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Optimization of experimental conditions  

To obtain the best assay performance, we optimized different experimental conditions including the amount of Vent 

(exo-) DNA polymerase, the amount of Nt.BstNBI nicking enzyme, the concentrations of AP probe-155 and AP 

probe-21, the amount of APE1, the concentrations of Cy5-dCTP and Cy3-dGTP, the reaction time of RCA, and the 

amount of phi29 DNA polymerase. We investigated the influence of experimental conditions upon the value of F/F0, 

where F and F0 are the fluorescence intensity in the presence and absence of target miRNA, respectively. The amounts 

of Vent (exo-) DNA polymerase and Nt.BstNBI nicking enzyme are the crucial factors which influence the 

amplification efficiency of target miRNA-induced cyclic SDA reaction. As shown in Fig. S1A, the F/F0 value 

enhances with the increasing amount of Vent (exo-) DNA polymerase from 0.3 to 0.5 U, and reaches the maximum 

value at the amount of 0.5 U, followed by the decrease beyond the amount of 0.5 U. This can be explained by that 

the excess amount of Vent (exo-) DNA polymerase may induce the non-specific amplification. Therefore, 0.5 U of 

Vent (exo-) DNA polymerase is used in the subsequent experiments. Similarly, the F/F0 value enhances with the 

increasing amount of Nt.BstNBI from 1 to 2 U, and reaches the maximum value at the amount of 2 U (Fig. S1B). 

Thus, 2 U of Nt.BstNBI is used in the subsequent researches.  

 

Fig. S1 (A) Variance of F/F0 value with different amounts of Vent (exo-) DNA polymerase in the presence of miR-

155 (red column) and miR-21 (olive column), respectively. (B) Variance of F/F0 value with different amounts of 

Nt.BstNBI nicking enzyme in the presence of miR-155 (red column) and miR-21 (olive column) , respectively. Error 

bars show the standard deviation of three experiments. 

 

The efficient APE1-assisted cyclic cleavage of AP probes may generate primers for successful RCA, and thus 

the concentration of AP probes and the amount of APE1 should be optimized. As shown in Fig. S2A, the F/F0 value 

for miR-155 assay enhances with the increasing concentration of AP probe-155 from 80 nM to 160 nM, followed by 
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decrease beyond the concentration of 160 nM. Therefore, 160 nM AP probe-155 is used in the subsequent researches. 

Similarly, the F/F0 value for miR-21 assay enhances with the increasing concentration of AP probe-21 from 80 nM 

to 160 nM, followed by decrease beyond the concentration of 160 nM. Therefore, 160 nM AP probe-21 is used in the 

subsequent researches. As shown in Fig. S2B, the F/F0 value enhances with the increasing amount of APE1 from 0.5 

U to 1 U, followed by decrease beyond the concentration of 1 U. Therefore, 1 U of APE1 is used in the subsequent 

researches.  

 

Fig. S2 (A) Variance of F/F0 value with different concentrations of AP probe-155 (red column) and AP probe-21 

(olive column), respectively. (B) Variance of F/F0 value with different amounts of APE1 in the presence of miR-155 

(red column) and miR-21 (olive column), respectively. Error bars show the standard deviation of three experiments. 

 

Both Cy5-dCTP and Cy3-dGTP are the raw materials of RCA reaction, and their concentrations should be 

optimized. As shown in Fig. S3, the F/F0 value enhances with the increasing concentrations of Cy5-dCTP and Cy3-

dGTP from 4 μM to 8 μM, followed by decrease beyond the concentration of 8 μM. Therefore, 8 μM Cy5-dCTP and 

8 μM Cy3-dGTP are used in the subsequent researches.  

 

Fig. S3 Variance of F/F0 value with different concentrations of Cy5-dCTP for miR-155 assay (red column) and Cy3-

dGTP for miR-21 assay (olive column), respectively. Error bars show the standard deviation of three experiments.  
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We further investigated the effect of RCA reaction time and the amount of phi29 DNA polymerase upon the 

assay performance. As shown in Fig. S4A, the F/F0 value enhances with reaction time from 0.5 to 1.5 h, followed by 

decrease beyond 1.5 h. Thus, the reaction time of 1.5 h is used in the subsequent researches. As shown in Fig. S4B, 

the F/F0 value enhances with the amount of phi29 DNA polymerase from 2 to 5 U and reaches a plateau at the amount 

of 5 U. Therefore, 5 U of phi29 DNA polymerase is used in the subsequent researches. 

