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Supplementary Figure 1. Individual features per object. The X-axis shows the five WSIs and the corresponding feature
values are shown on the Y-Axis, with green representing healthy and red, UUO. Examples shown include the BMC shape
feature maximum diameter (a), glomeruli PAS intensity features, namely maximum intensity (b), intensity range (c), 10th
percentile (d), 90th percentile (e), and the glomeruli color feature namely percentage of light PAS area.
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Supplementary Figure 2. Illustration of nuclei neighbour calculation. Nuclei neighbours are defined as the number of nuclei
located within a certain radius of each nucleus as its neighbours. The radius is defined as two times the average of the lengths
of the major axes of all the nuclei in a ROI.
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Figure Morphological feature Equation Description

Area - Number of pixels within contour. Area
is shown in green color in the figure.

Perimeter - Length of contour. Perimeter is shown
as green boundary in figure.

Convex area - Number of pixels within convex contour.
Convex area is shown in green color in
the figure.

Convex perimeter - Length of convex contour. Convex
perimeter is shown as green boundary
in figure.

Minor axis - Length of minor axis of bounding el-
lipse. Minor axis is shown in blue color
for the ellipse shown in green in figure.

Major axis - Length of major axis of bounding el-
lipse. Major axis is shown in red color
for the ellipse shown in green in figure.

Solidity area
convex area Ratio of object area to its convex hull

area. Describes to what extent the object
is concave or convex.

Convexity perimeter
convex perimeter Ratio of convex hull perimeter to the

contour perimeter.

Rectangularity area
bounding box area Ratio of object area to area of minimum

bounding box. In the figure, the mini-
mum bounding box is shown in green.

Equivalent Diameter
√

4 * object area
π

Diameter of the circle with the same
area as the object.

Compactness 4∗π∗area
perimeter2 Ratio between object area to area of a

circle with same perimeter.
Elongation 1− minor axis

major axis Describing the length of the object.

Eccentricity
√

major axis2−minor axis2

major axis The ratio of distance between major and
minor axis. Takes values in [0,1].

Supplementary Table 1. Definitions of morphological features
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Color feature Description
Color area Number of pixels of a given color within

the object
Color density Color area divided by the object area
Nuclei feature Description
Nuclei count Number of nuclei within the object.
Nuclei density Number of nuclei divided by the object

area.
Mean number of neighbours Mean value of the number of neighbours

around each nucleus within the object.
Max number of neighbours Maximum value of the number of neigh-

bours per nucleus within the object.
Min number of neighbours Minimum value of the number of neigh-

bours per nucleus within the object.
Median number of neighbours Mean value of the number of neighbours

per nucleus within the object.
STD Standard deviation of the distribution of

nuclei neighbours within the object.

Supplementary Table 2. Definitions of color and nuclei-related features.
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B Tables showing all features per object and the results after feature selection
Here, tables showing results per feature type are presented. The features that are significantly different in healthy and
corresponding UUO WSIs are shown in purple. If no significant differences are found, features are highlighted in light blue.
The number in each cell shows the trend for the feature for the WSI pair. If the median of the features from a healthy WSI is
higher than that of the corresponding UUO WSI, it is marked as 1, otherwise as -1. The features that significantly different for
at least 3 WSI pairs and follow the same trend for all five of them, are finally chosen after the feature selection step. These are
outlined in black.
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Supplementary Figure 3. Morphological features
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Supplementary Figure 4. Shape features

8/16



O
bj
ec
t

W
SI

 ID

Ha
em

m
at

ox
yl

in
 A

re
a

Li
gh

t M
ag

en
ta

 A
re

a

Da
rk

 P
AS

 A
re

a

Un
st

ai
ne

d 
Ar

ea

Ha
m

at
ox

yl
in

 A
re

a 
Pe

rc
en

ta
ge

Li
gh

t M
ag

en
ta

 A
re

a 
Pe

rc
en

ta
ge

Da
rk

 P
AS

 A
re

a 
Pe

rc
en

ta
ge

Un
st

ai
ne

d 
Ar

ea
 P

er
ce

nt
ag

e
1 1 1 1 1 -1 1 -1 1
2 -1 1 1 -1 -1 1 1 -1
3 1 1 1 -1 1 1 1 -1
4 -1 1 1 1 -1 1 1 1
5 1 -1 -1 -1 1 1 1 -1

