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Section S1. Assay Schematic and Mechanism
The abasic PNA-based Dynamic Chemistry Labeling (DCL) capture probe (DGL capture probe) covalently linked to the paramagnetic Dynabead surface hybridizes to the complementary target small RNA sequence (miR-451a), organising an engineered chemical pocket opposite the target's templating guanine (G) residue. Once the target small RNA is correctly aligned within the full hybridization, the aldehyde-modified biotinylated nucleobase (SMART-C-Biotin) enters the pocket to perform a template-directed chemical lock-up (Figure S1). A reversible iminium species forms between the secondary amine of the abasic building block and the aldehyde moiety of the SMART-C-Biotin (Figure S1). 
[image: ]
Figure S1. Dynamic Chemistry Labelling (DCL) of biotin into an immobilised DGL capture probe on a Dynabead. On the left is the heteroduplex DGL capture probe for miR-451a. In the DGL capture probe is shown in green, the thymidine bearing a propanoic acid side chain is at the γ-position, and the abasic monomer L-Ser is in red. On the right is the SMART-C-Biotin incorporation (shown in blue).
This incorporation is selectively stabilised by Watson–Crick base pairing with the opposite guanine residue; otherwise, the mispaired iminium species are too thermodynamically unstable to undergo chemical reduction (Bowler et al., Angew. Chem., 2010). The addition of sodium cyanoborohydride reduces the stable iminium intermediate to form an irreversible tertiary amine linkage within the DGL capture probe backbone on the bead surface (see Figure S1). The chemically modified, duplex is labelled and quantified via a reporter molecule that, in this study, uses a high-sensitivity streptavidin–HRP conjugate that recognises the biotin tag in order to generate a chemiluminescent signal. 

Table S1. Demographic information of clinical stool samples 
	n
	ID sample
	Cases=1; Controls=0
	hsa-miR-451a
	hsa-miR-451b
	Class
	Age
	Sex
	Smoking
	Familiarity
	Class specific

