[bookmark: _Hlk201321252]Supplementary Table S1. Distribution and frequency of dicentric chromosome aberrations analyzed using Giemsa and centromere-FISH staining in pooled samples exposed to 0–5 Gy of radiation from two healthy donors.
	Dose (Gy)
	Cells
scored
	No. Dic
	[bookmark: _Hlk193209465]Cell distribution of dicentric
	Yield ± SE
	Dispersion Index(σ2/y)2)
	[bookmark: _Hlk193209929]U-test
(u)

	
	
	
	D0
	D1
	D2
	D3
	D4
	D5
	D6
	
	
	

	Pooled of two donors (1000 cells per dose in each donor) : Giemsa

	01)
	10000
	10
	9990
	10
	0
	0
	0
	0
	0
	0.001 ± 0.000  
	0.999
	-0.067

	0.05
	2000
	3
	1997
	3
	0
	0
	0
	0
	0
	0.002 ± 0.001
	0.999
	-0.039

	0.1
	2000
	10
	1990
	10
	0
	0
	0
	0
	0
	0.005 ± 0.002
	0.995
	-0.150

	0.2
	2000
	18
	1982
	18
	0
	0
	0
	0
	0
	0.009 ± 0.002
	0.991
	-0.277

	0.4
	2000
	45
	1955
	45
	0
	0
	0
	0
	0
	0.023 ± 0.003
	0.978
	-0.704

	0.6
	2000
	55
	1945
	55
	0
	0
	0
	0
	0
	0.028 ± 0.004
	0.973
	-0.862

	0.8
	2000
	96
	1907
	90
	3
	0
	0
	0
	0
	0.048 ± 0.005
	1.020
	0.477

	1
	2000
	139
	1864
	133
	3
	0
	0
	0
	0
	0.070 ± 0.006
	0.974
	-0.820

	2
	831
	200
	656
	152
	21
	2
	0
	0
	0
	0.241 ± 0.017
	1.030
	0.624

	3
	370
	200
	217
	112
	35
	6
	0
	0
	0
	0.541 ± 0.038
	0.992
	-0.107

	4
	203
	200
	73
	76
	41
	10
	3
	0
	0
	0.985± 0.070
	0.909
	-0.914

	5
	154
	202
	42
	51
	39
	16
	5
	1
	0
	1.312 ± 0.092
	0.952
	-0.422

	Pooled of two donors (3000 cells per dose in each donor) : Giemsa

	*0
	10000
	10
	9990
	10
	0
	0
	0
	0
	0
	0.001 ± 0.000  
	0.999
	-0.067

	0.05
	6000
	17
	5983
	17
	0
	0
	0
	0
	0
	0.003 ± 0.001
	0.997
	-0.151

	0.1
	6000
	28
	5972
	28
	0
	0
	0
	0
	0
	0.005 ± 0.001
	0.995
	-0.251

	0.2
	6000
	46
	5954
	46
	0
	0
	0
	0
	0
	0.008 ± 0.001
	0.992
	-0.415

	0.4
	6000
	134
	5868
	130
	2
	0
	0
	0
	0
	0.022 ± 0.002
	1.010
	0.422

	0.6
	6000
	187
	5818
	178
	3
	1
	0
	0
	0
	0.031 ± 0.002
	1.030
	1.820

	0.8
	6000
	338
	5673
	316
	11
	0
	0
	0
	0
	0.056 ± 0.003
	1.010
	0.489

	1
	6000
	416
	5597
	390
	13
	0
	0
	0
	0
	0.069 ± 0.003
	0.993
	-0.366

	2
	831
	200
	656
	152
	21
	2
	0
	0
	0
	0.241 ± 0.017
	1.030
	0.624

	3
	370
	200
	217
	112
	35
	6
	0
	0
	0
	0.541 ± 0.038
	0.992
	-0.107

	4
	203
	200
	73
	76
	41
	10
	3
	0
	0
	0.985± 0.070
	0.909
	-0.914

	5
	154
	202
	42
	51
	39
	16
	5
	1
	0
	1.312 ± 0.092
	0.952
	-0.422

	Pooled of two donors (1000 cells per dose in each donor) : Centromere-FISH

	*0
	10000
	4
	9996
	4
	0
	0
	0
	0
	0
	0.000 ± 0.000  
	1.000
	-0.024

	0.05
	2000
	7
	1993
	7
	0
	0
	0
	0
	0
	0.004 ± 0.001
	0.997
	-0.102

	0.1
	2000
	14
	1986
	14
	0
	0
	0
