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Editorial comments: 
 
Changes to be made by the Author(s) regarding the manuscript: 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure 
that there are no spelling or grammar issues. 
 
2. Figure 1: Please capitalize the first word in a title/phrase (i.e., Fresh brain, 
Vibratome sectioning, Coronal brain slice, Data analysis, etc. 
 Done 
 
3. Figures 1-3: Please remove commercial language (Illumina, Ampure-XP, 
SPIRI). 
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4. Figure 4: Please capitalize only the first word in the title of x-axis. 
 Done 
 
5. Table 1: Please change Table 3 to Table of Materials. Please use subscripts in 
chemical formulae to indicate the number of atoms, e.g., NaH2PO4, NaHCO3, 
etc. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc. Please 
include a space between all numerical values and their corresponding units: 15 
mL, 37 °C, 60 s; etc. 
 Done 
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SUMMARY: 20 
This protocol describes the manual sorting procedure to isolate single fluorescently labeled 21 
neurons followed by in vitro transcription-based mRNA amplification for high-depth single-cell 22 
RNA sequencing. 23 
 24 
ABSTRACT: 25 
Single-cell RNA sequencing (RNA-seq) is now a widely implemented tool for assaying gene 26 
expression. Commercially available single-cell RNA-sequencing platforms process all input cells 27 
indiscriminately. Sometimes, fluorescence-activated cell sorting (FACS) is used upstream to 28 
isolate a specifically labeled population of interest. A limitation of FACS is the need for high 29 
numbers of input cells with significantly labeled fractions, which is impractical for collecting and 30 
profiling rare or sparsely labeled neuron populations from the mouse brain. Here, we describe a 31 
method for manually collecting sparse fluorescently labeled single neurons from freshly 32 
dissociated mouse brain tissue. This process allows for capturing single-labeled neurons with high 33 
purity and subsequent integration with an in vitro transcription-based amplification protocol that 34 
preserves endogenous transcript ratios. We describe a double linear amplification method that 35 
uses unique molecule identifiers (UMIs) to generate individual mRNA counts. Two rounds of 36 
amplification results in a high degree of gene detection per single cell. 37 
 38 
INTRODUCTION:  39 
Single-cell RNA sequencing (RNA-seq) has transformed transcriptomic studies. While large-scale 40 
single-cell RNAseq can be performed using a variety of techniques, such as droplets1,2, 41 
microfluidics3, nanogrids4, and microwells5, most methods cannot sort defined cell types that 42 
express genetically encoded fluorophores. To isolate a select cell population, fluorescence-43 
activated cell sorting (FACS) is often used to sort labeled cells in a single-cell mode. However, 44 
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FACS has some restrictions and requires meticulous sample processing steps. First, a large 45 
number of input cells are typically needed (often several million cells per mL), with a significant 46 
fraction (> 15-20%) containing the labeled population. Second, cell preparations may require 47 
multiple rounds of density gradient centrifugation steps to remove glial fraction, debris, and cell 48 
clumps that might otherwise clog the nozzle or flow cell. Third, FACS usually employs staining 49 
and destaining steps for live/dead staining (e.g., 4′,6-diamidino-2-phenylindole (DAPI), propidium 50 
iodide (PI), and Cytotracker dyes), which take up additional time. Fourth, as a rule of thumb for 51 
two-color sorting (such as DAPI and green/red fluorescent protein (GFP/RFP)), usually two 52 
samples and one control are needed, requiring an unlabeled sample to be processed in addition 53 
to the desired mouse strain. Fifth, filtering is often performed multiple times before and during 54 
sample sorting to proactively prevent clogged sample lines in an FACS machine. Sixth, time must 55 
be allotted in most commonly used FACS setups to initialize and stabilize the fluid stream and 56 
perform droplet calibration. Seventh, control samples are typically run in sequence prior to the 57 
actual sample collection to set up compensation matrices, doublet rejection, setting gates, etc. 58 
Users either perform steps six and seven themselves ahead of time or require the assistance of a 59 
technician in parallel. Finally, post-FACS, there are often steps to ensure that only labeled single 60 
cells are present in each well; for example, by checking samples in a high-content screening setup 61 
such as a fast plate imager.  62 
 63 
To circumvent the steps outlined above and facilitate a relatively quick, targeted sequencing of a 64 
small population of single fluorescently labeled neurons, we describe a manual sorting procedure 65 
followed by two rounds of a highly sensitive in vitro amplification protocol, called double in-vitro 66 
transcription with absolute counts sequencing (DIVA-Seq). The RNA amplification and cDNA 67 
library generation are adapted from Eberwine et al.6 and Hashimshony et al.7, with certain 68 
modifications to suit mouse interneurons that have smaller cellular volumes; furthermore, we 69 
have also found that it is equally useful for excitatory pyramidal neurons.  70 
 71 
PROTOCOL: 72 
 73 
All the procedures including animal subjects have been approved by IACUC at Cold Spring Harbor 74 
Laboratory, NY (IACUC #16-13-09-8).  75 
 76 
1. Manual Sorting of Fluorescently Labeled Mouse Neurons 77 
 78 
1.1. Pull glass microcapillaries (see Table of Materials) to 10-15 μm exit diameter using a 79 
capillary puller with the following settings: heat = 508, pull = blank, vel = blank, time = blank. 80 
 81 
1.2. Attach 120-150 cm flexible silicone tubing (~0.8 mm inside diameter) to a 0.2 μm 82 
polyvinylidene difluoride (PVDF) membrane syringe filter and a two-way tubing valve using 83 
suitable tubing connectors. 84 

