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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes  
If Yes, can you record movies/images using your own microscope camera?
Yes  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length

Number of Steps:  15
Number of Shots:  38

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Sevin Turcan: The goal of our method is to isolate nuclei from fresh frozen tumors, and the same nuclei preparation can be used for transcriptional and epigenetic studies. Therefore, we can ask key questions such as: how do tumors evolve during progression? Or how do therapies affect tumor composition?

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.2. Sevin Turcan: The biggest advantage of this technique is that it is simple, reduces processing time and most importantly yields high quality nuclei. The absence of a sorting step reduces stress on the nuclei. The other advantage is its ability to be used on archived frozen samples. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Introduction of Demonstrator on Camera

1.3. Sevin Turcan: Demonstrating the procedure will be Ashwin Narayanan, a Postdoctoral fellow from my laboratory.  
1.3.1. INTERVIEW: Author saying the above. 
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.4. The use of patient material was approved by the Institutional Review Board at the Medical Faculty of Heidelberg and informed consent was obtained from all patients included in the study.

Protocol
2. Tissue Dissection and Dissociation
2.1. Begin by transferring 10 to 60 milligrams of fresh frozen tissue sample to a pre-chilled Petri dish [1]. Mince or chop the fresh frozen tissue with a razor blade into small pieces on ice [2].
2.1.1. WIDE: Establishing shot of talent placing tissue in the Petri dish.
2.1.2. Talent chopping the tissue.
2.2. Add 500 microliters of chilled nuclei lysis buffer to a pre-chilled 1.5-milliliter tube [1]. Place the tissue pieces in the tube with the nuclei lysis buffer [2], then transfer the mixture to a Douncer [3].
2.2.1. Talent adding buffer to a few tubes. 
2.2.2. Talent putting tissue in a tube.
2.2.3. Talent transferring the tissue to the Douncer.
2.3. Dounce the tissue pieces with the loose pestle for about 20 strokes, until friction is reduced [1]. Then, dounce it with the tight pestle for 20 strokes to achieve complete tissue homogenization [2]. Videographer: This step is important!
2.3.1. Talent douncing the tissue with the loose pestle.
2.3.2. Talent douncing the tissue with the tight pestle.
2.4. Transfer the homogenate into a pre-chilled 2-milliliter tube [1] and add 1 milliliter of chilled lysis buffer [2]. Mix it gently and incubate it on ice for 5 minutes [3], mixing with a wide-bore pipette tip 1 to 2 times during the incubation [4].
2.4.1. Talent transferring the homogenate to a tube. 
2.4.2. Talent adding lysis buffer to the homogenate.
2.4.3. Talent putting the homogenate on ice.
2.4.4. Talent mixing the homogenate.
2.5. Filter the entire homogenate using a 30-micromteter strainer mesh and collect it into a 15-milliliter Falcon tube [1], then transfer it back into a new pre-chilled 2-milliliter tube. A single strainer is typically sufficient for the entire homogenate [2].
2.5.1. Talent filtering the homogenate. Videographer: Obtain multiple usable takes, this will be reused in 2.6.2.
2.5.2. Talent transferring the filtrate to a tube.
2.6. Check the sample under a light microscope to verify the removal of large debris and the intactness of the nuclear membrane. Nuclei need to be round and the nuclear membrane should not be distorted [1]. If debris is present, repeat the filtration [2].
2.6.1. Talent using the microscope. 
2.6.2. Use 2.5.1.
2.7. Next, centrifuge the nuclei on a bench top centrifuge for 5 minutes [1-TXT]. Remove the supernatant, leaving behind approximately 50 microliters with the nuclei-containing pellet [2]. Gently resuspend the pellet in another milliliter of nuclei lysis buffer [3] and incubate it for 5 minutes on ice [4].
2.7.1. Talent putting the nuclei in the centrifuge and closing the lid. TEXT: 500 x g, 4°C Videographer: Obtain multiple usable takes, this will be reused in 2.9.1.
2.7.2. Talent removing the supernatant. 
2.7.3. Talent resuspending the pellet. 
2.7.4. Talent putting the tube on ice. 
2.8. Repeat the centrifugation, then remove the supernatant without disturbing the pellet [1]. Add 500 milliliters of HB and incubate the sample for 5 minutes without resuspending [2-TXT]. Then, resuspend the nuclei in another 1 milliliter of HB [3].
2.8.1. Talent removing supernatant from pellet. 
2.8.2. Talent adding HB to the nuclei. TEXT: HB: homogenization buffer
2.8.3. Talent resuspending the nuclei.
2.9. Centrifuge for another 5 minutes [1-TXT], then remove the supernatant [2], resuspend the nuclei in 200 microliters of HB [3], and transfer the suspension into a new 2-milliliter tube [4]. 
2.9.1. Use 2.7.1. TEXT: 500 x g, 4°C
2.9.2. Talent removing the supernatant. 
2.9.3. Talent resuspending the nuclei. 
2.9.4. Talent transferring the nuclei to a new tube. 
3. Gradient Centrifugation and Isolation of Nuclei
3.1. Add 200 microliters of 50% iodixanol solution to the nuclei for a final concentration of 25% iodixanol and mix 10 times with the pipette set to 300 microliters [1]. Then, add 300 microliters of 29% iodixanol solution under the 25% mixture, using a P1000 fine tip to avoid mixing the layers [2]. Videographer: This step is difficult and important!
3.1.1. Talent adding 50% iodixanol solution to the nuclei and mixing it.
3.1.2. Talent adding the 29% iodixanol solution.
3.2. Add 300 microliters of 35% Iodixanol solution under the 29% mixture with a P1000 fine tip, then slowly remove it [1]. Videographer: This step is difficult and important!
3.2.1. Talent adding the 35% Iodixanol solution.
3.3. Place the samples in a swinging bucket centrifuge and spin them for 20 minutes at 3,500 x g at 4 degrees Celsius with the brake off [1]. Gently remove the samples without shaking and observe them under light. A clear white band of 95% pure nuclei should be visible between the second and third layer [2]. Videographer: This step is important!
3.3.1. Talent putting the samples in the centrifuge and closing the lid.
3.3.2. Sample with the white band visible.
3.4. To isolate the nuclei, aspirate the top layers to expose the white nuclei band at the interphase [1]. Collect the nuclei band in a 200-milliliter volume [2] and transfer it to a fresh tube [3], then filter it with a 20-micrometer filter [4]. Videographer: This step is difficult and important!
3.4.1. Talent aspirating the top layers. 
3.4.2. Talent collecting the nuclei band.
3.4.3. Talent placing the nuclei in a fresh tube.
3.4.4. Talent filtering the nuclei. 
3.5. Check the nuclei under a light microscope to verify the removal of large debris and the intactness of the nuclear membrane. They should be round and the nuclear membrane should not be distorted [1].  Videographer: This step is important!
3.5.1. SCOPE: Isolated nuclei. Video Editor: Authors will capture this during the shoot, but Figure 2 B can also be used here.  
3.6. Count the nuclei using Trypan blue staining on a hemocytometer and aliquot them for snRNA-seq (pronounce ‘S-N-R-N-A-seek’) or snATAC-seq (‘S-N-attack-seek’) [1].
3.6.1. Talent aliquoting nuclei. 





