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Table S1. A summary of the methods for detecting single type of nucleic acid biomarkers in buffer 

Detection method Target Detection range LOD Ref 

chronoamperometry miRNA-21 0.1-70 pM 0.06 pM [1] 

chemiluminescence let-7b 20 fM-5 pM 10 fM [2] 

field-effect transistor miRNA 1 fM-100 pM 10 fM [3] 

colorimetric Let-7a 10 fM-10 nM 7.4 fM [4] 

fluorescence 

miRNA-205 3.8 pM-10 nM 3.8 pM [5] 

let-7a 5 fM-1 pM 5 fM [6] 

miRNA-141 100 fM-10 nM 100 fM [7] 

let-7a 0.1 fM-0.1 μM 0.1 aM [8] 

let-7a 0.5 pM-25 nM 0.4 pM [9] 

miRNA-21 1 fM-1 nM 1 fM [10] 

SPR miRNA-21 1 fM-1 nM 0.1 fM [11] 

SERS 

DNA 100 fM-1μM 10 pM [12] 

RSAD2 DNA 1 nM-100 nM 1 nM [13] 

DNA 1 fM-100 pM 1 fM [14] 

DNA 50-500 pM 50 pM [15] 

let-7b 1 pM-10 nM 0.3 fM [16] 

DNA 10 fM-100 pM 3 pM [17] 

miRNA-21 100 aM-100 pM 15 aM 
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Table S2. A summary of the methods for detecting multiple nucleic acid biomarkers in buffer 

Detection method Target Detection range LOD Ref 

electrochemical 

miRNA-21 
0.005-50 pM 

3 fM 
[18] 

miRNA-141 4.2 fM 
miRNA-155 0.5-30 pM 12 fM 

[19] 
miRNA-27b 0.5-1050 pM 31 fM 

electrochemiluminescence 
miRNA -21 0.02-150 pM 6.3 fM 

[20] 
miRNA-141 0.03-150 pM 8.6 fM 

fluorescence 

miRNA-141 
2-700 fM 

300 aM 
[21] miRNA-210 740 aM 

miRNA-221 620 aM 
miRNA-155 

0.67-4 nM 
23.8 nM 

[22] 
miRNA-103 79.0 nM 
miRNA-155 

0.01 nM-200 nM 10 pM [23] miRNA-196a 
miRNA-210 

SERS 

DNA 1 
N/A N/A [24] DNA 2 

DNA 3 
N. meningitidis 

1 nM-60 nM 
45.3 pM 

[25] S. pneumoniae 99.5 pM 
H. inuenzae 21.7 pM 
HAV DNA 

100 nM-10 pM 
0.39 pM 

[26] HBV DNA 0.18 pM 
HIV DNA 0.51 pM 

 
 
 
 
Table S3. A summary of the methods for detecting multiple miRNAs in human serum 

Detection method Target Linear range LOD Ref 

fluorescence 

miRNA-155 
0.67-4 nM 

59.3 nM 
[22] 

miRNA-103 75.9 nM 
miRNA-20a 

2-10 nM N/A [27] miRNA-20b 
miRNA-21 

SERS 
miRNA-21   1 fM-100 pM 393 aM 
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work 

miRNA-486    1 fM-1 nM 176 aM 
miRNA-375  1 fM-100 pM 144 aM 

 

 

  



Table S4. Detailed data of SERS sensor array for simultaneous analysis of miRNA-21/486/375 in human serum   

Sample Target Added (pM) Found (pM) RSD (%) Recovery (%) 

Serum 1 

miRNA-21 0.80 0.86 8.10 107.5 

miRNA-486 0.80 0.78 4.53 97.5 

miRNA-375 0.80 0.81 4.97 101.3 

Serum 2 

miRNA-21 1.50 1.46 5.91 97.3 

miRNA-486 3.00 3.23 5.13 107.7 

miRNA-375 1.50 1.62 4.94 108.0 

Serum 3 

miRNA-21 25.00 25.06 7.55 100.2 

miRNA-486 75.00 75.31 5.42 100.4 

miRNA-375 30.00 30.12 7.36 100.4 

  



 

Fig. S1 FESEM image of Ag nanorod array. 

 

 

Fig. S2 (A) Fluorescence spectrum of the collected solution including the residual of the original MB 

solution for immobilization and washing solution. (B) Representative fluorescence spectra of MB-21-ROX 

at various concentrations ranging from 5 nM to 50 nM. (C) The calibration curve of the fluorescence 

intensity of MB-21-ROX at λ = 604 nm versus its concentration. (D) Covering area of the molecular 

beacons on the substrate imaged by a Renishaw InVia confocal Raman microscope under sample view 

mode. 
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Fig. S3 Raman intensities at ∆v = 1503 cm-1 of SERS spectra obtained from SERS sensors before (original) 

and after incubation with complementary (T), noncomplementary (NC), and single-base mismatch miRNA 

(SM), corresponding to the SERS spectra shown in Figure 1D.  

