
“Co_occurrence_EMP1vREX1.ijm” Macro Workflow

Add; Blur

Auto local threshold

Binary =‘cellmask’

Auto local threshold

Blurlocal threshold local AND blur Result AND ‘cellmask’

local threshold largest particle Blur

‘cellmask’ - Blur
= ‘cytoplasm’ 

Result AND ‘cytoplasm’
= ‘REX1mask’

Particles ≥2 pixels
= ‘EMP1mask’

Open image;
Split channels;
Project z-stack 
(Maximum Intensity Projection) 

‘REX1_MIP’

‘EMP1_MIP’

Initialize data table
Start
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ROI loop

Log data

‘REX1mask’ + ‘EMP1mask’
= ‘Bothmask’

Generate black images for drawing ‘REX1only’, 
‘EMP1only’, and ‘Both’ events;
Initiate ‘for’ loop

Generate proof: Merge MIPs; 
Laterally combine with ‘REX1only’, ‘EMP1only’, and ‘Both’ masks;
Label; Save

local threshold 
AND ‘cytoplasm’



Select input and output directories

Initialize table and assign headings
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Begin batch loop

Close any open images

Open image (hyperstack)

‘REX1_MIP’

‘EMP1_MIP’

Split channels

Project z-stack (Maximum Intensity Projection);
Rename

Opened image (hyperstack)
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‘REX1_MIP’ + ‘EMP1_MIP’

Convert to 8-bit;
Auto local threshold (Phansalkar method);
Rename ‘EMP1_allparticles’

Keep largest particle;
Rename ‘EMP1_MIP-1-largest’

‘REX1_MIP’

‘EMP1_MIP’

Gaussian Blur

Huang threshold;
Convert to mask;
Rename ‘cellmask’

Duplicate

‘EMP1_MIP-1-largest’‘EMP1_allparticles’‘EMP1_MIP-1’

‘cellmask’
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'cellmask’ – ‘paramask
Rename ’cytoplasm’

‘EMP1_MIP-1-largest’

Gaussian Blur

‘cellmask’

‘EMP1mask’

Particle pixel size 2-inf. 
(removes particles <2 pixels);
Invert LUT;
Rename ‘EMP1mask’

‘paramask’ ‘cytoplasm’Default threshold;
Convert to Mask;
Rename ‘paramask’

‘cytoplasm’ AND ‘EMP1_allparticles’ 
(creates new window)

‘EMP1_allparticles’
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‘REX1mask_clefts’
‘REX1mask_clefts’ 
AND ‘REX1mask_blur’;
Rename ‘REX1_binary1’

‘REX1mask’

‘REX1_MIP’

Duplicate

Convert to 8-bit;
Auto local threshold 
(Niblack method);
Rename ‘REX1mask_clefts’

‘REX1_MIP-1’

Duplicate;
Gaussian Blur Default threshold;

Rename 
‘REX1mask_blur’

‘cellmask’

‘REX1_binary1’

‘cellmask’ AND ‘REX1_binary1’;
Rename ‘REX1_binary2’

‘REX1mask_blur’

‘REX1_binary2’

‘REX1_binary2’ AND ‘cytoplasm’;
Watershed;
Particle pixel size 5-inf.
(remove particles >5 pixels);
Invert LUT;
Rename ‘REX1mask’

‘cytoplasm’
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‘EMP1mask’ ‘Bothmask’

‘REX1mask’

‘EMP1mask’ + ‘REX1mask’; 
Rename ‘Bothmask’

7

Create 3 new black images; Rename

Make a counter for EMP1only, REX1only, and both; 
Set drawing color to white

For each region of interest, get Raw Integrated Density 

Co_occurrence_EMP1vREX1



If Raw Integrated Density is >0 on both REX1mask AND 
EMP1 mask, then add count for ‘Both’;
Draw ROI on ’Both’

If Raw Integrated Density is >0 on REX1mask only, then add 
count for ‘REX1only’;
Draw ROI on ‘REX1only’’

If Raw Integrated Density is >0 on EMP1mask only, then add 
count for ‘EMP1only’;
Draw ROI on ‘EMP1only’’

Log counts to table

Merge;
Stack to RGB;
Rename ‘rawimage’

‘EMP1_MIP’ ‘REX1_MIP’‘DAPI_MIP’

‘rawimage’

8Co_occurrence_EMP1vREX1



Merge;
Stack to RGB;
Rename ‘sortedmask’

‘EMP1only’‘REX1only’

Combine ‘rawimage’
and ‘sortedmask’;
Add scale bar;
Add titles;
Flatten

Save proof to ouput directory

‘rawimage’

‘Both’

‘sortedmask’
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‘REX1_MIP’

‘cytoplasm’

‘cellmask’ AND ‘cytoplasm’

Add; Blur

Auto local threshold

Binary =‘cellmask’

