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Figure S1. Representative images of tissue sectioning using LiGS. Related to Figure 1. (A) The changes 

in the light pattern during the gradual slicing process (cryosectioning, first row), and the embedded tissue 

without the light pattern (bottom row).  In general, the light intensity increased as the distance to the optical 

implant became shorter. (B) A zoomed-in image of the light pattern 200 µm from the implant. The red 

arrow marks the approximate implant location.  

 

 



 
Figure S2. Precise fiber localization using LiGS. Related to Figure 2. (A1) SCNVIP fiber photometry (FP) 

dF/F response to ambient room light exposure for 15 seconds (red- mean dF/F; black - SEM., six repeats). 

(A2) Optical sections at different orientations, taken at 5 μm steps. Left and middle: MIP images of the 

volume projected onto the XY and XZ planes. Optical fiber (gray), fiber orientation which is perpendicular 

to the fiber surface (yellow dashed line), GCaMP stained with GFP-ab (green). Right: a single digital section 

in the XZ plane (5 μm thickness). (B) Mean integrated dF/F over six repeats vs. fiber–SCN distance (n=12), 

with an exponential fit (red line). Red dots indicate data from mouse #1 (Figure 2D) and mouse #2 (A). (C) 

LiGS improves fiber placement in the SCN. Over nine surgical sessions, we used LiGS to improve the 

accuracy of the stereotaxic coordinates (ML, AP, and DV). The success rate (signal from at least one 

hemisphere) increased from less than 50% to over 75% (green), and the mistargeting distance (See 

Methods) dropped from 300 to 0 μm (gray). n total=38, n successful=22. (D) Experimental scheme: DAT-cre 

mice were injected with AAVDJ.Ef1a.DIO.GCaMP6f into the VTA and implanted with an optical fiber 

(400 μm diameter, 6 mm long). (E) Licks (left, gray) and dF/F response (right, orange) to 5% sucrose from 

two mice, mouse #1 (E1) and mouse #2 (E2), upper panels: mean±SEM. (F) 3D histology showing the 

fiber’s approximate location (gray) with non-stained GCaMP (green), stained GCaMP (GFP-ab, white), 

and neurons (NeuN-ab, red). Left: MIP - XY view. Middle: MIP - XZ view, with the progression of the 

fiber. Right: MIP that shows the fiber surface with progression and individual cell locations (283 cells and 

179 cells in mouse #1 and mouse #2, respectively). Scale bars represent 200 μm. 

 

 



 
 

 



Figure S3. Compatibility and validation of labeling techniques. Related to Figure 3. (A) FISH-HCR 

compatibility with SeeDB clearing. A 1 mm coronal slice of a Thy1-YFP mouse imaged in the cortex. 

Endogenous YFP expression (green) and HCR signal against YFP (white). Left: MIPs in XY view. Right: 

MIPs ZX (side) view, showing penetration of the probes across the entire sample. (B) GFAP antibody 

penetrated across a 300 m thick brain section (cortex). (C) LiGS histology performed on a C57Bl/6N 

mouse implanted with a 600-m diameter GRIN lens in the striatum, showing the co-labeling of GFAP 

(magenta) and Iba1 (white) showing an even distribution of Iba1 compared with the local expression of 

GFAP at the implant site. (D) LiGS performed on a C57Bl/6N mouse implanted in the striatum with a 600-

m diameter GRIN lens, showing co-labeling of GFAP (magenta) with s100 (white). (D1) A subset of 

s100-expressing astrocytes express GFAP. (D2) Magnification of the area in the white rectangle in C1. 

(E) Validation of Esr1 antibody in the arcuate nucleus (ARN, 100 m brain section). For comparison, an 

image that shows ISH expression in the ARN is provided (Allen Brain Mouse Atlas). (F) LiGS was 

performed on a VIP × Ai162(GCaMP6s) mouse implanted in the SCN with two 400-m diameter optical 

fibers. The MIPs show co-labeling of GFAP (magenta) and Esr1 (white). Esr1 was expressed in cells 

posterior to the SCN, approximately at the ARN (left side). Images that include thick tissue were taken 

using a confocal microscope at 10× magnification. Fiber localization (gray) was identified by the absence 

of autofluorescence (“surface” function, Imaris 9.2.0). Scale bars represent 100 μm. 