Fig. S4 SERS signals collected from 50 random points on the sensor chip before (A) and after 

hybridization with 100 pM single-base mismatch miRNA (B) and 100 pM complementary miRNA-21 (C). 
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Fig. S5 Reproducibility test of the SERS sensor. (A)-(B) SERS spectra of the five sensors before (original) 

and after hybridization with 1 pM miRNA-21, respectively. (C) Plotting the corresponding Raman 

intensities at 1503 cm-1. (D) SERS intensity changes ∆I1503 of the five sensors after sensing miRNA-21.  

 

 

 

 

 

Fig. S6 Stability test of the SERS sensor stored in PBS buffer at room temperature. (A) SERS spectra 

collected form the fresh sensor and the sensor stored for 1 to 7 days, and (B) The plot of I1503 of each 

spectrum. (C) Performances of the one week stored sensor before (original) and after incubation with 100 

pM noncomplementary and complementary miRNAs, respectively. 
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Fig. S7 The availability of the sensor for test miRNA-21 (1 fM) with high concentration of interference 

miRNA-486 (100 pM). (A) SERS spectra of the sensor before (original) and after incubation with 

miRNA-21, miRNA-486, and mixture of the two miRNAs (Mixture) in buffer. (B) The plot of I1503 of the 

spectra shown in (A). (C) SERS spectra of the sensor before (original) and after incubation with 

miRNA-21, miRNA-486, and mixture of the two miRNAs (Mixture) in human serum. (D) The plot of I1503 

of the spectra shown in (C). 

 

References 
[1] Yin H, Zhou Y, Zhang H, et al. Electrochemical determination of microRNA-21 based on graphene, 

LNA integrated molecular beacon, AuNPs and biotin multifunctional bio bar codes and enzymatic 
assay system. Biosensors and Bioelectronics, 2012, 33, 247-253. 

[2] Deng H, Ren Y, Shen W, et al. An ultrasensitive homogeneous chemiluminescent assay for microRNAs. 
Chemical Communications, 2013, 49, 9401-9403. 

[3] Cai B, Huang L, Zhang H, et al. Gold nanoparticles-decorated graphene field-effect transistor biosensor 
for femtomolar MicroRNA detection. Biosensors and Bioelectronics, 2015, 74, 329-334. 

[4] Wu H, Liu Y, Wang H, et al. Label-free and enzyme-free colorimetric detection of microRNA by 
catalyzed hairpin assembly coupled with hybridization chain reaction. Biosensors and Bioelectronics, 
2016, 81, 303-308. 

1300 1400 1500 1600 1700

 

 

In
ten

sit
y

Raman shift ∆ν /cm-1

1500 a.u.

original

miRNA-486 (100 pM)

miRNA-21 (1 fM)

 Mixture

(A) buffer

0

1000

2000

3000

4000

5000

miRNA-486
  (100 pM)

 

 

 

In
ten

sit
y 

I 15
03

 /a
.u

.

(B)

original miRNA-21
   (1 fM) Mixture

buffer

 

1300 1400 1500 1600 1700

 

 

In
te

ns
ity

Raman shift ∆ν /cm-1

1500 a.u.

original

miRNA-486 (100 pM)

miRNA-21 (1 fM)

Mixture

(C) human serum

0

1000

2000

3000

4000

5000

miRNA-486
  (100 pM)

 

 

 

In
ten

sit
y 

I 15
03

 /a
.u

.

(D)

original miRNA-21
   (1 fM) Mixture

human serum

 



[5] Wang W, Kong T, Zhang D, et al. Label-Free microRNA detection based on fluorescence quenching of 
gold nanoparticles with a competitive hybridization. Analytical Chemistry, 2015, 87, 10822-10829. 

[6] Li W, Jiang W, Ding Y, et al. Highly selective and sensitive detection of miRNA based on 
toehold-mediated strand displacement reaction and DNA tetrahedron substrate. Biosensors and 
Bioelectronics, 2015, 71, 401-406. 

[7] Yin B, Liu Y and Ye B. One-step, multiplexed fluorescence detection of microRNAs based on 
duplex-specific nuclease signal amplification. Journal of the American Chemical Society, 2012, 134, 
5064-5067. 

[8] Zhang Y and Zhang C. Sensitive detection of microRNA with isothermal amplification and a 
single-quantum-dot-based nanosensor. Analytical Chemistry, 2011, 84, 224-231. 