1 1 1 1 -1 -1 1 1 -1
2 1 1 1 -1 -1 1 1 -1
3 1 1 1 1 -1 1 -1 -1
4 1 1 1 1 -1 1 -1 -1
5 -1 1 1 -1 1 1 -1 -1

1 -1 1 -1 1 -1 1 -1 1
2 -1 1 -1 1 -1 1 -1 1
3 1 1 1 -1 1 1 -1 -1
4 -1 1 -1 1 -1 1 -1 1
5 1 1 1 1 -1 1 -1 1

1 1 -1 -1 -1 1 -1 -1 1
2 1 1 1 1 1 1 -1 -1
3 1 -1 -1 -1 1 -1 -1 1
4 1 -1 -1 1 1 -1 -1 1
5 1 -1 1 -1 1 1 -1 -1

1 1 1 1 1 -1 1 -1 -1
2 -1 1 1 -1 -1 1 -1 -1
3 1 1 1 -1 -1 1 -1 -1
4 -1 1 1 1 -1 1 -1 1
5 -1 1 1 -1 -1 1 -1 -1

1 -1 -1 -1 -1 -1 -1 -1 1
2 -1 -1 -1 -1 -1 -1 -1 1
3 -1 -1 -1 -1 -1 -1 -1 1
4 -1 -1 -1 1 -1 -1 -1 1
5 -1 -1 -1 -1 1 -1 -1 1

Color features
In
te
rs
tit
iu
m

G
lo
m
er
ul
us

BM
C

Ar
te
ry

Lu
m
en

Tu
bu
le

Supplementary Figure 5. Color features
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Supplementary Figure 6. Nuclei features
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Supplementary Figure 7. Intensity features
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2 1 1 1 -1 -1 -1 -1 -1 1 1 -1 1 1 -1 1 1 1 -1 -1 -1 1 1 1 1 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1 1 1 -1 -1 1 -1 1 1
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4 1 1 -1 -1 -1 1 -1 1 1 1 -1 1 1 -1 -1 -1 -1 -1 1 1 1 -1 -1 -1 -1 -1 -1 -1 1 -1 -1 -1 1 -1 -1 -1 1 -1 1 1 -1 1 -1 -1
5 -1 -1 -1 1 1 1 -1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1 -1 1 -1 1 1 -1 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 1 1 1 1

1 1 1 -1 -1 -1 -1 -1 1 -1 -1 1 -1 1 -1 -1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 1 1 -1 -1
2 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 1 -1 -1
3 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 1 -1 -1
4 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 1 -1 -1
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GLCM-based texture features
PAS stain Haematoxylin stain
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Supplementary Figure 8. GLCM-based texture features
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2 -1 -1 1 1 -1 1 -1 -1 1 1 1 1 -1 1 1 -1 1 1 -1 -1 1 1 -1 -1 -1 1 1 -1 1 1 1 1
3 1 -1 1 1 -1 1 -1 -1 1 1 1 1 -1 1 1 -1 1 -1 1 -1 1 1 1 1 1 1 -1 -1 1 -1 -1 -1
4 1 -1 1 1 -1 1 -1 -1 -1 1 1 1 -1 1 1 -1 1 1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 -1 1
5 -1 1 1 1 -1 -1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 -1 1 1 1 -1 -1 -1 -1 -1 -1 1 -1 1 -1

1 1 1 -1 1 -1 -1 -1 -1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 -1 -1 -1 -1 -1 -1 1 1 1 -1 -1 -1 -1
2 1 1 -1 1 -1 1 -1 -1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 -1 -1 -1 -1 -1 1 1 1 -1 1 1 1
3 1 1 -1 -1 1 1 1 -1 1 1 -1 -1 1 -1 -1 -1 1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1 -1 -1 1
4 1 1 -1 1 -1 1 -1 -1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 -1 -1 -1 -1 1 1 1 -1 -1 -1 -1 -1 1
5 1 1 -1 -1 -1 -1 -1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 -1 -1 -1 -1 -1 1 1 1 -1 1 -1 -1