Results
4. Results: Comparison of UMIs and Genes Obtained from Different Human Brain snRNA-seq Datasets 
4.1. Various filtration steps along with the gradient centrifugation allow for the isolation of pure nuclei with the majority of debris discarded. The same isolated nuclei preparation can be used for both short nuclear RNA-seq and short nuclear ATAC-seq (pronounce ‘attack-seek’) [1].
4.1.1. LAB MEDIA: Figure 2.
4.2. Since the isolated nuclei are from the same sample, the data generated can be co-embedded using R-packages such as the Seurat to generate clusters and provide a multi-omics perspective [1].
4.2.1. LAB MEDIA: Figure 3.
4.3. To determine whether the protocol is comparable to published datasets, the obtained data was compared with four publicly available single nuclei RNA-seq studies related to the central nervous system [1].
4.3.1. LAB MEDIA: Figure 4. 
4.4. All datasets were merged and the distribution of the number of UMIs and genes were visualized using a violin plot [1]. This result indicated that the method is comparable to the latest snRNA-seq protocol [2].
4.4.1. LAB MEDIA: Figure 4. 
4.4.2. LAB MEDIA: Figure 4. Video Editor: Emphasize the grey and brown violins in both plots.




Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Ashwin Narayanan: When attempting this protocol, it is important to be extra careful and not mix the different layers during gradient centrifugation and nuclei isolation.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.4.1 and 3.4.2. 
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