	1
	VF001
	0
	0.178
	0.711
	Healthy
	53
	Male
	Never
	No
	Healthy

	2
	VF005
	0
	0.865
	0.648
	Healthy
	43
	Male
	Smoker
	NA
	Healthy

	3
	VF006
	0
	0
	0
	Healthy
	70
	Female
	Never
	NA
	Healthy

	4
	VF010
	0
	0
	0.744
	Healthy
	60
	Female
	Former
	NA
	Healthy

	5
	VF012
	0
	0.702
	0
	Healthy
	49
	Female
	Never
	No
	Healthy

	6
	VF013
	0
	1.478
	0.985
	Healthy
	58
	Male
	Smoker
	No
	Healthy

	7
	VF014
	0
	0
	0.855
	Healthy
	54
	Female
	Former
	NA
	Healthy

	8
	VF018
	0
	0.897
	0.718
	Healthy
	64
	Male
	Never
	No
	Healthy

	9
	VF028
	0
	0
	0.457
	Healthy
	63
	Female
	Never
	Yes
	Healthy

	10
	VF031
	0
	0
	0.773
	Healthy
	59
	Male
	Never
	No
	Healthy

	11
	VF034
	0
	0
	0
	Healthy
	54
	Female
	Never
	No
	Healthy

	12
	VF039
	0
	1.192
	0.927
	Healthy
	57
	Female
	Former
	No
	Healthy

	13
	VF040
	0
	0
	0.505
	Healthy
	67
	Female
	Never
	No
	Healthy

	14
	VF041
	0
	0
	2.929
	Healthy
	50
	Female
	Never
	No
	Healthy

	15
	VF043
	0
	0
	0
	Healthy
	60
	Male
	Never
	No
	Healthy

	16
	VF063
	0
	5.732
	5.732
	Healthy
	24
	Female
	Former
	No
	Healthy

	17
	VF073
	1
	0
	17.129
	CRC
	58
	Male
	Former
	Yes
	CRC_I

	18
	VF074
	0
	1.942
	0
	Healthy
	46
	Female
	Former
	No
	Healthy

	19
	VF075
	0
	0.857
	0.857
	Healthy
	45
	Male
	Smoker
	No
	Healthy

	20
	VF076
	0
	0
	0
	Healthy
	50
	Male
	Former
	No
	Healthy

	21
	VF077
	1
	11.172
	0.745
	CRC
	70
	Male
	Smoker
	Yes
	CRC_III

	22
	VF078
	0
	699.695
	679.651
	Healthy
	50
	Female
	Smoker
	NA
	Healthy

	23
	VF081
	0
	0
	2.886
	Healthy
	56
	Female
	Smoker
	Yes
	Healthy

	24
	VF082
	0
	1.522
	0
	Healthy
	61
	Female
	Never
	No
	Healthy

	25
	VF084
	0
	0
	0
	Healthy
	58
	Male
	Smoker
	No
	Healthy

	26
	VF091
	0
	0.722
	0
	Healthy
	47
	Female
	Smoker
	Yes
	Healthy

	27
	VF094
	0
	0
	0
	Healthy
	49
	Male
	Former
	No
	Healthy

	28
	VF103
	0
	0
	2.496
	Healthy
	57
	Male
	Smoker
	Yes
	Healthy

	29
	VF104
	0
	2.277
	0
	Healthy
	45
	Male
	Never
	No
	Healthy

	30
	VF106
	1
	96.817
	72.613
	CRC
	63
	Male
	Never
	No
	CRC_II

	31
	VF109
	0
	5.997
	5.997
	Healthy
	22
	Female
	Former
	NA
	Healthy

	32
	VF110
	0
	0
	0
	Healthy
	40
	Male
	Smoker
	No
	Healthy

	33
	VF114
	1
	0
	2.24
	CRC
	77
	Male
	Smoker
	No
	CRC_NA

	34
	VF120
	1
	32.357
	34.26
	CRC
	63
	Male
	Former
	No
	CRC_III

	35
	VF125
	0
	8.954
	7.675
	Healthy
	45
	Female
	Former
	No
	Healthy

	36
	VF128
	0
	0
	0
	Healthy
	56
	Female
	Former
	No
	Healthy

	37
	VF140
	0
	1.267
	0
	Healthy
	67
	Female
	Smoker
	No
	Healthy

	38
	VF171
	0
	0
	0
	Healthy
	77
	Female
	NA
	NA
	Healthy

	39
	VF180
	0
	1.852
	0
	Healthy
	38
	Female
	Never
	Yes
	Healthy

	40
	VF189
	0
	0
	0
	Healthy
	66
	Male
	Smoker
	No
	Healthy

	41
	VF190
	0
	0.812
	0
	Healthy
	28
	Female
	Former
	No
	Healthy

	42
	VF217
	1
	1.503
	13.531
	CRC
	82
	Male
	Smoker
	Yes
	CRC_II

	43
	VF222
	1
	0
	9.718
	CRC
	79
	Female
	Never
	No
	CRC_IV

	44
	VF236
	1
	0
	0
	CRC
	87
	Male
	Smoker
	Yes
	CRC_NA

	45
	VF240
	1
	1.672
	1.672
	CRC
	77
	Female
	Never
	Yes
	CRC_II

	46
	VF251
	1
	0
	10.47
	CRC
	84
	Female
	Former
	No
	CRC_II

	47
	VF254
	0
	0
	0
	Healthy
	43
	Male
	Never
	No
	Healthy

	48
	VF270
	1
	1.234
	1.234
	CRC
	60
	Male
	Former
	No
	CRC_II

	49
	VF273
	1
	0
	11.937
	CRC
	86
	Female
	Never
	No
	CRC_III

	50
	VF281
	1
	0
	14.208
	CRC
	76
	Male
	Never
	No
	CRC_III

	51
	VF282
	1
	152.436
	127.468
	CRC
	71
	Female
	Never
	No
	CRC_IV

	52
	VF292
	1
	0
	0.934
	CRC
	73
	Female
	Smoker
	No
	CRC_NA

	53
	VF296
	1
	0
	0
	CRC
	76
	Male
	Never
	No
	CRC_I

	54
	VF300
	1
	0
	1.126
	CRC
	57
	Male
	Smoker
	No
	CRC_III

	55
	VF306
	0
	0
	0
	Healthy
	43
	Male
	Never
	No
	Healthy

	56
	VF311
	0
	0
	0
	Healthy
	39
	Male
	Smoker
	No
	Healthy

	57
	VF313
	1
	33.774
	21.109
	CRC
	78
	Female
	Never
	No
	CRC_III

	58
	VF318
	1
	0
	14.996
	CRC
	59
	Male
	Never
	No
	CRC_IV

	59
	VF326
	0
	0
	0
	Healthy
	62
	Female
	Former
	No
	Healthy

	60
	VF328
	1
	58.24
	52.458
	CRC
	81
	Male
	Never
	No
	CRC_II

	61
	VF334
	1
	1.35
	10.804
	CRC
	55
	Male
	Never
	No
	CRC_I

	62
	VF339
	0
	7.467
	5.974
	Healthy
	60
	Female
	Former
	No
	Healthy

	63
	VF348
	1
	1463.329
	1283.776
	CRC
	74
	Male
	Never
	NA
	CRC_III

	64
	VF351
	0
	4.959
	4.959
	Healthy
	81
	Male
	Smoker
	No
	Healthy

	65
	VF365
	0
	4.527
	4.527
	Healthy
	65
	Male
	Never
	No
	Healthy

	66
	VF370
	0
	0
	0
	Healthy
	62
	Female
	Smoker
	No
	Healthy

	67
	VF377
	1
	304.22
	254.969
	CRC
	72
	Male
	Smoker
	No
	CRC_II

	68
	VF380
	0
	7.446
	6.382
	Healthy
	60
	Male
	Never
	NA
	Healthy

	69
	VF382
	0
	6.177
	6.177
	Healthy
	81
	Male
	Smoker
	No
	Healthy

	70
	VF385
	1
	426.607
	377.098
	CRC
	71
	Female
	Never
	No
	CRC_I

	71
	VF391
	1
	0
	0
	CRC
	88
	Female
	Never
	Yes
	CRC_III

	72
	VF400
	1
	307.014
	272.901
	CRC
	77
	Male
	Former
	No
	CRC_II

	73
	VF402
	1
	251.284
	212.993
	CRC
	68
	Female
	Never
	No
	CRC_II

	74
	VF421
	1
	175.379
	156.247
	CRC
	50
	Female
	Smoker
	No
	CRC_III

	75
	VF423
	1
	1551.58
	1361.805
	CRC
	82
	Male
	NA
	NA
	CRC_III

	76
	VF439
	1
	2021.562
	1790.579
	CRC
	68
	Male
	Former
	No
	CRC_II

	77
	VF440
	1
	629.105
	554.139
	CRC
	83
	Male
	Smoker
	NA
	CRC_I

	78
	VF444
	1
	2535.268
	2276.252
	CRC
	71
	Female
	Never
	No
	CRC_0

	79
	VF445
	1
	85.76
	71.824
	CRC
	78
	Female
	Never
	NA
	CRC_I

	80
	VF446
	1
	1.41
	0
	CRC
	73
	Female
	NA
	NA
	CRC_0

	81
	VF448
	1
	188.979
	165.699
	CRC
	69
	Female
	Never
	No
	CRC_II

	82
	VF450
	1
	561.919
	492.328
	CRC
	72
	Male
	Smoker
	No
	CRC_II

	83
	VF452
	1
	1250.655
	1107.12
	CRC
	83
	Male
	Smoker
	No
	CRC_II

	84
	VF453
	1
	244.622
	214.994
	CRC
	77
	Female
	Smoker
	No
	CRC_I

	85
	VF455
	1
	418.588
	370.432
	CRC
	77
	Male
	Smoker
	No
	CRC_III

	86
	VF459
	1
	4355.624
	3882.357
	CRC
	59
	Male
	Never
	No
	CRC_II

	87
	VF461
	1
	672.945
	597.088
	CRC
	59
	Female
	Former
	No
	CRC_III

	88
	VF462
	1
	1638.313
	1459.448
	CRC
	56
	Female
	Never
	No
	CRC_III

	89
	VF464
	1
	1502.642
	1333.452
	CRC
	81
	Male
	Former
	NA
	CRC_III

	90
	VF465
	1
	669.056
	591.665
	CRC
	74
	Female
	Smoker
	No
	CRC_I


Note: The master sheet documents cohort metadata points, including Cases/Controls status, hsa-miR-451a/b DESeq2-normalized read counts, Cohort domain, Age, Sex, Familiarity metrics, and exact pathological configurations across all 90 participants.
Section S2. Analytical Calibration and Specificity Datasets
Table S2. Raw chemiluminescence slope values for DCL calibration and specificity assessment
Table S2.1. Canonical miR-451a Standard Calibration Series
	