1 1 1 -1 1 1 1 -1 -1 -1 1 -1 -1 1 -1 -1 -1 1 -1 1 -1 1 1 1 1 1 1 -1 -1 1 -1 -1 1
2 1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 -1 -1 1 1 1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 -1 1
3 1 1 -1 1 1 1 -1 -1 1 1 -1 -1 1 -1 1 -1 1 -1 -1 -1 1 1 1 1 1 1 -1 -1 1 -1 -1 -1
4 -1 1 -1 -1 1 1 1 -1 1 -1 -1 -1 1 -1 -1 -1 -1 1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 -1 -1 1
5 1 1 -1 -1 -1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 1 -1 -1 -1 1 1 1 1 1 1 -1 -1 1 -1 -1 -1

1 -1 -1 -1 1 -1 1 -1 -1 -1 1 1 1 -1 1 1 -1 -1 1 1 1 -1 1 -1 -1 1 -1 -1 -1 -1 -1 -1 1
2 1 1 -1 1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 -1 1 -1 -1 1 1 -1 1 -1 -1 -1 1
3 -1 1 -1 -1 1 -1 1 1 -1 -1 -1 -1 1 -1 -1 -1 -1 1 -1 -1 1 1 1 1 -1 -1 -1 -1 1 -1 -1 1
4 1 1 -1 1 -1 1 -1 -1 -1 1 1 1 -1 1 -1 -1 1 1 -1 -1 1 1 1 1 -1 -1 -1 -1 1 -1 -1 -1
5 -1 1 -1 -1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 1 -1 1 -1 -1 -1 -1 -1 1 -1 -1 1 1 -1 1 1 1

1 1 1 -1 -1 -1 1 -1 -1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 -1 -1 1 -1 -1 -1 1 -1 -1 -1 -1 -1 -1
2 1 1 -1 -1 1 1 -1 -1 -1 1 -1 -1 -1 -1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 1 -1 -1 1 -1 -1 -1
3 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 -1 -1 -1 1 1 -1 -1 1 1 1 -1 1 1 -1 -1 1 -1 -1 -1
4 1 1 -1 1 1 1 -1 -1 -1 1 -1 -1 -1 -1 -1 -1 1 1 -1 -1 1 1 1 1 1 1 -1 -1 1 -1 -1 1
5 1 1 -1 -1 -1 -1 -1 1 -1 1 -1 -1 -1 -1 -1 1 1 1 -1 -1 1 1 -1 -1 -1 1 -1 -1 1 -1 -1 -1

1 -1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 -1 -1 1 -1 1 1 -1 1 1 1 -1 -1 -1 -1 -1 1 1 1 1
2 -1 -1 1 1 1 1 -1 -1 1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 1 1 1 1 1 -1 -1 -1 1 -1 1 1
3 -1 -1 1 1 1 1 1 -1 1 -1 -1 -1 1 -1 1 -1 -1 -1 1 1 1 1 1 1 1 -1 -1 -1 1 -1 1 1
4 -1 -1 1 1 1 1 -1 -1 1 -1 1 -1 1 1 1 -1 -1 1 1 -1 1 1 1 1 1 -1 -1 -1 1 -1 -1 1
5 -1 -1 1 -1 -1 -1 1 1 1 -1 -1 -1 -1 -1 -1 1 -1 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1 1 1 -1

GLRLM-based texture features
PAS stain Haematoxylin stain
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Supplementary Figure 9. GLRLM-based texture features
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1 1 -1 1 1 -1 1 -1 -1 1 1 1 1 -1 1 1 -1 1 1 1 -1 1 1 1 1 -1 -1 -1 -1 1 1 -1 1
2 -1 -1 1 1 1 1 -1 -1 1 1 1 1 -1 1 1 1 1 1 -1 -1 1 1 1 -1 1 1 1 1 1 -1 1 1
3 1 -1 1 1 -1 1 -1 -1 1 -1 -1 1 -1 1 1 -1 1 1 1 1 1 1 1 -1 1 1 1 1 1 1 -1 1
4 1 -1 1 1 -1 1 -1 -1 1 1 1 1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 1 1 1 -1 1 -1 1 1
5 -1 -1 1 1 -1 -1 -1 -1 -1 1 -1 1 -1 1 1 -1 -1 1 1 1 1 1 1 -1 -1 1 -1 1 -1 -1 1 1

