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Figure s7. Experimental setup for Ca?* imaging of dorsal cortex through a cranial window in head-fixed
mice. (a) Experimental setup. The mice were head-fixed atop a circular treadmill (22.9-cm diameter and the
white and dark bars with 1-cm wide). The MiniLFOV was attached to an articulated ball-head holder mounted on
a 3D translation stage built of three linear translation stages (XR25C/M, Thorlabs) so that the lateral position and
height of the MiniLFOV relative to the cranial window can be adjusted. A MiniCAM is used to capture the
movement speed of the mice and the red LED ring is used for illumination in dark environment. (b) Single frame
taken by the MiniCAM.
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Figure s8. Comparison of neural imaging results with and without using single cell resolution in dorsal
cortex in a head-fixed mouse. Movement modulation significance (P) is calculated using the same approach
as described in Methods. (a) Color coded cell contours (left and middle) and pixels (right) based on their activity
being significantly increased during locomotion (red) or rest (green) with all other cells/pixels shown in blue. Left
uses deconvolved neural activity from demixed cells extracted using CalmAn. Middle uses non-deconvolved
calcium activity from demixed cells extracted using CalmAn. Right uses 2 x 2 mean binned pixel activity (~10
KUm object size per pixel) from the motion corrected recording approximating results from non-single cell imaging
approaches. Scale bar: 500 um. (b) Heatmap of projecting the P values of all 1903 cells/pixels from deconvolved
activity to calcium activity (left), from calcium activity to pixel activity (middle), and from pixel activity to
deconvolved activity (right). Additionally, the histogram of the P values of all cells is shows (deconvolved activity
= turquoise, calcium activity = fuchsia, and pixel activity = black). Significance values for cells remain similar for
both the deconvolved and calcium activity but almost all shift to very high P values when using pixel activity. (c)
Percentage of classified cell types using deconvolved activity (“Locomotion cells”: red, N=434, 22.8%; “other
cells”: blue, N=1193, 62.7%; and “resting cells”: green, N=276, 14.5%), calcium activity (“Locomotion cells”: red,
N=365, 19.180%; “other cells”: blue, N=1339, 70.4%; and “resting cells”: green, N=199, 10.5%) and pixel activity
(“Locomotion cells”: red, N=1678, 88.2%; “other cells”: blue, N=225, 11.8%; and “resting cells”: green, N=0, 0%).
Without the ability to demix fluorescence from nearby neurons, cell classification based on activity of center pixel
value is not able to resolve any resting cells. (d) Normalized deconvolved activity (turquoise), calcium activity
(fuchsia), and center pixel activity (black) of 7-minute recording session from chosen cell #1 and cell #2 shown
in (a). Shaded gray areas represent the periods of animal locomotion. Cell #1 labeled as a “resting cell” calculated
with deconvolved activity turned to an “other cell” calculated with calcium activity, and labeled as a “locomotion
cell” calculated with pixel activity. Cell #2 is labeled as a “locomotion cell” with all 3 methods.
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Figure s9. Ca?* imaging of dorsal cortex through a midcranial window in an additional head-fixed mouse.
(a) Maximum projection from a 8-minute recording session after motion correction. Scale bar: 500 pym. (b)
Contours of extracted cells from CNMF-E analysis via CalmAn (colored according based on modulation of
neuronal activity during locomotion) overlayed on the minimum projection of the recording session(N=971). Scale
bar: 500 ym. (¢) Relationship between the circular treadmill motion and extracted deconvolved neural activity.
(Top) Circular treadmill speed trace. Purple bars under speed trace denote periods of animal locomotion.
(Middle) Normalized deconvolved neural activity of all neurons. Neurons are sorted based on the modulation of
neuronal activity during period of locomotion. “Locomotion cells”: red, N=329, 33.88%; “other cells”: blue, N=520,
53.55%; and “resting cells”: green, N=122, 12.57%. (Bottom) Mean of the normalized deconvolved activity of
“locomotion cells” (red) and “resting cells” (green).
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Table 1. Three configurations of MiniLFOV.

Specifications

Frame

Configurations LxWxH Weight FOV Resolution WD M Pi Clock .
2 ixel rate Time
(mm) (9) (mm?) (um) (mm) (MHz)
(FPS)
Wire/WD:1.8 mm 14 0% 2544 18 186 255 11 6667  Long
== 35x20x%
o 3.1x2. 1296x
= 14 \ 4462 18 186 o0 23 66.67 Long
3.6%2. 2592x
14 ) 3562 35 156 Lpo 11 6667 Long
35%20x
30
3.6%2. 1296x
14 > 6278 35 15 5% 23 66.67 Long
Wirefree
L 35%20x 1.4x1,
, 35 4 4462 18 186 608x <1
35x20x 20 17x1. 6278 35 156 608 20 24 hour

30 7
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Table 2. List of components for MiniLFOV assembly.