 



 



 

Figure S4.  Sample mounting and additional registration examples. Related to Figure 4. (A) Guidelines 

for perpendicular slicing. (a) The brain is first placed in a mold with OCT, keeping the lens perpendicular 

to the mold’s horizontal lines (red and green dashed line, respectively). (b) While freezing the OCT, this 

orientation should be carefully maintained. (c) An LED is coupled. (d) When additional OCT is used, 

perpendicular orientation is recommended, but the crucial step is to keep the upper layer perpendicular to 

the blade while slicing in the cryostat (e). Orientations that need to be maintained are shown by green 

dashed lines. (B) Sample mounting procedure for imaging using an air objective lens. Imaging can be 

performed from both sides of the sample (optical implant side, and exposed tissue side) using two glass 

coverslips and a set of spacers that fit the sample's height. To secure and stabilize the sample in the chamber, 

1 ml pipette tips were cut and placed in the chamber (yellow asterisks). (C) Sample mounting procedure 

for imaging using an immersion objective lens. In this configuration, the sample can only be imaged from 

the tissue side. First, Kwik-Sil™ glue was applied in a circular pattern on a petri dish. To create the circular 

pattern, a circular head-ring used as a template. Then, the sample was anchored on the glue, and the petri 

dish was filled with SeeDB solution. During the imaging session, the objective lens was dipped into the 

SeeDB solution. (D-E) Additional registration examples (C57Bl/6N mice). In both examples the mice were 

injected with AAV9.hSyn.GCaMP6s and implanted with a GRIN lens (600 µm diameter) in the striatum. 

In vivo MIPs and AVG (gray) are presented. AVG images were registered to the fixed-tissue images, which 

were taken through the GRIN lens (magenta). The exposed tissue side images (green) were also registered 

to the fixed-tissue images taken through the GRIN lens. Yellow arrows mark cells that were used as 

landmarks during registration. Note, several cells are visible at multiple imaging depths.  Scale bars, 50 μm. 

 

 

 

 

 

 



 
 

 

Figure S5. Additional labeling approaches that are LiGS compatible. Related to Figure 5. (A) Drd1-

cre mouse was injected with AAV9.CAG.FLEX.tdT and implanted with a GRIN lens (500 m diameter) 

in the striatum. The brain was then processed according to the LiGS pipeline. (B) MIPs of FOXP2-ab 

labeling (yellow) and Drd1 cells (tdT, red). (C) Registration of the in vivo tdT signal, which was acquired 

using a two-photon microscope, to the ex vivo tissue. The tdT signal was not functional. (D) Drd2-cre 

injected with AAV9.CAG.FLEX.tdT and AAV5.Syn.GCaMP6s (1:10) and implanted with a GRIN lens 

(500 m diameter) in the striatum. (E) LiGS showed Drd2 cells expressing tdT (red). (F) Magnification of 

the white rectangular area in D2. Several cells that express GCaMP6s were Drd2 positive (tdT, yellow 

arrows).  The implants’ approximate locations are shown in gray, identified by the low autofluorescence 

signal. Scale bars, 100 μm. 

 

 



 
 

 

Figure S6. Additional information regarding LiGS functional labeling with c-Fos and ARC following 

cocaine injection. Related to Figure 6. (A) Validation of antibody penetration and co-labeling of ARC 

(grey) and c-Fos (purple) antibodies, showing that the antibodies penetrated more than 300 m in depth. 

(B) Visualization of the cell registration process, in vivo AVG (gray), fixed tissue - imaged through the 

GRIN lens after labeling and clearing (magenta), and fixed tissue - imaged from the tissue side (green, left). 

All images were captured using a two-photon microscope. To image more than one colors\labels, the tissue 

was also imaged using a confocal microscope, and additional registration step was performed (green, right). 

(C) (i) and (ii) show the original images with indicated active cells (white masks), and cells that their 

antibody fluorescence levels were above the threshold (bright white). In (iii, ARC) and (iv, c-Fos) the green 

indicate pixels that their intensity was above the threshold (three standard deviations higher than the mean 



value). (D) Cell masks as provided by suite2P. (Note that the images in (C) and (D) are not registered to 

the images in (B)). (E) The in vivo AVG image is overlaid with contours of the cell masks: all identified 

GCaMP+ neurons (gray), GCaMP+/ARC+ neurons (nneurons = 7, red), and seven arbitrarily chosen 

GCaMP+/ARC- neurons (nneurons = 7, white). (F) Comparing the event rates in response to saline vs. cocaine 

injection of the two subpopulations (GCaMP+/ARC+ and GCaMP+/ARC-) assigned in (E) (bars represent 

mean±SEM). The comparison showed an increase in the event rates due to cocaine stimulation. Scale bars, 

100 μm (A) and 20 μm (B, C). 