1 1 1 -1 -1 -1 1 -1 -1 -1 -1 -1 -1 -1 1 -1 -1 1 1 1 -1 -1 -1 -1 1 -1 -1 -1 -1 1 1 1 -1
2 1 1 -1 -1 1 1 -1 -1 -1 -1 -1 -1 -1 1 -1 1 1 1 1 1 -1 1 -1 1 1 -1 -1 1 1 1 1 -1
3 1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 1 -1 1 1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 1 -1 1
4 1 1 -1 -1 1 1 -1 -1 1 -1 -1 -1 -1 1 -1 1 1 1 1 -1 1 1 1 1 1 1 1 -1 1 1 -1 1
5 1 1 -1 -1 -1 -1 -1 1 1 -1 -1 -1 1 1 1 -1 1 1 1 -1 -1 1 -1 1 1 -1 -1 1 -1 1 1 -1

1 1 1 -1 1 1 1 -1 -1 1 1 -1 1 -1 1 -1 1 1 -1 1 -1 1 1 1 1 -1 -1 -1 -1 1 1 -1 1
2 -1 1 -1 -1 1 1 1 1 -1 -1 -1 -1 1 -1 -1 1 1 1 -1 -1 1 -1 1 1 1 1 1 1 1 1 1 1
3 1 1 -1 1 1 1 1 1 -1 -1 -1 -1 1 1 -1 1 1 1 1 -1 1 1 1 1 -1 -1 -1 -1 -1 1 -1 1
4 -1 1 -1 -1 1 1 1 1 -1 1 1 -1 1 1 -1 1 1 1 1 -1 1 1 1 1 -1 1 1 -1 1 -1 -1 1
5 1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 1 -1 1 1 1 -1 1 1 1 1 1 1 -1 -1 -1 -1 1 -1 1

1 1 -1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 1 -1 -1 -1 1 1 -1 -1 -1 1 -1 -1 -1 -1 1 1 1 -1
2 1 -1 -1 1 1 1 1 -1 1 -1 -1 -1 -1 1 -1 1 1 -1 1 -1 1 1 -1 1 1 -1 -1 -1 1 1 -1 1
3 -1 1 -1 1 1 1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 -1 1 -1 1 1 1 -1 1 -1 -1 1
4 1 1 -1 -1 -1 1 -1 1 1 1 1 -1 1 1 1 -1 -1 1 -1 -1 1 1 1 1 -1 -1 -1 -1 1 -1 -1 1
5 -1 1 -1 -1 -1 -1 -1 -1 -1 1 -1 -1 1 -1 1 -1 -1 1 -1 -1 -1 -1 -1 1 -1 1 -1 -1 1 -1 1 -1

1 1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 1 -1 1 1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 1 -1 1
2 1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 -1 -1 1 1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 -1 -1 1
3 1 1 1 -1 1 1 1 1 1 -1 -1 -1 1 1 -1 1 1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 1 -1 1
4 1 1 -1 -1 1 1 1 -1 1 -1 -1 -1 -1 1 -1 1 1 1 -1 -1 1 1 1 1 1 1 1 -1 1 -1 -1 1
5 1 1 1 -1 1 1 1 1 -1 -1 -1 -1 1 -1 -1 1 1 1 -1 -1 1 1 1 1 1 -1 -1 -1 1 -1 -1 1

1 -1 1 -1 -1 -1 -1 -1 1 -1 1 1 -1 1 -1 -1 -1 -1 1 1 -1 -1 -1 -1 1 -1 1 1 -1 1 -1 -1 -1
2 -1 -1 1 1 -1 -1 -1 -1 -1 1 1 1 -1 -1 -1 -1 -1 1 1 -1 -1 -1 1 1 -1 1 1 1 1 -1 1 -1
3 -1 1 -1 1 -1 -1 -1 -1 -1 -1 -1 1 -1 -1 1 -1 -1 -1 1 1 -1 -1 -1 -1 -1 1 1 1 -1 -1 1 -1
4 -1 -1 1 1 -1 -1 -1 -1 -1 1 1 1 -1 -1 1 -1 -1 1 1 -1 1 -1 1 1 -1 1 1 1 1 -1 -1 1
5 -1 1 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 1 -1 1 -1 -1 -1 1 1 -1 -1 -1 -1 -1 1 1 1 -1 -1 1 -1

GLSZM-based texture features
PAS stain Haematoxylin stain
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Supplementary Figure 10. GLSZM-based texture features