 85 
1.3. Prepare 500 mL of chilled (4 °C) artificial cerebrospinal fluid (ACSF, Table 1), and oxygenate 86 
by bubbling 5% carbon dioxide balanced oxygen through an airstone for 15 min or until the 87 
solution clears completely. 88 



  

 89 
1.4. Prepare 100 mL of ACSF with a cocktail of activity blockers in a 150 mL beaker (Table 1). 90 

 91 
1.5. Prepare 100 mL of ACSF with 1 mg/mL Streptococcus fraction IV protease in a 150 mL 92 
beaker (Table 1). 93 

 94 
1.6. Prepare 100 mL of ACSF with 1% fetal bovine serum (FBS) solution in a 150 mL beaker and 95 
oxygenate with 5% carbon dioxide balanced oxygen through an airstone. 96 

 97 
1.7. Dissect the brain from a euthanized mouse by opening the cranium with a small scissor and 98 
extracting the fresh brain using fine forceps without damaging the cortex.  99 

 100 
Note: Mice of any strain, age, and gender can be used as desired. Do not freeze the brain or 101 
perform manual sorting on mice injected with viruses or other hazardous/infectious agents. 102 

 103 
1.8. Keep the brain in chilled and oxygenated ACSF, leaving an airstone attached to 5% carbon 104 
dioxide balance oxygen during the entire duration of the sectioning. 105 

 106 
1.9. Position the brain on the vibratome chuck and cut coronal or sagittal sections at 300 μm 107 
thickness. Collect as many sections as needed to obtain a minimum of ~10-50 labeled cells up to 108 
several hundred cells. Put slices on a cotton meshed slice holder, placed inside a beaker so they 109 
are bathed in oxygenated ACSF.  110 

 111 
1.10. Move fresh slices into a beaker containing ACSF with activity blockers and block for 15-20 112 
min at room temperature. Keep bubbling oxygen using airstone. 113 

 114 
1.11. Move the slices to a beaker containing ACSF with the protease solution to perform mild 115 
digestion at room temperature: 20-30 min for P4-14 animals or up to 45-60 min for P28-56 116 
animals. Keep bubbling oxygen. 117 

 118 
1.12. Wash out ACSF with protease by moving slices back to the beaker containing ACSF with 119 
activity blockers solution for 5-10 min at room temperature. Keep bubbling oxygen. 120 

 121 
1.13. Move individual sections to a 100 mm Petri dish containing ACSF with 1% FBS at room 122 
temperature. Under a fluorescent dissection scope, microdissect areas and layers of interest 123 
having a minimum of 10-50 cells (up to a few hundred). Perform the microdissection with a pair 124 
of fine forceps or by attaching 22-28-gauge injection needles onto wooden holders (skewers).  125 

 126 
1.14. Using a Pasteur pipette, move the microdissected pieces to a 2 mL microfuge tube 127 
containing ~0.8 mL of 1% FBS in ACSF solution. 128 

