Supplemental Table 1. The main sequences protocol and parameters of rectal MRI
	Hospital
	MRI machine
	Magnetic field strength
	TR
	TE
	Slice thickness
	Interval
	FOV
	Sequence

	Hosp1
	Siemens Skyra
	3.0T
	6530
	120
	3
	3.6
	160×160
	TSE

	
	GE Signa HDXT
	3.0T
	3240
	107
	4
	4
	180×180
	FSE

	Hosp 2
	GE Discovery 750
	3.0T
	7270
	110
	3
	3.6
	200×200
	FSE

	
	Siemens Skyra
	3.0T
	5000
	100
	3
	3.6
	180×180
	TSE

	
	GE Signa HDXT
	3.0T
	4100
	108
	3.5
	4
	200×200
	FSE

	Hosp 3
	GE Discovery 750
	3.0T
	10187
	66
	5
	1
	280×280
	FSE


Hosp 1, the Huangdao Hospital of the Affiliated Hospital of Qingdao University; Hosp 2, the affiliated hospitals of Qingdao University include the Jiangsu Road hospital and Laoshan hospital; Hosp 3, Qingdao Municipal Hospital; TR, repetition time; TE, echo time; FOV, field of view


Supplemental Table 2. Results of univariate analysis of clinical indicators
	feature
	Log(OR)
	lower 95%CI
	upper 95%CI
	OR
	OR lower 95%CI
	OR upper 95%CI
	P value

	sex
	-0.132
	-0.254
	-0.011
	0.876
	0.776
	0.989
	0.073

	age
	-0.000
	-0.006
	0.006
	1.000
	0.994
	1.006
	0.982

	DIS
	0.001
	-0.001
	0.003
	1.001
	0.999
	1.003
	0.261

	length
	0.008
	0.003
	0.012
	1.008
	1.003
	1.012
	0.006

	Cir
	0.135
	0.013
	0.257
	1.144
	1.013
	1.293
	0.069

	mrT
	0.186
	0.087
	0.285
	1.204
	1.091
	1.330
	0.002

	depth
	0.031
	0.021
	0.042
	1.032
	1.021
	1.043
	0.000

	mrN
	0.325
	0.258
	0.392
	1.384
	1.294
	1.480
	0.000

	M
	0.638
	0.336
	0.940
	1.893
	1.399
	2.560
	0.001

	CRM
	0.455
	0.304
	0.607
	1.577
	1.355
	1.835
	0.000

	EMVI
	0.305
	0.154
	0.457
	1.357
	1.166
	1.579
	0.001

	CEA
	0.228
	0.109
	0.346
	1.255
	1.115
	1.413
	0.002

	CA19-9
	0.355
	0.134
	0.576
	1.426
	1.143
	1.779
	0.009


DIS, distance from the tumor to the anus; Cir, circumferential growth; mrT, T stage based on MR; mrN, N stage based on MR; M, metastasis; CRM, circumferential resection margin; EMVI, extramural vascular invasion; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9


Supplemental Table 3. Results of multivariate analysis of clinical indicators
	feature
	Log(OR)
	lower 95%CI
	upper 95%CI
	OR
	OR lower 95%CI
	OR upper 95%CI
	P value

	length
	-0.004
	-0.009
	0.000
	0.996
	0.991
	1.000
	0.117

	depth
	-0.001
	-0.015
	0.014
	0.999
	0.985
	1.014
	0.933

	mrT
	0.041
	-0.057
	0.139
	1.042
	0.945
	1.149
	0.487

	CEA
	0.075
	-0.039
	0.189
	1.078
	0.962
	1.208
	0.278

	EMVI
	-0.006
	-0.159
	0.148
	0.994
	0.853
	1.160
	0.951

	mrN
	0.293
	0.206
	0.380
	1.340
	1.229
	1.462
	0.000

	CA19-9
	0.236
	0.042
	0.431
	1.266
	1.043
	1.539
	0.046

	CRM
	0.131
	-0.058
	0.319
	1.140
	0.944
	1.376
	0.253

	M
	0.429
	0.160
	0.697
	1.535
	1.174
	2.008
	0.009


mrT, T stage based on MR; M, metastasis; CRM, circumferential resection margin; EMVI, extramural vascular invasion; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; OR, odds ratio; CI, confidence interval


Supplemental Table 4. The Rad-score formula of the conventional model and super-resolution (SR) model are as follow:
The conventional model: Rad-score = 0.38674033149171266
-0.016606*log_sigma_5_0_mm_3D_firstorder_Minimum
-0.006638*log_sigma_5_0_mm_3D_glszm_LowGrayLevelZoneEmphasis
-0.019858 * original_shape_Sphericity
+0.056576 * wavelet_HLL_glcm_JointEntropy
+0.000727 * wavelet_LHL_firstorder_Maximum
The SR model: Rad-score = 0.38674033149171283
+0.023397*log_sigma_5_0_mm_3D_glcm_Correlation
+0.038484*original_shape_Maximum2DDiameterSlice
+0.042836 * original_shape_MinorAxisLength
-0.109600 * original_shape_Sphericity
-0.006161 * original_shape_SurfaceArea
+0.082775 * wavelet_HHL_ngtdm_Busyness
-0.009216 * wavelet_HHL_ngtdm_Strength
-0.054441 * wavelet_HLH_glrlm_GrayLevelNonUniformity
-0.026378 * wavelet_HLL_glcm_Imc2
+0.011875 * wavelet_HLL_ngtdm_Busyness