14/16



O
bj
ec
t

W
SI

 ID

De
pe

nd
en

ce
 E

nt
ro

py

De
pe

nd
en

ce
 N

on
 U

ni
fo

rm
ity

De
pe

nd
en

ce
 N

on
 U

ni
fo

rm
ity

 N
or

m
al

iz
ed

De
pe

nd
en

ce
 V

ar
ia

nc
e

G
ra

y 
Le

ve
l N

on
 U

ni
fo

rm
ity

G
ra

y 
Le

ve
l V

ar
ia

nc
e

Hi
gh

 G
ra

y 
Le

ve
l E

m
ph

as
is

La
rg

e 
De

pe
nd

en
ce

 E
m

ph
as

is

La
rg

e 
D

ep
en

de
nc

e 
H

ig
h 

G
ra

y 
Le

ve
l E

m
ph

as
is

La
rg

e 
D

ep
en

de
nc

e 
Lo

w
 G

ra
y 

Le
ve

l E
m

ph
as

is

Lo
w

 G
ra

y 
Le

ve
l E

m
ph

as
is

Sm
al

l D
ep

en
de

nc
e 

Em
ph

as
is

Sm
al

l D
ep

en
de

nc
e 

H
ig

h 
G

ra
y 

Le
ve

l E
m

ph
as

is

Sm
al

l D
ep

en
de

nc
e 

Lo
w

 G
ra

y 
Le

ve
l E

m
ph

as
is

De
pe

nd
en

ce
 E

nt
ro

py

De
pe

nd
en

ce
 N

on
 U

ni
fo

rm
ity

De
pe

nd
en

ce
 N

on
 U

ni
fo

rm
ity

 N
or

m
al

iz
ed

De
pe

nd
en

ce
 V

ar
ia

nc
e

G
ra

y 
Le

ve
l N

on
 U

ni
fo

rm
ity

G
ra

y 
Le

ve
l V

ar
ia

nc
e

Hi
gh

 G
ra

y 
Le

ve
l E

m
ph

as
is

La
rg

e 
De

pe
nd

en
ce

 E
m

ph
as

is

La
rg

e 
D

ep
en

de
nc

e 
H

ig
h 

G
ra

y 
Le

ve
l E

m
ph

as
is

La
rg

e 
D

ep
en

de
nc

e 
Lo

w
 G

ra
y 

Le
ve

l E
m

ph
as

is

Lo
w

 G
ra

y 
Le

ve
l E

m
ph

as
is

Sm
al

l D
ep

en
de

nc
e 

Em
ph

as
is

Sm
al

l D
ep

en
de

nc
e 

H
ig

h 
G

ra
y 

Le
ve

l E
m

ph
as

is

Sm
al

l D
ep

en
de

nc
e 

Lo
w

 G
ra

y 
Le

ve
l E

m
ph

as
is

1 1 1 -1 -1 1 1 1 -1 1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1 -1 -1
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3 1 1 -1 -1 1 1 1 -1 1 -1 -1 1 1 -1 -1 1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1
4 1 1 -1 1 1 1 1 -1 1 -1 -1 1 1 -1 -1 1 1 1 1 -1 -1 1 -1 1 1 -1 -1 1
5 1 -1 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 -1 -1 -1 1 -1 -1 1 1 1 -1 -1 1 1 -1
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2 1 1 -1 -1 1 -1 1 -1 1 -1 -1 -1 -1 -1 1 1 -1 1 1 -1 1 -1 1 -1 -1 1 1 1
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5 1 -1 -1 -1 -1 -1 1 -1 1 -1 -1 1 -1 -1 1 -1 -1 -1 1 -1 1 -1 1 -1 -1 1 1 -1

1 -1 1 -1 1 1 -1 1 1 1 -1 -1 -1 1 -1 -1 1 -1 1 1 1 -1 1 -1 1 1 -1 -1 -1
2 -1 1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 -1 1 1 1 1 -1 -1 1 -1 1 1 -1 -1 1
3 1 1 1 -1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 1 -1 1 1 1 -1 1 1 1 1 -1 -1 -1
4 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 1 -1 1 1 -1 -1 1
5 -1 1 1 -1 1 -1 -1 -1 -1 1 1 -1 -1 -1 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1 -1 -1

1 1 -1 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 1 -1 -1 -1 -1 -1 1 -1 1 -1 -1 -1 -1 1
2 1 1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 -1 1 1 -1 -1 1 1 1 -1 1 -1 -1 -1 -1 -1
3 -1 1 1 -1 -1 1 -1 1 -1 1 1 -1 -1 1 -1 1 1 1 1 -1 -1 1 -1 1 1 -1 -1 1
4 1 1 -1 -1 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1 -1 -1
5 1 -1 1 -1 -1 1 -1 -1 -1 1 1 1 -1 1 1 -1 -1 1 -1 -1 -1 -1 -1 -1 -1 1 1 1

