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SUMMARY:  21 
Single nuclei isolation relies on dissociation and detergent-based permeabilization of the cell 22 
membrane, steps that need optimization and are prone to introducing technical artifacts. We 23 
demonstrate a detergent and enzyme-free protocol for rapid isolation of intact nuclei directly 24 
from whole tissue, yielding nuclei suitable for single-nucleus RNA-seq (snRNA-Seq) or ATAC-seq. 25 
 26 
ABSTRACT: 27 
High-throughput transcriptome and epigenome profiling requires preparation of a single cell or 28 
single nuclei suspension. Preparation of the suspension with an intact cell or nuclei involves 29 
dissociation and permeabilization, steps that can introduce unwanted noise and undesirable 30 
damage. Particularly, certain cell-types such as neurons are challenging to dissociate into 31 
individual cells. Additionally, permeabilization of the cellular membrane to release nuclei 32 
requires optimization by trial-and-error, which can be time consuming, labor intensive and 33 
financially nonviable. To enhance the robustness and reproducibility of sample preparation for 34 
high-throughput sequencing, we describe a rapid enzyme and detergent-free column-based 35 
nuclei isolation method. The protocol enables efficient isolation of nuclei from the entire 36 
zebrafish brain within 20 minutes. The isolated nuclei display intact nuclear morphology and low 37 
propensity to aggregate. Further, flow cytometry allows nuclei enrichment and clearance of 38 
cellular debris for downstream application. The protocol, which should work on soft tissues and 39 
cultured cells, provides a simple and accessible method for sample preparation that can be 40 
utilized for high-throughput profiling, simplifying the steps required for successful single-nuclei 41 
RNA-seq and ATAC-seq experiments. 42 
 43 
INTRODUCTION:  44 
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Single-cell RNA-seq (scRNA-Seq) and ATAC-seq are versatile tools to study complex biological 45 
systems at single-cell resolution. They are widely utilized to define cell subtypes and states, gene 46 
networks and to assess cellular heterogeneity. A prerequisite for performing scRNA-seq is the 47 
preparation of a single cell suspension by tissue dissociation. Due to the variation in the 48 
extracellular matrix composition and mechanical properties, individual tissues require 49 
optimization of the dissociation protocol for preparation of single cell suspension.  50 
 51 
Dissociation of tissues into single cells typically involves treatment with digestive enzymes, 52 
including collagenase, dispase or trypsin, at 37 °C1–4. As transcriptional machinery remains active 53 
at 37 °C, enzymatic dissociation can introduce mRNA expression artifacts and noise5,6. Notably, 54 
prolonged incubation can induce stress responsive genes and heat-shock response in a non-55 
uniform manner – leading to technical variability in the experiment7.  56 
 57 
Another drawback of generating a single cell suspension is the difficulty in obtaining viable and 58 
intact cell-types with complex morphologies. In particular, neurons, adipocytes and podocytes 59 
are challenging to isolate8–11. For instance, Wu and colleagues demonstrated the absence of 60 
glomerular podocytes in scRNA profiles from an adult mouse kidney12. Similar nonoptimal 61 
observations have been made regarding the recovery of interconnected neurons from brain 62 
tissue8,13,14. In sum, dissociation protocols can introduce detection bias towards easier to 63 
dissociate cell-types, leading to a misrepresentation of the cellular architecture of the organ.  64 
 65 
To overcome the technical noise and bias introduced during sample preparation in scRNA-Seq., 66 
isolation and profiling the nucleus provides an attractive alternative. As nuclear morphology is 67 
similar between different cell-types, isolation of the nuclei circumvents the issue of isolating 68 
intact and viable cells with complex morphologies. For instance, Wu and colleagues 69 
demonstrated successful profiling of glomerular podocytes with the single-nucleus RNA-Seq. 70 
(snRNA-Seq.) of an adult mouse kidney, which was missing from scRNA-Seq12. Intriguingly, 71 
comparative studies between single-cell and single-nucleus RNA-seq have suggested a decrease 72 
in induction of stress and heat-shock response genes with snRNA-Seq12. The studies further 73 
suggest a high correlation between the genes detected by the two methods. However, a recent 74 
study on human microglia failed to detect genetic activation in Alzheimer’s disease15. Thus in 75 
certain contexts, snRNA-Seq is a suitable alternative for scRNA-Seq16, 17. Additionally, the nuclear 76 
isolation can be utilized for single-cell ATAC-Seq., providing information about the regions of 77 
open-chromatin within individual cells. 78 
 79 
The protocol for nuclei isolation involves three major steps: i) detergent-based lysis of cell 80 
membrane to release the nucleus; ii) tissue homogenization using a Dounce homogenizer; and 81 
iii) enrichment of nuclei and removal of cell debris using gradient centrifugation or flow 82 
cytometry18–22. Among this, the first two steps depend on the tissue type and need to be 83 
empirically optimized. Mild detergent leads to partial rupture of cell membrane and inefficient 84 
retrieval of nuclei from the tissue23. On the other hand, high level of detergent and harsh 85 
homogenization leads to rupture of the nuclear membrane and their loss24,25. Ruptured nuclei 86 
further tend to clump together and form aggregates, which if not removed can lead to artifacts 87 
in the downstream profiling experiment.  88 