Component St?t? Vendor Part # Weblink
Optics 11
6.25mm Dia. x https://www.edmundoptics.com/p/625m
60mm FL, MgF2 Edmund -
L1 . 1 . #45-345 m-dia-x-60mm-fl-mgfsub2sub-coated-
Coated, Achromatic Optics -
achromatic-doublet-lens/5815/
Doublet Lens
9mm Diameter x https://www.edmundoptics.com/p/9mm-
12mm EFL Edmund - -
L2-1 . 1 . #49-656 diameter-x-12mme-efl-aspherized-
Aspherized Optics -
. achromatic-lens/10162/
Achromatic Lens
9mm Dia. x 27mm .
https://www.edmundoptics.com/p/9mm-
131 o MoreCoated -y EamUNd 445002 dia-x-27mm-fl-mgfsub2sub-coated-
Lens P achromatic-doublet-lens/5583/
9mm Diameter x https://www.edmundoptics.com/p/9mm-
18mm EFL Edmund : -
L2-2 , 1 . #49-657 diameter-x-18mm-efl-aspherized-
Aspherized Optics ,
, achromatic-lens/10163/
Achromatic Lens
9mm Dia. x 36mm .
https://www.edmundoptics.com/p/9mm-
L3-2 :C Iﬁrgﬂrg;zicc[;):lgi?ét 1 Egrq:g;d #45264 dia-x-36mm-fl-mgfsub2sub-coated-
Lens P achromatic-doublet-lens/5748/
12.5mm Diameter x https://www.edmundoptics.com/p/125m
14mm EFL Edmund ; :
L4 . 1 . #49-658 m-diameter-x-14mm-efl-aspherized-
Aspherized Optics .
. achromatic-lens/10164/
Achromatic Lens
12.5)4r781rrilll_:)|§/lm§t2erx Edmund https://www.edmundoptics.com/p/120m
L5 » V9 1 . #45-019 m-diameter-x48-fl-mgfsub2sub-coated-
Coated, Plano- Optics
plano-concave-lens/5531/
Concave Lens
ExE 4x4x1 mm? 1 Chroma ETA70/40x https://www.chreotrz%c_:z(r)nxlproducts/parts/
DM 14x10x1 mm? 1 Chroma T500spxr Ask for quote
EmE 10%x10%1 mm? 1 Chroma ET525/50m https://www.chroma.com/products/parts/
et525-50m
https://www.corning.com/worldwide/en/pr
A-58N with an Anti- oducts/advanced-optics/product-
EWL Reflective coating 1 Varioptic  Corning Arctic materials/corning-varioptic-
optimized in the s/Corning 58N lenses/corning_varioptic lenses_introdu
visible range ces _new_a-58n_variable focus_liquid-
lens.html
CMOS Sensor 1
https://www.digikey.com/en/products/det
MO 1/2'5(':',(‘/"(’;‘85 Mp 488- aillonsemi/MTOP031112STM-
S Digital Image 1 Digikey MTOP031112 DP/10447064
S 9 9 . STM-DP-ND https://www.onsemi.com/pdf/datasheet/
ensor, Onsemi
mt9p031-d.pdf
Excitation LEDs 2
https://www.digikey.at/product-
LEDLUXEONZ 5 ey LXZ1-PBO1  detaillen/lumileds/LXZ1-PBO1/1416-

BLUE 470NM 2SMD

1052-1-ND/3961157

Head orientation
Senor (BNO055)



