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Supplementary Figure 1

Flowchart of algorithm to generate IF simulation. First, clusters of one color are placed
randomly on the image. Then, clusters of the second color (reference color) are placed
according to the flowchart. Workflow is repeated for each cluster in the experimental image.
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Supplementary Figure 2

Effects of increasing the size and number of green clusters in the calculation of R-G IF

(a) Plots of the percentage of green overlaps (gray) and calculated R-G IF (red) for simulations
generated with increasing green cluster number for R-G IF = 0 (i) and IF = 0.90 (ii). (i)
Simulations for R-G IF = 0 show that the percentage of green overlaps (Kruskal-Wallis H test: p
= 0.60) and R-G IFs (Kruskal-Wallis H test: p = 0.35) remain constant with increasing green
cluster number. (ii) Simulations for R-G IF = 0.9 show that the percentage of green overlaps
(Kruskal-Wallis H test: p = 0.24) and R-G IFs (Kruskal-Wallis H test: p = 0.08) remain constant
with increasing green cluster number (means and SD: n = 20 images per cluster number). (iii-iv)
Plots of the percentage of green overlaps (gray) and calculated R-G IF (red) for simulations
generated with increasing green cluster size for R-G IF = 0 (iii) and R-G IF = 0.90 (iv). (iii)
Simulations for R-G IF = 0 show that the percentage of green overlaps increases with
increasing green cluster size (One-way ANOVA: p < 0.0001) while R-G IFs remain constant
(One-way ANOVA: p = 0.23). (iv) Simulations for R-G IF = 0.9 show that the percentage of
green overlaps increases with increasing green cluster size (One-way ANOVA: p < 0.0001)
while R-G IFs remain constant (One-way ANOVA: p = 0.21; means and SD: n = 20 images per
cluster number). (a)(i)-(iv) show that increasing green cluster number/size doesn’t affect the
calculated R-G IF.



(b) Heat maps of the R? calculated from plotting the simulated R-G IF vs calculated R-G IF for
simulations with different green cluster number and sizes show that the error range is greater in
images with low green cluster number and size (left; n = 20 images per IF). Heat maps of the R?
calculated from plotting the mean simulated R-G IF vs mean calculated R-G IF for the same
simulations as left (right; n = 20 images per IF).
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Supplementary Figure 3

Effects of increasing the size and number of red and green clusters in the calculation of R-G IF

(a) Plots of the percentage of green overlaps (gray) and calculated R-G IF (red) for simulations
generated with increasing green and red cluster number for R-G IF = 0 (i) and R-G IF = 0.90 (ii).
(i) Simulations for R-G IF = 0 show that the percentage of green overlaps increases with
increasing cluster number (Kruskal-Wallis H test: p < 0.0001) while R-G IFs remain constant
(Kruskal-Wallis H test: p = 0.06). (ii) Simulations for R-G IF = 0.90 show that the percentage of
green overlaps increases with increasing cluster number (Kruskal-Wallis H test: p < 0.0001)
while R-G IFs remain constant (Kruskal-Wallis H test: p = 0.18; means and SD: n = 20 images
per cluster number). (iii-iv) Plots of the percentage of green overlaps (gray) and calculated R-G
IF (red) for simulations generated with increasing green and red cluster size for R-G IF = 0 (iii)
and R-G IF = 0.90 (iv). (iii) Simulations for R-G IF = 0 show that the percentage of green
overlaps increases with increasing cluster size (Kruskal-Wallis H test: p < 0.0001) while R-G IFs
remai-n constant (Kruskal-Wallis H test: p = 0.20). (iv) Simulations for R-G IF = 0.90 show that
the percentage of green overlaps increases with increasing cluster size (One-way ANOVA: p <
0.0001) while R-G IFs remain constant (Kruskal-Wallis H test: p = 0.54; means and SD: n = 20



images per cluster number). (a)(i)-(iv) show that increasing both green and red cluster
number/size doesn’t affect the calculated R-G IF.

(b) Heat maps of the R? calculated from plotting the simulated R-G IF vs calculated R-G IF for
simulations with different cluster number and sizes show that the error range is greater in
images with low cluster number and size (left; n = 20 images per R-G IF). Heat maps of the R®
calculated from plotting the mean simulated R-G IF vs mean calculated R-G IF for the same
simulations as left (right; n = 20 images per R-G IF).



