	
Published: xxx xx, 2026
Open Access








Published: xxx xx, 2025

Supplementary methods

Reagents

1. CitriSolv d-limonene-based xylene substitute (Decon Labs, Inc, catalog number: 1601)
2. Cresyl violet solution (Sigma, catalog number: C5042)
3. DPX mountant for histology (Sigma-Aldrich, catalog number: 06522)
4. Glycerol (Sigma-Aldrich, catalog number: 56-81-5)
5. Paraformaldehyde (Sigma-Aldrich, catalog number: 30525-89-4) 
6. Phosphate-buffered saline (PBS); 10× (HyClone, catalog number: SH30258)
7. Sodium azide (Sigma-Aldrich, catalog number: 26628-22-8)
8. Sucrose (Sigma, catalog number: 57-50-1)
9. O.C.T. compound (Sakura, Tissue-Tek, catalog number: 4583)
10. VECTASHIELD antifade mounting medium with DAPI (Vector Laboratories, catalog number: H-1200) or VECTASHIELD PLUS antifade mounting medium with DAPI (Vector Laboratories, catalog number: H-2000)

Laboratory supplies

Microscope slides, Superfrost Plus (Fisherbrand, catalog number: 12-550-15)

Equipment

Leica CM3050 S Cryostat

A. Injection of the neuroanatomical tracer cholera toxin and tissue processing as in Wang et al.[19]
All the experimental procedures were approved by the UCLA Animal Research Committee and conformed to the guidelines from the UCLA Division of Laboratory Animal Medicine (DLAM) and the National Institutes of Health (NIH). The cholera toxin (β subunit) Alexa FluorTM 555 conjugate was handled following the directives of the manufacturer and the Department of Environment, Health & Safety at the University of California, Los Angeles, and diluted in sterile 1× PBS to a concentration of 1 μg in 1 μL; the solution was aliquoted in sterile microtubes and stored at -20 °C. Then, 2 μg in 2 μL of 1× PBS were injected into the vitreous chamber of the animals using a 32G Hamilton syringe; 72 h after the injection, the mice were euthanized with isoflurane (30%–32%) and transcardially perfused first with saline solution (PBS 1×) and then with PBS, 0.1 M, pH 7.4 containing 4% (w/v) paraformaldehyde. The brains were rapidly dissected out, post-fixed overnight in 4% PFA at 4 °C, and cryoprotected in 15% sucrose with 0.1% sodium azide in 1× PBS. 

Notes: 
1. The total amount of PFA and PBS to be used for the perfusions should be calculated for each animal, as it depends on the weight; approximately, 1 mL/g.
2. Sodium azide is added to avoid the growth of unwanted microorganisms. 

B. Tissue processing
1. Remove the cerebellum by cutting it off with a scalpel.
2. Place the chuck on pulverized dry ice and let it cool down for 1 min
3. Add a layer of O.C.T. with a smooth, continuous circular movement, trying to avoid bubbles. Sit the posterior flat surface of the brain on it.
4. Quickly add (powder-like) dry ice on top of the brain. 
5. After freezing, carry the chuck in dry ice to the cryostat and place it into the holder.
6. Let the brain equilibrate to the temperature of the cryostat chamber for at least 10 min. 
7. Collect frozen coronal tissue sections into 12-well plates containing a 1:1 solution of ice-cold glycerol in 0.1% sodium azide-PBS. Store this solution at -20 °C. 
8. Once all sections containing the SCN, from rostral to caudal, have been collected, seal the plate with parafilm and store at -20 °C. 
No further processing is required, since the cholera toxin is conjugated to the Alexa FluorTM 555.

9. Mount the sections on glass slides; treat the coverslips with a drop of Vectashield-containing DAPI; seal with nail polish.
10. Store the slides at 4 °C.

C. Nissl staining
Perform euthanasia, perfusion, and tissue processing steps as described in A and B (steps 1 through 6) and in Lee et al. [16].
1. Collect frozen coronal tissue sections (20 μm) and mount sequentially on microscope slides (4–6 sections/slide); a drop of PBS can be used under the slice (for wrinkle-free sections). 
2. Place the slides on a slide-warmer set to 37 °C for 30–45 min before storing them at -20 °C. 
Note: This is an important step to ensure that the slices adhere well to the slide and are completely dry (no PBS) before freezing, so they will not detach when performing the staining.

