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Fig S1. The MFE proxy structure and free energy of the secondary structure of the four hairpins and the products at 37 ℃.
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Fig S2. Validation of the feasibility of bicyclic DNA circuit through hairpin exclusion experiment. Lane 1: Bicyclic DNA circuit without H3 and H4 + miR-21; Lane 2: Bicyclic DNA circuit without H1 and H2 + miR-21; Lane 3: Bicyclic DNA circuit without miR-21; Lane 4: Bicyclic DNA circuit without H1 + miR-21; Lane 5: Bicyclic DNA circuit without H2 + miR-21; Lane 6: Bicyclic DNA circuit without H3 + miR-21; Lane 7: Bicyclic DNA circuit without H4 + miR-21; Lane 8: Bicyclic DNA circuit + miR-21.






[image: ] Fig S3. Row fluorescence spectra of miR-Cabiner with response to varying concentrations of miR-21 (0, 0.0001, 0.001, 0.01, 0.1 nm).
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Fig S4. Linear analysis of traditional CHA-HCR. The linear range was from 1 pm to 10 nm while the limit of detection (LOD) was determined to be 2 pm based on the 3σ/slope calculation method. The data are expressed as mean ± SD (n = 3). The relative standard deviation ranged from 1.44% to 13.40% (Table S3).
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Fig S5. Row fluorescence spectra of the traditional CHA-HCR with response to varying concentrations of miR-21 (0, 0.001, 0.01, 0.1, 1, 10 nm).










[image: ] Fig S6. Row fluorescence spectra of the CHA-Cas system with response to varying concentrations of miR-21 (0, 0.0001, 0.001, 0.01, 0.1, 1 nm).
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Fig S7. Row fluorescence spectra of the HCR-Cas system with response to varying concentrations of miR-21 (0, 0.0001, 0.001, 0.01, 0.1, 1 nm).











[image: ]
Fig S8. Kinetic study of miR-Cabiner with response to varying concentrations of miR-130a (0, 0.0001, 0.001, 0.01, 0.1 nm).
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Fig S9. Kinetic study of miR-Cabiner with response to varying concentrations of miR-10b (0, 0.0001, 0.001, 0.01, 0.1, 1 nm).
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Fig S10. Kinetic study of miR-Cabiner with response to varying concentrations of miR-21 (0, 0.0001, 0.001, 0.01, 0.1 nm).
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Fig S11. Kinetic study of miR-Cabiner with response to varying concentrations of miR-1285 (0, 0.0001, 0.001, 0.01, 0.1 nm).
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Fig S12. Row fluorescence spectra of Fig. 5D. Response of miR-Cabiner to different concentrations of miR-130a. (0, 0.0001, 0.001, 0.01, 0.1 nm).
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Fig S13. Row fluorescence spectra of Fig. 5D. Response of miR-Cabiner to different concentrations of miR-10b. (0, 0.0001, 0.001, 0.01, 0.1, 1 nm).
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Fig S14. Row fluorescence spectra of Fig. 5D. Response of miR-Cabiner to different concentrations of miR-1285. (0, 0.0001, 0.001, 0.01, 0.1 nm).






[image: ] Fig S15. (A) Linear relationship between the Ct and the logarithm of the concentrations of miR-130a (1 fm, 10 fm, 100 fm, 1 pm, 10 pm, 100 pm, 1 nm and 10 nm). The data are expressed as mean ± SD (n = 3). (B) Real-time fluorescence detection of miR-130a from different samples by RT- qPCR. (Con, Control groups; BC, Breast cancer groups; FB, Fibroadenoma of breast; BN, Breast nodule.)





[image: ] Fig S16. (A) Linear relationship between the Ct and the logarithm of the concentration of miR-10b (1 fm, 10 fm, 100 fm, 1 pm, 10 pm, 100 pm, 1 nm and 10 nm). The data are expressed as mean ± SD (n = 3). (B) Real-time fluorescence detection of miR-130a from different samples by RT-qPCR.






[image: ] Fig S17. (A) Linear relationship between the Ct and the logarithm of the concentration of miR-21 (1 fm, 10 fm, 100 fm, 1 pm, 10 pm, 100 pm, 1 nm and 10 nm). The data are expressed as mean ± SD (n = 3). (B) Real-time fluorescence detection of miR-130a from different samples by RT- qPCR.  











[image: ] Fig S18. (A) Linear relationship between the Ct and the logarithm of the concentrations of miR-1285 (1 fm, 10 fm, 100 fm, 1 pm, 10 pm, 100 pm, 1 nm and 10 nm). The data are expressed as mean ± SD (n = 3). (B) Real-time fluorescence detection of miR-130a from different samples by RT- qPCR.