	0
	0
	0.007 ± 0.002
	0.993
	-0.213

	0.2
	2000
	23
	1977
	23
	0
	0
	0
	0
	0
	0.012 ± 0.002
	0.989
	-0.356

	0.4
	2000
	51
	1949
	51
	0
	0
	0
	0
	0
	0.026 ± 0.004
	0.975
	-0.799

	0.6
	2000
	96
	1906
	92
	2
	0
	0
	0
	0
	0.048 ± 0.008
	0.994
	-0.185

	0.8
	2000
	121
	1885
	109
	6
	0
	0
	0
	0
	0.061 ± 0.005
	1.040
	1.240

	1
	2000
	175
	1832
	161
	7
	0
	0
	0
	0
	0.088 ± 0.007
	0.993
	-0.222

	2
	528
	200
	364
	132
	28
	4
	0
	0
	0
	0.379 ± 0.027
	1.020
	0.377

	3
	257
	201
	118
	94
	30
	13
	2
	0
	0
	0.782 ± 0.055
	1.030
	0.316

	4
	127
	200
	22
	45
	34
	19
	5
	2
	0
	1.575 ± 0.011
	0.842
	-1.260

	5
	103
	202
	15
	27
	26
	22
	10
	1
	2
	1.961 ± 0.138
	0.949
	-0.365

	Pooled of two donors (3000 cells per dose in each donor) : Centromere-FISH

	*0
	10000
	4
	9996
	4
	0
	0
	0
	0
	0
	0.000 ± 0.000  
	1.000
	-0.024

	0.05
	6000
	22
	5978
	22
	0
	0
	0
	0
	0
	0.004 ± 0.001
	0.996
	-0.196

	0.1
	6000
	39
	5961
	39
	0
	0
	0
	0
	0
	0.006 ± 0.001
	0.994
	-0.351

	0.2
	6000
	58
	5943
	56
	1
	0
	0
	0
	0
	0.010 ± 0.001
	1.020
	1.380

	0.4
	6000
	156
	5846
	152
	2
	0
	0
	0
	0
	0.026 ± 0.002
	1.000
	-0.011

	0.6
	6000
	256
	5748
	248
	4
	0
	0
	0
	0
	0.043 ± 0.003
	0.989
	-0.617

	0.8
	6000
	412
	5605
	380
	13
	2
	0
	0
	0
	0.069 ± 0.003
	1.020
	1.300

	1
	6000
	556
	5470
	505
	24
	1
	0
	0
	0
	0.093 ± 0.004
	1.000
	0.253

	2
	528
	200
	364
	132
	28
	4
	0
	0
	0
	0.379 ± 0.027
	1.020
	0.377

	3
	257
	201
	118
	94
	30
	13
	2
	0
	0
	0.782 ± 0.055
	1.030
	0.316

	4
	127
	200
	22
	45
	34
	19
	5
	2
	0
	1.575 ± 0.011
	0.842
	-1.260

	5
	103
	202
	15
	27
	26
	22
	10
	1
	2
	1.961 ± 0.138
	0.949
	-0.365


* All data were calculated with Dose Estimate ver. 5.2 
1) According to the analytical criteria of ISO 19238:2023, 0 Gy samples for all conditions were analyzed using 5,000 metaphase
  cells per individual, and the combined values from two individuals are presented
2) σ2/y; the ratio of variance to mean, No. Dic; Number of dicentric chromosome

	Observed no. of chromosome aberration
	Giemsa
	Cent-FISH

	
	Lower 95% limit (Gy)
	Estimated dose
(Gy)
	Upper 95% limit (Gy)
	Lower 95% limit (Gy)
	Estimated dose
(Gy)
	Upper 95% limit (Gy)

	Dose–response curve : G2-DRC-1
	[bookmark: _Hlk166231664]Dose–response curve : F2-DRC-1

	0
	< 0
	< 0
	0.089
	< 0
	< 0
	0.072

	1
	< 0
	0.020
	0.160
	< 0
	0.014
	0.131

	2
	< 0
	0.057
	0.200
	< 0
	0.045
	0.164

	3
	0.005
	0.089
	0.234
	0.001
	0.072
	0.192

	4
	0.024
	0.119
	0.265
	0.017
	0.096
	0.217

	[bookmark: _Hlk193354361]Dose–response curve : G2-DRC-2
	Dose–response curve : F2-DRC-2

