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1. Morphometric features

A number of cellular features are computed through the computational pipeline. The details are

summarized in Table S1.

Table S1. Summary of cellular features.

Feature type Feature name

Annotation

Cellular organization | cell voronoi_area

Cellular organization | cellularity

cell density per unit area, inverse of
cell voronoi area

Cellular organization | edge_length

Cytoplasm feature background_intensity mean

Cytoplasm feature background_intensity sd

sd — standard deviation

Cytoplasm feature contrast_mean

Cytoplasm feature gradient_mean

Cytoplasm feature gradient_sd
Cytoplasm feature intensity _mean
Cytoplasm feature intensity sd

Cytoplasm feature intensity total

Nuclear feature area

Nuclear feature background_intensity mean

Nuclear feature background_intensity sd

Nuclear feature bending_energy sl mean

Nuclear feature contrast mean

Nuclear feature curvature sl sd

Nuclear feature deviation_from_polygon_conv

exity
Nuclear feature gradient_mean
Nuclear feature gradient_sd
Nuclear feature intensity _mean
Nuclear feature intensity sd
Nuclear feature intensity total
Nuclear feature major_axis

Nuclear feature

max_curvature_sl1

Nuclear feature minor_axis
Nuclear feature orientation
Nuclear feature perimeter

Nuclear feature texture feature 0 _mean

1st order steerable filter at angle 0

Nuclear feature texture feature 0 sd

1st order steerable filter at angle 0

Nuclear feature texture feature 1 mean

2nd order steerable filter at angle 0

Nuclear feature texture feature 1 sd

2nd order steerable filter at angle 0

Nuclear feature texture feature 2 mean

3rd order steerable filter at angle 0

Nuclear feature texture feature 2 sd

3rd order steerable filter at angle O

Nuclear feature texture feature 3 mean

1st order steerable filter at angle 0.78

Nuclear feature texture feature 3 sd

1st order steerable filter at angle 0.78




Nuclear feature

texture_feature_ 4 mean

2nd order steerable filter at angle 0.78

Nuclear feature

texture feature 4 sd

2nd order steerable filter at angle 0.78

Nuclear feature

texture_feature 5 mean

3rd order steerable filter at angle 0.78

Nuclear feature

texture feature 5 sd

3rd order steerable filter at angle 0.78

Nuclear feature

texture feature 6 _mean

1st order steerable filter at angle 1.56

Nuclear feature

texture feature 6 sd

1st order steerable filter at angle 1.56

Nuclear feature

texture feature 7 mean

2nd order steerable filter at angle 1.56

Nuclear feature

texture feature 7 sd

2nd order steerable filter at angle 1.56

Nuclear feature

texture feature 8 mean

3rd order steerable filter at angle 1.56

Nuclear feature

texture feature 8 sd

3rd order steerable filter at angle 1.56

Nuclear feature

texture_feature 9 mean

1st order steerable filter at angle 2.34

Nuclear feature

texture feature 9 sd

1st order steerable filter at angle 2.34

Nuclear feature

texture feature 10 mean

2nd order steerable filter at angle 2.34

Nuclear feature

texture feature 10 sd

2nd order steerable filter at angle 2.34

Nuclear feature

texture feature 11 mean

3rd order steerable filter at angle 2.34

Nuclear feature

texture feature 11 sd

3rd order steerable filter at angle 2.34




2. Genomic association results
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Figure S1. Heatmap of top genes that are differently expressed between the subtype with
extremely high cellularity and other subtypes (with FDR adjusted p-value, i.e., g-value, less than
0.06).

Table S2. Top genes that are differently expressed between the subtype with extremely high
cellularity and other subtypes.