   

 89 
To circumvent the issues related to detergent optimization for nuclei isolation, we introduce a 90 
protocol to isolate intact nuclei from fresh samples using a detergent-free and spin-column-91 
based method. The protocol yields nuclei from whole organ within 20 minutes, limiting the 92 
induction of artifactual transcription. The isolated nuclei can be enriched with FACS for single-93 
nuclei RNA-Seq. and ATAC-seq, providing a simple and universal method that enables robust and 94 
reproducible high-throughput profiling.  95 
 96 
PROTOCOL:  97 
 98 
All the procedures presented below were performed in accordance with institutional (Université 99 
Libre de Bruxelles (ULB)) and national ethical and animal welfare guidelines and regulation, which 100 
were approved by the ethical committee for animal welfare (CEBEA) from the Université Libre de 101 
Bruxelles (protocols 578N-579N). 102 
 103 
1. Preparation before tissue dissection 104 

 105 
1.1. Prepare 0.2% Tricaine solution in PBS for euthanizing the zebrafish. Chill the solution on ice. 106 
 107 
1.2. Prepare a 30 mm Petri dish for mincing the tissue. 108 
 109 
1.3. Prepare ice cold 1x PBS (10 mL per tissue sample). 110 
 111 
1.4. Cool the centrifuge to 4 °C. 112 
 113 
1.5. For nuclei isolation, use a detergent-free nuclei isolation kit (Table of Materials). 114 
 115 
1.6. Before starting the protocol, pre-chill buffer A and B provided in the kit by placing them on 116 
ice for at least 30 min prior to nuclei isolation. 117 
 118 
1.7. For handling the isolated nuclei, coat the plastic reagents such as tubes and pipette tips 119 
with 5% BSA solution. For this, prepare the solution by dissolving 2 g of BSA in 40 mL of PBS. 120 
Coating plastic items with 5% BSA reduces nuclei sticking to plastic. This step enhances the 121 
recovery of isolated nuclei. 122 
 123 
1.8. Coat the pipette tips by pipetting 5% BSA solution 2-3 times. Air-dry the tips for 2 hours. 124 
Prepare 10 plastics tips per sample. 125 
 126 
1.9. Coat the tubes for collection of nuclei by filling them with 5% BSA. Invert the tubes 3 times 127 
to ensure an efficient coating. Remove the solution and air-dry the tubes upside down on a 128 
clean tissue paper for 2 hours. Per sample, coat one collection tube provided in the kit. 129 
Additionally, prepare coated 1.5 mL tubes for nuclei collection after FACS. 130 
 131 



   

NOTE: Glass tips are highly recommended alternative to the plastic pipette tips to minimize the 132 
sticking. 133 

 134 
2. Dissection of zebrafish brain  135 

 136 
2.1. For euthanizing the zebrafish, prepare a 90 mm Petri dish with 25 mL of ice-cold Tricaine 137 
solution. 138 
 139 
2.2. Carefully, take the zebrafish from the tank using a fishing net and place it into the Petri dish. 140 
 141 
2.3. Euthanize the fish by leaving it in Tricaine for 5 min. 142 
 143 
2.4. Decapitate the animal with a sharp razor blade. 144 
 145 
2.5. Using the forceps, gently break open the skull and remove soft tissues, skin and bones from 146 
ventral and dorsal side of the skull. 147 
 148 
2.6. Gently, transfer the brain into a fresh 30 mm dish containing ice cold PBS.  149 
 150 
2.7. Mince the brain into small pieces using a razor blade to ease the loading of the sample on 151 
the spin column. 152 
 153 
3. Single nuclei isolation  154 