R-GIF

1.0
038
0.6
04
0.2
0.0

-0.2
-04

R-G IF

R-GIF

1.05
1.00
0.95
0.90
0.85
0.80
0.75

1.0
0.8
0.6
04
0.2
0.0

-0.2
-0.4

]
1.05

1.00

0.95

Q 0.90
14

R-G IF

R-GIF

0.85

0.80 |

0.75

1.0
0.8
0.6
04
0.2
0.0
-0.2
-0.4

1.05
1.00
0.95
0.90
0.85
0.80
0.75

Number of Overlaps

Red Cluster Number

Red Cluster Size

T T T T 25 10 1 T T T 25
i 20 & 08 - {20 &
= T = 06 | =
— [0} o
| el 4153 e o4l - 415 3
| T Pl 59 ool 7 5
1 il 1 ; 0g e O | i { 11 s
FohEeRg 00 p-genio o £
L7 2 1° 2 02} I 1° 2
L 1 L 1 0 _04 1 1 1 1 0
0 50 100 150 200 0 50 100 150 200
Red Cluster Number X Red Cluster Size
v
— r—r 80 1.05 . — m 80
. 70 4 70
R v:.¥60§ 1.00 | ; eo§
- e L7 ] ] 0.95 | B T 8
- - T T 50 6 & T 50 &
-E—.— %c—}—o—? s © 090 |- ——;——E——— 5
1 L 440 0 g 440 2
- T 30 8 085 F 3 0 8
? 1§ - 17§
K 4202 0.80 | 420 2z
e L—1l 10 0.75 L R 10
0 50 100 150 200 0 50 100 150 200
Red Cluster Number Red Cluster Size
M1 Red
iii
+————t—7 0.06 1.0 y——p——1—7 0.06
- Joo0s5 08 - 4 005
i 4004 06 I - 004
L T o L 04} 5}
I - H003% 0O 0o T 1 H003%
| e 02}
RETRRERE L ER G S N T PSS
|| 1 “ Joot 0o b - 4 001
11 0.00 -0.4 1l 000
0 50 100 150 200 0 50 100 150 200
Red Cluster Number Red Cluster Size
——————7 0.22 1.05 +——t——n 0.22
T 4 020 4 0.20
i 4018 100 4018
Lo 4016 5 , 095} 4016
I 113 om ¢ o - Jouag
'i%'ﬁ‘ }' {-0.125,5[0‘90" "f"f"- 0125
= 1 } ? 4 0.10 085 | ¢ _ do10
T 1 A 008 1 -4 0.08
L ] -
- £ 0.06 0.80 4 0.06
11 0.04 0.75 TR —— oY
0 50 100 150 200 0 50 100 150 200
Red Cluster Number Red Cluster Size
Pearson’s Coefficient
—1—1n 0.035 10 —T1—1—n 0.035
R 0.030 £ 08 k -4 0.030 £
| 0.025 g 06 |k 4 0.025 g
| [ 7 ! 0.020 S woal ., 0020 5
T 0015 O & 4 0015 ©
- o 7 02 | K
. i_} I 0010 ¢ o 1 4 o010 £
- - J{-I-1= ] 00 F-2---1--- F
7 q o005 £ q 0005 £
- J o000 & -02F 4 0000 &
— 1l 0005 -0.4 1l 0005
0 50 100 150 200 0 50 100 150 200
Red Cluster Number Red Cluster Size
iv
——T—7 0.14 1.05 —t—T— 0.14
- z e
- Jowz g 1O0OF Jon2®
. & 'Y =
. . T 0.95 | 1o}
T 010 S Jo1w0d
-.{——l— 100 o000 | L 4-3-9°%1°9
s I 5 * K
- 008 @ 0.85 | 4008 @
1 3 g
Ll 4o 08O0F Joo0e®
1 L 1 L 075 I 1 L 1
0 50 100 150 200 0 50 100 150 200

1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-04

R-GIF

1.05
1.00
0.95
0.90

R-G IF

0.85
0.80
0.75

1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-04

R-G IF

1.05
1.00
095

w

©0.90

14
0.85
0.80
075

1.0
0.8
0.6
04
0.2
0.0
-0.2
-0.4

R-GIF

1.05
1.00
0.95
0.90

R-GIF

0.85

0.80 |

0.75

Overlap Area
iii

P

50 100 150 200
Red Cluster Size

N

50 100 150 200
Red Cluster Size

P,

50 100 150 200
Red Cluster Size

it

4500
4000

3500 g

[
4 3000 £

2500 §
2000 &
1500 ©

1000
500

0.10

0.08

0.06

0.04

0.02

0.00

0.30
0.25
0.20
0.15
0.10
0.05

0.00
50 100 150 200

Red Cluster Size

50 100 150 200
Red Cluster Size

SRES

P,

——1—1—n 1600 10
- - 1400 08 |
B 11200 g 06 |
i + 1000 <D- wooalb
T Hso & ©
Mo | ] de600 @ x 02}
12 3 3
F== 1554 400 00 F
., 0L 4 200 02 |
— 1l -0.4
0 50 100 150 200 0
Red Cluster Number .
iv
—1—T—n 4500 1.05
| 4 4000 100 L
4 3500
T [ -
- a000 £, 09
_'l+_i_f %;— 2500 §  ©0.90 |
_‘IZ : {20008 © o
It 4 1500 ©
Fo 1 4 1000 0.80 |
— t ! U4 500 0.75
0 50 100 150 200 0
Red Cluster Number
M2 Green
iii
7 0.10 1.0
i I- 0.08 08
R 06 |
c
- : I 006 § w o4l
S [CENO)
- T 4004 o o 02F
B _'_i_ _ _i = 00 F
TsIt J o002 !
_f tl -02 |
L L : 4 0.00 -0.4
0 50 100 150 200 0
Red Cluster Number
iv
+——t—1—n 0.30 1.05
- -4 0.25 1.00 |
- . i%io.mé &0.95-
SRS -+ 0150 ©os0f
L . - 4010 = 0.85 |
e L
-4 - 4 005 0.80 |
L L L U 0.00 0.75
0 50 100 150 200 0
Red Cluster Number
%Red Overlaps
iii
———— 018 1.0
| 4 0.16 08 |
| L 4 0.14 9 06 I
T T 4012 &
Lo ‘ 5 w 04|
° 0 e 4010 > =
- ° O O 02}
i I $ }5 008 g @
Fx i1 d 006 00
X
- 4 0.04 -02 |
! ! L 4 0.02 -04
0 50 100 150 200 0
Red Cluster Number
iv
+——t——7 0.7 1.05
i 406 § 100 |
F. 05§ w 095
i 8 Gonf
+ I g 14
—A,°} Jo4 0.85 |-
% B X
2 o3 0.80 |-
1 1 | L 0.75
0 50 100 150 200 0