	
	
	RLU signal
	
	
	

	pM
	pg/ml
	log10 pg/ml
	Slope 1
	Slope 2
	Slope 3
	Average slopes
	SD
	CV

	1500
	9114
	3.9
	17603
	17613
	17501
	17572
	62
	0.4%

	500
	3038
	3.4
	11337
	11282
	11124
	11248
	111
	1.0%

	166.7
	1013
	3.0
	5638
	5124
	4747
	5170
	447
	8.7%

	55.6
	338
	2.5
	2092
	1869
	1929
	1963
	115
	5.9%

	18.5
	112
	2.0
	808
	794
	722
	775
	46
	6.0%

	6.2
	38
	1.5
	325
	309
	367
	334
	30
	9.0%

	2.1
	13
	1.1
	157
	137
	135
	143
	12
	8.5%

	0
	0
	0
	37
	39
	37
	38
	1
	3.1%


Table S2.2. Cross-Reactive miR-451b Non-Target Control Series
	
	
	
	RLU signal
	
	
	

	pM
	pg/ml
	log10 pg/ml
	Slope 1      Slope 2          Slope 3
	Average slope
	SD
	CV

	1500
	9114
	3.9
	27
	27
	34
	29
	4
	14.5%

	500
	3038
	3.4
	31
	19
	45
	32
	13
	41.0%

	166.7
	1013
	3.0
	30
	45
	39
	38
	7
	20.2%

	55.6
	338
	2.5
	27
	28
	25
	27
	1
	6.0%

	18.5
	112
	2.0
	26
	25
	31
	27
	3
	12.5%

	6.2
	38
	1.5
	19
	22
	34
	25
	8
	32.0%

	2.1
	13
	1.1
	27
	26
	22
	25
	3
	11.4%

	0
	1
	0
	32
	20
	25
	26
	6
	23.1%


Note: The raw relative light unit (RLU) slope values were recorded using a FLUOstar Omega microplate reader across three technical replicates. Table S2.1 provides details of the target standard calibration data that were used to construct the five-parameter logistic (5PL) regression fit in Belysa® software, which was used to estimate the lower limit of quantification (LLOQ = 13 pg/mL). This supports Figure 2A in the main text. Table S2.2 reports the analytical cross-reactivity profiling of the negative control sequence, miR-451b, under identical probe conditions, to verify sequence specificity. This supports Figure 2B in the main text.
Section S3. Heterogeneous IsomiR Variation Screening
Table S3. Raw chemiluminescence slope values for miR-451a isomiR variants
Table S3.1: miR-451a (+1) IsomiR Variant
	
	
	
	RLU signal
	
	
	

	pM
	pg/ml
	log10 pg/ml
	Slope 1         Slope 2            Slope 3
	Average slope
	SD
	CV

	1500
	9114
	3.9
	14534
	15377
	15310
	15074
	468
	3.1%

	500
	3038
	3.4
	8235
	8980
	9157
	8791
	489
	5.6%

	166.7
	1013
	3.0
	3639
	3951
	4424
	4005
	395
	9.9%

	55.6
	338
	2.5
	1517
	1653
	1719
	1630
	103
	6.3%

	18.5
	112
	2.0
	507
	485
	539
	510
	27
	5.3%

	6.2
	38
	1.5
	226
	218
	251
	232
	17
	7.4%

	2.1
	13
	1.1
	130
	128
	131
	130
	2
	1.2%

	0
	0
	0
	30
	34
	29
	31
	2
	8.5%


Table S3.2: miR-451a (−1) IsomiR Variant
	
	
	
	RLU signal
	
	
	

	pM
	pg/ml
	log10 pg/ml
	Slope 1           Slope 2          Slope 3
	Average slope
	SD
	CV

	1500
	9114
	3.9
	15001
	15446
	16494
	15647
	766
	4.9%

	500
	3038
	3.4
	7868
	8318
	8574
	8253.33
	357
	4.3%

	166.7
	1013
	3.0
	3246
	3070
	3392
	3236
	161
	5.0%

	55.6
	338
	2.5
	1116
	1121
	1275
	1170
	90
	7.7%

	18.5
	112
	2.0
	433
	440
	437
	436
	3
	0.8%

	6.2
	38
	1.5
	187
	167
	191
	189
	3
	1.5%

	2.1
	13
	1.1
	110
	129
	127
	128
	1
	1.1%

	0
	0
	0
	26
	30
	26
	27
	2
	8.4%



Table S3.3: miR-451a (−2) IsomiR Variant
	
	
	
	RLU signal
	
	
	

	pM
	pg/ml
	log10 pg/ml
	Slope 1           Slope 2           Slope 3
	Average slope
	SD
	CV

	1500
	9114
	3.9
	12476
	13501
	6265
	12988
	725
	5.6%

	500
	3038
	3.4
	7365
	8354
	8180
	7966
	528
	6.6%

	166.7
	1013
	3.0
	3556
	3930
	3745
	3743
	187
	5.0%

	55.6
	338
	2.5
	1353
	1551
	1548
	1484
	113
	7.6%

	18.5
	112
	2.0
	429
	547
	523
	499
	62
	12.5%

	6.2
	38
	1.5
	162
	176
	158
	165
	9
	5.7%

	2.1
	13
	1.1
	74
	78
	79
	77
	2
	3.4%

	0
	0
	0
	26
	31
	24
	27
	3
	13.4%


Table S3.4: miR-451a (−3) IsomiR Variant
	
	
	