 129 
1.15. Triturate the dissected tissue in the microfuge tube at room temperature. Make three long-130 
stemmed Pasteur pipettes with decreasing exit diameters by rolling them over an open flame. 131 
Perform ~10 strokes with each pipette, starting with the biggest and ending with the smallest. 132 



  

 133 
1.16. Dispense the dissociated cells into a 100 mm Petri dish containing oxygenated ACSF (Petri 134 
dish can be thinly coated with 5 mm of 1% agar or clear silicone compound at 1:10 ratio, if 135 
desired). Keep at room temperature. 136 

 137 
1.17. Wait ~5-7 min for the cells to gradually settle, then observe the GFP/RFP signal under a 138 
dissection microscope.  139 

 140 
Note: Single cells, debris, and small clumps will be visible in bright-field (BF). 141 

 142 
1.18. Pick 10-15 GFP/RFP cells at a time using a capillary pipette (from step 1.1) attached to 143 
flexible silicone tubing (0.4-0.8 mm inner diameter) and dispense the cells into a 100 mm Petri 144 
dish containing fresh oxygenated ACSF.  145 
 146 
1.19. By blocking the end of the tubing valve with the tongue, position the capillary close to the 147 
cell of interest. Capture cells using capillary action upon relieving the block, and quickly block 148 
again to prevent excess fluid from entering the pipette. Dispense the cells onto a 100 mm Petri 149 
dish with fresh oxygenated ACSF by gently blowing, while observing the capillary tip under 150 
fluorescence optics of the dissection microscope. Aim to collect ~100-150 cells total. 151 

 152 
1.20. Repeat step 1.19 once or twice more (depending on debris) and transfer a total of ~50-75 153 
cells to a new 100 mm Petri dish, making sure that contaminants such as debris are minimal in 154 
bright-field differential interference contrast (DIC) optics. 155 

 156 
1.21. Finally, using a fresh microcapillary pipette each time, choose a single cell in no more than 157 
0.5 μL volume and expel it into a single 0.2 mL microfuge tube (or one strip of eight 0.2 mL 158 
microfuge tubes) containing 1 μL of sample collection buffer with primers N10B1-N10B96 (Table 159 
2). Break the pipette tip in the microfuge tube to ensure that the cell stays in the collection buffer. 160 
Discard the pipettes.  161 

 162 
1.22. Freeze the cells by putting tubes on dry ice and storing them long-term in a -80 °C freezer 163 
until they are ready to be processed for RNA amplification. 164 

 165 
2. First Round RNA Amplification  166 
 167 
Note: The following procedure is for single strip of eight 0.2 mL microfuge tubes. Scale the 168 
reactions as needed. 169 
 170 
2.1. Synthesize the first strand of the cDNA (first round). 171 
 172 
2.1.1. Heat strips from step 1.22 at 70 ˚C for 5 min followed by 4 ˚C for 5 min; repeat twice. 173 
 174 



  

2.1.2. Assemble on ice reverse transcriptase (RT) master mix/first-strand synthesis master mix 175 
using the following ingredients (see Table of Materials): 10x first-strand buffer (2 μL), dNTP mix 176 
(4 μL), RNase inhibitor (1 μL), and enzyme (1 μL). 177 
 178 
2.1.3. Briefly centrifuge the strip on a tabletop centrifuge to collect everything at the bottom. 179 
Keep on ice. 180 
 181 
2.1.4. Add 1 μL of RT master mix/first-strand synthesis master mix to the above tubes (total 182 
volume of 1 μL of sample buffer from cell collection + 1 μL of RT = 2 μL/tube). Mix well by 183 
pipetting. Briefly spin to collect the entire content at the bottom and keep it on ice. 184 
 185 
2.1.5. Incubate the above tube/s at 42 °C for 2 h in an air oven. Put the tubes on ice immediately 186 
to terminate the reaction and proceed to second-strand synthesis step. 187 
 188 
2.2. Synthesize the second strand of the cDNA (first round). 189 
 190 
2.2.1. Make second strand master mix (80 μL) on ice in the following order in a 1.5 mL tube: 191 
nuclease-free water (63 μL), 10x second strand buffer (10 μL), dNTP mix (4 μL), DNA polymerase 192 
(2 μL), and RNaseH (1 μL). Mix the ingredients well by vortexing, then spin to collect at the bottom 193 
and keep on ice. 194 
 195 
2.2.2. Start the thermal cycler, run the following program to pre-cool the unit, be ready to start 196 
step 2.2.3 (lid heat = off; 16 °C for 2 h, 4 °C hold), and pause at 16 °C.  197 
 198 
2.2.3. Add an 80 μL/strip (or 10 μL/tube) of second strand master mix to each tube of the strip 199 
and keep on ice. Transfer the strip to the thermal cycler and resume the 16 °C step initiated 200 
above. Incubate the strip for 2 h at 16 °C. 201 
 202 
2.2.4. After the second-strand synthesis step, place the tubes on ice to proceed to the next cDNA 203 
purification step. 204 
 205 
2.3. Purify double stranded cDNA (first round). 206 
 207 
Note: All centrifugations are performed at ~8,000 x g at room temperature. Never exceed 16,000 208 
x g to avoid damage to the filter cartridge. 209 
 210 
2.3.1. Start heating 100 μL of nuclease-free water to 50-55 °C for later use in a dry heating block. 211 
Never exceed 58 °C to prevent partial denaturation of cDNA. 212 
 213 
2.3.2. Add 250 μL of cDNA binding buffer to a 1.5 mL tube. Check for precipitates in the buffer, 214 
then warm the buffer solution to 37 °C for 10 min to re-dissolve precipitates. 215 
 216 