Supplemental Table 5. Diagnosis efficiency of multiple machine algorithms based on conventional model
	Model name
	Accuracy
	AUC
	95% CI
	Sensitivity
	Specificity
	Set

	LR
	0.630
	0.720
	0.6440 - 0.7952
	0.743
	0.559
	Train

	LR
	0.645
	0.538
	0.4249 - 0.6508
	0.308
	0.805
	Validation

	SVM
	0.729
	0.803
	0.7397 - 0.8668
	0.900
	0.622
	Train

	SVM
	0.570
	0.476
	0.3572 - 0.5947
	0.513
	0.598
	Validation

	KNN
	0.713
	0.812
	0.7535 - 0.8711
	0.600
	0.784
	Train

	KNN
	0.628
	0.459
	0.3446 - 0.5728
	0.128
	0.866
	Validation

	RandomForest
	0.978
	0.998
	0.9956 - 1.0000
	0.971
	0.982
	Train

	RandomForest
	0.603
	0.494
	0.3804 - 0.6071
	0.154
	0.817
	Validation

	ExtraTrees
	0.613
	1.000
	1.0000 - 1.0000
	0.000
	1.000
	Train

	ExtraTrees
	0.314
	0.433
	0.3253 - 0.5402
	0.949
	0.012
	Validation

	XGBoost
	0.978
	0.997
	0.9922 - 1.0000
	0.986
	0.973
	Train

	XGBoost
	0.488
	0.488
	0.3808 - 0.5955
	0.718
	0.378
	Validation

	LightGBM
	0.823
	0.876
	0.8228 - 0.9289
	0.814
	0.829
	Train

	LightGBM
	0.504
	0.493
	0.3853 - 0.6000
	0.718
	0.402
	Validation

	MLP
	0.685
	0.736
	0.6617 - 0.8094
	0.743
	0.649
	Train

	MLP
	0.628
	0.521
	0.4087 - 0.6332
	0.308
	0.780
	Validation


LR, Logistic Regression; SVM, Support Vector Machines; KNN, K-Nearest Neighbors; XGBoost, Extreme Gradient Boosting; LightGBM, Light Gradient Boosting Machines; MLP, Multilayer Perceptron, AUC, area under the curve; CI, confidence interval

Supplemental Table 6. Diagnosis efficiency of multiple machine algorithms based on super-resolution (SR) model
	Model name
	Accuracy
	AUC
	95% CI
	Sensitivity
	Specificity
	Set

	LR
	0.691
	0.751
	0.6801 - 0.8226
	0.786
	0.631
	Train

	LR
	0.678
	0.658
	0.5488 - 0.7676
	0.590
	0.720
	Validation

	SVM
	0.762
	0.824
	0.7609 - 0.8877
	0.814
	0.730
	Train

	SVM
	0.694
	0.643
	0.5357 - 0.7507
	0.538
	0.768
	Validation

	KNN
	0.729
	0.805
	0.7452 - 0.8638
	0.557
	0.838
	Train

	KNN
	0.595
	0.603
	0.4982 - 0.7079
	0.359
	0.707
	Validation

	RandomForest
	0.983
	0.999
	0.9970 - 1.0000
	0.986
	0.982
	Train

	RandomForest
	0.554
	0.572
	0.4653 - 0.6792
	0.487
	0.585
	Validation

	ExtraTrees
	0.613
	1.000
	1.0000 - 1.0000
	0.000
	1.000
	Train

	ExtraTrees
	0.686
	0.627
	0.5187 - 0.7362
	0.231
	0.902
	Validation

	XGBoost
	0.994
	1.000
	1.0000 - 1.0000
	0.986
	1.000
	Train

	XGBoost
	0.579
	0.581
	0.4652 - 0.6958
	0.641
	0.549
	Validation

	LightGBM
	0.845
	0.895
	0.8486 - 0.9419
	0.686
	0.946
	Train

	LightGBM
	0.661
	0.566
	0.4520 - 0.6790
	0.308
	0.829
	Validation

	MLP
	0.630
	0.729
	0.6542 - 0.8029
	0.814
	0.514
	Train

	MLP
	0.702
	0.626
	0.5136 - 0.7390
	0.333
	0.878
	Validation


LR, Logistic Regression; SVM, Support Vector Machines; KNN, K-Nearest Neighbors; XGBoost, Extreme Gradient Boosting; LightGBM, Light Gradient Boosting Machines; MLP, Multilayer Perceptron, AUC, area under the curve; CI, confidence interval




Supplemental Table 7. Delong test between nomogram and other models or radiologists
	Nomogram Vs. Clinic
	Nomogram Vs. Rad
	Nomogram Vs. Expert
	Nomogram Vs. Senior
	Nomogram Vs. Junior
	Set

	0.008
	0.001
	P<0.0001
	P<0.0001
	P<0.0001
	Train

	0.321
	0.028
	0.0238
	0.0159
	0.0018
	Validation
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Supplemental Fig. 1 The least absolute shrinkage and selection operator (LASSO) regression model results of conventional imaging. Using 10 fold cross validation to select the best λ value in LASSO Regression Model, the vertical dashed lines indicate the best λ value (a). The optimal log(λ) value determines the radiomics features with non-zero coefficients (b).
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Supplemental Fig. 2. The least absolute shrinkage and selection operator (LASSO) results of super-reconstruction imaging. Using 10 fold cross validation to select the best λ value in LASSO Regression Model (a, the vertical dashed lines). The optimal log(λ) value determines the radiomics features with non-zero coefficients (b).
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