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Abstract
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In vivo imaging of V1 neurons with different axial FWHMs

Two-photon calcium imaging is widely used in neuroscience to 
record population activity of neurons in vivo. In recent develop-
ment of two-photon microscopy methods, optical resolution is 
sometimes sacrificed in pursuit of recording activity from ever 
larger numbers of neurons. We investigated how reducing resolu-
tion, especially along the axial direction, impacts the quality of cal-
cium imaging data. With both NAOMi simulation and recordings 
from the same neurons in the mouseprimary visual cortex in vivo 
using two-photon excitation foci with axial full widths at half maxi-
mum (FWHM) ranging from 3.6 μm to 21 μm, we observed in-
creasing neuropil contamination with the decrease of axial resolu-
tion, which can severely reduce the accuracy of functional charac-
terization of properties such as orientation selectivity. With ongo-
ing work incluing testing the ability of popular calcium analysis 
pipelines in extracting accurate activity information, we aim to pro-
vide benchmarks and guidelines for calcium data analysis and 
future microscopy development efforts. 
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• Axial elongation of excitation focus causes contamination 
of soma signal by fluorescence from the neuropil(1)

• Neuropil subtraction for removing neuropil contamination
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Adapted from Ref. (2) and (3)

• Calcium analysis pipelines (Suite2P(3), CNMF(5,6), and EX-
TRACT(7)) develop strategies for removing neuropil contami-
nation

(4) is a common choice.
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Problem statement
• How does decreasing axial resolution affect neuropil contamination? 
•  Are common approaches for neuropil subtraction sufficient?  

• Controlling axial resolution with a motorized beam reducer (BR)

Controlling axial resolution
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•  Underfill microscope objective to increase axial FWHM

3.6 μm 5.7 μm 10.2 μm 13.4 μm 21.0 μm

8 μm

xz
Axial FWHM: 

BR BR BR BRBR

•  Simulate 3D cell volume
• Assign an experimentally acquired calcium imaging trace to each neuron
• Calculate resulting images with different axial FWHMs
• Consider both fully cytosolic expression and soma-targeted expression

NAOMi simulation for 3D volume with neuropil expression
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NAOMi for soma-targeted expression
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Larger axial FWHMs lead to:
stronger neuropil contamination

reduction of F/F
reduction of orientation selectivity (OS)

ROI 1 ROI 2

Adapted from Ref. (1)

21.0 μm
10.2 μm

3.6 μm
Ground truth

21.0 μm
10.2 μm

3.6 μm
Ground truth

21.0 μm
10.2 μm

3.6 μm
Ground truth

1. Reducing axial resolution worsens neuropil 
contamination in both simulation and experiment.
2. Standard subtraction method does not fully 
remove neuropil contamination, leading to errors in 
functional characterization of (e.g., OS) neurons. 
3. High axial resolution leads to more accurate 
measurement. 
4. Soma-targeting may be an experimental solution.

Future work:

1. Test soma-targeted indicator in vivo.

2. Test other neuropil contamination removal 
strategies including CNMF(E) and EXTRACT.

Conclusion & Future work
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