. 

 
  



Table S1: Experimental details on the different brain surgeries. Related to STAR Methods  
Experiment  Line Target Virus  

(if 

applicable) 

Virus 

volume 

(nl) 

Virus 

coordinates 

(mm, 

relative to 

Bregma) 

Implant  Implant 

coordinates 

(mm) 

Fiber photometry  

(Light  exposure;  

tissue–fiber 

interface; Figures 2, 

3 and S2)  

VIP-cre × 

Ai162 

(GC6s)  

SCN - - - Optical 

fiber,  400 

μm 

diameter  

Finalized:  

AP: -0.18 (L) 

and -0.33 (R),  

ML: 1.19 

DV: -5.5 from 

brain surface, 

13 degree 

Fiber photometry  

(Tissue–fiber 

interface; Figure 3) 

VIP-cre × 

Ai140 

(GFP) 

SCN - - - Optical 

fiber,  400 

μm 

diameter  

AP: -0.18 (L) 

and -0.33 (R),  

ML: 1.19 

DV: -5.5 from 

brain surface, 

13 degree  

Fiber photometry 

(Sucrose reward; 

Figure S2 ) 

DAT-cre VTA AAVDJ.Ef

1a.DIO.GC

aMP6f 

500 AP: -3.2,  

ML: -0.6,  

DV: -4.2 

Optical 

fiber,  400 

μm 

diameter   

AP: -3.2,  

ML: -0.6,  

DV: -4.0 

Fiber photometry 

(LiGS 3D histology 

with IHC; Figure 2) 

 

TH-cre VTA AAV5.Syn.

Flex.GCaM

P6s 

500 AP: -3.2,  

ML: -0.6,  

DV: -4.2 

Optical 

fiber,  400 

μm 

diameter  

AP: -3.2,  

ML: -0.6,  

DV: -4.0 

Two-photon 

(LiGS 3D histology; 

Figures 4, 5 and S4) 

  

C57Bl/6N Striatum  AAV1.Syn.

GCaMP7b  

or 

AAV9.Syn.

GCaMP6s 

600 AP: +1.0 

ML: ±1.3 

DV -3.5  

GRIN lens, 

500/600 μm 

diameter  

AP +1.0, 

ML ± 1.2 *,  

DV -3.5  

Two-photon 

(LiGS 3D histology; 

cocaine stimulation; 

Figures 6 and S6) 

 

C57Bl/6N Striatum  AAV9.Syn.

GCaMP6s 

600 AP: -0.1, 

ML: -1.5  

DV: -2.85 

GRIN lens, 

600 μm 

diameter 

AP: -0.1,  

ML: -1.4*  

DV: -2.7 

Slicing visualization 

(Figure 1)  

 

C57Bl/6N Striatum - - - Optical 

fiber, 200 

μm 

diameter  

AP: -0.1,  

ML: -1.5  

DV: -2.85 

Slicing visualization 

(Figure 1)  

 

C57Bl/6N Hippocampu

s 

- - - Optical 

fiber, 400 

μm 

diameter 

AP: -1.82 

ML: -1.5 

DV: -2.0 

Slicing visualization 

(Figure 1)  

 

C57Bl/6N Striatum - - - GRIN lens, 

600 μm 

diameter  

AP: -0.1,  

ML: -1.5  

DV: -2.85 

Two-photon 

(LiGS 3D histology 

only; Figure S5) 

Drd1-cre Striatum  AAV9.CA

G.FLEX.td

Tomato 

AAV5.Syn.

GCaMP6s 

(1:10) 

600  

(300 

each) 

AP: +1.0 

ML: ±1.3 

DV -3.5+ -

3.1 

GRIN lens, 

600 μm 

diameter  

AP: +1.0 

ML: ±1.2*  

DV -3.1 

Two-photon  

(LiGS 3D histology 

only; Figure S5) 

Drd2-cre Striatum  AAV9.CA

G.FLEX.td

Tomato 

AAV5.Syn.

GCaMP6s 

(1:10) 

600 

(300 

each) 

AP: +1.0 

ML: ±1.3 

DV -3.5 + 

-3.1 

GRIN lens, 

600 μm 

diameter 

AP: +1.0 

ML: ±1.2*  

DV -3.1 

* ML shifted from needle track to avoid damaged tissue under the GRIN lens 