	RLU signal
	
	
	

	pM
	pg/ml
	log10 pg/ml
	Slope 1           Slope 2       Slope 3
	Average slope
	SD
	CV

	1500
	9114
	3.9
	13022
	14882
	13102
	13668
	1051
	7.7%

	500
	3038
	3.4
	7338
	8300
	6873
	7503
	728
	9.7%

	166.7
	1013
	3.0
	3459
	3878
	3639
	3658
	210
	5.7%

	55.6
	338
	2.5
	1036
	1380
	1336
	1250
	187
	15.0%

	18.5
	112
	2.0
	389
	445
	423
	419
	28
	6.7%

	6.2
	38
	1.5
	115
	135
	180
	125
	14
	11.3%

	2.1
	13
	1.1
	74
	74
	97
	74
	0
	0.0%

	0
	0
	0
	29
	43
	31
	30
	1
	4.7%


Table S3.5: miR-451a (−4) IsomiR Variant
	
	
	
	RLU signal
	
	
	

	pM
	pg/ml
	log10 pg/ml
	Slope 1           Slope 2           Slope 3
	Average slope
	SD
	CV

	1500
	9114
	3.9
	12292
	13710
	14035
	13345
	927
	6.9%

	500
	3038
	3.4
	5538
	7375
	8171
	7773
	563
	7.2%

	166.7
	1013
	3.0
	2682
	3073
	3164
	2973
	256
	8.6%

	55.6
	338
	2.5
	908
	829
	981
	906
	76
	8.4%

	18.5
	112
	2.0
	321
	318
	375
	338
	32
	9.5%

	6.2
	38
	1.5
	75
	95
	119
	107
	17
	15.9%

	2.1
	13
	1.1
	48
	53
	53
	51
	3
	5.6%

	0
	0
	0
	27
	31
	22
	26
	4
	16.9%


Table S3.6: miR-451a (−5) IsomiR Variant
	
	
	
	RLU signal
	
	
	

	pM
	pg/ml
	log10 pg/ml
	Slope 1           Slope 2           Slope 3
	Average slope
	SD
	CV

	1500
	9114
	3.9
	13572
	13704
	15518
	14264
	1087
	7.6%

	500
	3038
	3.4
	7063
	7776
	8788
	7875
	866
	11.0%

	166.7
	1013
	3.0
	2866
	3378
	3788
	3344
	462
	13.8%

	55.6
	338
	2.5
	959
	998
	1212
	1056
	136
	12.9%

	18.5
	112
	2.0
	291
	339
	434
	315
	34
	10.8%

	6.2
	38
	1.5
	104
	112
	152
	108
	5
	5.2%

	2.1
	13
	1.1
	55
	56
	60
	57
	2
	4.6%

	0
	0
	0
	24
	27
	51
	25
	2
	8.3%


Note: These individual variant profiles verify the capacity of the core DGL probe matrix to retain analytical hybridization efficiency when dealing with typical clinical variants modified by terminal truncation or expansion pathways, supporting Figure 4 in the main text.
Section S4. Lysis Buffer Lytic Competence Validation
Effective haemolysis induced by the lysis buffer was confirmed by Neubauer chamber microscopy, while blood incubated in PBS (used as a control) remained non-haemolysed, as shown in Figure S2.
[image: A close-up of a grey and white image  Description automatically generated] 
Figure S2. Brightfield microscopy validation of complete erythrocyte hemolytic activity. (A) Human peripheral whole blood treated with DESTINA lysis buffer (1:20 dilution) demonstrating complete hemolytic activity, with cell borders dissolved, leaving a flat matrix containing ~ 20000 unlysed resistant residual cells/µL. (B) Human peripheral whole blood treated with standard reference PBS (1:20 dilution) showing no membrane rupture, preserving intact cellular geometry with a dense field numbering ~ 5.54  x 106 RBC/µL.
Section S5. Biological Calibration via RBC Spike-In
Table S4. Stool matrix red blood cell spike-in dose-response parameters
	
	Total RBC
	RBC/uL
	(pg/mL)
	RLU
Slope 1
	RLU
Slope 2
	RLU
Slope 3
	Avg RLU
	RLU SD
	RLU CV
	Log10 total RBC
	Log10 RLU
	Log10 (pg/ml)

	1
	13500000
	6756
	1953
	8177
	8828
	9890
	8965
	865
	9.7%
	7.1
	3.9
	3.2

	2
	675610
	3378
	27
	144
	163
	219
	175
	39
	22.2%
	5.8
	2.2
	1.4

	3
	337805
	1689
	22
	133
	100
	204
	146
	53
	36.5%
	5.5
	2.1
	1.3

	4
	112600
	563
	11
	109
	66
	82
	86
	22
	25.4%
	5.0
	1.9
	1.0

	5
	82
	0.41
	-
	38
	37
	37
	37
	1
	1.6%
	1.9
	1.5
	0

	6
	0
	FIT+Stool
	-
	35
	29
	33
	32
	3
	9.5%
	
	
	

	7
	0
	FIT buffer
	-
	27
	29
	37
	31
	5
	17.1%
	
	
	


Note: Target concentration values were interpolated using the primary 5PL calibration fit from Table S1.1. Given the assay lower limit of quantification (LLOQ = 13 pg/mL), the minimum cellular concentration threshold necessary to yield a reproducible quantitative result corresponds to 337,805 total RBCs per tracking cell volume, equivalent to an analytical density of 1,689 RBC/µL. Unspiked background matrices are included to verify baseline parameters, supporting Figure 3 in the main text.
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Section S6. Clinical Cohort Individual Master Data Sheets
Table S5. Quantitative evaluation of 44 CRC individuals evaluated cross-methodologically via DCL and small RNA sequencing
	