  

2.3.3. Transfer cDNAs from a single 8-tube strip to the cDNA binding buffer. Combine the cells 217 
in this step for further downstream processes (8 cells in 1 tube). Mix thoroughly by pipetting 2-3 218 
times and flicking 3-4 times. Spin to collect the content at the bottom. 219 

 220 
2.3.4. Put the cDNA filter cartridge into wash tubes (from an in vitro transcription (IVT) kit) 221 
firmly. Add the above mix to the center of the filter. Centrifuge at 8,000 x g for ~1 min or until it 222 
is through the filter. Discard the flow-through and replace the wash tube. 223 

 224 
2.3.5. Add 500 μL of wash buffer from the IVT kit to the column.  225 

 226 
Note: Make sure that ethanol has been added to the wash buffer previously. 227 

 228 
2.3.6. Centrifuge at 8,000 x g for ~1 min or until it is through the filter. Discard the flow-through 229 
and centrifuge again at 8,000 x g for ~1 min to empty the cartridge. 230 

 231 
2.3.7. Transfer the cDNA filter to a cDNA elution tube (1.5 mL nuclease-free tube). Apply 8.5 μL 232 
of pre-warmed nuclease-free water to the center of the filter. Wait for 2 min and centrifuge at 233 
8,000 x g for ~1.5 min. 234 

 235 
2.3.8. Elute again with 8.5 μL of pre-warmed nuclease-free water and proceed immediately to 236 
the first round IVT. 237 
 238 
Note: Double-stranded cDNA recovery volume will be ~16 μL. 239 
 240 
2.4. Perform an in vitro transcription (IVT) reaction for amplified RNA (aRNA) production from 241 
cDNA (first round). 242 
 243 
2.4.1. Set the hybridization air oven to 37 °C. 244 
 245 
2.4.2. Prepare the master mix for IVT on ice in the following order: to 16 μL of the eluted double-246 
stranded cDNA from step 2.3.8, add 4 μL of T7 ATP solution (75 mM); 4 μL of T7 CTP solution (75 247 
mM); 4 μL of T7 GTP solution (75 mM); 4 μL of T7 UTP solution (75 mM); 4 μL of T7 10x reaction 248 
buffer; and 4 μL of T7 enzyme mix. Mix well, spin, and hold on ice. 249 
 250 
2.4.3. Add 24 μL of the IVT master mix to each tube containing 16 μL of cDNA. Mix the contents 251 
by pipetting gently and thoroughly. Incubate the tube at 37 °C for 14 h. 252 

 253 
Note: Incubation for < 12 h severely affects yield.  254 

 255 
2.4.4. Add 60 μL of non-diethyl pyrocarbonate (non-DEPC) treated RNase-free water to increase 256 
the volume to 100 μL and stop the IVT reaction. 257 

 258 
2.5. Purify the aRNA. 259 
 260 



  