Auto local threshold

Blurlocal threshold local AND blur AND ‘cellmask’

local threshold largest particle Blur; ‘parasite’

‘REX1mask’

‘EMP1mask’

Open image

‘EMP1_MIP’

Start
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Measure fluorescence of EMP1_MIP reference for each mask;
Summarize results in table

Generate proof:
Merge MIP; Laterally combine with masks

AND ‘cytoplasm’

‘cytoplasm-clefts’

Project z-stack (MIP) 

Split channels

‘EMP1_MIP’

'REX1mask’ 'paramask’ 'cytoplasm-clefts’

“Co_occurrence_EMP1vREX1_MFI.ijm” Macro Workflow



Select input and output directories

Begin batch loop
Close any open images

Open image (hyperstack)

‘REX1_MIP’

‘EMP1_MIP’

Split channels

Project z-stack (Maximum Intensity Projection);
Rename

Opened image 
(hyperstack)
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‘REX1_MIP’ + ‘EMP1_MIP’

Convert to 8-bit;
Auto local threshold (Phansalkar method);
Rename ‘EMP1_allparticles’

Keep largest particle;
Rename ‘EMP1_MIP-1-largest’

‘REX1_MIP’

‘EMP1_MIP’

Gaussian Blur

Huang threshold;
Convert to mask;
Rename ‘cellmask’

Duplicate

‘EMP1_MIP-1-largest’‘EMP1_allparticles’‘EMP1_MIP-1’

‘cellmask’
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'cellmask’ – ‘paramask
Rename ’cytoplasm’

‘EMP1_MIP-1-largest’

Gaussian Blur

‘cellmask’

‘EMP1mask’

Particle pixel size 2-inf. 
(removes particles <2 pixels);
Invert LUT;
Rename ‘EMP1mask’

‘paramask’ ‘cytoplasm’Default threshold;
Convert to Mask;
Rename ‘paramask’

‘cytoplasm’ AND ‘EMP1_allparticles’ 
(creates new window)

‘EMP1_allparticles’
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‘REX1mask_clefts’
‘REX1mask_clefts’ 
AND ‘REX1mask_blur’;
Rename ‘REX1_binary1’

‘REX1mask’

‘REX1_MIP’

Duplicate

Convert to 8-bit;
Auto local threshold 
(Niblack method);
Rename ‘REX1mask_clefts’

‘REX1_MIP-1’

Duplicate;
Gaussian Blur Default threshold;

Rename 
‘REX1mask_blur’

‘cellmask’

‘REX1_binary1’

‘cellmask’ AND ‘REX1_binary1’;
Rename ‘REX1_binary2’

‘REX1mask_blur’

‘REX1_binary2’

‘REX1_binary2’ AND ‘cytoplasm’;
Watershed;
Particle pixel size 5-inf.
(remove particles >5 pixels);
Invert LUT;
Rename ‘REX1mask’

‘cytoplasm’
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‘cytoplasm’

‘cytoplasm-clefts’

‘REX1mask’

‘cytoplasm’ - ‘REX1mask’; 
Rename ‘cytoplasm-mask’

Measure EMP1_MIP reference for each mask;
Summarize results

‘EMP1_MIP’

'REX1mask’ 'paramask’ 'cytoplasm-clefts’
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Merge;
Stack to RGB;
Rename ‘merge_stack_’

‘EMP1-MIP’ ‘REX1-MIP’

Images to stack;
Make montage;

Add scale bar;
Add titles;

Flatten

Save proof to ouput directory

7Co_occurrence_EMP1vREX1_MFI
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Project
Z-stack

Start

Open image
(hyperstack);
Split channels

‘EMP3_MIP’

‘REX1_MIP’

‘DAPI_MIP’

Local threshold Blur Convert to Mask AND Particles 5-inf. pixels

Add Blur Convert to Mask

‘EMP3_MIP’‘REX1_MIP’

‘EMP3_MIP’ + ‘EMP3outline

Analyze particles; summarize results;
show outline; Invert LUT; 
Convert to Mask

Proof

“Surface_protein_v_cleft_counting” Macro Workflow



Select input and output directories

Begin batch loop
Close any open images

Open image (hyperstack)

Project z-stack
(Maximum Intensity Projection);
Rename

‘EMP3_MIP’

‘REX1_MIP’

‘DAPI_MIP’Split channels

Surface_protein_v_cleft_counting



‘EMP3_MIP’

‘REX1_MIP’

Duplicate; Convert to 8-bit;
Auto local threshold (Niblack method);
Watershed;
Rename ’REX1mask_clefts’

‘EMP3_MIP’ + ‘REX1_MIP’

Gaussian Blur

Convert to Mask;
Rename ‘cellmask’

‘REX1_MIP’ ‘REX1mask_clefts’