	0
	< 0
	< 0
	0.063
	< 0
	< 0
	0.064

	1
	< 0
	< 0
	0.137
	< 0
	0.004
	0.126

	2
	< 0
	0.030
	0.177
	< 0
	0.036
	0.159

	3
	< 0
	0.063
	0.212
	< 0
	0.064
	0.188

	4
	< 0
	0.094
	0.243
	0.007
	0.090
	0.214

	5
	0.016
	0.121
	0.270
	0.024
	0.113
	0.237

	6
	0.037
	0.147
	0.297
	0.042
	0.135
	0.259

	Dose–response curve : G2-DRC-1-L
	Dose–response curve : F2-DRC-1-L

	0
	< 0
	< 0
	0.059
	< 0
	< 0
	0.047

	1
	< 0
	0.000
	0.127
	< 0
	0.011
	0.090

	2
	< 0
	0.031
	0.166
	< 0
	0.029
	0.118

	3
	< 0
	0.059
	0.201
	0.004
	0.047
	0.142

	4
	0.003
	0.087
	0.233
	0.013
	0.064
	0.165

	5
	0.019
	0.113
	0.262
	0.022
	0.081
	0.187

	6
	0.037
	0.137
	0.289
	0.033
	0.098
	0.208

	Dose–response curve : G2-DRC-2-L
	Dose–response curve : F2-DRC-2-L

	0
	< 0
	< 0
	0.058
	< 0
	< 0
	0.052

	1
	< 0
	0.000
	0.124
	< 0
	0.011
	0.102

	2
	< 0
	0.030
	0.162
	< 0
	0.032
	0.131

	3
	< 0
	0.058
	0.196
	0.003
	0.052
	0.157

	4
	0.003
	0.087
	0.226
	0.013
	0.072
	0.181

	5
	0.019
	0.110
	0.254
	0.024
	0.091
	0.204


Supplementary Table S2. Minimum detectable dose for dose–response curves based on Giemsa and centromere-FISH staining. 
* Dose–response curve conditions were described in Section 2.5 of Materials and Methods.










[bookmark: _Hlk196835413]



	Dose–response curve (DRC)
	Yield±SE
	Actual dose (Gy)
	Estimated dose (Gy)
	95% Lower limit (Gy)
	95% Upper limit (Gy)
	Odds ratio 
 (zero dose:
suspected dose)  