Note: All centrifugations are performed at ~8,000 x g at room temperature. Never exceed 16,000 261 
x g to avoid damage to the filter cartridge. 262 
 263 
2.5.1. Start heating ~200 μL of nuclease-free water to 50-55 °C for later use in a dry heating 264 
block or PCR machine. Never exceed 58 °C to prevent partial denaturation of aRNA. 265 
 266 
2.5.2. Transfer aRNA to a 1.5 mL nuclease-free tube. Add 350 μL of aRNA binding buffer to each 267 
aRNA sample. Add 250 μL of 100% ethanol to each tube and mix by 3 times by pipetting (do not 268 
vortex to mix and spin). 269 

 270 
2.5.3. Transfer the mix immediately to the RNA purification column by adding it gently to the 271 
center of the filter cartridge. Centrifuge at 8,000 x g for ~1 min or until the mix has passed entirely 272 
through the filter. Discard the flow-through and reuse the waste collection tube. 273 

 274 
Note: RNA will start precipitating upon the addition of ethanol. 275 

 276 
2.5.4. Add 650 μL of wash buffer to each filter cartridge. Centrifuge for ~1 min at 8,000 x g or 277 
until the entire buffer has passed. Discard the flow-through and spin the filters for an additional 278 
~1 min to remove traces of the wash buffer. 279 

 280 
2.5.5. Transfer the filter to a fresh aRNA collection tube. Add 100 μL of pre-heated (50-55 °C) 281 
nuclease-free water to the center of the filter. Wait for 2 min, then centrifuge for ~1.5 min at 282 
8,000 x g or until it has passed into the collection tube. 283 

 284 
3. Second Round Amplification 285 
 286 
3.1. Synthesize the first strand cDNA (second round). 287 
 288 
3.1.1. Transfer aRNA from step 2.5.5 to a 200 μL microfuge tube and vacuum concentrate the 289 
100 μL elutant to 10 μL. Using no heat, run the vacuum concentrator for 65 min. Compare with 290 
10 μL of water in a 200 μL tube to estimate the reduced volume. 291 
 292 
3.1.2. Preheat the hybridization air oven to 42 °C. 293 

 294 
3.1.3. Add 2 μL of random hexamer primers from the IVT kit to aRNA, vortex briefly, and spin to 295 
collect the contents. 296 

 297 
3.1.4. Incubate the microfuge tube at 70 °C for 10 min in a thermal cycler, then place it on ice. 298 

 299 
3.1.5. Prepare the following RT master mix: 2 μL of 10x first strand synthesis buffer, 4 μL of dNTP 300 
mix, 1 μL of RNase inhibitor, and 1 μL of ArrayScript enzyme. Mix well in a 200 μL microfuge tube 301 
by gently vortexing, then spin to collect the contents and place on ice. 302 
 303 



  

3.1.6. Add 8 μL of the RT master mix (first strand) to each microfuge tube. Place the tubes in a 304 
42 °C air incubator for 2 h. 305 

 306 
3.1.7. Add 1 μL of RNaseH to the above reaction. Mix well by pipetting 2-3 times and flicking 3-307 
4 times, and spin to collect the contents. Incubate at 37 °C for 30 min on a PCR machine. After 308 
incubation, proceed to second-strand synthesis step immediately. 309 

 310 
3.2. Synthesize the second strand of cDNA (second round). 311 
 312 
3.2.1. Add 3 μL of T7-RA5 primer (at 25 ng/μL working dilution, Table 2) and 2 μL of RNase-free 313 
water to each cDNA sample. Mix well, and spin to collect the contents. 314 
 315 
3.2.2. Incubate at 70 °C for 10 min in a thermal cycler. Place the reaction on ice. 316 
 317 
3.2.3. Prepare the RT master mix (second strand) on ice: 58 μL of nuclease-free water, 10 μL of 318 
10x second strand buffer, 4 μL of dNTP mix, and 2 μL of DNA polymerase. Mix well by vortexing 319 
and spin to collect the contents. Keep on ice. 320 
 321 
3.2.4. Add 74 μL of the above mix to each tube from step 3.2.2. Mix well by pipetting 2-3 times 322 
and flicking 3-4 times, then spin to collect the contents. Keep on ice and hold. 323 
 324 
3.2.5. Pre-cool the thermal cycler to 16 °C by turning off the lid heat. Place the tubes in the 325 
thermal cycler for 2 h at 16 °C.  326 
 327 
3.2.6. After the second-strand synthesis step, place the tubes on ice to proceed to the cDNA 328 
purification step, or freeze at -20 °C. 329 