https://www.edmundoptics.com/p/625mm-dia-x-60mm-fl-mgfsub2sub-coated-achromatic-doublet-lens/5815/
https://www.edmundoptics.com/p/625mm-dia-x-60mm-fl-mgfsub2sub-coated-achromatic-doublet-lens/5815/
https://www.edmundoptics.com/p/625mm-dia-x-60mm-fl-mgfsub2sub-coated-achromatic-doublet-lens/5815/
https://www.edmundoptics.com/p/9mm-diameter-x-12mm-efl-aspherized-achromatic-lens/10162/
https://www.edmundoptics.com/p/9mm-diameter-x-12mm-efl-aspherized-achromatic-lens/10162/
https://www.edmundoptics.com/p/9mm-diameter-x-12mm-efl-aspherized-achromatic-lens/10162/
https://www.edmundoptics.com/p/9mm-dia-x-27mm-fl-mgfsub2sub-coated-achromatic-doublet-lens/5583/
https://www.edmundoptics.com/p/9mm-dia-x-27mm-fl-mgfsub2sub-coated-achromatic-doublet-lens/5583/
https://www.edmundoptics.com/p/9mm-dia-x-27mm-fl-mgfsub2sub-coated-achromatic-doublet-lens/5583/
https://www.edmundoptics.com/p/9mm-diameter-x-18mm-efl-aspherized-achromatic-lens/10163/
https://www.edmundoptics.com/p/9mm-diameter-x-18mm-efl-aspherized-achromatic-lens/10163/
https://www.edmundoptics.com/p/9mm-diameter-x-18mm-efl-aspherized-achromatic-lens/10163/
https://www.edmundoptics.com/p/9mm-dia-x-36mm-fl-mgfsub2sub-coated-achromatic-doublet-lens/5748/
https://www.edmundoptics.com/p/9mm-dia-x-36mm-fl-mgfsub2sub-coated-achromatic-doublet-lens/5748/
https://www.edmundoptics.com/p/9mm-dia-x-36mm-fl-mgfsub2sub-coated-achromatic-doublet-lens/5748/
https://www.edmundoptics.com/p/125mm-diameter-x-14mm-efl-aspherized-achromatic-lens/10164/
https://www.edmundoptics.com/p/125mm-diameter-x-14mm-efl-aspherized-achromatic-lens/10164/
https://www.edmundoptics.com/p/125mm-diameter-x-14mm-efl-aspherized-achromatic-lens/10164/
https://www.edmundoptics.com/p/120mm-diameter-x48-fl-mgfsub2sub-coated-plano-concave-lens/5531/
https://www.edmundoptics.com/p/120mm-diameter-x48-fl-mgfsub2sub-coated-plano-concave-lens/5531/
https://www.edmundoptics.com/p/120mm-diameter-x48-fl-mgfsub2sub-coated-plano-concave-lens/5531/
https://www.chroma.com/products/parts/et470-40x
https://www.chroma.com/products/parts/et470-40x
https://www.chroma.com/products/parts/et525-50m
https://www.chroma.com/products/parts/et525-50m
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/corning-varioptic-lenses/corning_varioptic_lenses_introduces_new_a-58n_variable_focus_liquid-lens.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/corning-varioptic-lenses/corning_varioptic_lenses_introduces_new_a-58n_variable_focus_liquid-lens.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/corning-varioptic-lenses/corning_varioptic_lenses_introduces_new_a-58n_variable_focus_liquid-lens.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/corning-varioptic-lenses/corning_varioptic_lenses_introduces_new_a-58n_variable_focus_liquid-lens.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/corning-varioptic-lenses/corning_varioptic_lenses_introduces_new_a-58n_variable_focus_liquid-lens.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/corning-varioptic-lenses/corning_varioptic_lenses_introduces_new_a-58n_variable_focus_liquid-lens.html
https://www.digikey.com/en/products/detail/onsemi/MT9P031I12STM-DP/10447064
https://www.digikey.com/en/products/detail/onsemi/MT9P031I12STM-DP/10447064
https://www.digikey.com/en/products/detail/onsemi/MT9P031I12STM-DP/10447064
https://www.onsemi.com/pdf/datasheet/mt9p031-d.pdf
https://www.onsemi.com/pdf/datasheet/mt9p031-d.pdf
https://www.digikey.at/product-detail/en/lumileds/LXZ1-PB01/1416-1052-1-ND/3961157
https://www.digikey.at/product-detail/en/lumileds/LXZ1-PB01/1416-1052-1-ND/3961157
https://www.digikey.at/product-detail/en/lumileds/LXZ1-PB01/1416-1052-1-ND/3961157
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Accelerometer,
Gyroscope,