1 -1 1 -1 -1 1 -1 1 -1 1 -1 -1 -1 -1 -1 -1 1 -1 -1 1 -1 1 1 1 -1 -1 -1 -1 -1
2 -1 1 1 -1 1 -1 -1 1 1 -1 -1 -1 -1 -1 -1 1 1 -1 1 -1 -1 1 1 -1 -1 -1 -1 -1
3 -1 1 1 -1 1 -1 1 1 1 -1 -1 -1 -1 -1 -1 1 1 -1 1 -1 -1 1 1 -1 -1 -1 -1 -1
4 -1 1 1 -1 1 -1 1 1 1 -1 -1 -1 -1 -1 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1 -1 1
5 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 1 -1 -1 -1 -1 -1

1 -1 -1 1 -1 -1 -1 -1 1 -1 1 1 -1 -1 1 -1 -1 1 1 -1 -1 -1 1 -1 -1 -1 -1 -1 -1
2 -1 -1 1 -1 -1 1 1 1 1 -1 -1 -1 1 -1 -1 -1 1 1 -1 1 -1 1 -1 1 1 -1 -1 1
3 1 -1 1 -1 -1 1 1 1 1 -1 -1 -1 1 -1 -1 -1 1 1 -1 1 -1 1 1 1 1 -1 1 1
4 -1 -1 1 1 -1 1 1 1 1 -1 -1 1 1 -1 -1 -1 1 1 -1 1 -1 1 -1 1 1 -1 -1 1
5 -1 -1 1 1 -1 1 -1 1 -1 1 1 -1 -1 1 1 -1 1 1 -1 1 1 -1 1 -1 -1 1 1 -1

GLDM-based texture features
PAS stain Haematoxylin stain
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Supplementary Figure 11. GLDM-based texture features
eltab:gldm f eatures
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1 -1 -1 1 -1 1 1 -1 -1 -1 -1
2 -1 -1 1 -1 1 1 -1 1 -1 -1
3 1 -1 1 -1 -1 1 -1 -1 -1 -1
4 -1 -1 1 -1 -1 1 -1 1 -1 -1
5 -1 1 1 -1 1 -1 1 1 -1 1

1 1 -1 1 1 -1 1 -1 1 -1 -1
2 1 -1 -1 -1 -1 1 -1 1 -1 -1
3 1 -1 -1 -1 -1 1 -1 1 -1 -1
4 1 -1 -1 -1 -1 1 -1 1 -1 -1
5 1 -1 1 1 -1 1 -1 1 1 -1

1 1 -1 1 -1 -1 1 -1 1 -1 1
2 1 -1 -1 -1 -1 1 -1 -1 1 -1
3 1 -1 -1 -1 -1 1 -1 -1 -1 -1
4 1 -1 -1 -1 -1 1 1 -1 1 1
5 1 -1 -1 1 -1 1 -1 -1 1 -1

1 -1 1 1 1 -1 -1 1 -1 1 -1
2 1 -1 1 -1 -1 1 -1 1 1 -1
3 1 1 -1 -1 -1 1 1 -1 -1 -1
4 1 -1 -1 -1 -1 1 -1 -1 -1 -1
5 -1 1 -1 1 1 -1 1 -1 1 1

1 1 -1 1 -1 -1 1 -1 -1 -1 -1
2 1 -1 -1 -1 -1 1 -1 -1 -1 -1
3 1 -1 -1 -1 -1 1 -1 -1 -1 -1
4 1 -1 -1 -1 -1 1 -1 -1 -1 -1
5 1 -1 -1 1 -1 1 -1 -1 -1 -1

1 -1 1 -1 1 1 -1 1 -1 -1 1
2 -1 1 -1 -1 1 -1 1 -1 -1 1
3 -1 1 -1 1 1 -1 1 -1 1 1
4 -1 1 -1 1 1 -1 1 -1 -1 1
5 -1 1 -1 1 1 -1 1 -1 1 1

NGTDM-based texture features
PAS stain Haematoxylin stain
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Supplementary Figure 12. NGTDM-based texture features
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