GeneSymbol pvalue gvalue logFC

ACSL1 4.18E-05 0.032114 -0.82725
EVI2A 6.45E-05 0.032114 -1.34608
CREG1 8.11E-05 0.032114 -0.88965
DAB2 0.000175 0.048859 -0.83521
SRGN 0.000206 0.048859 -1.01384
CPM 0.000337 0.056022 -0.98668

EPB41L3 0.000356 0.056022 -0.94388
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-1.3118
-0.92721
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-0.897
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0.074863
0.074863
0.074863
0.074915
0.075096
0.075096
0.075096
0.075096
0.075096
0.075096
0.075096
0.075096
0.075096
0.075096
0.075096
0.075096
0.075096

-0.71847
-0.6305
-0.61621
-0.98837
-0.61036
-0.71557
-0.76848
-0.8076
-0.54701
-0.62531
-0.64912
-0.71516
-0.62286
0.596284
-0.84053
-0.54574
-0.71921
-0.51046
-0.63091
-0.73019
0.922206
-0.68655
-0.55824
-0.65305
-0.88906
-0.43561
-0.83324
-0.58105
0.969617
0.899967
0.719291
0.855923
-0.67176
-0.68427
-0.81574
-0.52554
-0.73442
-0.97639
-0.63395
-0.43949
-0.47736
0.563483
-0.48641
-0.56333



TLR4 0.006284 0.075096 -0.60916
HLA-DPA1 0.006324 0.075096 -0.62512
RAC2 0.006398 0.075096 -0.46807
SCPEP1 0.006472 0.075096 -0.48623
DENND2A 0.006527 0.075096 0.572979

Table S3. Top genes that best predict the subtype with extremely high cellularity through
Random Forest analysis.

GeneSymbol Importance

EPB41L3 0.002202
PIK3IP1 0.001198
ACSL1 0.001098
ENPP4 0.001086
COLEC12 0.001064
C21orf91 0.000895
EVI2A 0.000868
DENND2A 0.000745
DAB2 0.000682
ARNTL 0.000649
BEST1 0.000643
CREG1 0.000638
PDGFA 0.000621
AIM2 0.000616
CDR1 0.000571
CXCL12 0.000557
TTYH1 0.000544
MTHFD2 0.000543
PTER 0.000496
ST3GALG6 0.000495
PSRC1 0.000452
RNASE1 0.000403
SRGN 0.000396
TSPAN7 0.000381
RNASEG6 0.000373
ADAM28 0.000373
IFI30 0.000363
PTPRM 0.000361
CKB 0.000361
TPP1 0.000343
SULF1 0.000342
IL18 0.000339
CHML 0.000327
SPOCK1 0.000322
SLC15A3 0.000313

CP110 0.000313



CD53 0.000307

VLDLR 0.000306
GIMAP4 0.000299
TCN2 0.000297
GCLC 0.000287
SKAP2 0.000278
HIP1 0.000274
NFE2L3 0.000267
RASGRP3 0.000262
KLHL9 0.000262
SGK 0.000262
TREM2 0.000255
CAPN3 0.000254
ETS2 0.000252
NLGN4X 0.000251
RNASEH2A 0.000242
ZNF536 0.000241
CPM 0.000241
PIP4K2A 0.000239
Clorf38 0.000236
DTYMK 0.000225
SLC16A7 0.000223
TNS3 0.000219
PMAIP1 0.000213
EDN1 0.000212
LAPTM5 0.000212
RAB4A 0.000212
DDX25 0.00021
DOCK2 0.000209
IFI16 0.000209
MX2 0.000208
IGSF3 0.000207
TLR7 0.000204
KIF1A 0.000203
SNCA 0.000202
IQGAP1 0.0002
ARNTL2 0.000198
PPAl 0.000196
CD86 0.000193
ARL4A 0.000193
MEST 0.000193
EVI2B 0.000193
LCP1 0.000191

MAP3K8 0.000189
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0.000186
0.000183
0.000183
0.000183

0.00018
0.000179
0.000175
0.000173
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0.00017
0.000167
0.000164
0.000162
0.000161

0.00016
0.000159
0.000158
0.000156
0.000153