[9] JamesáYang C. Backbone-modified molecular beacons for highly sensitive and selective detection of 
microRNAs based on duplex specific nuclease signal amplification. Chemical Communications, 2013, 
49, 7243-7245. 

[10] Causa F, Aliberti A, Cusano A M, et al. Supramolecular spectrally encoded microgels with double 
strand probes for absolute and direct miRNA fluorescence detection at high sensitivity. Journal of the 
American Chemical Society, 2015, 137, 1758-1761. 

[11] Zhang L, Zhang Y, Hu Y, et al. Refractive index dependent real-time plasmonic nanoprobes on a single 
silver nanocube for ultrasensitive detection of the lung cancer-associated miRNAs. Chemical 
Communications, 2015, 51, 294-297. 

[12] Kang T, Yoo S M, Yoon I, et al. Patterned multiplex pathogen DNA detection by Au particle-on-wire 
SERS sensor. Nano Letters, 2010, 10, 1189-1193. 

[13] Wang H-N, Fales A M, Zaas A K, et al. Surface-enhanced Raman scattering molecular sentinel 
nanoprobes for viral infection diagnostics. Analytica Chimica Acta, 2013, 786, 153-158. 

[14] Wang H, Jiang X, Wang X, et al. Hairpin DNA-assisted silicon/silver-based surface-enhanced Raman 
scattering sensing platform for ultrahighly sensitive and specific discrimination of deafness mutations 
in a real system. Analytical Chemistry, 2014, 86, 7368-7376. 

[15] Chen K, Wu L, Jiang X, et al. Target triggered self-assembly of Au nanoparticles for amplified 
detection of Bacillus thuringiensis transgenic sequence using SERS. Biosensors and Bioelectronics, 
2014, 62, 196-200. 

[16] Pang Y, Wang C, Wang J, et al. Fe3O4 @ Ag magnetic nanoparticles for microRNA capture and 
duplex-specific nuclease signal amplification based SERS detection in cancer cells. Biosensors and 
Bioelectronics, 2016, 79, 574-580. 

[17] Ngo H T, Gandra N, Fales A M, et al. Sensitive DNA detection and SNP discrimination using 
ultrabright SERS nanorattles and magnetic beads for malaria diagnostics. Biosensors and 
Bioelectronics, 2016, 81, 8-14. 

[18] Yang C, Dou B, Shi K, et al. Multiplexed and amplified electronic sensor for the detection of 
microRNAs from cancer cells. Analytical Chemistry, 2014, 86, 11913-11918. 

[19] Zhu G Y, He Z, Chen J, et al. Highly conductive three-dimensional MnO2-carbon 
nanotube-graphene-Ni hybrid foam as a binder-free supercapacitor electrode. Nanoscale, 2014, 6, 
1079-1085. 

[20] Feng X, Gan N, Zhang H, et al. Ratiometric biosensor array for multiplexed detection of microRNAs 
based on electrochemiluminescence coupled with cyclic voltammetry. Biosensors and Bioelectronics, 
2016, 75, 308-314. 

[21] Chapin S C and Doyle P S. Ultrasensitive multiplexed microRNA quantification on encoded gel 



microparticles using rolling circle amplification. Analytical Chemistry, 2011, 83, 7179-7185. 
[22] Broyles D, Cissell K, Kumar M, et al. Solution-phase detection of dual microRNA biomarkers in serum. 

Analytical and Bioanalytical Chemistry, 2012, 402, 543-550. 
[23] Wang C, Zhang H, Zeng D, et al. Elaborately designed diblock nanoprobes for simultaneous multicolor 

detection of microRNAs. Nanoscale, 2015, 7, 15822-15829. 
[24] Li J, Ma W, You L, et al. Highly sensitive detection of target ssDNA based on SERS liquid chip using 

suspended magnetic nanospheres as capturing substrates. Langmuir, 2013, 29, 6147-6155. 
[25] Gracie K, Correa E, Mabbott S, et al. Simultaneous detection and quantification of three bacterial 

meningitis pathogens by SERS. Chemical Science, 2014, 5, 1030-1040. 
[26] Zhao B, Shen J, Chen S, et al. Gold nanostructures encoded by non-fluorescent small molecules in 

polyA-mediated nanogaps as universal SERS nanotags for recognizing various bioactive molecules. 
Chemical Science, 2014, 5, 4460-4466. 

[27] Qiu X and Hildebrandt N. Rapid and multiplexed microRNA diagnostic assay using quantum dot-based 
förster resonance energy transfer. ACS Nano, 2015, 9, 8449-8457. 

 

 
 