 155 
3.1. Transfer the minced tissue to the filter cartridge provided in the nuclei isolation kit and add 156 
200 µL of cold buffer A to sensitize the tissue. Grind the tissue using the plastic rod provided by 157 
the kit for 2 min. 158 
 159 
3.2. Add 300 µL of cold buffer A and incubate the filter cartridge on ice with cap open for 10 min. 160 
 161 
3.3. Cap the cartridge and resuspend the tissue by inverting the tube 5 times. 162 
 163 
3.4. Centrifuge at 16,000 x g for 30 s. In this step, cells are ruptured when passing through the 164 
filter and high-speed centrifugal force is applied. The flow through contains intact nuclei, which 165 
pellet at the bottom of the tube. Note that the nuclei pellet obtained at this stage is colorless. 166 
 167 
3.5. Discard the filter and resuspend the pellet by vortexing vigorously for 10 s.  168 
 169 
3.6. Pellet the nuclei by centrifuging the solution at 500 x g for 3 min. Discard the supernatant 170 
carefully as the nuclei pellet is colorless. 171 
 172 
3.7. Resuspend the pellet in 0.8 mL of cold buffer B and centrifuge at 600 x g for 10 min. In this 173 
step, nuclei are separated from membrane debris. The colorless pellet obtained contains isolated 174 
nuclei. 175 



   

 176 
3.8. Resuspend the isolated nuclei in 500 µL of PBS with 5% BSA. Keep the nuclei suspension on 177 
ice to perform FACS after the quantification. 178 
 179 
4. Visualization of nuclei morphology  180 

 181 
4.1. Confirm nuclear morphology by Hoechst staining. For this, remove 100 µL of single nuclei 182 
suspension in a new tube using BSA coated tips. To stain the nuclei, add 0.1 µL of Hoechst (1 183 
mg/mL). Gently vortex the tube. 184 
 185 
4.2. Transfer the nuclei suspension to glass bottom dish for imaging. 186 
 187 
4.3. Image the nuclei using a fluorescence microscope with laser excitation settings of ~405 nm 188 
(UV) wavelength. 189 
 190 
5. FACS based enrichment of nuclei 191 

 192 
5.1. Before performing FACS, filter the nuclei using a 40 µm cell strainer into BSA coated tube. 193 
 194 
5.2. Dilute the filtered suspension by adding PBS with 5% BSA to a final volume of 1000 mL. 195 
 196 
5.3. Label two round bottom FACS tube as ‘control’ and ‘stained’. The ‘control’ tube will contain 197 
un-stained nuclei, while the ‘stained’ tube will have Hoechst stained nuclei. 198 
 199 
5.4. Transfer 250 µL of the nuclei suspension into ‘control’ tube using BSA coated pipette tip. 200 
 201 
5.5. Transfer the remaining 750 µL solution to FACS tube labeled as ‘stained’ and add 1 µL of 202 
Hoechst dye to stain the nuclei. Mix by slow vortexing. 203 
 204 
5.6. Load the unstained control sample to cell sorter. Record 5000 events. 205 
 206 
5.7. Load the stained samples and record 5000 events. 207 
 208 
5.8. Draw FACS gates that allows identification of single nuclei. Nuclei can be selected by 209 
comparing the Hoechst fluorescence signal between control and stained sample.  210 
 211 
5.9. Sort Hoechst-positive nuclei from the stained tube into new 1.5 mL tube containing 50 µL of 212 
PBS with 5% BSA.  213 
 214 
NOTE: Isolated nuclei can be collected into a desired medium according to requirements of the 215 
downstream application. 216 
 217 
REPRESENTATIVE RESULTS:  218 
The protocol described above was used to generate single nucleus suspension directly from 219 