Red Cluster Number

50 100 150 200
Red Cluster Size

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02

0.7

0.6

0.5

0.4

0.3

M2 Green

M2 Green

%Red Overlaps

%Red Overlaps



Supplementary Figure 4

Comparison of the R-G IF with other Measures

(a) Plots of the number of overlaps (gray) and calculated R-G IF (red) for simulations generated
with increasing red cluster number for R-G IF = 0 (i) and R-G IF = 0.90 (ii). (i) Simulations for R-
G IF = 0 show that the number of overlaps increases with increasing red cluster number
(Kruskal-Wallis H test: p < 0.0001) while R-G IFs remain constant. (ii) Simulations for R-G IF =
0.90 show that the number of overlaps increases with increasing red cluster number (One-way
ANOVA: p < 0.0001) while R-G IFs remain constant (means and SD: n = 20 images per cluster
number). (iii-iv) Plots of the number of overlaps (gray) and calculated R-G IF (red) for
simulations generated with increasing red cluster size for R-G IF = 0 (iii) and R-G IF = 0.90 (iv).
(iii) Simulations for R-G IF = 0 show that the number of overlaps increases with increasing red
cluster size (One-way ANOVA: p < 0.0001) while R-G IFs remain constant. (iv) Simulations for
R-G IF = 0.90 show that the number of overlaps increases with increasing red cluster size (One-
way ANOVA: p < 0.0001) while R-G IFs remain constant (means and SD: n = 20 images per
cluster size).

(b) Plots of the area of overlaps (gray) and calculated R-G IF (red) for simulations generated
with increasing red cluster number for R-G IF = 0 (i) and R-G IF = 0.90 (ii). (i) Simulations for R-
G IF = 0 show that the area of overlaps increases with increasing red cluster number (Kruskal-
Wallis H test: p < 0.0001) while R-G IFs remain constant. (ii) Simulations for R-G IF = 0.90 show
that the area of overlaps increases with increasing red cluster number (One-way ANOVA: p <
0.0001) while R-G IFs remain constant (means and SD: n = 20 images per cluster number). (iii-
iv) Plots of the area of overlaps (gray) and calculated R-G IF (red) for simulations generated
with increasing red cluster size for R-G IF = 0 (iii) and R-G IF = 0.90 (iv). (iii) Simulations for R-G
IF = 0 show that the area of overlaps increases with increasing red cluster size (Kruskal-Wallis H
test: p < 0.0001) while R-G IFs remain constant. (iv) Simulations for R-G IF = 0.90 show that the
area of overlaps increases with increasing red cluster size (Kruskal-Wallis H test: p < 0.0001)
while R-G IFs remain constant (means and SD: n = 20 images per cluster size).

(c) Plots of the Mander’s coefficient 1 for the red overlaps (M1: gray) and calculated R-G IF
(red) for simulations generated with increasing red cluster number for IF = 0 (i) and IF = 0.90 (ii).
(i) Simulations for R-G IF = 0 show that M1 remains constant with increasing red cluster number
(Kruskal-Wallis H test: p = 0.79). (ii) Simulations for R-G IF = 0.90 show that M1 decreases with
increasing red cluster number (Kruskal-Wallis H test: p < 0.0001) while R-G IFs remain constant
(means and SD: n = 20 images per cluster number). (iii-iv) Plots of M1 (gray) and predicted R-G
IF (red) for simulations generated with increasing red cluster size for R-G IF = 0 (iii) and R-G IF
= 0.90 (iv). (iii) Simulations for R-G IF = 0 show that M1 remains constant with increasing red
cluster size (Kruskal-Wallis H test: p = 0.75). (iv) Simulations for R-G IF = 0.90 show that M1
decreases with increasing red cluster size (Kruskal-Wallis H test: p < 0.0001) while R-G IFs
remain constant (means and SD: n = 20 images per cluster size).



(d) Plots of the Mander’s coefficient 2 for the green overlaps (M2: gray) and calculated R-G IF
(red) for simulations generated with increasing red cluster number for R-G IF = 0 (i) and R-G IF
= 0.90 (ii). (i) Simulations for R-G IF = 0 show that M2 increases with increasing red cluster
number (Kruskal-Wallis H test: p < 0.0001) while R-G IFs remain constant. (ii) Simulations for IF
= 0.90 show that M2 increases with increasing red cluster number (One-way ANOVA: p <
0.0001) while R-G IFs remain constant (means and SD: n = 20 images per cluster number). (iii-
iv) Plots of M2 (gray) and calculated R-G IF (red) for simulations generated with increasing red
cluster size for R-G IF = 0 (iii) and R-G IF = 0.90 (iv). (iii) Simulations for R-G IF = 0 show that
M2 increases with increasing red cluster size (Kruskal-Wallis H test: p < 0.0001) while R-G IFs
remain constant. (iv) Simulations for R-G IF = 0.90 show that M2 increases with increasing red
cluster size (Kruskal-Wallis H test: p < 0.0001) while R-G IFs remain constant (means and SD:
n = 20 images per cluster size).