 

Fig. S4 (A) Variance of F/F0 value with RCA reaction time in the presence of miR-155 (red column) and miR-21 

(olive column), respectively. (B) Variance of F/F0 value with different amounts of phi29 DNA polymerase in the 

presence of miR-155 (red column) and miR-21 (olive column), respectively. Error bars show the standard deviation 

of three experiments.  
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Fig. S5 (A) Cy5 emission spectra generated by different concentrations of miR-155. (B) Linear relationship between 

Cy5 intensity at 668 nm and the logarithm of miR-155 concentration. (C) Cy3 emission spectra generated by different 

concentrations of miR-21. (D) Linear relationship between Cy3 intensity at 568 nm and the logarithm of miR-21 

concentration. Error bars show the standard deviations of three independent experiments. 
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Fig. S6 Single-molecule fluorescence imaging of different-concentration miR-155 (A) and miR-21 (B). Scale bar is 

5 μm. 
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Table S1. Comparison of the proposed method with the reported methods for miR-155 and miR-21 assays. 

Analytical method 

Linear range Detection limits 

Ref. 

miR-155 miR-21 miR-155 miR-21 

Bidirectional DNA walking 

machine-based 

electrochemiluminescence 

biosensor 

5 fM – 500 pM 5 fM – 500 pM 1.67 fM 1.51 fM 1 

Peptide nucleic acid-based 

electrochemical biosensor 
50 fM – 5 nM 10 fM – 5 nM 11.63 fM 2.49 fM 2 

DNA tetrahedral nanostructure-

based electrochemical biosensor 
10 fM – 10 nM 10 fM – 1 nM 10 fM 10 fM 3 

Quantum dots and graphene oxide 

nano-photon switch-based 

fluorescent assay 

1 pM – 1 nM 1 pM – 1 nM 1 pM 1 pM 4 

Stir-bar assisted magnetic DNA 

nanospheres-encoded probes-

based electrochemical assay 

5 fM – 2 nM 5 fM – 2 nM 1.8 fM 1.5 fM 5 

Molecular beacon-based 

fluorescent assay 
1 nM – 50 nM – 0.5 nM – 6 

Enzyme-free target recycling 

amplification and DNA tetrahedron 

nanoprobes-based electrochemical 

assay 

– 0.5 fM – 100 nM – 0.25 fM 7 

Multicolor fluorophores-encoded 

cascade signal amplification-based 

fluorescent assay 

1 fM – 100 pM 10 fM – 100 pM 0.983 fM 5.01 fM 
This 

work 

Multicolor fluorophores-encoded 

cascade signal amplification-based 

single-molecule detection 

100 aM – 10 pM 100 aM –10 pM 25.7 aM 45.7 aM 
This 

work 
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The qRT-PCR measurement 

We employed qRT-PCR to verify the accuracy and reliability of the proposed method using Mir-X miRNA qRT-PCR 

TB Green® Kit (TaKaRa Biotechnology Co., Ltd. Dalian, China). The specific primer of miR-155 is 5’ – TTA ATG 

CTA ATC GTG ATA GGG GT – 3’, and the specific primer of miR-21 is 5’ – TAG CTT ATC AGA CTG ATG TTG 

A – 3’. The indicated concentration of synthetic miRNAs and the total RNA extracted from real samples (cultured 

cell lines or lung tissues) were reverse transcribed. The PCR amplification of cDNA (the reverse transcripts of RNA) 

was performed under the following conditions: 95 °C for 10 s, 45 cycles of 95 °C for 5 s, and 60 °C for 20 s. The 

real-time fluorescence measurements were performed in a Bio-Rad CFX connect Real-Time System, and the 

fluorescence intensity was monitored at an interval of 25 s. Three independent experiments were performed. The 

synthetic miRNA oligonucleotides were used to generate standard curves for miR-155 and miR-21, respectively. As 

shown in Figs. S7A and S7C, the real-time fluorescence intensity enhances in a sigmoidal fashion. The threshold 

cycle (CT) value exhibits a linear correlation with the logarithm of miR-155 concentration (Fig. S7B), and the 

regression equation is CT = -19.63 - 3.954 log10 C (R2 = 0.9979). Similarly, the CT value exhibits a linear correlation 

with the logarithm of miR-21 concentration (Fig. S7D), and the regression equation is CT = -20.78 - 3.901 log10 C 

(R2 = 0.9960). The concentration of miRNA from real samples was calculated according to the calibration curve.  
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Fig. S7 Generation of calibration curve for miR-155 and miR-21 quantification by qRT-PCR. (A and C) qRT-PCR 

output from Bio-Rad software. (B and D) Calibration curve. Error bars show the standard deviation of three 

experiments.  
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