	ID sample
	CRC cases
	Result Day1 (pM)
	Result Day2 (pM)
	average Day1,2 (pM)
	average Day1,2 (pg/mL)
	NGS
	LOG10 average day1,2 (pg/mL)
	LOG10 NGS
	RLU Slope 1 (Day1)
	RLU Slope 2 (Day1)
	RLU Slope 3 (Day1)
	RLU Slope 1 (Day2)
	RLU Slope 2 (Day2)
	RLU Slope 3 (Day2)
	Average RLU (Day1)
	Average RLU (Day2)
	Average RLU (Day1and 2)
	SD
	CV

	1
	VF459
	CRC_II
	2084.79
	1499.31
	1792.1
	10888.5
	4355.6
	4.0
	3.64
	21173
	22092
	19793
	21001
	19684
	20146
	21019
	20277
	20648
	937
	5.8%

	2
	VF282
	CRC_IV
	2688.06
	791.46
	1739.8
	10570.8
	152.4
	4.0
	2.18
	36773
	35797
	17358
	6054
	6288
	8385
	29976
	6909
	18443
	14427
	78.4%

	3
	VF452
	CRC_II
	645.65
	776.08
	710.9
	4319.2
	1250.6
	3.6
	3.10
	16694
	14021
	13982
	6449
	5728
	7201
	14899
	6459
	10679
	4748
	44.1%

	4
	VF073
	CRC_I
	546.68
	760.05
	653.4
	3969.8
	0
	3.6
	0
	33506
	32761
	36904
	4183
	5984
	3051
	34390
	4406
	19398
	16508
	85.4%

	5
	VF444
	CRC_0
	511.39
	759.07
	635.2
	3859.7
	2535.2
	3.6
	3.40
	11963
	12954
	11653
	10763
	12331
	10636
	12190
	11243
	11717
	900
	8.7%

	6
	VF400
	CRC_II
	524.34
	392.8
	458.6
	2786.3
	307.0
	3.4
	2.49
	12452
	10708
	13153
	5908
	5795
	5928
	12104
	5877
	8991
	3502
	39.1%

	7
	VF348
	CRC_III
	302.91
	462.37
	382.6
	2324.9
	1463.3
	3.4
	3.17
	10151
	5456
	6956
	7016
	8754
	5569
	7521
	7113
	7317
	1835
	25.7%

	8
	VF450
	CRC_II
	225.51
	401.05
	313.3
	1903.5
	561.9
	3.3
	2.75
	8440
	7217
	7355
	4585
	5005
	5953
	7671
	5181
	6426
	1495
	23.0%

	9
	VF377
	CRC_II
	346.13
	180.89
	263.5
	1601.1
	304.2
	3.2
	2.48
	9830
	8644
	9468
	3802
	3238
	3175
	9314
	3405
	6360
	3266
	51.4%

	10
	VF453
	CRC_I
	205.49
	261.57
	233.5
	1418.9
	244.6
	3.2
	2.39
	7269
	7387
	6719
	3198
	2867
	2525
	7125
	2863
	4994
	2354
	47.3%

	11
	VF439
	CRC_II
	222.57
	242.79
	232.7
	1413.8
	2021.5
	3.2
	3.31
	17335
	16911
	16277
	6175
	6210
	3388
	16841
	5258
	11049
	6435
	58.9%

	12
	VF462
	CRC_III
	160.24
	253.98
	207.1
	1258.4
	1638.3
	3.1
	3.21
	4831
	5133
	3920
	6575
	6864
	5410
	4628
	6283
	5456
	1103
	20.0%

	13
	VF423
	CRC_III
	166.88
	188.18
	177.5
	1078.7
	1551.5
	3.0
	3.19
	2904
	2539
	3905
	12995
	13548
	11687
	3116
	12743
	7930
	5326
	67.5%

	14
	VF465
	CRC_I
	130.67
	158.15
	144.4
	877.4
	669.0
	2.9
	2.83
	1736
	1926
	1413
	4960
	5184
	4257
	1692
	4800
	3246
	1737
	54.7%

	15
	VF461
	CRC_III
	142.78
	124.84
	133.8
	813.0
	672.9
	2.9
	2.83
	5075
	5508
	5038
	1385
	2162
	2442
	5207
	1996
	3602
	1799
	50.1%

	16
	VF464
	CRC_III
	72.90
	99.11
	86.0
	522.6
	1502.6
	2.7
	3.18
	2199
	2146
	2089
	3165
	3149
	3301
	2145
	3205
	2675
	584
	22.9%

	17
	VF077
	CRC_III
	79.14
	84.54
	81.8
	497.3
	11.1
	2.7
	1.05
	2779
	2213
	405
	2165
	818
	2026
	1799
	1670
	1734
	916
	53.2%

	18
	VF440
	CRC_I
	85.87
	74.87
	80.4
	488.3
	629.1
	2.7
	2.80
	2606
	3067
	2740
	2501
	2678
	2423
	2804
	2534
	2669
	226
	8.0%

	19
	VF402
	CRC_II
	70.82
	87.62
	79.2
	481.3
	251.2
	2.7
	2.40
	1232
	1183
	1379
	2268
	2378
	2034
	1265
	2227
	1746
	542
	31.5%

	20
	VF106
	CRC_II
	72.87
	55.24
	64.1
	389.2
	96.81
	2.6
	1.99
	1689
	1595
	1501
	950
	834
	922
	1595
	902
	1249
	386
	31.6%

	21
	VF385
	CRC_I
	66.24
	39.97
	53.1
	322.7
	426.6
	2.5
	2.63
	5557
	5626
	5632
	792
	832
	725
	5605
	783
	3194
	2641
	83.9%

	22
	VF328
	CRC_II
	39.19
	62.08
	50.6
	307.7
	58.2
	2.5
	1.77
	818
	938
	460
	3517
	3127
	3299
	739
	3314
	2027
	1424
	70.2%

	23
	VF421
	CRC_III
	43.35
	43.83
	43.6
	264.9
	175.3
	2.4
	2.24
	3544
	3320
	4151
	1519
	1491
	2103
	3672
	1704
	2688
	1132
	42.4%

	24
	VF313
	CRC_III
	23.99
	62.37
	43.2
	262.4
	33.7
	2.4
	1.53
	949
	359
	450
	1000
	1017
	324
	586
	780
	683
	337
	49.2%