(e) Plots of the Pearson’s coefficients (gray) and calculated R-G IF (red) for simulations
generated with increasing red cluster number for R-G IF = 0 (i) and R-G IF = 0.90 (ii). (i)
Simulations for R-G IF = 0 show that the Pearson’s coefficients remain constant with increasing
red cluster number (One-way ANOVA: p = 0.09). (ii) Simulations for R-G IF = 0.90 show that the
Pearson’s coefficients change with increasing red cluster number (Kruskal-Wallis H test: p =
0.02) while R-G IFs remain constant (means and SD: n = 20 images per cluster number). (iii-iv)
Plots of the Pearson’s coefficients (gray) and calculated R-G IF (red) for simulations generated
with increasing red cluster size for R-G IF = 0 (iii) and R-G IF = 0.90 (iv). (iii) Simulations for R-
G IF = 0 show that the Pearson’s coefficients increase with increasing red cluster size (One-way
ANOVA: p = 0.02) while R-G IFs remain constant. (iv) Simulations for R-G IF = 0.90 show that
the Pearson’s coefficients increase with increasing red cluster size (One-way ANOVA: p <
0.0001) while R-G IFs remain constant (means and SD: n = 20 images per cluster size).

(f) Plots of the percentage of red overlaps (gray) and calculated R-G IF (red) for simulations
generated with increasing red cluster number for R-G IF = 0 (i) and R-G IF = 0.90 (ii). (i)
Simulations for R-G IF = 0 show that the percentage of red overlaps remains constant with
increasing red cluster number (Kruskal-Wallis H test: p = 0.58). (ii) Simulations for R-G IF = 0.90
show that the percentage of red overlaps decreases with increasing red cluster number
(Kruskal-Wallis H test: p < 0.0001) while R-G IFs remain constant (means and SD: n = 20
images per cluster number). (iii-iv) Plots of the percentage of red overlaps (gray) and calculated
R-G IF (red) for simulations generated with increasing red cluster size for R-G IF = 0 (iii) and R-
G IF = 0.90 (iv). (iii) Simulations for R-G IF = 0 show that the percentage of red overlaps
increases with increasing red cluster size (One-way ANOVA: p < 0.0001) while R-G IFs remain
constant. (iv) Simulations for R-G IF = 0.90 show that the percentage of red overlaps increases
with increasing red cluster size (One-way ANOVA: p < 0.0001) while R-G IFs remain constant
(means and SD: n = 20 images per cluster size).
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Supplementary Figure 5

Additional measurements for experimental datasets

(a) Number and total area covered by pDNA-PKcs and LiglV clusters. (i) The number of pDNA-
PKcs clusters was greater in the DNA-damaged compared to control group (****p<0.0001;
Student’s t-test). (ii) The total area of pPDNA-PKcs clusters was greater in the DNA-damaged
compared to control group (****p<0.0001; Welch'’s t-test). (iii) The number of LiglV clusters was
greater in the control compared to DNA-damaged group (**p<0.01; Student’s t-test). (iv) The
total area of LiglV clusters was greater in the DNA-damaged compared to control group
(****p<0.0001; Student’s t-test). Groups: control (n = 21) and DNA-damaged group (n = 29).

Error bars represent 95 ClI.

(b) Number and total area covered by pATM and LiglV clusters. (i) The number of pATM

clusters in the control group was not significantly different from the DNA-damaged group (n.s. =
not significant; p>0.05; Student’s t-test) (ii) The total area of pATM clusters was not significantly
different in the control compared to DNA-damaged group (n.s. = not significant; p>0.05;



Student’s t-test). (iii) The number of LiglV clusters was not significantly different in the control
compared to DNA-damaged group (n.s. = not significant; p>0.05; Student’s t-test). (iv) The total
area of LiglV clusters was not significantly different in the control compared to DNA-damaged
group (n.s. = not significant; p>0.05; Student’s t-test). Groups: control (n = 25) and DNA-
damaged group (n = 13). Error bars represent 95 Cl.

(c) Number and total area covered by BRCA1 and BRIP1 clusters. (i) The number of BRCA1
clusters was greater in the DNA-damaged compared to control group (****p<0.0001; Student’s t-
test). The total area covered by BRCA1 clusters was greater in the DNA-damaged compared to
control group (****p<0.0001; Student’s t-test). The number of BRIP1 clusters was greater in the
DNA-damaged compared to control group (***p<0.001; Student’s t-test). The total area covered
by BRIP1 clusters was greater in the DNA-damaged compared to control group (***p<0.001;
Student’s t-test). Groups: control (n = 17) and DNA-damaged group (n = 18). Error bars
represent 95 Cl.
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Supplementary Figure 6

Percentage of Overlaps and IF measurements when reference color is changed in experimental
datasets

(a) LiglV and pDNA-PKcs measurements. (i) Percentage of pDNA-PKcs clusters overlapping
with LiglV was greater in the DNA-damaged compared to control group (****p<0.0001; Welch’s
t-test). (ii) Interaction Factor (IF) between LiglV/pDNA-PKcs in control and DNA-damaged
group. The IF between LiglV/pDNA-PKCcs was greater in the DNA-damaged compared to
control group (****p<0.0001; Welch'’s t-test). Groups: control (n = 21) and DNA-damaged group
(n =29). Error bars represent 95 CI.



(b) LiglV and pATM measurements. (i) Percentage of pATM clusters overlapping with LiglV was
greater in the DNA-damaged compared to control group (****p<0.0001; Student’s t-test). (ii)
Interaction Factor (IF) between LiglV/pATM in control and DNA-damaged group. The IF
between LiglV/pATM was greater in the DNA-damaged compared to control group (*p<0.05;
Welch’s t-test). Groups: control (n = 25) and DNA-damaged group (n = 13). Error bars
represent 95 ClI.

