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Introduction: mustard species and allergenic proteins

Mustard belongs to the Brassicaceae family - which includes more than 3200 species and 375 genera - and more 
specifically to the genera Sinapis and Brassica. White mustard (Sinapis alba), brown or yellow mustard (Brassica 

juncea) and black mustard (Brassica nigra) are worldwide cultivated and used as sources of vegetable oil, as flavour 
enhancer or as green manure. These plants have their origin in the region around the Mediterranean Sea and the 
Middle East and can now be found worldwide as cultivated species and as weed. Mustard seeds are sold as whole 
or ground seeds, or further processed and/or mixed in food products. Yellow mustard seeds, better known as 
“table mustard”, consist mostly of a mixture of different species. Sinapis alba is the most used mustard species in 
Europe, whereas Brassica juncea is more used in the USA and in Japan (Monsalve et al., 1993). 

Food allergens are a growing problem, especially in Western countries. Very low doses of allergens can already 
provoke a response in sensitive persons. Proteins with an allergic potential have been found in mustard. Because 
of their heat-resistance and limited enzymatic degradation, they are hard to deactivate during the production 
process. Also the widespread use of mustard seeds in herb mixtures makes these species potentially dangerous 
as so called “hidden allergens”. A hidden allergen is an allergen that is not mentioned on the packaging, of which 
the consumer is not aware that the food contains the allergen or of which the consumer ignores that he/she is 
allergic to it. A study of 2007 about the prevalence, the role and the cause of the presence of hidden allergens 
in food revealed that these are at the basis of 22.4% of all reactions on food (Anibarro et al., 2007). The ways how 
hidden allergens end up in food, are extremely varied. Frequently, it is due to carelessness of the consumer or the 
contamination of the food in restaurants, for instance due to unsatisfactory cleaned grills. However, contamina-
tion during the production process of the food is also a possibility. That’s why, on many packagings, warnings are 
printed such as “may contain traces of...”. 

The main characterised allergenic protein in mustard is 2S albumin, a seed storage protein (Menendez-Arias et al., 
1988). It’s a small protein (12 - 215 kDa), composed of 2 polypeptides linked to each other by disulphide bridges. 
The 2S albumin has also been isolated from turnip seeds, Leguminosae such as pea and soya, walnut, sesame 
seed and other Brassica spp. In white mustard, 2S albumin is indicated as Sin a 1 and in brown mustard as Bra j 1. 
Characterisation of these proteins has indicated general homologies in epitopes between the different species 
mutually. This is not surprising in view of the close genetic relationships between the species. Brown and black 
mustard are two of the six species of the “U’s triangle”, that describes the relationship between what is commonly 
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called the “cultivated Brassica” (Fig. 1). The angles of the U’s triangle are formed by three species with their own ele-
mentary genome: B. rapa (A-genome), B. nigra (B-genome) and B. oleracea (C-genome). The sides consist of three 
amphiploid species formed by the elementary genomes. B. juncea (AB), B. napus (AC) and B. carinata (BC).

Fig. 1 The “U’s triangle” describes the 
genetic relationship between three diploid 
plants B. oleracea, B. nigra and B. rapa and 
their allopolyploid relatives B. carinata, 
B. juncea and B. napus. Figure taken from 
http://en.wikipedia.org.

So, the 2S storage albumins Sin a 1 and Bra j 1 are structurally similar and closely related to allergens of other 
species such as rapeseed (Brassica napus). Both are heat-resistant (EFSA, 2004). Of Sin a 1 it has been revealed that 
it shares antigenic and allergenic determinants with the rapeseed main allergen Bra n 1 (Monsalve et al. 1997). 
Amongst the other allergenic proteins identifi ed in mustard seed, we have 11S globulin Sin a 2, the lipid transfer 
protein Sin a 3, and the profi lin proteins Sin a 4 and Bra n 8.  

Problem description and objective

Despite the revelation that persons allergic to mustard can also be sensible for other species within the Brassi-
cacea (Poikonen et al. 2008), only mustard is subject to the mandatory labelling according to the European Regu-
lation 1169/2011. Sensitive and specifi c methods for the detection of allergenic ingredients are necessary to be 
able to detect low concentrations of allergens in various matrices. Diff erent producers bring ready to use qPCR or 
ELISA-kits on the market for the detection and quantifi cation of mustard species. However, the existing detection 
methods and kits for mustard detect mostly the three species together and in addition, they show often cross-
reactivity with other species. This may be a problem when food on the basis of mustard contains also rapeseed or 
other related Brassica species (intentionally or as a contaminant). Moreover, the use of mustard as green manure 
can form a source of contamination during the production and harvesting of rapeseed. Finally, also mixed and 
consecutive productions of rapeseed and mustard species can cause possible contamination of the fi nal product.