   

zebrafish brain tissue. The isolation typically requires 20 minutes and avoid the use of detergent 220 
or digestive enzyme. A schematic summarizing the individual steps of the protocol is provided in 221 
Figure 1, which can be printed to be used for guidance.  222 
 223 
[Place Figure 1 here] 224 
 225 
Visualization of nuclear morphology 226 
For qualitative confirmation of the nuclear morphology, the isolated nuclei were stained with 227 
Hoechst and visualized using fluorescence microscopy. The nuclei appeared intact, round and 228 
well-separated (Figure 2). Importantly, nuclear aggregation, a sign of nuclear membrane rupture, 229 
was absent.  230 
 231 
[Place Figure 2 here] 232 
 233 
FACS-based enrichment of the intact nuclei  234 
Enrichment of isolated nuclei and removal of cellular debris was performed by flow cytometry by 235 
gating on the presence of a Hoechst fluorescence signal. The Hoechst signal was detected upon 236 
excitation with violet, 405 nm, laser (Brilliant Violet 421 – BV421). Unstained nuclei displayed 237 
background fluorescence (Figure 3A, Supplementary Figure 1A), while stained nuclei exhibited 238 
strong fluorescent signal (Figure 3B, Supplementary Figure 1B). As illustrated in Figure 3C, the 239 
unstained and Hoechst stained nuclei were well segregated in the violet channel.  240 
 241 
[Place Figure 3 here] 242 
  243 
FIGURE AND TABLE LEGENDS: 244 
 245 
Figure 1. Schematic of detergent-free spin-column-based method for nuclei isolation. Graphical 246 
representation of the individual steps performed during extraction of nuclei from fresh zebrafish 247 
brain tissue. 248 
 249 
Figure 2. Single nuclei isolation from zebrafish brain. Fluorescence microscopy image of 250 
Hoechst-stained nuclei demonstrating their intact morphology. Scale bar: 10 µm. 251 
 252 
Figure 3. Isolated nuclei display strong and specific Hoechst fluorescent signal in flow 253 
cytometry. Histogram plots for single nuclei suspension displaying the distribution of Hoechst 254 
staining. Hoechst is excited by violet, 405 nm, laser (Brilliant Violet 421 – BV421). The unstained 255 
sample (A) displays signal in the range of 100-103, while Hoechst stained nuclei (B) emit signal in 256 
the 103-105 range. An overlay of fluorescence intensity emitted by unstained (grey) and stained 257 
(blue) samples (C) demonstrates clear separation between the two populations. 258 
 259 
Supplementary Figure 1: Flow cytometry gating strategy for isolated nuclei. Representative flow 260 
plots for isolated nuclei suspension. Isolated nuclei were analyzed using forward scatter and UV 261 
laser BV421 which excites Hoechst at 405 nm. The unstained sample (A) displayed BV421 signal 262 
in the 100-103 range. Out of 13130 events, 141 events were detected as single nuclei based on 263 



   

FSC-A (1.07% of total), and 0 events for unstained nuclei based on BV421 signal (0% of total). The 264 
Hoechst stained nuclei (B) displayed BV421 signal in the 103-105 range. Out of 50000 events, 2418 265 
events were detected as single nuclei based on FSC-A (4.84% of total), and 2414 events for 266 
Hoechst-positive nuclei based on BV421 signal (4.83% of total).  267 
 268 
DISCUSSION:  269 
Profiling the transcriptome and epigenome at a single-cell resolution has revolutionized the study 270 
of biological systems. Studies at the resolution of a single cell for a solid tissue depend on 271 
dissociation of the organ into individual cells or nuclei. Dissociation is a destructive procedure 272 
that can introduce technical artifacts, which can prevent development of an accurate 273 
representation of the system5, 6. For instance, enzymatic dissociation can harm cells with complex 274 
morphologies, such as neurons or podocytes, and can induce expression of stress and heat-shock 275 
response genes7,12. Additionally, use of detergent during dissociation can rupture the nuclear 276 
membrane and lead to aggregation23,25. Thus, optimizing the dissociation to obtain a single cell 277 
or nuclei suspension of the highest quality is paramount to the success of high-throughput 278 
profiling experiments.  279 
 280 
Here, we demonstrate a detergent and enzyme-free nuclei isolation method that allows 281 
extraction of intact nuclei from zebrafish brain in less than 20 minutes. The protocol yields nuclei 282 
with typical morphology and robust integrity (Figure 2). From a single zebrafish brain weighing 6 283 
mg, the protocol yields a total of 60,000 nuclei determined by a hemocytometer count. The 284 
isolated nuclei can be utilized for multiple downstream applications, including snRNA-seq, ATAC-285 
seq and immunostaining. The isolated nuclei may include cross-contamination from cytoplasmic 286 
fractions, particularly from components of endoplasmic reticulum and mitochondria. For high-287 
throughput profiling experiments, clearance of cellular debris, particularly mitochondria, is 288 
strongly recommended. Flow cytometry (Figure 3) provides a viable option for purification of 289 
nuclei. Alternatively, the sucrose gradient can also be utilized for removal of debris.  290 