(c) BRIP1 and BRCAT1. (i) Percentage of BRCA1 clusters overlapping with BRIP1 was not
significantly different in the DNA-damaged compared to control group (n.s = not significant;
p>0.05; Student’s t-test). (ii) Interaction Factor (IF) between BRIP1/BRCA1 in control and DNA-
damaged group. The IF between BRIP1/BRCA1 was not significantly different in the DNA-
damaged compared to control group (n.s. = not significant; p>0.05; Student’s t-test). Groups:
control (n = 17) and DNA-damaged group (n = 18). Error bars represent 95 ClI.
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Supplementary Figure 7
Comparison of R-G IF with Kd

(a) Plot showing percentage of green cluster overlaps for simulations generated with different
R-G IFs and red cluster number. Curves represent the function y =100*x/(Kd+X) + NS*x fitted to
the points; points indicate values for individual simulations (n = 20 simulations per R-G IF).

(b) Plot of R-G IF vs Kd; Kd values were calculated from (a). A linear regression was fitted and
resulted in R? = 0.97.
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Supplementary Figure 8

Comparison of calculation of R-G IF with and without rotation for clusters with increasing major
axis diameter

(a) Examples of simulations generated with 100 red clusters and100 green clusters with
different major axis diameter. For illustration purposes, the color red is represented as magenta.
In generating the simulated images, cluster numbers and size distributions were sampled from
experimental image and the major axis diameter was multiplied by 1 (1x), 2 (2X), or 4 (4X).

(b) Plot of calculated R-G IF with and without rotation of clusters with increasing major axis
diameter for simulations generated with R-G IF 0.0 and 0.9 (n = 20 simulations per R-G IF).
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Supplementary Figure 9

Screenshots of Interaction Factor Package plugins

(a) Screenshot of super resolution image (dSTORM) of nucleus opened in ImagedJ. ROl is
outlined by the user in yellow.

(b) Screenshot of Interaction Factor Imaged plugin.

(c) Screenshot of Interaction Factor Simulations Imaged plugin.



Supplementary Table 1

IF Range of Calculated IF

0 0.10
0.10 0.06
0.14 0.14
0.18 0.12
0.22 0.09
0.26 0.13
0.30 0.07
0.34 0.11
0.38 0.12
0.42 0.07
0.46 0.09
0.50 0.05
0.54 0.10
0.58 0.08
0.62 0.06
0.66 0.04
0.70 0.03
0.74 0.06
0.78 0.05
0.82 0.03
0.86 0.03
0.90 0.03
0.94 0.01
0.98 0.00

Table of range of variation in the calculated IF for images generated for IF= 0 to IF = 0.98.
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Introduction

This plugin provides a method for quantifying protein-protein interactions by using stochastic modeling
of super-resolution fluorescence microscopy data (RGB images). The result is an unbiased measure

of co-localization of protein clusters, independent of cluster density and comparable across images.

Please refer to manuscript (REF) for a detailed description of the Interaction Factor.

Installation

Copy the .jar file into the plugins folder of Imaged or Fiji. Close and open ImageJ/Fiji. The plugins will

be found under Analyze.

Fiji File Edit Image Process Plugins Window Help
Measure #M
Analyze Particles...
Summarize
Distribution...
Label
Clear Results
Set Measurements...

Set Scale...
Calibrate...
Histogram
Plot Profile
Surface Plot...
Gels

Tools

3D Objects Counter
3D OC Options
Skeleton
Colocalization
Color Histogram
Directionality
Shape Index Map
Optic Flow
Helmholtz Analysis

3D Surface Plot Interaction Factor Simulations
Classification

Local Thickness

Multi Kymograph

QuickPALM

Sholl Analysis...

TopoJ

Figure 1. Interaction Factor Package

Important Installation Note: the plugin only works with Java8 and ImageJ v1.48 or

newer. Download ImageJ bundled with Java8 here


https://imagej.nih.gov/ij/download.html

How To Use the Interaction Factor Plugins

For both versions of the plugin, the first step is to start the Fiji or Imaged application.

Next, choose an image you wish to analyze. This is accomplished by using File/Open menu option or
by dragging and dropping a file to the area under the Fiji toolbar. The next step is to choose the plugin
which is found under the Analyze pull down menu. There are two versions of the plugin that may be
used to analyze an image. The first version, called Interaction Factor, allows you to calculate the
Interaction Factor for the image. The second version, called Interaction Factor Simulations, allows
you to produce any number of simulations for the image at a user-defined IF for use in further

analysis.

Interaction Factor Plugin

From the Interaction Factor menu selection, choose the first option — Interaction Factor. A pop up

screen will appear (Figure 2).

[ Interaction Factor

Channel 1(Chl) Color:  Red &
Channel 2(Ch2) Color:  Green d
Threshold:  Otsu T}
Exclude Edge Clusters

Apply Overlay Clear Overlay

Clusters Area 2 ROI Area
Sum Pixel Inten  Clusters Sum Inten
Clusters Mean Inten Ch1 Stoichiometry

Ch2 Stoichiometry 2 Clusters Overlaps
%Clusters Overlaps [ Overlap Count
Overlap Area

Save Random Simulations Show Ch1l Mask
Show Ch2 Mask Show ROI Mask
Show Overlap Mask Overlap Locations Table
Test IF
Cancel OK

Figure 2. Interaction Factor Plugin
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The first step is to select the Region of Interest (ROI) in the image by using one the four selection
tools in the Fiji toolbar (Figure 3). Refer to this link for a tutorial on how to draw an ROI. If your
region covers the field of view there is no need to draw an ROI. Next, there are a number of
parameters that may be used as input to the analysis. They are found in the Segmentation and IF
Parameter sections of the pop up window. In addition, there are a number of outputs that may be
chosen for a given run. These are found in the Additional Measurements and Output Images
sections of the pop up window.

® [ ] (Fiji Is Just) ImageJ

eEREAN BRI e

Angle tool

swjur 0| 4]0] |

cell-1_1_R_G_copy.if (50%)
1290x960 nm (1290x960); RGB: 4.7MB

Figure 3. Example of ROI and selection tools. In red are the selection tools.