	25
	VF251
	CRC_II
	29.73
	37.10
	33.4
	203.0
	0
	2.3
	0
	656
	751
	531
	401
	396
	75
	646
	291
	468
	238
	51.0%

	26
	VF270
	CRC_II
	25.49
	27.84
	26.7
	162.0
	1.2
	2.2
	0.09
	179
	216
	229
	139
	483
	570
	208
	397
	303
	178
	59.8%

	27
	VF445
	CRC_I
	14.59
	36.72
	25.7
	155.9
	85.7
	2.2
	1.93
	482
	73
	466
	790
	716
	634
	340
	713
	527
	256
	49.1%

	28
	VF455
	CRC_III
	31.15
	15.46
	23.3
	141.6
	418.5
	2.2
	2.62
	1129
	1365
	952
	507
	524
	490
	1149
	507
	828
	375
	45.3%

	29
	VF448
	CRC_II
	22.50
	16.88
	19.7
	119.6
	188.9
	2.1
	2.28
	883
	451
	420
	275
	290
	410
	585
	325
	455
	221
	49.7%

	30
	VF120
	CRC_III
	21.46
	16.42
	18.9
	115.1
	32.3
	2.1
	1.51
	520
	489
	460
	269
	230
	290
	490
	263
	376
	127
	34.0%

	31
	VF334
	CRC_I
	14.16
	14.91
	14.5
	88.3
	1.3
	1.9
	0.13
	1135
	1228
	1807
	984
	800
	975
	1390
	920
	1155
	351
	30.4%

	32
	VF273
	CRC_III
	7.80
	10.01
	8.9
	54.1
	0
	1.7
	0
	658
	695
	281
	150
	135
	152
	545
	146
	345
	262
	76.2%

	33
	VF281
	CRC_III
	5.64
	9.01
	7.3
	44.5
	0
	1.6
	0
	107
	84
	120
	142
	178
	64
	104
	128
	116
	40
	35.0%

	34
	VF300
	CRC_III
	6.58
	-
	6.6
	40.0
	0
	1.6
	0
	70
	67
	18
	38
	72
	35
	52
	48
	50
	22
	45.4%

	35
	VF318
	CRC_IV
	5.40
	7.18
	6.3
	38.2
	0
	1.6
	0
	434
	563
	144
	459
	104
	590
	380
	384
	382
	209
	55.7%

	36
	VF292
	CRC_NA
	5.63
	5.01
	5.3
	32.3
	0
	1.5
	0
	301
	480
	468
	354
	377
	183
	416
	305
	361
	110
	31.8%

	37
	VF296
	CRC_I
	2.39
	2.60
	2.5
	15.2
	0
	1.2
	0
	69
	63
	60
	23
	25
	33
	64
	27
	46
	20
	46.0%

	38
	VF217
	CRC_II
	1.22
	-
	1.2
	7.4
	1.5
	0.9
	0.18
	61
	59
	128
	33
	19
	23
	83
	25
	54
	40
	75.2%

	39
	VF391
	CRC_III
	-
	-
	-
	-
	0
	0
	0
	120
	112
	111
	54
	56
	35
	114
	48
	81
	37
	46.5%

	40
	VF240
	CRC_II
	-
	-
	-
	-
	1.6
	0
	0.22
	32
	34
	48
	58
	52
	32
	38
	47
	43
	11
	27.3%

	41
	VF114
	CRC_NA
	-
	-
	-
	-
	0
	0
	0
	73
	60
	28
	20
	24
	16
	54
	20
	37
	23
	64.0%

	42
	VF236
	CRC_NA
	-
	-
	-
	-
	0
	0
	0
	50
	56
	14
	21
	32
	24
	40
	26
	33
	16
	51.2%

	43
	VF446
	CRC_0
	-
	-
	-
	-
	1.4
	0
	0.15
	21
	25
	16
	43
	51
	42
	21
	45
	33
	14
	43.8%

	44
	VF222
	CRC_IV
	-
	-
	-
	-
	0
	0
	0
	53
	50
	25
	13
	21
	9
	43
	14
	29
	18
	66.9%


Note: Samples 1–36 scored above the predefined operational evaluation limit (2 x LLOQ = 26 pg/mL; see red line). The seven target specimens that generated clear, measurable quantitative concentrations on the DCL platform, despite registering zero read profiles across the multi-step enzymatic workflows of NGS sequencing, are cross-validated against independent assays, supporting Figure 5 in the main text.
Table S6. Comprehensive sub-group quadrant distributions for the 90 clinical validation samples
Table S6.1: CRC subjects / DCL-Positive Validation Set (n=36)
Refer to individual master data metrics documented in rows 1 through 36 of Table S4 above.
Table S6.2: cancer-free controls/ DCL-Negative Reference Controls (n=36)
	
	ID sample
	Colonoscopy negative controls
	Result Day1 (pM)
	Result Day2 (pM)
	average Day1,2 (pM)
	average Day1,2 (pg/mL)
	NGS
	LOG10 average day1,2 (pg/mL)
	LOG10 NGS
	RLU Slope 1 (Day1)
	RLU Slope 2 (Day1)
	RLU Slope 3 (Day1)
	RLU Slope 1 (Day2)
	RLU Slope 2 (Day2)
	RLU Slope 3 (Day2)
	Average RLU (Day1)
	Average RLU (Day2)
	Average RLU (Day1and 2)
	SD
	CV