 291 
The protocol has been tested on mouse thyroid gland (data not shown) and provides results 292 
similar to zebrafish brain tissue. Overall, the protocol provides a robust, reproducible, and 293 
universal method for preparation of single nucleus suspension, helping to simplify logistics for 294 
high-throughput profiling experiments.  295 
 296 
ACKNOWLEDGMENTS:  297 
We thank members of the Dr. Sabine Costagliola and Singh lab for comments on the manuscript. 298 
This work was supported by the Fonds de la Recherche Scientifique-FNRS under Grant number 299 
34772792 – MISU to S.P.S. 300 

 301 
DISCLOSURES:  302 
The authors have no conflict of interest. The payment for making the article open access was 303 
made by Invent Biotechnologies Inc., USA. 304 
 305 
REFERENCES: 306 
1. Ebrahimi Dastgurdi, M., Ejeian, F., Nematollahi, M., Motaghi, A., Nasr-Esfahani, M.H. 307 



   

Comparison of two digestion strategies on characteristics and differentiation potential of 308 
human dental pulp stem cells. Archives of Oral Biology. 93, 74–79 (2018). 309 

2. Stenn, K.S., Link, R., Moellmann, G., Madri, J., Kuklinska, E. Dispase, a neutral protease 310 
from Bacillus polymyxa, is a powerful fibronectinase and type IV collagenase. Journal of 311 
Investigative Dermatology. 93 (2), 287–290 (1989). 312 

3. Khan, M.R., Chandrashekran, A., Smith, R.K.W., Dudhia, J. Immunophenotypic 313 
characterization of ovine mesenchymal stem cells. Cytometry Part A. 89 (5), 443–450 314 
(2016). 315 

4. Cavanagh, T.J., Lakey, J.R.T., Wright, M.J., Fetterhoff, T., Wile, K. Crude collagenase loses 316 
islet-isolating efficacy regardless of storage conditions. Transplantation Proceedings. 29 317 
(4), 1942–1944 (1997). 318 

5. Massoni-Badosa, R. et al. Sampling artifacts in single-cell genomics cohort studies. bioRxiv. 319 
2020.01.15.897066 (2020). 320 

6. Van Den Brink, S.C. et al. Single-cell sequencing reveals dissociation-induced gene 321 
expression in tissue subpopulations. Nature Methods. 14 (10), 935–936 (2017). 322 

7. O’Flanagan, C.H. et al. Dissociation of solid tumour tissues with cold active protease for 323 
single-cell RNA-seq minimizes conserved collagenase-associated stress responses. 324 
Bioarxiv. 683227 (2019). 325 

8. Bakken, T.E. et al. Single-nucleus and single-cell transcriptomes compared in matched 326 
cortical cell types. Plos One. 13 (12), e0209648 (2018). 327 

9. Lake, B.B. et al. A single-nucleus RNA-sequencing pipeline to decipher the molecular 328 
anatomy and pathophysiology of human kidneys. Nature Communications. 10 (1) (2019). 329 

10. Rajbhandari, P. et al. Single cell analysis reveals immune cell-adipocyte crosstalk regulating 330 
the transcription of thermogenic adipocytes. eLife. 8 (2019). 331 

11. Hagberg, C.E. et al. Flow Cytometry of Mouse and Human Adipocytes for the Analysis of 332 
Browning and Cellular Heterogeneity. Cell Reports. 24 (10), 2746–2756.e5 (2018). 333 