Segmentation

Here, you select the options for the chosen ROI you want to see in the analysis. These include the
following:

1. Channel 1(Ch1) Color- from a pull down menu one of three colors may be chosen (Red, Blue,


http://www.bioimgtutorials.com/2015/09/29/how-to-manually-draw-a-region-of-interest-roi-in-imagej/

Green) for the first channel

2. Channel 2(Ch2) Color- from a pull down menu one of three colors may be chosen (Red, Blue,
Green) for the second channel

3. Threshold- from a pull down menu a threshold may be chosen. These are the standard
Imaged thresholds and additional information may be found at the ImageJ website.

4. Exclude Edge Clusters- the final options in this section is related to what information is
included in the ROI. When selecting the ROI, the line may cut through a cluster. You may

choose to include or not include those clusters that are not completely within the ROI.

Once all the options have been chosen, click the button “Apply Overlay”. All the clusters used in the
analysis will be highlighted (in white) (Figure 4). If you wish to change any of the options then click the
button “Clear Overlay”. The selected clusters will be deselected but the ROl will remain unchanged.

You may then select new parameters in the Segmentation section.

XX
1290x960 nm (1290x960); RCB; 4.7M8

Figure 4. Example of zoomed-in image where clusters are outlined using the "Apply Overlay" button.

Note:

If the user has his or her own masks of the clusters created by another method, the user can still use
the IF plugin by first combining the masks to an RGB image by going to Image -> Color-> Merge
Channels and selecting channel 1 and channel 2 masks (make sure to uncheck the “Make
composite” option). In the IF plugin select the Otsu threshold and continue to use the plugin

normally.



IF Parameter

In this section, there is one parameter — 'Move Ch1 Clusters' which is chosen by clicking the check
the box (default). If this option is checked then, when calculating the IF, the simulations are going to
be made such that Ch1 clusters will be placed randomly within the ROI. If the box is left unchecked,

then Ch1 clusters will not be moved but stay in their current positions.

Additional Measurements

There are standard measurements displayed in the results table - the output from running an IF
calculation. In addition to these, you may choose some other measurements you need to properly
analyze your image.

1. Clusters Area - sum of the area of all the clusters multiplied by the square of the scale
ROI Area- is the sum of the area inside the ROI multiplied by the square of the scale
Sum Pixel Inten- is the sum of all the pixel intensities inside the ROI
Clusters Sum Inten- is the sum of all pixel intensities in the clusters

Clusters Mean Inten - is the mean intensities of all the clusters

@ a0 kN

Ch 1 Stoichiometry- is the percentage of Ch1 clusters that are overlapping with 1 (1:1), 2
(1:2), 3 (1:3), or > 3 Ch2 clusters (Stoichiometry)
7. Ch 2 Stoichiometry- is the percentage of Ch2 clusters that are overlapping with 1 (1:1), 2
(1:2), 3 (1:3), or > 3 Ch1 clusters (Stoichiometry)
8. Clusters Overlaps- is the number of clusters of one color overlapping with clusters with the
opposite color
9. %Clusters Overlaps -is the percentage of clusters of one color overlapping with clusters of the
opposite color
10. Overlaps Count- is the number of overlaps counted by first generating an overlap mask and
counting the number of overlapping regions
11. Overlap Area- is calculated by adding the area of all the overlapping regions multiplied by the
square of the scale
Note:
The scale is dependent on the resolution. For example, the scale for a super resolution image can
represent 20nm. This number may be part of the metadata of the input image and is read by ImageJ

when opening the image.

Output Options

There are several output options that may be selected as part of a run for further analysis of the

results. Each option chosen will be displayed in a separate window. The possible selections include



the following:
1. Save Random Simulations- the 50 random images used in the simulations for calculating the
IF.
Show Ch1 Mask- mask of Ch1 clusters within the ROI
Show Ch2 Mask- mask of the Ch2 clusters within the ROI
Show ROI Mask- mask of the entire ROI chosen by the selection tool

Show Overlap Mask- mask of overlap regions between Ch1 and Ch2

o o~ wbd

Overlap Locations Table- a table pertaining to the Overlap Mask. It shows the location, area,

and number of pixels for each overlap in the mask.



Running the Calculation and Interpreting the Results
Running the First Calculation

Once all the options are selected, you can execute the calculation by clicking the “Test IF’ button in

the lower right. A results window will be displayed.

e0e Results
[Image |Scale  [R-GIF [R-Gp-val [G-RIF [G-R p-val [R-BIF
1  cell-1_1_R_G_copy-0507-0632 20.0nm 0.910 p<0.02 0.900 p<0.02 NT

Figure 5. Example of Results Table

The following is the data reported by the plugin:
1. Image- the number of the image used in the IF prediction. If there is an ROI ID, it will be added
to the image name.
2. Scale- This is retrieved from the image meta data

For the next several columns, the IF and p-val are calculated with both Ch1 (Ch2-Ch1 IF) and Ch2
(Ch1-Ch2 IF) as the reference color. The reference color is the color for which the percentage of
overlapping clusters is measured when calculating the IF (see manuscript for further explanation). A
value of “NT”in the column value means “Not Tested” (these columns are included in case they are

needed for future calculation).

3. IF-Interaction Factor between two color clusters is a number between 0 and 1 where 0
indicates no interaction and 1 indicates complete interaction. Below is a guide for
understanding the IF. If the number is in the “no or low interaction level” refer to the p-value. If
the p-value is <0.02 this means that its likely there is an interaction between the clusters. In
other words, if the p-value is <0.02 there is less than 0.02 probability that the percentage of

overlaps observed are due to random occurrence.



