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Table S1: The sequences of DNA used in the experiments.

DNA name DNA sequence (5' to 3")

Hl GCACAGAGACTACCAGAGTCACACAACAGACGGGCACTCTGG
TATCTGGTCGCCCGTCTGTTGTGTGACCCTTGAGTTAGAGCAG

H2 CAGACGGGCGACCAGATACCAGAGTGCCCGTCTGTTGTGTGAC
TCTGGTATCTGGTCGC

H3 TACCAGAGTCTCTGTGCCCGTCTGTTGTGTGACTCTGGTA

F (FAM)GCACTGCTCTAACTCAAGGGTCACACAA

Q CCTTGAGTTAGAGCAGTGC(Dabceyl)

Perfectly matched Target
Deleted Target
Inserted Target

Mismatched Target

GTGCCCGTCTGTTGTGTGACTCTGGTA
GTGCCCGTCTGTT TGTGACTCTGGTA
GTGCCCGTCTGTTGTTGTGACTCTGGTA
GTGCCCGTCTGTTTTGTGACTCTGGTA




Table S2: Different DNA amplification methods.

Method Reaction Detection Ref.
temperature (°C) time

Loop-mediated  isothermal  amplification 65 l1h [1]
(LAMP)
Helicase-dependent isothermal DNA 37 2h [2]
amplification (HDA)
Strand displacement amplification (SDA) 40 2h [3]
Cross-priming amplification (CPA) 63 28 min 4]
Strand exchange amplification (SEA) 65 lh [5]
Beacon assisted detection amplification (BAD 40 40 min [6]
AMP)
DNA sequence-based amplification (NASBA) 37 lh [7]
Rolling circle amplification (RCA) 30 12h [8]
Exonuclease-assisted isothermal amplification 65 1.5h [9]
(Exo-NAT)
Self-replicating CHA room temperature 10 min this work




Table S3: Different signal amplification approaches for DNA assay.

Strategy Signal readout = Detection = Detection  Ref.
limit time

Molecular beacon-based junction Fluorescence 1.6 nM 30 min [10]

sensing system detection

Autocatalytic and E6 Mg?*- dependent Fluorescence 1 pM 12 h [11]

DNAzyme mediated process detection

DNA machine Colorimetric 0.2 nM 19h [12]
detection

Y-shaped junction scaffold mediated Fluorescence 282 ™M lh [13]

modular and cascade amplification detection

strategy

Hybridization chain reaction (HCR) Colorimetric 50 pM 1h [14]
detection

G-quadruplex integrated hybridization Fluorescence 4 nM lh [15]

chain reaction (GQ-HCR) detection

Target-catalyzed autonomous assembly ~ Colorimetric 9 pM 1.5h [16]

of dendrimer-like DNA nanostructures detection

Target-driven DNA association Fluorescence 21.6 pM 1h [17]
detection

Self-replicating CHA Fluorescence 2.6 pM 10 min This work
detection




Table S4: Determination of HIV target DNA added in human blood serum with
proposed strategy.

sample added/pM found/pM recovery/%  RSD/%

number
1 50.0 50.4 100.8 242
2 100.0 98.9 98.9 3.21
3 200.0 202.6 101.3 4.38
4 300.0 309.0 103.0 2.84
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Fig. S1 Conditions optimization for HIV target DNA detection: concentrations of hairpin probes H1
and H2 (A), F-Q duplex (B), Nt.BsmAlI (C) and H3 (D). F/F,: The fluorescence intensity at 520 nm of
the detection system in the presence of 5 nM target DNA versus the fluorescence intensity at 520 nm
of the detection system in the absence of target DNA.
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Fig. S2 Fluorescence spectra of the detection system in the presence of mismatched HIV target (MT),
deleted HIV target (DT), inserted HIV target (IT), and perfectly matched HIV target (PT). The
concentrations of H1, H2, H3, F-Q and Nt.BsmAI were 100, 100, 10, 50 nM and 0.1 U/mL; MT, DT,
IT, and PT concentration: 5 nM.

References

[1] T. Notomi, H. Okayama, H. Masubuchi, T. Yonekawa, K. Watanabe, N. Amino and T. Hase,

Nucleic Acids Res, 2000, 28, E63.
[2] M. Vincent, Y. Xu and H. Kong, EMBO Rep, 2004, 5, 795—800.

[3] G. T. Walker, J. G. Nadeau, P. A. Spears, J. L. Schram, C. M. Nycz and D. D. Shank, Nucleic

Acids Res, 1994, 22, 2670-2677.

[4] G. Xu, L. Hu, H. Zhong, H. Wang, S. Yusa, T. C. Weiss, P. J. Romaniuk, S. Pickerill and Q. You,

Sci. Rep, 2012, 2, 246.

[5] C. Shi, F. Shang, M. Zhou, P. Zhang, Y. Wang and C. Ma, Chem. Commun, 2016, 52,

11551-11554.
[6] A. R. Connolly and M. Trau, Angew. Chem. Int. Ed, 2010, 49, 2720-2723.

[7] J. C. Guatelli, K. M. Whitfield, D. Y. Kwoh, K. J. Barringer, D. D. Richman and T. R. Gingeras,

Proc. Natl. Acad. Sci. USA, 1990, 87, 1874—1878.



[8] A. Chen, S. Ma, Y. Zhuo, Y. Chai and R. Yuan, Anal. Chem, 2016, 88, 3203—-3210.
[9] X. Ye, Y. Li, L. Wang, X. Fang and J. Kong, Chem. Commun, 2018, 54, 10562—10565.

[10] R. Kong, X. Zhang, L. Zhang, Y. Huang, D. Lu, W. Tan, G. Shen and R. Yu, Anal. Chem, 2011,

83, 14-17.

[11] F. Wang, J. Elbaz, C. Teller and 1. Willner, Angew. Chem. Int. Ed, 2011, 50, 295-299.
[12] H. Li, J. Ren, Y. Liu and E. Wang, Chem. Commun, 2014, 50, 704—706.

[13] S. Liu, H. Gong, X. Sun, T. Liu and L. Wang, Chem. Commun, 2015, 51, 17756—17759.

[14] P. Liu, X. Yang, S. Sun, Q. Wang, K. Wang, J. Huang, J. Liu and L. He, Anal. Chem, 2013, 85,

7689—-7695.
[15]J. Dong, X. Cui, Y. Deng and Z. Tang, Biosens. Bioelectron, 2012, 38, 258—263.

[16] H. He, J. Dai, Z. Duan, Y. Meng, C. Zhou, Y. Long, B. Zheng, J. Du, Y. Guo and D. Xiao,

Biosens. Bioelectron, 2016, 86, 985—989.

[17] Y. Guo, J. Wu and H. Ju, Chem. Sci, 2015, 6, 4318—4323.