Duplicate; Convert to 8-bit;
Rename ‘REX1mask_blur’;
Gaussian blur

‘REX1mask_blur’

Default threshold;
Convert to Mask

‘REX1mask_blur’ AND ‘REX1mask_clefts’;
Rename ‘REX1mask’ ‘REX1mask’

‘cellmask’
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‘REX1_MIP’

‘EMP3_MIP’ 
+ ‘EMP3outline;
Rename ‘EMP3_merge’

‘cellmask’‘REX1mask’ ‘EMP3_MIP’

Analyze particles 5-inf. Pixels; 
show mask; Invert LUT; Convert to Mask;
Rename ‘REX1_merge_’

Analyze particles; show outline;
Invert LUT; Convert to Mask;
Rename ‘EMP3outline’ ‘EMP3_merge’

Set measurements; Analyze particles

Surface_protein_v_cleft_counting



‘REX1_MIP’

‘DAPI_MIP’

‘EMP3_MIP’

‘REX1_merge_’ ‘EMP3_merge’

‘_merge_’

Stack to RGB;
Rename ‘_merge_’ Images to stack

Stack to Montage;
Print scale bar;
Print labels;
Flatten; Save

Merge channels
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Project Z-stack

Start

Open image
(hyperstack);
Split channels

‘KAHRP_MIP’

‘MESA_MIP’‘DAPI_MIP’

Add Blur Convert to Mask

‘KAHRP_MIP’‘MESA_MIP’

‘_merge_’
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Proof

‘MESA_MIP’ 
+ ‘MESAoutline

Analyze particles; summarize results;
show outline; Invert LUT; 
Convert to Mask

Analyze particles; summarize results;
show outline; Invert LUT; 
Convert to Mask

‘KAHRP_MIP’ 
+ ‘KAHRPoutline

“Surface_protein_v_surface_protein .ijm” Macro



‘KAHRP_MIP’‘RESA_MIP’‘DAPI_MIP’

Select input and output directories

Begin batch loop

Close any open images

Open image (hyperstack)

Project z-stack
(Maximum Intensity Projection);
Rename

Split channels

Surface_protein_v_surface_protein 2



‘KAHRP_MIP’

‘MESA_MIP’
'RESA_MIP’ 
+ ‘KAHRP_MIP’

Gaussian Blur Convert to Mask

Rename ‘cellmask’

‘KAHRP_MIP’‘MESA_MIP’‘cellmask’

‘MESAoutline’ ‘MESA_merge_’

Analyze particles; show outline;
Invert LUT; Convert to Mask;
Rename ‘MESAoutline’

'MESAoutline’ + ‘MESAoutline’

‘cellmask’

‘KAHRPoutline’ ‘KAHRP_merge_’

Analyze particles; show outline;
Invert LUT; Convert to Mask;
Rename ‘KAHRPoutline’

'KAHRPoutline’ + ‘KAHRPoutline’



‘KAHRP_MIP’
‘MESA_MIP’

‘DAPI_MIP’
‘_merge_’Merge channels; Stack to RGB; 

Rename ‘_merge_’
Images to Stack; Make Montage;
Add scale bar; Add text labels 

Save proof to output directory
Surface_protein_v_surface_protein 4



Surface_protein_v_surface_protein 5



Duplicate;
Rename ‘_GFP’

‘_GFP’C1

C2

C3

Duplicate; Huang threshold;
Convert to binary;
Rename ‘cellmembranes’

‘cellmembranes’

Duplicate; Huang threshold;
Convert to binary;
Rename ‘_iRBC’

‘_iRBC’ ‘_uRBC’

Subtract

Invert LUT; Convert to mask;
Rename ‘_Background’

‘_Background’

Start

Open image

Split channels

‘_GFP’
‘_Background’ ‘_uRBC’ ‘_iRBC’

Merge C1,C2,C3 Make montage with masks
Measure masks, redirecting 
to reference image ’_GFP’
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Duplicate;
Rename ‘_GFP’

‘_GFP’C1

C2

C3

Start

Open image

Split channels

Establish input and output directories

Initialize ‘for’ loop

Sheared_membrane_masks 2



C2

C3

Duplicate; Huang threshold;
Convert to binary;
Rename ‘cellmembranes’

‘cellmembranes’

Duplicate; Huang threshold;
Convert to binary;
Rename ‘_iRBC’

‘_iRBC’ ‘_uRBC’

Subtract

Invert LUT; Convert to mask;
Rename ‘_Background’

‘_Background’

Sheared_membrane_masks 3



‘_GFP’
‘_Background’ ‘_uRBC’ ‘_iRBC’

Merge C1,C2,C3 Make montage with masks;
Print scale bar; print labels;
Flatten; Save into output
directory

Measure masks, redirecting 
to reference image ’_GFP’

Proof

Sheared_membrane_masks 4
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