Table S1. Relative standard deviation (RSD) of optimizing conditions.
	
Different conditions
	
Concentration/ Time
Concentration/ Temperature
	Relative standard deviation (RSD, %)

	Concentration of
H1 (nm)
	100
	4.51

	
	200
	3.95

	
	300
	3.74

	
	400
	3.42

	
	500
	10.92

	HCR time (min)
	20
	4.80

	
	30
	7.39

	
	40
	3.18

	
	50
	9.52

	
	60
	4.24

	Concentration of
Na+ (nm)
	0
	1.98

	
	300
	3.40

	
	400
	1.76

	
	500
	3.44

	
	600
	[bookmark: _Hlk167721519]34.94

	
	700
	1.88

	Concentration of
Mg2+ (nm)
	0
	16.33

	
	10
	5.22

	
	20
	10.16

	
	30
	4.33

	
	40
	1.16

	
	50
	3.66

	Concentration of
Cas12a (nm)
	10
	3.60

	
	25
	1.64

	
	50
	2.12

	
	100
	3.73

	
	150
	4.99

	
	200
	5.58
















Table S2. Relative standard deviation (RSD) of miR-Cabiner linear regression of miR-21.
	Concentration   
of miRNA-21 
(nm)
	Relative standard deviation (RSD, %)

	1
	2.91

	0.5
	1.44

	0.1
	4.72

	0.05
	10.20

	0.01
	10.08

	0.005
	13.40

	0.001
	5.33

	0.0005
	3.98













Table S3. Relative standard deviation (RSD) of Fig S3.
	Concentration
of miRNA-21
(nm)
	Relative standard deviation (RSD, %)

	10
	13.21

	5
	1.92

	1
	2.42

	0.5
	19.17

	0.1
	3.56

	0.05
	1.80

	0.01
	9.35

	0.005
	4.75

	0.001
	1.70

	0.0005
	11.36











[bookmark: _Hlk167721205]Table S4. Comparison with other methods for miRNA detection through CRISPR/Cas12a in the last five years.
	Method
	Linear Range
	Amplification
Step
	Lod
	Other target miRNA
	Ref

	EM-CRISPR
	10 pm - 1 nm
	No
	10 pm
	No
	[40]

	[bookmark: OLE_LINK4]Naked-EyeCRISPR
	-
	Yes
	500 fm
	No
	[41]

	CTSDR-Cas12a
	100 fm - 100 pm
	No
	72.8 fm
	No
	[21]

	SAHARA
	25 nm - 10 fm
	No
	767 pm
	Yes
	[42]

	BPTC
	1 pm - 10 nm
	Yes
	50 fm
	Yes
	[43]

	[bookmark: OLE_LINK6]PCDetection
	50 fm - 100 pm,
	Yes
	50 fm
	Yes
	[44]

	miR-Cabiner
	100 fm - 100 pm
	Yes
	34.96 fm
	Yes
	This work


EM-CRISPR: CRISPR/Cas13a-Powered Electrochemical Microfluidic Biosensor;
Naked-EyeCRISPR: a platform that can complete the naked-eye gene detection based on CRISPR and the aggregation behavior of AuNPs-DNA probes pair;
CTSDR-Cas12a: a cascade toehold-mediated strand displacement reaction; 
SHARA: split activator for highly accessible RNA analysis; 
BPTC: a bis-enzyme cascade platform by combining T7 RNA polymerase and CRISPR-Cas12a; PCDetection: a polyA-CRISPR/Cas12a-based miRNA detection system.



Table S5. Sequence of oligonucleotides used in miR-Cabiner for miRNA detection.
	Oligonucleotides
	Sequence (5'-3')