12. Wu, H., Kirita, Y., Donnelly, E.L., Humphreys, B.D. Advantages of single-nucleus over single-334 
cell RNA sequencing of adult kidney: Rare cell types and novel cell states revealed in 335 
fibrosis. Journal of the American Society of Nephrology. 30 (1), 23–32 (2019). 336 

13. Lacar, B. et al. Nuclear RNA-seq of single neurons reveals molecular signatures of 337 
activation. Nature Communications. 7 (1), 1–13 (2016). 338 

14. Habib, N. et al. Div-Seq: Single-nucleus RNA-Seq reveals dynamics of rare adult newborn 339 
neurons. Science. 353 (6302), 925–928 (2016). 340 

15. Thrupp, N. et al. Single nucleus sequencing fails to detect microglial activation in human 341 
tissue. bioRxiv. (2020). 342 

16. Selewa, A. et al. Systematic Comparison of High-throughput Single-Cell and Single-Nucleus 343 
Transcriptomes during Cardiomyocyte Differentiation. Scientific Reports. 10 (1), 1–13, 344 
(2020). 345 

17. Lake, B.B. et al. A comparative strategy for single-nucleus and single-cell transcriptomes 346 
confirms accuracy in predicted cell-type expression from nuclear RNA. Scientific Reports. 347 
7 (1), 1–8 (2017). 348 

18. Jiang, Y., Matevossian, A., Huang, H.S., Straubhaar, J., Akbarian, S. Isolation of neuronal 349 
chromatin from brain tissue. BMC Neuroscience. 9, 42 (2008). 350 

19. Krishnaswami, S.R. et al. Using single nuclei for RNA-seq to capture the transcriptome of 351 



   

postmortem neurons. Nature Protocols. 11 (3), 499–524 (2016). 352 
20. Birnie, G.D. Isolation of Nuclei from Animal Cells in Culture. Methods in Cell Biology. 17 (C), 353 

13–26 (1978). 354 
21. Dounce, A.L., Witter, R.F., Monty, K.J., Pate, S., Cottone, M.A. A method for isolating intact 355 

mitochondria and nuclei from the same homogenate, and the influence of mitochondrial 356 
destruction on the properties of cell nuclei. The Journal of Biophysical and Biochemical 357 
Cytology. 1 (2), 139–153 (1955). 358 

22. Hymer, W. C., Kuff, E.L. Isolation of Nuclei From Mammalian Tissues Through the Use of 359 
Triton X-100. The journal of Histochemistry and Cytochemistry. 12, 359–363 (1964). 360 

23. Johnson, M. Detergents: Triton X-100, Tween-20, and More. Materials and Methods. 3 361 
(2013). 362 

24. Sikorskaite, S., Rajamäki, M.L., Baniulis, D., Stanys, V., Valkonen, J.P.T. Protocol: Optimised 363 
methodology for isolation of nuclei from leaves of species in the Solanaceae and Rosaceae 364 
families. Plant Methods. 9 (1), 31 (2013). 365 

25. Graham, J., Rickwood, D. Subcellular fractionation: a practical approach. IRL Press. (1997). 366 
 367 



1 Dissect and mince 
the tissue into 
smaller pieces

Homogenize 
the tissue in
200 uL Buffer A

2
Add 300 uL 
Buffer A

3

Chill on ice 
for 10 min

4 5 16,000xg
for 30 sec
 

6 Discard 
the filter
 

7 Vortex
vigorously
for 10 sec

8 500xg 
for 3 min

9 Discard the 
supernatant

10 Resuspend 
the pellet 
in 500 uL
Buffer B

11 600xg
for 10 min

12 Discard the 
supernatant

13 Resuspend 
the nuclei
in PBS

Further analysis:
 FACS
 Quantification
 snRNA-seq 
 ATAC-seq

14 Store at 
4 °C in PBS
or -80 °C in
Buffer B 

Figure 1 Click here to access/download;Figure;jove figure.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1209258&guid=0fa8955b-190b-41b9-8b8b-7dfcbbb16bd8&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1209258&guid=0fa8955b-190b-41b9-8b8b-7dfcbbb16bd8&scheme=1