No No or Low .
Interaction Interaction Interaction

0.0 0.2 0.4 0.6 0.8 1.0

Figure 6. Guide for understanding the IF

p-val- the number of random simulations that had equal or greater percentage of overlapping
clusters compared to the experimental divided by the total number of random simulations. In
other words, if there were two random simulations that had equal or greater percentage of
overlapping clusters compared to the experimental, then p-val = 2/50, = 0.04. If the p-value is
<0.02 this means that none of the random simulations produced equal or greater percentage
of overlapping clusters compared to the experimental image, and therefore it’s likely there is an
interaction between the clusters. In other words, if the p-value is <0.02 there is less than 0.02

probability that the percentage of overlaps observed are due to random occurrence.

For an RGB image where Ch1 and Ch2 are chosen by the user as red (R), green (G), or blue (B).

Chlmask = ROIygsk N (Ch1 > thl)

Ch2mask = ROIyngsk N (Ch2 > th2)

Where th is the threshold determined by the thresholding method selected from the dropdown menu

and ROl s are the pixels inside the region of interest (ROI).

5.

Th Algorithm- this is the algorithm chosen by the pull down menu in the Segmentation
section

R/G/B Th- is the threshold determined by the thresholding method selected from the dropdown
menu applied to the pixels inside the region of interest (ROI) for that channel

R/G/B Clus Count- count of all clusters in the corresponding Chipmas (i=1,2)

R/G/B Clus Area- sum of the area of all the clusters multiplied by the square of the scale
Chi Clus Area = 2 Chipqsk X scale?
ROI Area- sum of the area inside the ROI multiplied by the square of the scale

ROI Area = 2 ROl 45k X scale?



10. R/G/B Sum Inten- sum of all the pixel intensities inside the ROI
Chi Sum Inten = Z Chi N ROy g5k

11. R/G/B Clus Sum Inten- sum of all pixel intensities in the clusters
Chi Clus Sum Inten = Y, Chiqs, N Chi
12. R/G/B Clus Mean Inten- mean intensities of all the clusters

Y. Chipgs N Chi
n

Chi Clus Mean Inten =

where n is the number of pixels in Chi mask (clusters)

13. R/G/B Clus Overlaps- number of Ch2 clusters overlapping with Ch1 clusters and vice versa

14. R/IG/B1:1, 1:2, 1:3, 1:>3- percentage of Ch2 clusters that are overlapping with 1 (1:1), 2 (1:2),
3 (1:3), or > 3 Ch1 clusters and vice versa (Stoichiometry)

15. R/IG/B %Clus Overlaps- percentage of Ch2 clusters overlapping with Ch1 clusters and vice
versa

16. Overlap Count- number of overlaps counted by first generating an overlap mask
Overlapmask = Chlpask N Ch2mask

and counting the number of overlapping regions.

17. Overlap Area- the area of all the overlapping regions multiplied by the square of the scale

Overlap Area = Z Overlapmqsi X scale?



Output Images and Locations Table

These are the examples of the optional output images
1. Ch1 Mask- mask of Ch1 clusters within the ROI

i @ cell-1_1_R G_copy-0507-0632R Mask (33.39
12)0)(960 nm (1290x960); 8-bit; 1.2MB

Figure 7. Example of Red Mask
2. Ch2 Mask- mask of the Ch2 clusters within the ROI

@ cell-1_1_R. G_copy-0507-0632G Mask (33.3%)
1290){960 nm (1290x960); §-bit; 1.2MB

Figure 8. Example of Green Mask
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3. ROI Mask- mask of the entire ROl chosen by the selection tool

@ cell-1_1_R_G_copy-0507-0632 ROI Mask (33.3%)
1290x960 nm (1290x960); 8-bit; 1.2ZMB

Figure 9. Example of ROl Mask

4. Overlap Mask- mask of overlap regions between Ch1 and Ch2

@ cell-1_1 R G_copy-0507-0632 Overlap Mask (23.3%)
1290x960 nm (1290x960); 8-bit; 1.2ZMB

Figure 10. Example of Overlap Mask
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5. Overlap Locations Table- a table pertaining to the Overlap Mask. It shows the location, area,
and number of pixels for each overlap in the mask.

Image-name of image

Number Pixels- the number of pixels in the overlap

Area- the number of pixels multiplied by the square of the scale

CentroidX- x coordinate of the center of the overlap

® o 0 T ®

CentroidY- y coordinate of the center of the overlap

[ ® Overlap Locations

lImage [Number Pixels [Area |Centroid:
1 cell-1_1_R_G_copy-0507-0632 88 35200 1855.00¢(
2 cell-1_1_R_G_copy-0507-0632 45 18000 2274.88¢
3 cell-1_1 R C_copy-0507-0632 44 17600 2405.00(
4 cell-1_ 1 R _C_copy-0507-0632 57 22800 2905.08¢
5 cell-1_1 R _C_copy-0507-0632 &4 33600 3252.61¢
6 cell-1_1_R_G_copy-0507-0632 27 10800 3282.59:
7 cell-1_1_R_G_copy-0507-0632 38 15200 3826.31¢
] cell-1_1_R_G_copy-0507-0632 21 8400  4507.14:
9 cell-1_1 R C_copy-0507-0632 19 7600  4570.00(
10 cell-1_1 R_G_copy-0507-0632 74 29600 5135.67¢
11 cell-1_1 R_G_copy-0507-0632 30 12000 6197.33:
12 cell-1_1 _R_G_copy-0507-0632 151 60400 6387.48:
13 cell-1_1_R_G_copy-0507-0632 42 16800 6427.14:
14 cell-1_1 R_C_copy-0507-0632 145 58000 6843.51:
15 cell-1_1 R _C_copy-0507-0632 44 17600 7193.18:
16 cell-1_1_R_G_copy-0507-0632 28 11200 7494.28¢