 330 
Note: cDNA purification is recommended before freezing. 331 
 332 
3.3. Perform cDNA purification (second round). 333 
 334 
Note: All centrifugations are performed at ~8,000 x g at room temperature. Never exceed 16,000 335 
x g to avoid damage to the filter cartridge. 336 
 337 
3.3.1. Start heating nuclease-free water to 50-55 °C for later use in a dry heating block. Never 338 
exceed 58 °C to prevent partial denaturation of cDNA. 339 
 340 
3.3.2. Transfer the cDNA to a 1.5 mL nuclease-free tube. Add 250 μL of cDNA binding buffer to 341 
each tube. Check for precipitates in the buffer and warm the buffer solution to 37 °C for 10 min 342 
to re-dissolve. Mix thoroughly by pipetting 2-3 times and flicking 3-4 times. Spin to collect the 343 
contents. 344 
 345 



  

3.3.3. Firmly put the cDNA filter cartridge in the wash tubes. Add the above mix to the center of 346 
the filter. Centrifuge at 8,000 x g for ~1 min or until it is through the filter. Discard the flow-347 
through and replace the wash tube. 348 
 349 
3.3.4. Add 500 μL of wash buffer. Make sure ethanol has been added to the wash buffer 350 
previously. Centrifuge at 8,000 x g for ~1 min or until it is through the filter.  351 
 352 
3.3.5. Discard the flow-through, and centrifuge again at 8,000 x g for ~1 min to empty the 353 
cartridge. Transfer the cDNA filter to a cDNA elution tube. 354 
 355 
3.3.6. Apply 8.5 μL of pre-warmed nuclease-free water to the center of the filter. Wait for 2 min 356 
and centrifuge at 8,000 x g for ~1.5 min. Elute again with additional 8.5 μL of pre-warmed 357 
nuclease-free water. 358 
 359 
Note: Double-stranded cDNA recovery volume will be ~16 μL. 360 
 361 
3.3.7. Proceed immediately to second round IVT or freeze the cDNA at -20 °C overnight. 362 
 363 
3.4. Perform a second round of aRNA production by IVT. 364 
 365 
3.4.1. Set hybridization air oven to 37 °C (36 °C setpoint). 366 
 367 
3.4.2. Prepare the master mix for IVT on ice in the following order: to 16 μL of the eluted double-368 
stranded cDNA from step 3.3.7, add 4 μL of T7 ATP solution (75 mM); 4 μL of T7 CTP solution (75 369 
mM); 4 μL of T7 GTP solution (75 mM); 4 μL of T7 UTP solution (75 mM); 4 μL of T7 10x reaction 370 
buffer; and 4 μL of T7 enzyme mix. Mix well, spin briefly to collect the contents, and hold on ice. 371 
 372 
3.4.3. Add 24 μL of the IVT master mix to each tube containing 16 μL of cDNA. Mix the contents 373 
by pipetting gently and thoroughly. Incubate tube at 37 °C for 14 h.  374 

 375 
Note: Incubation for < 12 h severely affects yield.  376 
 377 
3.4.4. Add 60 μL of non-DEPC treated RNase-free water to increase the volume to 100 μL and 378 
stop the IVT reaction. 379 
 380 
3.5. Perform aRNA purification (second round). 381 
 382 
Note: All centrifugations are performed at ~8,000 x g at room temperature. Never exceed 16,000 383 
x g to avoid damage to the filter cartridge. 384 
 385 
3.5.1. Start heating ~200 μL of nuclease-free water to 50-55 °C for later use in a dry heating 386 
block or PCR machine. Never exceed 58 °C to prevent partial denaturation of the aRNA. 387 
 388 



  

