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Supplementary Information 

The specificity of a FO-SPR melting assay, as described by Knez et al. [1,2], was tested by performing 

multiplex analysis of celery DNA sequence (originating from Api g 1 celery gene) and carrot DNA sequence 

(originating from dau c1 carrot gene). Carrot DNA sequence was included as exogenous positive control to 

demonstrate the specificity of our assay because it is well known from literature that carrots show high cross 

reactivity with celery [3–5]. 15 µL of the DNA targets (10 nM final concentration) was added to 42 µL PBS with 

300 mM NaCl, and 43 µL functionalized gold nanoparticles. Before each measurement, the samples were heated 

to 94 °C for 5 s. Subsequently, the temperature was lowered to allow hybridization. After 15 min, the temperature 

was slowly raised (0.1 °C/s) till 94 °C. The results of the FO-SPR melting analysis experiments revealed 15 °C 

difference in melting temperature between the carrot DNA and the celery DNA (Figure S1), confirming indeed 

that the designed FO-SPR melting assay is specific. 

 

Figure S1. A multiplex FO-SPR melting analysis performed for carrot DNA and celery DNA target 

sequences on the same FO-SPR sensor. 

Nevertheless, when the same celery sequence from Api g 1 gene was tested using qPCR/HRM together with 

3 other sequences from Mtd celery gene (Mtd, Mtd 2 and Mtd 3), Mtd (Figure S2B) and Mtd 3 (Figure S2D), were 

identified as more optimal compared to Api g 1 due to the reproducible absence of signal in the non-template 

control (NTC) after 30 cycles (Figure S2). Because the specificity of Mtd 3 sequence was confirmed through 

BLAST report, this sequence was finally selected for all experiments as presented in the manuscript. 
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Figure S2. qPCR signal for different concentrations of different synthetic targets (1 nM–10 fM):  

Api g 1 (A), Mtd (B), Mtd 2 (C) and Mtd3 region (D). Non template controls (NTC) have been included. 

The amplification of DNA in solution, by heating up and cooling down the PCR mixture, was studied in 

the presence of the FO-SPR sensor. The FO-SPR signal is continuously monitored with a thermocouple, which is 

the inverse of the temperature change. However, from the moment DNA target is amplified through  

FO-PCR-MA above the detection threshold of the FO-SPR, the melting signal of the amplified DNA target will 

superimpose on the refraction index shift of the temperature measured with the FO-SPR sensor [6]. By taking 

the first order derivative of the SPR signal with respect to the temperature, the Tm of the Mtd 3 target was 

resolved very precisely. When the FO-SPR melting peak height is plotted versus the PCR cycle number for 

different Mtd 3 concentrations (Figure S3), it can be seen that melting peaks increase cycle-to-cycle. In Figure S4, 

the melting peak signals of the three spiked samples are visualized in function of the number of PCR cycles. 
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Figure S3. Presentation of the melting peak signals in function of the number of PCR cycles. The  

FO-PCR-MA signal threshold of 0.095 nm is depicted with the red line on the figures. Analysis of the 

signal height for different DNA concentrations (10−12–10−16 M) is shown for the Mtd 3 target sequence. 

Furthermore, the non-template control (NTC) analysis of the signal height is presented in the bottom 

right corner of the figure. 

To determine the error bars in Figure 3C, the following procedure was followed. First, the standard 

deviation on the FO-SPR signal of the last 5 cycles (here: cycles 36 till 40), where saturation occurs, was calculated. 

Assuming that the standard deviation is constant and independent of the cycle number, this value was 

transferred to the FO-PCR-MA signal threshold value (Th). The FO-PCR-MA signal threshold value plus one 

standard deviation (Th + 1 sigma) and minus one standard deviation (Th − 1 sigma) were calculated. The 

variability on the cycle number was then determined by taking the highest cycle number for which the FO-SPR 

signal was equal to Th − 1 sigma and by taking the lowest cycle number for which the FO-SPR value was equal 

to Th + 1 sigma. As this conversion is a non-linear transformation, the error bars in Figure 3C are typically 

asymmetric. 
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Figure S4. Presentation of the melting peak signals in function of the number of PCR cycles. The  

FO-PCR-MA signal threshold of 0.095 nm is shown on the figures. Analysis of the signal height of 

different spiked biological samples (DNA 1, DNA 2 and DNA 3) are shown for the Mtd 3 target 

sequence. 
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