Maanetometer. 9 1 Digike 828-1058-1- https://www.digikey.com/en/products/det
9 T gikey ND ail/bosch-sensortec/BNO055/6136301
Axis Sensor I2C,
UART Output
3D Printer
High-end Stereqllthographlc 1 Formlabs Form 3 https://formlabs.com/3d-printers/form-3/
(SLA) printer
Housing
https://qgithub.com/Aharoni-
L Lab/Miniscope-LFOV/blob/main/3D-
Objective module body 1 N/A N/A Printed-Bodies MiniLFOV/Objective-
Module Body MiniLFOV.stl
https://qgithub.com/Aharoni-
Lab/Miniscope-LFOV/blob/main/3D-
Spacer 1 N/A N/A Printed-Bodies MiniLFOV/Objective-
Spacer MiniLFOV.stl
https://github.com/Aharoni-
. Lab/Miniscope-LFOV/blob/main/3D-
Emission module body 1 N/A N/A Printed-Bodies MiniLFOV/Emission-
Module-Body MiniLFOV.stl
https://github.com/Aharoni-
Cover 1 N/A N/A Lab/M|n|scope-l_.FOV/bIob/ma|n/3D-
Printed-
Bodies MiniLFOV/Cover MiniLFOV.stl
https://github.com/Aharoni-
Lab/Miniscope-LFOV/blob/main/3D-
Cable Holder 1 N/A N/A Printed-Bodies MiniLFOV/Cable-
Holder MiniLFOV.stl
https://github.com/Aharoni-
Lab/Miniscope-LFOV/blob/main/3D-
L5 Lens Holder 1 N/A N/A Printed-Bodies MiniLFOV/L5-
Holder MiniLFOV.stl
https://github.com/Aharoni-
Lab/Miniscope-LFOV/blob/main/3D-
CMOS module body 1 N/A N/A Printed-Bodies_MiniLFOV/CMOS-
Module-Body MiniLFOV.stl
Circuits
- L https://qgithub.com/Aharoni-
MiniLFOV Circuit 1 N/A N/A Lab/Miniscope-LFOV
Screws
M1 thread-forming screws 12 McMaste 968172704 https://www.mcmaster.com/tapplnq-
r-Carr screws/screw-size~m1/
18-8 Stainless Steel Socket .
Head Screw, 0-80 Thread 8 McMaste 92196A052 https://www.mcmaster.com/catalog/9219
Size r-Carr 6a052
4-40 Stainless Steel https://www.thorlabs.com/thorproduct.cf
Setscrew, 1/4" Long 2 Thorlabs  SS4S025 m?partnumber=SS45025
Cabling & Hardware 1
Control
. . Cooner CW2040- ) . .
50 Q, flexible coaxial cable 1 Wire 3650SR https://www.coonerwire.com/mini-coax/
https://open-ephys.org/miniscope-
Data acquisition (DAQ) 1 Open DAQ v3.3 dags/daqg
device Ephys ' http://miniscope.org/index.php/Main_Pag

e



https://formlabs.com/3d-printers/form-3/
https://github.com/Aharoni-Lab/Miniscope-LFOV
https://github.com/Aharoni-Lab/Miniscope-LFOV
https://www.coonerwire.com/mini-coax/
https://open-ephys.org/miniscope-daqs/daq
https://open-ephys.org/miniscope-daqs/daq
http://miniscope.org/index.php/Main_Page
http://miniscope.org/index.php/Main_Page
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https://github.com/Aharoni-

Wire-free DAQ 1 N/A N/A Lab/Miniscope-LFOV
https://www.mouser.com/ProductDetail/s
parkfun-electronics/kit-
474-KIT- 14677/?gs=17cgNgFNU1jwLmMEywj2NAQ
SparkFun Inéri?red Control 1 Mouser 14677 %3D%3D&countrycode=US&currencyco
KIT-14677 de=USD
https://www.sparkfun.com/products/1467
7
https://www.digikey.com/en/products/det
aURPORSAMAND 4 Digikey  ASLN=T ailimicrochip-technology/ATATMEL-
ICE/4753379
Firmware & Software
DAQ firmware for UCLA N/A N/A N/A https://github.com/Aharoni-
Miniscope platforms Lab/Miniscope-DAQ-Cypress-firmware
Aharoni-Lab . .
. https://qgithub.com/Aharoni-
Miniscope-DAQ-QT- NA— NIA Vi1 Lab/Miniscope-DAQ-QT-Software
Software
https://qgithub.com/Aharoni-
Wire-free DAQ firmware N/A N/A N/A Lab/Miniscope-Wire-Free-
DAQ/tree/master/MCU-firmware
microSD configuration N/A N/A N/A https://mh-nexus.de/en/hxd/
MiniCAM
Open-source behavioral
camera for imaging freely Open https://github.com/Aharoni-Lab/MiniCAM
behaving animals in 1 Ephys N/A https://open-ephys.org/minicam/minicam
behavioral and neuroscience phy DS://0p pNys.org
experiments
Piplines
CalmAn N/A N/A N/A https://mthub.com/flitlromnstltute/CaImA
OASIS N/A N/A N/A https://qithub.com/onupc/OASlS matla
https://qithub._com/Aharoni-
Wire-free Data read from N/A N/A N/A Lab/Miniscope-Wire-Free-

microSD

DAQ/tree/master/Wire-Free-DAQ-
Software
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https://github.com/Aharoni-Lab/Miniscope-DAQ-QT-Software
https://github.com/Aharoni-Lab/MiniCAM
https://open-ephys.org/minicam/minicam
https://github.com/flatironinstitute/CaImAn
https://github.com/flatironinstitute/CaImAn
https://github.com/zhoupc/OASIS_matlab
https://github.com/zhoupc/OASIS_matlab
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