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Oligonucleotide name Oligonucleotide sequence

MLP1
(duplex)

5’ [Phosphate]- CTG ATA AGC TAC CCT ATA GTG AGT 
CGT ATT A TTA CCC ACC CTA CCC ACC CTC A TC ACA 

AGT TAG -3' +
5’ TAA TAC GAC TCA CTA TAG GG -3’

MLP2 5' [Phosphate]- TTC AGT TCT CAG TCA AGT TAC TCA ACA 
TCA GT -3'

MLP3 5' [Phosphate]- GGT CTC AGG GAA TCG TGA GAC AAC 
CCA TGG AA -3'

MLP1’
(duplex)

5’ [Phosphate]- CTG ATA AGC TAC CCT ATA GTG AGT 
CGT ATT A A TC ACA AGT TAG -3' + 

5’ TAA TAC GAC TCA CTA TAG GG -3’
Table S1. Multiple ligation-based padlock probe sequences used for the system.

Oligonucleotide name Oligonucleotide sequence

Target 1 (miRNA 21) 5′- UAG CUU AUC AGA CUG AUG UUG A -3′
Target 1 (1 mismatch) 5′- UAG CUU AUC ACA CUG AUG UUG A -3′
Target 1 (2 mismatch) 5′- UAG CUU AUC ACA UUG AUG UUG A -3′
Target 1 (3 mismatch) 5′- UAG CUU AUG ACA UUG AUG UUG A -3′

Target 2 (miRNA 146a) 5′- UGA GAA CUG AAU UCC AUG GGU U -3′
Target 2 (1 mismatch) 5′- UGA GAA CUG AGU UCC AUG GGU U -3′
Target 2 (2 mismatch) 5′- UGA GAA CUG AGU GCC AUG GGU U -3′
Target 2 (3 mismatch) 5′- UGA GAA CUA AGU GCC AUG GGU U -3′
Target 3 (miRNA 25b) 5′- UCC CUG AGA CCC UAA CUU GUG A -3′
Target 3 (1 mismatch) 5′- UCC CUG AGA CAC UAA CUU GUG A -3′
Target 3 (2 mismatch) 5′- UCC CUG AGA CAC GAA CUU GUG A -3′
Target 3 (3 mismatch) 5′- UCC CUG AGG CAC GAA CUU GUG A -3′

miR24-3p 5′- UGG CUC AGU UCA GCA GGA ACA G -3′
Table S2. Targets along with their mismatch sequences used for the selectivity analysis.
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Figure S1. Bar diagram to compare the intensity of the fluorescence signal produced by 
different RNA G-quadruplexes. Error bars represent the standard deviation of three different 
samples.

Figure S2. Effect of different KCl concentrations on the intensity of the fluorescence 
emission of LutD.
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Figure S3. Bar diagram to visualize the effect of the incubation time on the fluorescence 
signal to determine the shortest incubation time required to achieve the highest intensity 
fluorescence signal. Error bars represent the standard deviation of three different samples.

Figure S4. a., b. & c. Plot representing the deviation of the signal intensity of 3 different 
miRNAs in 10% human serum for diluting concentrations. The error bar represents the 
standard deviation of three different spiked samples.
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Figure S5. Bar diagram for analysis of the MLP probe concentration required for the system. 
Error bars represent the standard deviation of three different samples.

Figure S6. 16% denaturing PAGE for optimization of the ligation analyzed by varying the 
SplintR ligase concentrations. Lane 1: MLP probes + Target (1 + 2 + 3) + SplintRL 0 Unit; 
lane 2: : MLP probes + Target (1 + 2 + 3) + SplintRL 6.25 Unit; lane 3: MLP probes + Target 
(1 + 2 + 3) + SplintRL 12.5 Unit; lane 4: : MLP probes + Target (1 + 2 + 3) + SplintRL 25 
Unit; lane 5: : MLP probes + Target (1 + 2 + 3) + SplintRL 50 Unit. 
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Figure S7. 16% denaturing PAGE analyzing the effect of target sequence changes on ligation 
efficiency. Lane 1: MLP probes + Target (1 + 2 + 3); lane 2: MLP probes + Target 
(1_sequence changed + 2 + 3) + SplintRL; lane 3: MLP probes + Target (1 + 2_sequence 
changed + 3) + SplintRL; lane 4: MLP probes + Target (1 + 2 + 3_sequence changed) + 
SplintRL; lane 5: MLP probes + Target (1 + 2 + 3) + SplintRL.

Figure S8. a., b. & c. Plot presenting the deviation of the signal intensity for each miRNA 
target when other targets are present in 10 pM concentrations. The limit of detection (LOD) 
for target 1 (miR21), target 2 (146a), and target 3 (25b) was found respectively 1.38 fM, 1.93 
fM, and 2.04 fM. The error bar represents the standard deviation of three different samples.
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Figure S9. a., b. & c. Plot presenting the deviation of the signal intensity for each miRNA 
target when other targets are present in 1 pM concentrations. The limit of detection (LOD) for 
target 1 (miR21), target 2 (146a), and target 3 (25b) was found respectively 6.55 fM, 11.86 
fM, and 21.41 fM. The error bar represents the standard deviation of three different samples.

Figure S10. Bar diagram representing the limit of detection when all three miRNA targets 
are equally diluted at the same time. The data shows that for dilution of each miRNA until 
100 fM concentration, the signal could be differentiated compared to samples with no target. 
The error bar represents the standard deviation of three different samples.
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Analytical 
method

Reaction 
method

miRNA 
targets

Limit of 
detection 

(LOD)

Linear range Detection 
time
(in 

minutes)

Ref.

SERS DNA-conjugated 
F-AuNPs and 

AgMNPs

miR-122, 
miR-223,  
miR-21

349 aM, 
374 aM, 
311 aM

1 fM to 10 nM 150 1

Microscopy DNA-PAINT 
imaging using 
DNA origami 

nanoarray system

miR-153, 
miR-21, 
miR-142, 

let-7a

11 fM,
388 fM,
17 fM,
150 fM

Up to 10 nM 60 2

HPLC DSN-mediated 
target recycling 

miR-122, 
miR-155, 
miR-21

0.39 fM, 
0.30 fM,
0.26 fM 

1 fM to 100 pM 210 3

Electrochemical TBAPy-MA-
COF-based 
recyclable 
aptasensor

miR- 155, 
miR- 122

6.7 fM,
1.5 fM 

0.01–1000 pM 30 4

Fluoremetric FRET with dual 
colored Au NCs 
as energy donors

miR-21, 
let-7a

4.2 pM,
 3.6 pM 

0.01–2.0 nM,
0.01–2.5 nM

60 5

Fluoremetric Multiple ligation 
coupled with G-

quadruplex 
sensing

miR-21,
miR-146a,
miR-25b

1.13 fM, 
1.37 fM, 
1.51 fM

1 fM to 100 pM 45 This 
work

Table S3. Comparision of the proposed system with some other reported systems.
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