3. Thaw the sections at room temperature for at least 30 min (do not open the box).
4. Pair the sections on the rostral–caudal axis. This step can be done any time before the staining is performed, especially if there are several experimental groups. 
5. On the day of the staining, slides can be placed again on the slide warmer set to 37 °C for 20–30 min (might be better).
6. Wash once in PBS (5 min) to rinse off any residual O.C.T.
7. Demyelination (defatting) step: Submerge the slides into adjacent jars containing serial solutions of increasing and decreasing concentrations of ethanol, as follows:
70% ethanol, 5 min
95% ethanol, 5 min
100% ethanol, 5 min
95% ethanol, 5 min
70% ethanol, 5 min
Rinse in distilled water
8. Stain step: Submerge the slides in a jar with 1% cresyl violet acetate for 4–5 min, followed by:
Distilled water, 3 times, 30 s each
70% ethanol, 5 min
95% ethanol, 5 min
9. Destain step: Submerge the slides in the differentiation solution (1–5 min). 
Notes: 
a. The time of this step is variable and dependent upon the thickness of the sections, as well as the age of the animals. 
b. The sections need to be carefully monitored to determine the degree of staining/destaining. They should look medium purple with clearly visible brain regions/structures, for example, the hippocampal cell layers.
95% ethanol, 1 min
100% ethanol, 1 min
10. Clear in Xylene or CitriSolv, 3 times, 5 min each.
Note: It is important that the following step is performed inside the hood:
11. Apply the coverslips to the slides with DPX mounting medium; let them dry overnight inside the hood.

Solutions
Acetate buffer		
Solution A: 6 mL of glacial acetic acid + 994 mL of distilled H2O
Solution B: 13.6 g of sodium acetate + 1,000 mL of distilled H2O
Combine solutions A and B in a 9:1 ratio; titrate to pH 3.7.

1% cresyl violet solution 
Combine acetate buffer with 1% cresyl violet in a 1:1 ratio. Filter the staining solution with an aspirator pump and Whatman #1 filter paper. Store at room temperature for several months. This solution can be reused several times; avoid using it if there are precipitates.

Differentiation solution
Add 6 drops of glacial acetic acid per 100 mL of 95% ethanol.
This solution must be made fresh every time; the final volume is dictated by the jar.


Notes: 
1. Proper freezing is crucial; it must be done rapidly to preserve tissue architecture. If the brains within a set, i.e., from multiple experimental groups, are cut in the same session, this process (freezing) should be performed by the same person to minimize variability.
2. We deem it important and good practice that ALL the brains in a set (e.g., wild-type control, wild-type treated, mutant control, mutant treated) are frozen and cut within the same session. In other words, if there are 4 groups of comparison, the 4 brains should all be cut in the same session to minimize variability and promote reproducibility. If the brains, for any reason, need to be cut on different days, these should be done in as few days as possible.
3. The temperature of the cryostat chamber varies based on the tissue/species to be cut, as well as the suggestions of the manufacturers.
4. Avoid no-frost freezers to store the plates or the slides; storage conditions should be kept constant for all samples to avoid differences in staining intensity and quality, as well as background. 
5. The plates prepared with glycerol solution should be kept ice-cold; if prepared in advance, they should be stored at -20 °C until usage, and then inside the cryostat chamber while cutting and collecting the sections.
6. The thickness of the sections can vary based on the experimental design and the analyses to be performed:
a. For the neurotracer Cholera Toxin, we used 50-μm-thick sections and collected 12–15 consecutive sections containing the whole SCN from anterior to posterior.
b. For Nissl staining, we mostly use 20-μm-thick coronal sections and collect 24 consecutive sections containing the whole SCN; however, the thickness can be less (12 μm) or more. In Lee et al. [27], we used 30 μm for early postnatal brains. 
7. The jars used for Nissl staining should contain enough of each solution to completely cover all the sections on the slides.
8. There are several safer and less toxic alternatives to xylene; we use CitriSolv d-limonene-based xylene substitute.
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Supplementary Figure 1. Examples of outlined suprachiasmatic nuclei (SCN) in (A) Nissl- or (B) DAPI-stained sections. The SCN can be divided into two functional zones: a dorsal shell and a ventral core. The outlines in yellow are either too small, missing a conspicuous part of the shell (see left SCN in both A and B), or too large (see the right SCN in A). The white outlines are acceptable; however, for the left SCN in A, the two observers did not fully agree (see broken white line), emphasizing the crucial importance of 1) multiple masked observers performing these analyses; 2) collecting measurements from several sections and from both the left and right SCN. 
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