10 μm 

Nuclei
Figure 2 Click here to access/download;Figure;jove if figure2.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1209259&guid=d34d06fb-ea1b-4b03-9d51-aa5bc7798125&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1209259&guid=d34d06fb-ea1b-4b03-9d51-aa5bc7798125&scheme=1


A B CFigure 3 Click here to access/download;Figure;jove facs.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1209260&guid=93839875-ec82-47a9-82ff-a51e83b49947&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1209260&guid=93839875-ec82-47a9-82ff-a51e83b49947&scheme=1


Name of Material/Equipment Company Catalog Number Comments/Description

Bovine serum albumin (BSA) Carl Roth 90604-29-8 Albumin fraction V

Cell sorter BD Biosciences FACSAria III

Centrifuge Sartorius A-14C

Eppendorf tubes (1.5 mL) Eppendorf 22363204

Falcon (15 mL) Corning 352096 Polypropylene centrifuge tubes

Falcon (5 mL ) Corning 352052 Polystyrene round bottom test tubes

Fine forceps Fine Science Tools 11295-10

Flowmi cell strainer (40 μm) Sigma BAH136800040 

Fluorescence microscope Leica DMI6000 B

Glass bottle (250 mL) VWR 215-1593

Glass bottomed dish

World Precision 

Instruments FD3510-100 Fluorodish 35 mm

Glass Pasteur pipettes VWR 612-1701

Glass pipette socket Carl Roth 388.1 Pipetting aid pi-pump 2500

Hoechst staining dye solution Abcam ab228551 Hoechst 33342
Minute Detergent-Free Nuclei 

Isolation Kit

Invent 

Biotechnologies NI-024

PBS (10X) ThermoFisher 70011069

Petri dish (30 mm) FisherScientific 11333704 Pyrex

Petri dish (90 mm) Corning 758-10178-CS Gosselin

Pipette tips VWR 89079 10 μL, 200 μL, 1000 μL

Pipettes Gilson F167380 Pipetman

Razor blade Swann-Morton 7981809

Tricaine methane sulfonate Sigma E10521 

Vortex machine

Scientific 

Industries SI-0236 Vortex-Genie 2
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number of detected genes in read depth normalized single nuclei transcriptomes similar to 
Slyper M. et al 2020. 
 
The authors thank the reviewer #1 for acknowledging the clarity of the manuscript and its 
contribution to the field. We agree that we did not provide information or comparison 
related to the sequencing data obtained from the protocol. We restricted our description to 
the protocol for isolation of nuclei, as a visual description of this process is central to the 
JoVE video. Detailed description of RNA-Seq. dataset and comparison(s) would be the scope 
of a separate manuscript.   
 
Major Concerns: 
none 
 
Minor Concerns: 
1- Gating strategy is not clear. Please show each gate in a step wise manner. 
 
We have utilized Forward scatter and UV laser as gating strategy. This information is now 
included as Supplementary Fig. 1. (Please note that the utilization of side scatter and 
forward scatter in isolation did not clearly segregate nuclei from debris. Thus, we needed to 
gate using Hoechst signal in the stained samples, and back-track to draw the corresponding 
gate in the control samples). 
  
2- Please take out the sentence "Isolated nuclei can be stored at 4 °C for 2 days without 
change in the morphology. However, the authors have not tested the impact of prolonged 
storage on RNA or chromatin quality." 
Our experience suggests that time between dissociation and sorting is inversely correlated 
with number of detected genes. If not backed up by data this sentence is not helpful. 
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We agree with the reviewer that RNA quality is reduced with time. We have removed the 
line. 
 
3- Please provide more details on which dounce homogenizer and the procedure. 
 
Our protocol does not utilize dounce homogenizer. Instead, it uses a pestle to grind the 
tissue to small size to improve its passage through the spin column. The pestle is part of the 
kit and works to reduce the tissue size within the spin-column itself. We have edited this in 
protocol 2.7 to remove the word ‘homogenization’ to avoid the confusion. 
 
4- Without detailed benchmarking authors should avoid mentioning applicability of the 
protocol in mouse or any fresh or frozen soft tissue. This comment should either backed up 
with data or should be removed 
 
We completely agree with the reviewer and have removed the line ‘The performance is 
expected to be comparable for any fresh or frozen soft tissue’ from the discussion section.  
We have tested the performance of the kit on mouse thyroid gland. However, as the 
protocol is exactly similar to zebrafish brain in terms of nuclei isolation and sample 
preparation for 10x sequencing, we did not include the repeated information in the text. As 
such we have mentioned ‘mouse thyroid gland (data not shown)’. A manuscript with the 
data is currently under preparation.  
 