	1
	VF018
	Healthy
	-
	-
	-
	-
	0.8
	0
	-0.04
	25
	21
	15
	18
	19
	27
	20
	21
	21
	4
	22.1%

	2
	VF189
	Healthy
	-
	-
	-
	-
	0
	0
	0
	18
	26
	16
	19
	23
	26
	20
	23
	21
	4
	20.4%

	3
	VF012
	Healthy
	-
	-
	-
	-
	0.7
	0
	-0.15
	26
	19
	19
	23
	25
	36
	21
	28
	25
	6
	25.0%

	4
	VF010
	Healthy
	-
	-
	-
	-
	0
	0
	0
	22
	25
	31
	19
	22
	21
	26
	21
	23
	4
	18.0%

	5
	VF013
	Healthy
	-
	-
	-
	-
	1.4
	0
	0.17
	77
	50
	47
	11
	17
	12
	58
	13
	36
	26
	75.5%

	6
	VF254
	Healthy
	-
	-
	-
	-
	0
	0
	0
	41
	34
	19
	28
	30
	25
	31
	28
	30
	7
	26.9%

	7
	VF103
	Healthy
	-
	-
	-
	-
	0
	0
	0
	30
	36
	48
	47
	24
	28
	38
	33
	36
	10
	28.3%

	8
	VF110
	Healthy
	-
	-
	-
	-
	0
	0
	0
	26
	27
	12
	33
	40
	38
	22
	37
	29
	10
	35.0%

	9
	VF005
	Healthy
	-
	-
	-
	-
	0.8
	0
	-0.06
	76
	40
	55
	22
	30
	28
	57
	27
	42
	20
	49.0%

	10
	VF039
	Healthy
	-
	-
	-
	-
	1.2
	0
	0.08
	97
	62
	52
	23
	24
	16
	70
	21
	46
	31
	68.5%

	11
	VF031
	Healthy
	-
	-
	-
	-
	0
	0
	0
	76
	75
	40
	21
	25
	15
	64
	20
	42
	27
	65.4%

	12
	VF081
	Healthy
	-
	-
	-
	-
	0
	0
	0
	84
	36
	66
	37
	25
	46
	62
	36
	49
	22
	45.0%

	13
	VF370
	Healthy
	-
	-
	-
	-
	0
	0
	0
	20
	28
	19
	23
	18
	15
	22
	19
	21
	4
	22.1%

	14
	VF190
	Healthy
	0.22
	-
	0.2
	1.3
	0.8
	0.1
	-0.09
	30
	27
	35
	27
	21
	25
	31
	24
	28
	4
	17.2%

	15
	VF041
	Healthy
	0.33
	-
	0.3
	2.0
	0
	0.3
	0
	29
	18
	20
	16
	14
	8
	22
	13
	18
	7
	40.1%

	16
	VF006
	Healthy
	-
	0.43
	0.4
	2.6
	0
	0.4
	0
	15
	15
	21
	29
	30
	36
	17
	32
	24
	8
	36.0%

	17
	VF075
	Healthy
	-
	0.57
	0.6
	3.5
	0.8
	0.5
	-0.07
	19
	22
	49
	23
	25
	33
	30
	27
	29
	11
	39.7%

	18
	VF001
	Healthy
	-
	0.68
	0.7
	4.1
	0.1
	0.6
	-0.75
	33
	25
	77
	31
	37
	37
	45
	35
	40
	18
	47.5%

	19
	VF034
	Healthy
	-
	0.76
	0.8
	4.6
	0
	0.7
	0
	24
	29
	27
	36
	36
	25
	27
	32
	30
	5
	18.3%

	20
	VF326
	Healthy
	-
	0.96
	1.0
	5.8
	0
	0.8
	0
	43
	28
	40
	47
	79
	46
	37
	57
	47
	17
	36.0%

	21
	VF082
	Healthy
	-
	0.97
	1.0
	5.9
	1.5
	0.8
	0.18
	32
	23
	28
	38
	40
	52
	28
	43
	36
	10
	29.8%

	22
	VF014
	Healthy
	-
	1.07
	1.1
	6.5
	0
	0.8
	0
	52
	62
	70
	21
	25
	24
	61
	23
	42
	21
	51.5%

	23
	VF040
	Healthy
	1.98
	-
	2.0
	12.0
	0
	1.1
	0
	25
	29
	37
	36
	87
	35
	30
	53
	42
	22
	55.4%

	24
	VF306
	Healthy
	2.11
	-
	2.1
	12.8
	0
	1.1
	0
	26
	30
	70
	20
	25
	33
	42
	26
	34
	18
	53.0%

	25
	VF084
	Healthy
	3.06
	1.17
	2.1
	12.9
	0
	1.1
	0
	42
	41
	16
	19
	37
	47
	33
	34
	34
	13
	38.9%

	26
	VF140
	Healthy
	-
	2.38
	2.4
	14.5
	1.2
	1.2
	0.10
	23
	31
	41
	28
	30
	25
	32
	28
	30
	6
	21.0%

	27
	VF091
	Healthy
	3.36
	2.22
	2.8
	17.0
	0.7
	1.2
	-0.14
	108
	135
	81
	56
	38
	33
	108
	42
	75
	40
	54.8%

	28
	VF074
	Healthy
	4.04
	1.67
	2.9
	17.3
	1.9
	1.2
	0.29
	122
	153
	119
	65
	51
	48
	131
	55
	93
	44
	47.7%

	29
	VF094
	Healthy
	2.81
	2.94
	2.9
	17.5
	0
	1.2
	0
	46
	32
	72
	45
	70
	72
	50
	62
	56
	17
	31.6%

	30
	VF128
	Healthy
	3.86
	1.99
	2.9
	17.8
	0
	1.2
	0
	50
	47
	56
	63
	70
	66
	51
	66
	59
	9
	16.0%

	31
	VF043
	Healthy
	3.45
	2.81
	3.1
	19.0
	0
	1.3
	0
	178
	131
	116
	22
	44
	36
	142
	34
	88
	62
	72.0%

	32
	VF171
	Healthy
	3.17
	-
	3.2
	19.3
	0
	1.3
	0
	22
	27
	25
	26
	29
	22
	25
	26
	25
	2
	11.6%

	33
	VF311
	Healthy
	3.79
	2.82
	3.3
	20.1
	0
	1.3
	0
	94
	46
	59
	67
	78
	68
	66
	71
	69
	16
	24.0%

	34
	VF028
	Healthy
	3.32
	-
	3.3
	20.2
	0
	1.3
	0
	148
	170
	132
	21
	18
	52
	150
	30
	90
	67
	75.4%

	35
	VF076
	Healthy
	3.68
	-
	3.7
	22.4
	0
	1.3
	0
	76
	65
	69
	19
	15
	13
	70
	16
	43
	30
	70.8%

	36
	VF104
	Healthy
	6.29
	1.48
	3.9
	23.6
	2.2
	1.4
	0.36
	150
	188
	176
	41
	50
	49
	171
	47
	109
	69
	64.0%


Table S6.3: Cancer-free subjects/ DCL-Positive Hemorrhoidal Sub-Cohort (n=10)
	