	[bookmark: _Hlk193363082]G2-DRC-1
	0.002±0.001
	0.05
	N.D
	<0
	0.200
	1:1.5

	
	0.006±0.002
	0.1
	0.171
	0.064
	0.318
	1:135.9

	
	0.010±0.003
	0.25
	0.260
	0.140
	0.407
	1:1.2 × 106

	
	0.016±0.004
	0.5
	0.369
	0.242
	0.516
	1:9.4 × 1011

	
	0.055±0.004
	1
	0.834
	0.699
	1.006
	1:1.2 × 1071

	G2-DRC-2
	0.002±0.001
	0.05
	N.D
	<0
	0.212
	1:3.5

	
	0.006±0.002
	0.1
	0.147
	0.037
	0.297
	1:225.8

	
	0.010±0.003
	0.25
	0.238
	0.116
	0.387
	1:1.2 × 106

	
	0.016±0.004
	0.5
	0.349
	0.220
	0.509
	1:5.7 × 1011

	
	0.055±0.004
	1
	0.820
	0.683
	1.008
	1:8.1 × 1070

	F2-DRC-1
	0.004±0.002
	0.05
	0.096
	0.017
	0.217
	1:7.0

	
	0.006±0.002
	0.1
	0.140
	0.050
	0.260
	1:219.5

	
	0.015±0.004
	0.25
	0.288
	0.185
	0.408
	1:2.8 × 1011

	
	0.038±0.006
	0.5
	0.540
	0.431
	0.658
	1:7.1 × 1043

	
	0.102±0.010
	1
	0.872
	0.983
	1.099
	1:9.9 × 10160

	F2-DRC-2
	0.004±0.002
	0.05
	0.090
	0.007
	0.214
	1:8.6

	
	0.006±0.002
	0.1
	0.135
	0.042
	0.259
	1:244.3

	
	0.015±0.004
	0.25
	0.287
	0.181
	0.409
	1:2.9 × 1011

	
	0.038±0.006
	0.5
	0.544
	0.433
	0.664
	1:6.8 × 1043

	
	0.102±0.010
	1
	0.994
	0.881
	1.135
	1:1.0 × 10161

	[bookmark: _Hlk193363125]G2-DRC-1-L
	0.002±0.001
	0.05
	N.D
	<0
	0.166
	1:1.3

	
	0.006±0.002
	0.1
	0.137
	0.037
	0.289
	1:251.4

	
	0.010±0.003
	0.25
	0.228
	0.107
	0.386
	1:1.2 × 106

	
	0.016±0.004
	0.5
	0.344
	0.209
	0.507
	1:7.3 × 1011

	
	0.055±0.004
	1
	0.872
	0.716
	1.041
	1:5.5 × 1071

	G2-DRC-2-L
	0.002±0.001
	0.05
	N.D
	<0
	0.162
	1:1.3

	
	0.006±0.002
	0.1
	0.134
	0.036
	0.280
	1:314.4

	
	0.010±0.003
	0.25
	0.221
	0.105
	0.373
	1:1.1 × 106

	
	0.016±0.004
	0.5
	0.333
	0.204
	0.509
	1:4.5 × 1011

	
	0.055±0.004
	1
	0.836
	0.687
	1.007
	1:2.9 × 1071

	F2-DRC-1-L
	0.004±0.002
	0.05
	0.064
	0.013
	0.165
	1:11.6

	
	0.006±0.002
	0.1
	0.098
	0.033
	0.208
	1:513.8

	
	0.015±0.004
	0.25
	0.236
	0.136
	0.369
	1:3.5 × 1011

	
	0.038±0.006
	0.5
	0.530
	0.397
	0.683
	1:8.4 × 1043

	
	0.102±0.010
	1
	1.130
	0.974
	1.297
	1:2.6 × 10160

	F2-DRC-2-L
	0.004±0.002
	0.05
	0.072
	0.013
	0.181
	1:10.5

	
	0.006±0.002
	0.1
	0.109
	0.036
	0.225
	1:307.2

	
	0.015±0.004
	0.25
	0.254
	0.151
	0.384
	1:3.6 × 1011

	
	0.038±0.006
	0.5
	0.534
	0.410
	0.673
	1:8.0 × 1043

	
	0.102±0.010
	1
	1.066
	0.931
	1.120
	1:6.5 × 10160


Supplementary Table S3. Dose estimation of blinded samples using the dose–response curves based on Giemsa or centromere-FISH staining. 
* All data were calculated with Dose Estimate ver. 5.2 
* Dose–response curve conditions were described in Section 2.5 of Materials and Methods
* The 95% lower confidence limit was negative value, it was presented < 0
* Odds ratio (zero dose:suspected dose) were calculated using the Dose Estimate ver. 5.2 according to the EPR 2011 guidelines
* Zero dose refers to a state in which no radiation exposure has occurred, while suspected dose indicates a potential exposure to radiation




[bookmark: _Hlk212190307]Supplementary Table S4. Quantitative comparison of Giemsa- and centromere-FISH–based dose–response curves in 0–1 Gy and 0–5 Gy ranges, including estimation error (%).
	DRC
	Actual Dose (Gy)
	Estimated Dose (Gy)
	Actual Dose- Estimated Dose (Gy)

	[bookmark: _Hlk166231658]G2-DRC-1
	0.05
	N.D
	N.D

	G2-DRC-2
	
	N.D
	N.D

	G2-DRC-1-L 
	
	N.D
	N.D

	G2-DRC-2-L
	
	N.D
	N.D

	F2-DRC-1
	
	0.096
	0.046

	F2-DRC-2
	
	0.090
	0.040

	F2-DRC-1-L
	
	0.064
	0.014 

	F2-DRC-2-L
	
	0.072
	0.022 

	G2-DRC-1
	0.100
	0.171
	0.071 

	G2-DRC-2
	
	0.147
	0.047 

	G2-DRC-1-L 
	
	0.137
	0.037 

	G2-DRC-2-L
	
	0.134
	0.034 

	F2-DRC-1
	
	0.140
	0.040 

	F2-DRC-2
	
	0.135
	0.035 

	F2-DRC-1-L
	
	0.098
	-0.002 

	F2-DRC-2-L
	
	0.109
	0.009 

	G2-DRC-1
	0.250
	0.260
	0.010 

	G2-DRC-2
	
	0.238
	-0.012 

	G2-DRC-1-L 
	
	0.228
	-0.022 

	G2-DRC-2-L
	
	0.221
	-0.029 

	F2-DRC-1
	
	0.288
	0.038 

	F2-DRC-2
	
	0.287
	0.037 

	F2-DRC-1-L
	
	0.236
	-0.014 

	F2-DRC-2-L
	
	0.254
	0.004 

	G2-DRC-1
	0.500
	0.369
	-0.131 

	G2-DRC-2
	
	0.349
	-0.151 

	G2-DRC-1-L 
	
	0.344
	-0.156 

	G2-DRC-2-L
	
	0.333
	-0.167 

	F2-DRC-1
	
	0.540
	0.040 

	F2-DRC-2
	
	0.544
	0.044 

	F2-DRC-1-L
	
	0.530
	0.030 

	F2-DRC-2-L
	
	0.534
	0.034 


* Positive values indicate that the estimated dose is higher than the actual dose, whereas negative values indicate that the estimated dose is lower than the actual dose.
