It was assumed that the 

major band is not disturbed by the additional bands as the 

sizes of the bands were totally different.

Whether the detecting method could be applied to horse-

radish-related processed food products was also tested.  In 

Japan, horseradish-related food products frequently contain 
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Fig. 3. Amplification of myrosinase gene fragments from horseradish (A. rusticana) DNA.
(A) Results of PCR with primers Seiwasa1 and Seiwasa3.  DNA samples are prepared from 
horseradish cultivars and other plants.  The PCR conditions are described in the Materials 
and Methods section.  Lane M, DNA size marker; lane B, horseradish Bohemian type; lane 
C, horseradish common type; lane W, wasabi (Eutrema wasabi); lane R, radish (Raphanus 
sativus); lane S, spinach (Spinacia oleracea); lane P, pea (Pisum sativum).  An arrowhead 
indicates apparent bands found in horseradish cultivars.  (B) Nested PCR by a combination 
of Seiwasa2 and Seiwasa3.  Lane M, DNA size marker; lane 1, horseradish Bohemian type 
with re-amplification; lane 2, horseradish Bohemian type without re-amplification; lane 3, 
horseradish common type with re-amplification; lane 4, horseradish common type without re-
amplification.  An arrowhead indicates expected bands.
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not only horseradish but also wasabi; thus, mixed pastes 

consisting of horseradish and wasabi in various proportions 

were prepared, as shown in the legend of Fig. 4.  The PCR 

condition was the same as that the conditions in Fig. 3A.  

Apparent bands (ca. 500 bp) were obtained in the pastes con-

taining horseradish at 5% (w/w), 10% (w/w), and 100% (w/w) 

(lanes 5, 6 and 7 in Fig. 4).  A faint band was detected in the 

paste containing 1% (w/w) of horseradish (lane 4 in Fig. 4).  

However, no visible signals were found in the pastes contain-

ing 0% (w/w), 0.01% (w/w), and 0.1% (w/w) of horserad-

ish (lanes 1, 2 and 3 in Fig. 4).  These results suggest that a 

detection limit for horseradish in the paste was a calculated 

1% in the present condition.  Two kinds of commercial food 

products, horseradish powder and a ready-to-use wasabi 

paste, purchased from a food market in Japan were then 

tested.  The powder contained horseradish, while the wasabi 

paste did not.  A clear band appeared in the horseradish pow-

der (lane 8, Fig. 4), but no signal was indicated in the ready-

to-use wasabi paste (lane 9, Fig. 4).  These results suggest 

that the present method can detect genes for horseradish my-

rosinase from products containing horseradish.

Processed food products containing horseradish have 

been produced as ready-to-use seasonings.  Although con-

sumer concerns about the composition of food products are 

increasing, techniques for detecting horseradish have not 

significantly improved.  Here, we propose a method for de-

tecting horseradish myrosinase genes from samples contain-

ing horseradish.  This method is based on PCR techniques 

with the use of specific primers for horseradish myrosinases.  

The specific primers, Seiwasa1 and Seiwasa3, can anneal to 

corresponding sites of myrosinase genes forming multiple 

copies in horseradish DNA.  Thus, selective and sensitive 

detection of myrosinase is possible.  As detection of the 

horseradish myrosinase genes in the horseradish paste and 

the horseradish powder has been performed here, testing for 

horseradish in food products is now possible.
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