	ID sample
	CRC-negative
	Result Day1 (pM)
	Result Day2 (pM)
	average Day1,2 (pM)
	average Day1,2 (pg/mL)
	NGS
	LOG10 average day1,2 (pg/mL)
	LOG10 NGS
	RLU Slope 1 (Day1)
	RLU Slope 2 (Day1)
	RLU Slope 3 (Day1)
	RLU Slope 1 (Day2)
	RLU Slope 2 (Day2)
	RLU Slope 3 (Day2)
	Average RLU (Day1)
	Average RLU (Day2)
	Average RLU (Day1and 2)
	SD
	CV

	1
	VF063
	Healthy
	10.29
	3.97
	7.1
	43.3
	5.7
	1.6
	0.76
	759
	846
	1005
	626
	701
	670
	870
	666
	768
	139
	18.0%

	2
	VF351
	Healthy
	8.93
	5.38
	7.2
	43.5
	4.9
	1.6
	0.70
	180
	64
	142
	106
	104
	43
	129
	84
	107
	50
	47.4%

	3
	VF109
	Healthy
	7.83
	7.05
	7.4
	45.2
	5.9
	1.7
	0.78
	60
	26
	84
	73
	160
	119
	57
	117
	87
	46
	54.3%

	4
	VF365
	Healthy
	7.96
	9.40
	8.7
	52.7
	4.5
	1.7
	0.66
	449
	240
	234
	111
	102
	137
	308
	117
	212
	130
	62.1%

	5
	VF382
	Healthy
	24.37
	20.01
	22.2
	134.8
	6.1
	2.1
	0.79
	2075
	1859
	2182
	977
	871
	247
	2039
	698
	1369
	782
	57.6%

	6
	VF180
	Healthy
	11.35
	41.80
	26.6
	161.5
	1.8
	2.2
	0.27
	508
	641
	396
	683
	650
	777
	515
	703
	609
	135
	22.8%

	7
	VF380
	Healthy
	46.63
	42.42
	44.5
	270.5
	7.4
	2.4
	0.87
	1449
	1693
	1165
	640
	975
	527
	1436
	714
	1075
	453
	42.3%

	8
	VF125
	Healthy
	171.82
	117.45
	144.6
	878.8
	8.9
	2.9
	0.95
	2255
	2213
	2971
	6128
	5018
	4882
	2480
	5343
	3911
	1648
	42.0%

	9
	VF339
	Healthy
	319.84
	154.99
	237.4
	1442.5
	7.4
	3.2
	0.87
	8873
	8750
	2883
	8446
	10292
	5926
	6835
	8221
	7528
	2680
	36.0%

	10
	VF078
	Healthy
	798.72
	485.75
	642.2
	3902.2
	699.6
	3.6
	2.84
	15082
	11297
	10288
	11947
	11965
	10289
	12222
	11400
	11811
	1768
	15.4%



Table S6.4: CRC subjects / DCL-Negative Non-Bleeding Lesion Sub-Cohort (n=8)
	
	ID sample
	CRC-positive
	Result Day1 (pM)
	Result Day2 (pM)
	average Day1,2 (pM)
	average Day1,2 (pg/mL)
	NGS
	LOG10 average day1,2 (pg/mL)
	LOG10 NGS
	RLU Slope 1 (Day1)
	RLU Slope 2 (Day1)
	RLU Slope 3 (Day1)
	RLU Slope 1 (Day2)
	RLU Slope 2 (Day2)
	RLU Slope 3 (Day2)
	Average RLU (Day1)
	Average RLU (Day2)
	Average RLU (Day1and 2)
	SD
	CV

	1
	VF296
	CRC_I
	2.39
	2.60
	2.5
	15.2
	0
	1.2
	0
	69
	63
	60
	23
	25
	33
	64
	27
	46
	20
	46.0%

	2
	VF217
	CRC_II
	1.22
	-
	1.2
	7.4
	1.5
	0.9
	0.18
	61
	59
	128
	33
	19
	23
	83
	25
	54
	40
	75.4%

	3
	VF391
	CRC_III
	-
	-
	-
	-
	0
	0
	0
	120
	112
	111
	54
	56
	35
	114
	48
	81
	37
	46.2%

	4
	VF240
	CRC_II
	-
	-
	-
	-
	1.6
	0
	0.22
	32
	34
	48
	58
	52
	32
	38
	47
	43
	11
	27.6%

	5
	VF114
	CRC_NA
	-
	-
	-
	-
	0
	0
	0
	73
	60
	28
	20
	24
	16
	54
	20
	37
	23
	64.1%

	6
	VF236
	CRC_NA
	-
	-
	-
	-
	0
	0
	0
	50
	56
	14
	21
	32
	24
	40
	26
	33
	16
	51.0%

	7
	VF446
	CRC_0
	-
	-
	-
	-
	1.4
	0
	0.15
	21
	25
	16
	43
	51
	42
	21
	45
	33
	14
	43.3%

	8
	VF222
	CRC_IV
	-
	-
	-
	-
	0
	0
	0
	53
	50
	25
	13
	21
	9
	43
	14
	29
	18
	66.6%
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The 72-sample group comparison validation model supporting Figure 6A in the main text comprises the 36 CRC samples from Table S6.1 and the 36 specimens from cancer free controls from Table S6.2. The remaining 18 clinical files capture specific baseline exceptions: Table S6.3 catalogues the 10 patients with a negative colonoscopy outcome who presented with active, non-malignant peripheral haematochezia, whereas Table S6.4 details the 8 confirmed tumor that were not actively shedding blood into the intestinal lumen during the collection sequence, matching the biological findings described in Figure 6B.
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