Reviewer #2: 
Manuscript Summary: 
The research article titled "NUCLEI ISOLATION FROM WHOLE TISSUE USING A DETERGENT 
AND ENZYME-FREE METHOD" talks about the isolation of intact nuclei from various tissues 
to further use these for single cell high throughput transcriptome profiling. 
 
Major Concerns: 
1. My biggest concern is about the focus on a single kit "Minute 115 TM Detergent-Free 
Nuclei Isolation Kit (Invent 116 Biotechnologies, Plymouth, USA)" already available in the 
market and known to successfully isolate intact nuclei. I do not see any refinement of the 
steps suggested by the manufacturer or a method tweaked and optimized by the authors. 
Also, nowhere in the manuscript, it mentions the mechanism by which the kit works. Thus, 
the reader may gain only incremental value from this work. 
 
We understand the reviewer’s concern. However, the main aim of the manuscript is to 
make the scientific community aware of the possibility to extract nuclei without detergent 
or homogenization. Such protocol is not currently published in JoVE library and is also not 
used in single-nuclei benchmarking studies. Thus, we believe the possibility to extract nuclei 
without the use of detergent provides a useful alternative. 
 
We are unable to provide details on the synthesis of the column as this information is not 
available to us. However, in our hands the column-based method has provided reproducible 
results. Thus, we focused on this method in the current manuscript.  
 



2. The authors mention that enrichment of nuclei and removal of debris has been done by 
using flow cytometer and intact nuclei are shown with Hoechst stain. However, to show the 
removal of debris and other cytoplasmic contamination from the nuclei, the author should 
use one of the biochemical techniques i.e, western blotting for nuclei and cytoplasm specific 
proteins. Cross contamination by cytoplasmic proteins is the nuclear fraction and vice versa 
is often seen. This manuscript does not check for this explicitly. 
 
We completely agree with the concern raised by the reviewer. There is a possibility for 
cross-contamination by the cytoplasmic fraction. In-fact, mRNA present within (or bound to) 
endoplasmic reticulum could be captured. We are unable to test this explicitly as our lab 
does not have the expertise on the topic. Hence, we have added the following line in the 
discussion section, ‘The isolated nuclei may include cross-contamination from cytoplasmic 
fractions, particularly from components of endoplasmic reticulum and mitochondria.’. 
 
3. The authors have not mentioned the number of nuclei obtained from the total number of 
cells taken as a starting material. It is a very useful information required to calculate the 
initial amount when a certain number of nuclei are required and should be mentioned in the 
manuscript. 
 
We agree with the reviewer that this is a critical piece of information. We conducted an 
additional experiment in which we weighed the mass of isolated zebrafish brain and 
prepared nuclei isolate from the same, which was quantified. From a single zebrafish brain 
weighing 6 mg, we could isolate 60,000 nuclei. This information has been added to the text 
as ‘From a single zebrafish brain weighing 6 mg, the protocol yields a total of 60,000 nuclei 
determined by hemocytometer count.’.  
 
 
Minor Concerns: 
snRNAseq is suggested as a "substitute' for scRNAseq. This statement needs to be qualified, 
in certain conditions, snRNAseq can act as an acceptable alternative. 
 
We completely agree with the reviewer. In-fact, after the submission of the manuscript a 
pre-print was posted on bioRxiv demonstrating that snRNAseq could not detect microglial 
activation in human tissues (Thrupp et al., bioRxiv, 10.1101/2020.04.13.035386). We have 
cited this pre-print and edited the following text,  
“Intriguingly, comparative studies between single-cell and single-nucleus RNA-seq have 
suggested a decrease in induction of stress and heat-shock response genes with snRNA-
Seq12.  The studies further suggest a high correlation between the genes detected by the 
two methods. However, a recent study on human microglia failed to detect genetic 
activation in Alzheimer’s disease15. Thus, in certain contexts, snRNA-Seq. is a suitable 
alternative for scRNA-Seq16,17.” 
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