A number of ELISA and PCR-methods described in literature (Fuchs et al., 2010; Mustorp et al. 2008, Palle-Reisch et 
al. 2013) as well as ready-to-use commercially available kits have been tested on their specifi city, in a comparative 
study on molecular detection methods for mustard species. In addition, primers have been developed for the 
species-specifi c amplifi cation of the three mustard species via qPCR. In an attempt to distinguish closely-related 
species on the basis of single nucleotide diff erences in a given target sequence, primers have also been develo-
ped for high-resolution melting curve analysis (HRMa or HRM-PCR).
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Experimental setup

For the testing of the existing ELISA- and qPCR-methods as well as newly developed PCR-methods, in total 37 
seed samples have been used, consisting of Brassica juncea, B. nigra and Sinapis alba, but also B. oleracea 
(cabbage), B. napus (rapeseed), Raphanus sativus (radish) and Arabidopsis thaliana (thale cress) seeds. These came 
from ILVO, CER-Groupe and IPK in Gatersleben, Germany. 

Four commercial ELISA- and 2 qPCR-kits for mustard have been tested for the time being. Subsequently, a qPCR-
method from literature (Fuchs et al., 2010), was evaluated on specifi city for Sinapis alba (white mustard). Finally, 
new PCR-methods for B. nigra and B. juncea were developed and evaluated.

Results & discussion

The four tested ELISA-kits detected the 3 mustard species. Targets of these commercial kits are not specifi ed, 
but most likely, these are polyclonal antibodies against 2S albumine (Sin a 1, Bra j 1, Bna III napin) or homologous 
allergenic proteins. Also the two tested commercial qPCR-kits amplifi ed the 3 mustard species, but showed also 
non-specifi c amplifi cation with for instance B. napus and A. thaliana. An example of the results of a qPCR-test 
evaluation is shown in Fig. 2.

The S. alba-specifi c qPCR-method from Fuchs et al. (2010) seems indeed to be specifi c for white mustard. No other 
species showed amplifi cation in a real-time PCR-reaction using this kit. The primers and TaqMan-probe are aimed 
at a specifi c sequence in the encoding gene for the MADS-D protein.

Fig. 2: qPCR amplifi cation plots as an example of output of a commercially available qPCR ready-to-use kit for the 
detection of mustard. The upcoming plots show the non-specifi city of the used primers.
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The newly developed qPCR analyses resulted in two potentially useful primer sets for B. nigra-specifi c detection. 
Evaluation of the primer pair Bni COL-Fa/Ra1 towards 37 accessions over 7 species of diff erent origin showed full 
specifi city for black mustard, but 3 out of 7 Brassica nigra-accessions gave no amplifi cation. In a fi rst evaluation, 
also Bni COL-FA/Ra2 seems to be specifi c for black mustard. These primer pairs amplify 146 bp resp 100 base pairs 
(bp) fragments of the constans-like protein-encoding gene. Results of the optimized melting peaks for the set of 
37 seed samples, obtained with primer pair Bni COL-Fa/Ra1, are shown in Fig. 3.

Fig. 3: Melting curves of the SYBR Green I qPCR assay with B. Nigra-specifi c primer pair Bni COL-Fa/Ra1 (146 bp). A 
specifi c melting peak of 84°C is obtained for 4 of the 7 tested B. nigra-samples. The non-specifi c melting peak at 
78°C is possibly due to primer dimers.

An increase of the specifi city of primer set Bni COL-Fa/Ra1 is aimed at, through the use of a Taqman probe, toge-
ther with the primers and/or adaptation of the annealing temperature and primer concentrations and/or applica-
tion of the method in high-resolution melting curve PCR analysis (HRM-PCR).

For B. juncea, the only known protein, the 2S seed storage protein, was selected as a target for primer develop-
ment. Since the homologies of this gene with other Brassica species are very large, the choice has been made to 
test approximately 10 primer pairs directly through HRM-PCR. The aim was to obtain a stronger diff erentiation of 
the species mutually. In general HRM-PCR analysis results did not yield unequivocal species-specifi c results. Acces-
sions of diff erent species were often compiled. At least one primer pair seems to be specifi c for brown mustard 
(see Fig. 4).
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Seven out of 8 tested B. juncea samples are classifi ed in the same group (group V in Fig. 4), but at least 2 out of 7 
B. nigra accessions are also part of this group. The test seems to be specifi c for B. nigra (5/7 in group I), however 
not 100 % in this case. Repetitions in order to verify reproducibility and possible additional optimisation steps in 
HRM-PCR are required to obtain one unambiguous specifi city for  B. juncea versus B. nigra. Besides, the purity of 
some accessions with ambiguous results needs to be verifi ed.
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