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Table S1. Sequences of oligonucleotides used in the current study.

Note Sequence (5’-3’)

Capture probe (CP) CTG ATA AGC TAT T-SH

Assembly probe 1 (AP1) TGA CTA CAA CTT CAA CAT CAG T-Biotin

Assembly probe 2 (AP2) AGT TGT AGT CAA CTG ATG TTG A-Biotin

G-quadruplex unit (GU) AGG GTG GGG AGG GTG GGG

Elongation probe (EP) Biotin-TTT TTT CAG CGG AGG CG

MiRNA-21 (T) UAG CUU AUC AGA CUG AUG UUG A
One-base mismatched miRNA 
(M1) UAG CUU AUC ACA CUG AUG UUG A

Two-base mismatched miRNA 
(M2) UAG GUU AUC AGA CUG ACG UUG A

Three-base mismatched miRNA 
(M3) UAG GUU AUC ACA CUG ACG UUG A

Inserted miRNA (IM) UAG CUU AUCC AGA CUG AUG UUG A

Deleted miRNA (DM) UAG CUU AUC AGA CUG AUG UUG A

MiRNA-10b UAC CCU GUA GAA CCG AAU UUG UG

MiRNA-141 UAA CAC UGU CUG GUA AAG AUG G

MiRNA-200b UAA UAC UGC CUG GUA AUG AUG A
Let-7d AGA GGU AGU AGG UUG CAU AGU U

All the DNA sequences are verified with the mfold software to avoid their mismatched 

hybridizations. The shaded region in CP and boxed region in AP1 are designed to 

complementary with the target miRNA-21. The blue and red letters in AP1 and AP2 

indicate the complementary sequences to proceed the HCR. GU is the referenced 

oligonucleotide strand with guanine-riched for self-assembling of the G-quadruplex 

wire. The EP is randomly projected to operate the TdT-promoted polymerization. MT1, 

MT2, and MT3 are the mutant counterparts of miRNA-21 with one, two, and three 

bases differ from the perfectly matched target, respectively. MiRNA-10b, MiRNA-141, 

MiRNA-200b, and Let-7d are the target analogues. 
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Table S2. Comparison of different biosensors for the detection of miRNAs.

Method Detection 
limit

Linearity 
range Category Ref

Shortened multiwalled 
carbon nanotubes with 

high-loaded thionin
32 fM 100 fM-12 

nM
Electrochemical 

assay 3

Hybrid DNA hydrogel 5 nM 10 nM-50 
μM

Electrochemical 
assay 4

Selective binding of zinc 
finger protein to 

DNA−RNA hybrids
30 fM 30 fM-1 

nM
Electrochemical 

assay 5

Distance-dependent 
photoinduced rlectron 

transfer
60 pM 0.1 nM - 8 

μM
Fluorescent 

assay 6

An enzyme-free DNA 
circuit-assisted graphene 

oxide
47 pM 1 nM-16 

nM
Fluorescent 

assay 7

Target-fueled DNA walker 58 fM 100 fM-10 
nM

Fluorescent 
assay 8

Small organic dye and 
single enzyme based 

Colorimetric PCR
5 fM 5 fM-50 

pM
Colorimetric 

assay 9

Conformational and 
colorimetric changes of a 
polythiophene derivative

10 nM 50 nM-1 
µM

Colorimetric 
assay 10

Target-Induced and 
Equipment-Free DNA 

Amplification
10 pM 1 pM-10 

nM
Colorimetric 

assay 11

Multi-branched DNA 
nanoarchitectures 

construction
0.2 fM 10 fM-100 

nM
Electrochemical 

assay
Present 
study
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Figure S1. (A) Schematic illustration of HCR-based fabrication of DNA concatamers; 

(B) Gel images of AP1, AP2, and their mixture.

DNA concatamers construction and characterization

For construction of DNA concatamers, the HCR was performed without an initiator and 

relied on a pair of linear assembly probes with overlapping partial complementarities 

to propagate the chain reactions (Figure S1A). As shown in Figure S1B, AP1 (lane a) 

and AP2 (lane b) exhibited one blurry band almost at the same location because of their 

similar molecular weight and weak secondary structures. However, after being mixed 

together, a series of dispersive bands with high molecular weight over 300 bp were 

observed (lane c) and the bands represented AP1 and AP2 completely disappeared 

simultaneously. This is reasonable given the successful HCR events lead to the 

formation of DNA concatamers using alternating A1P and AP2, which are not grown 

until the assembly scaffolds supply are exhausted. Moreover, the linear-stranded AP1 

and AP2 are easy to design and benefit the DNA hybridization when compared with 

the conventional HCR using hairpin-structured assembly scaffolds1.
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Figure S2. (A) Schematic illustration of the TdT-promoted polymerization for G-

quadruplex wire generation; (B) Colorimetric images and (C) gel images of EP without 

(a) and with (b) the TdT-promoted polymerization. 

Extended G-quadruplex wires creation and characterization

To generate the G-quadruplex wires, the TdT was employed to catalyze the 

incorporation of dGTP and dATP into the 3’ termini of EP without the need for a DNA 

template under isothermal conditions (Figure S2A), and the extension products were 

firstly demonstrated with the G-quadruplex structures by the representative 

colorimetric reaction of H2O2-mediated oxidation of 3,3’,5,5’-tetramethylbenzidine 

sulfate (TMB) (Figure S2B)2. From Figure S2B, it can be seen that the coexist of 
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extension products with hemin can catalyze the colorimetric reaction accompanied by 

obvious green color changes, while the control sample without TdT involved was 

colorless. Additionally, the native-PAGE was further carried out to verify the 

polymerization. As depicted in Figure S2C, the singled-stranded EP could not be 

observed in lane a due to its poor interaction ability with SYBR Green I. In sharp 

contrast, the extension products in lane b appeared with many dispersive bands. 

Therefore, the above comparative results indicate that the EP could be elongated by 

TdT, and the extension products has lots of G-quadruplex repeated units. 
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Figure S3. Effects of the (A) DNA concatamers binding time, (B) GUs assembly time, 

(C) molar ratio of dGTP and dATP, and (D) reaction time of TdT promoted 

polymerization on the assay performance.

Experimental conditions optimization

In order to improve the assay performance, several parameters including the DNA 

concatamers binding time, GU assembly time, molar ratio of dGTP and dATP, and the 

reaction time of TdT-promoted polymerization were carefully investigated in Figure 

S3. From Figure S3A and Figure S3B, one can found that the maximum 

electrochemical response could be obtained at the incubation time of 90 min and 60 

min for DNA concatamers and GUs, respectively. Further increase of the incubation 

time was not beneficial for the target miRNA detection. So, the optimal time for DNA 
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concatamers and GUs assembly incubation were individually selected as 90 min and 60 

min. Figure S3C and Figure S3D were the optical intensity (OD) values and 

corresponding visible colorimetric images of TdT-promoted polymerization at different 

conditions to guide the G-quadruplex wires generation. We can obviously see in Figure 

S3C that when the molar ratio between dGTP and dATP was set as 7:3, the maximum 

OD value associated with the dark green sample color was achieved. Insufficient supply 

or overuse of dGTP was not useful for the polymerization. Moreover, the OD value in 

Figure S3D increased with increasing of the polymerization extension time from 15 to 

60 min, and then tended to level off. Therefore, the optimal reaction time for TdT-

promoted polymerization was 60 min with the presence of dGTP and dATP at a molar 

ratio of 7:3.
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