Figure 11. Example of Overlap Locations Table

Running Multiple Calculations

You may execute multiple runs of the IF calculation with different input parameters and output images.
Each run is stored in the results table as a separate row. None of the outputs are destroyed between
runs but are accumulated. If any options are changed in the Segmentation and IF Parameter
sections, it may be advisable to save one “type” of run in a separate folder for comparison with

subsequent runs.
The Final Run
Up until now each calculation was executed by clicking the “Test IF” button which kept accumulating

12



all the output from the runs. Once all the analysis is completed a final calculation may be executed by
clicking the “OK” button rather than the “Test IF” button. This closes the plugin pop-up screen. The

original image and any output chosen remains displayed on the screen.

Cancelling the Analysis

You may end all of the analysis by clicking the “Cance/’ button.

Tips for Using and Interpreting the IF

* |tis possible that the value of the IF calculation will have a small variation for multiple runs of the
same image since the calculation is based on the percentage of overlap from random images,
which are created dynamically each time the IF is calculated. Please refer to the manuscript for
further details (REF).

* The user should avoid the IF for images with less than 25 clusters. Please refer to the manuscript
for further details (REF).

* |tis important that the image contains well-defined clusters that can be thresholded in a
meaningful way. The user should test different thresholds to see which one works best. We

suggest testing the Otsu followed by the Default.

13



Interaction Factor Simulations Plugin

[ ] Interaction Factor Simulations

Channel 1 (Chl) Color: = Green E
Channel 2 (Ch2) Color: = Red ﬂ

Threshold: = Otsu E

Exclude Edge Clusters

Apply Overlay Clear Overlay

Ch1_Simulation:

© None

Random

Ch2_Simulation:
' Random
© NonRandom
Interaction Factor | 0.9|

Number of Simulations: 1

| Clusters Area | ROI Area

| Sum Pixel Inten | Clusters Sum Inten

| Clusters Mean Inten || Ch1 Stoichiometry

| Ch2 Stoichiometry | Clusters Overlaps

| %Clusters Overlpas | | Overlap Count
Overlap Area

Show Chl Mask Show Ch2 Mask
Show ROI Mask Show Overlap Mask
Overlap Locations Table

Cancel oK

Figure 12. Interaction Factor Simulations Plugin

14




This plugin allows the user to create a set of simulated images at a chosen IF based on the input

image. The interface for processing the input image is similar to the “Interaction Factor” calculation

dialog box. The Segmentation and Additional Measurement sections are the same for both the IF

calculation and the IF Simulation. Instead of the IF Parameter Section as in the IF Calculation, there

is a Simulations Parameters section.

In this section, parameters for input into the simulation may be chosen and includes the following:

1.

Ch1 Simulation- or Channel 1, you may chose either Random or None (default) by clicking
the radio button. If Random is selected, then Ch1 clusters are placed in random locations
within the ROI. If None is selected Ch1 clusters will be kept in the same position as the input
image.

Ch2 Simulation- for Channel 2, you may chose either Random or NonRandom by clicking
the radio button. If Random is selected, then Ch2 clusters are placed in random locations
within the ROI. If NonRandom is selected, then Ch2 clusters are placed according to the IF
value within the ROI.

Interaction Factor- Unlike the IF Calculation function, which gives an Interaction Factor, you
must choose the Interaction Factor for this function. It is the number representing the
interaction between the two color clusters. It ranges from 0 to 1 where 0 indicates no

interaction and 1 indicates complete interaction.

4. Number of Simulations- Here you enter the number of simulations you want generated.

Running the Simulation or Simulations

Running a simulation is similar to running a calculation. As in the IF Calculation option, you must do

the following to set up the simulation.

1.
2.

Open an image for analysis.
Using one of the selection tools, choose what ROl will be used. If the ROI covers the entire
field of view there is no need for drawing an ROI.
In the Segmentation section, select the options you need for the input. This includes:
a. Channel 1 Color
b. Channel 2 Color
c. Threshold
d. Exclude Edge Clusters
Click “Apply Overlay”
Next, choose any input parameters in the Simulation Parameters, Additional
Measurements, and Output Images section. Once all the options have been chosen click the

“OK” button and the simulation executes. The input panel will disappear and the output will be

15



displayed on your screen. If you decide not to execute the simulation then click the “Cancerl

button.

Output
Each simulation will be displayed with the corresponding number at the end of the name.

cell-1_1_R_G_copy-0507-0632_Sim_IF_90_1 {50%)

1290x960 nm (1290x960); RGB; 4.7MB

Figure 13. Example of Simulation Generated with IF = 0.90

Next, optional output masks will be displayed (refer to the previous section for details on the output
masks). In addition, there will be a Results Table with several measurements (refer to the previous
section for details on the columns). For each simulation the measurements will be added to the

corresponding rows of the table.
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cale |\ Sir
1 None
1_1 R_G_copy-0507-0632_S5im_1 20.0 nm NonRandom
-1_1_R_G_copy-0507-0632_Sim_2 20.0 nm NonRandom
-1 1 R_G copy-0507-0632_S5im_3 20.0 nm NonRandom

_1_R_G_copy-0507-0632 20.0 nm

Figure 14. Example of Results Table
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