	H1
	TCAACATCAGTCTGATAAGCTACTACAACTGGCGGGGTAGCTTATCAGAC

	H2
	TAAGCTACCCCGCCAGTTGTAGTAGCTTATCAGACTCTACAACTGGCGGGGAAAA

	H3
	CTGGCGGGGAAAAGGAAGTTTCCCCGCCAGTTGTAG

	H4
	CTTCCTTTTCCCCGCCAGCTACAACTGGCGGGGAAA

	H4t
	CTTCC/i6FAMdT/TTTCCCCGCCAGCTACAACTGGCGGGGAAA-3’BHQ1

	H1b
	TCAACATCAGTCTGATTTGCTACTCCAAATGGCGGGGTAGCAAATCAGAC

	H2b
	TTTGCTACCCCGCCATTTGGAGTAGCAAATCAGACTCTCCAAATGGCGGGGAAAA

	H1c
	AGTCTAGGAAACTGCGTGGGTTAATCAACATCAGTCTGATAAGCTATTAACC

	H2c
	TTAACCAACGCAGTTTCCTAGACTCAGTGTAGTCTAGGAAACTGCGT

	H3c
	AGTCTAGGAAACTGCGTTGGTTAAACGCAGTTTCCTAGACTACACTG

	aH1-130a
	AGTAGCACAATGTGAAAAGAGCCTACAACTGGCGGGGGCTCTTTTCACAT

	aH2-130a
	AAAGAGCCCCCGCCAGTTGTAGGCTCTTTTCACATTCTACAACTGGCGGGGAAAA

	aH1-10b
	CACAAATTCGGTTCTACAGGGTACTACAACTGGCGGGGTACCCTGTAGAAC

	aH2-10b
	CAGGGTACCCCGCCAGTTGTAGTACCCTGTAGAACCCTACAACTGGCGGGGAAAA

	aH1-1285
	AGGTCTCACTTTGTTGCCCAGACTACAACTGGCGGGGTCTGGGCAACAAA

	aH2-1285
	GCCCAGACCCCGCCAGTTGTAGTCTGGGCAACAAAGCTACAACTGGCGGGGAAAA

	miR-21
	UAGCUUAUCAGACUGAUGUUGA

	bmiR-21-M1
	UAGCUUAUGAGACUGAUGUUGA

	bmiR-21-M2
	UAGCUUAUGAGAGUGAUGUUGA

	bmiR-21-M3
	UAGCUUAUGAGACUCAUGUUGA

	bmiR-21-M4
	UAGCUUAUGAGAGUGAUCUUGA

	bmiR-130a
	GCUCUUUUCACAUUGUGCUACU

	bmiR-130a-M1
	GCUCUUUUGACAUUGUGCUACU

	bmiR-130a-M2
	GCUCUUUUGACAAUGUGCUACU

	bmiR-130a-M3
	GCUCUUUUGACAUUCUGCUACU

	bmiR-130a-M4
	GCUCUUUUGACAAUCUGCUACU

	bmiR-10b
	UACCCUGUAGAACCGAAUUUGUG

	bmiR-10b-M1
	UACCCUGUUGAACCGAAUUUGUG

	bmiR-10b-M2
	UACCCUGUUGAAGCGAAUUUGUG

	bmiR-10b-M3
	UACCCUGUUGAACCCAAUUUGUG

	bmiR-10b-M4
	UACCCUGUUGAACCCAAAUUGUG

	bmiR-1285-5p
	UCUGGGCAACAAAGUGAGACCU

	bmiR-1285-M1
	UCUGGGCAUCAAAGUGAGACCU

	bmiR-1285-M2
	UCUGGGCAUCAAUGUGAGACCU

	bmiR-1285-M3
	UCUGGGCAUCAAAGAGAGACCU

	bmiR-1285-M4
	UCUGGGCAUCAAAGAGACACCU

	miR-203
	GUGAAAUGUUUAGGACCACUAG

	let-7a
	UGAGGUAGUAGGUUGUAUAGUU

	miR-200b
	UAAUACUGCCUGGUAAUGAUGAC

	miR-429
	UAAUACUGUCUGGUAAAACCGU

	ccrRNA
	UAAUACGACUCACUAUAGGGUAAUUUCUACUAAGUGUAGAUCUAGACUACACUGAGUCUAG

	ccrRNA-b
	UAAUACGACUCACUAUAGGGUAAUUUCUACUAAGUGUAGAUUACUCCAAAUGGCGGGGUAG

	ccrRNA-c
	UAAUACGACUCACUAUAGGGUAAUUUCUACUAAGUGUAGAUCUAGACUACACUGAGUCUAG

	reporter
	5’FAM-TTATT-3’BHQ

	miR-130a-F
	GCGCTCACGCTCTTTTCACAT

	miR-130a-R
	ATCCAGTGCAGGGTCCGAGG

	miR-130a-RT
	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGTAGC

	miR-10b-F
	ACGACGTACCCTGTAGAACCGA

	miR-10b-R
	ATCCAGTGCAGGGTCCGAGG

	miR-10b-RT
	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCACAAA

	miR-21-F
	GCGCGTAGCTTATCAGACTGA

	miR-21-R
	ACTCAGTGCAGGGCTCGAGG

	miR-21-RT
	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACA

	miR-1285-F
	GCGCGGATCTCACTTTGTTG

	miR-1285-R
	ATCCAGTGCAGGGTCCGAGG

	miR-1285-RT
	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCTGGG

	U6F
	AGAGAAGATTAGCATGGCCCCTG

	U6R
	ATCCAGTGCAGGGTCCGAGG

	U6RT
	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAATA


a) The altered sequences of the CHA hairpins are highlighted in bold.
b) The mismatched bases used for the test of specificity are in red font.
c) Underlined characters represent spacer sequence of crRNA.
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