3.5.2. Transfer the aRNA to a 1.5 mL nuclease-free tube. Add 350 μL of aRNA binding buffer to 389 
each aRNA sample. Add 250 μL of ACS grade 100% ethanol to each tube and mix 3 times by 390 
pipetting (do not vortex to mix and spin). 391 
 392 
Note: RNA will start precipitating upon the addition of ethanol. 393 
 394 
3.5.3. Transfer the mix immediately to the RNA purification column by adding it gently to the 395 
center of the filter cartridge. Centrifuge at 8,000 x g for ~1 min or until the mix has passed entirely 396 
through the filter. Discard the flow-through and reuse the waste collection tube. 397 
 398 
3.5.4. Add 650 μL of wash buffer to each filter cartridge. Centrifuge for ~1 min at 8,000 x g or 399 
until the entire buffer has passed. Discard the flow-through and spin the filters for an additional 400 
~1 min to remove traces of the wash buffer. 401 
 402 
3.5.5. Transfer the filters to a fresh aRNA collection tube. Add 100 μL of pre-heated nuclease-403 
free water to the center of the filter. Wait for 2 min, then centrifuge for ~1.5 min at 8,000 x g or 404 
until it has passed. 405 
 406 
3.5.6. Aliquot 2 μL in a tube for spectrophotometer (at 260 nm wavelength) and bioanalyzer 407 
spread analyses to check for aRNA yield and quality. 408 
 409 
Note: Concentration must be at least 5 ng/μL; otherwise, reject the sample. The sample can be 410 
stored for ~1 year at -80 °C. Avoid freeze-thawing the samples.  411 
 412 
3.5.6. Check the samples using a bioanalyzer to visualize proper spreading of aRNA products 413 
following the manufacturer’s protocol (Figure 2). 414 
 415 
4. Amplified RNA Fragmentation and Cleanup 416 
 417 
4.1. Mix the following on ice (total volume 40 μL, combine 2 tubes of aRNA non-overlapping 418 
sample bar codes): 36 μL of aRNA (200 ng total) and 4 μL of RNA fragmentation buffer. Incubate 419 
the mixture at 94 °C for 90 s. 420 
 421 
4.1. Immediately move the mixture to ice and add 4 μL of RNA fragmentation stop buffer. Adjust 422 
the volume to 100 μL by adding 56 μL of nuclease-free water. 423 
 424 
4.2. Add 350 μL of RLT buffer from the RNA purification kit (see Table of Materials) and mix well 425 
by pipetting. Add 250 μL of EtOH, mix well by pipetting, and transfer the sample to the RNA 426 
purification spin column. Spin for 15 s at 8,000 x g. 427 
 428 
4.3. Transfer the column to new collection tube and add 500 μL of RPE buffer. Spin for 15 s at 429 
8,000 x g. Discard the flow-through. Add 500 μL of 80% EtOH and spin for 2 min at 8,000 x g. 430 
 431 



  

4.4. Transfer the column to a new collection tube, open lid of column, and spin for 5 min at full 432 
speed. 433 
 434 
4.5. Transfer the column to a new collection tube, and elute with 16 μL of nuclease-free water, 435 
spinning at full speed for 1 min. 436 
 437 
5. Library Preparation 438 
 439 
Note: IVTs can be pooled at this point, if there is no overlap in barcodes used. The phosphatase 440 
treatment time is 40 min. Poly-nucleotide kinase treatment time is 1 h. 441 
 442 
5.1. To 16 μL of fragmented aRNA in a 0.7 mL PCR tube, add 4 μL of the following mix: 2 μL of 443 
10x phosphatase buffer, 1 μL of Antarctic phosphatase, and 1 μL of recombinant ribonuclease 444 
inhibitor (e.g., RNaseOUT). Incubate in a thermal cycler with the following protocol: 37 °C for 30 445 
min, 65 °C for 5 min, and hold at 4 °C. 446 
 447 
5.2. To the 0.7 mL PCR tube from step 5.1, add 30 μL of the following mix: 17 μL of nuclease-448 
free water, 5 μL of 10x phosphatase buffer, 5 μL of ATP (10 mM), 1 μL of recombinant 449 
ribonuclease inhibitor, and 2 μL of PNK. Incubate in the thermal cycler at 37 °C for 60 min, then 450 
hold at 4 °C. 451 

 452 
5.3. Perform a column cleanup of phosphatase and PNK-treated aRNA. 453 
 454 
5.3.1. Adjust volume to 100 μL by adding 50 μL of nuclease-free water. Add 350 μL of RLT buffer 455 
and mix well. Add 250 μL of EtOH, mix well by pipetting, and transfer the sample to the RNA 456 
purification spin column. 457 
 458 
5.3.2. Spin for 15 s at 8,000 x g. Transfer the column to a new collection tube and add 500 μL of 459 
RPE buffer. 460 

 461 
5.3.3. Spin for 15 s at 8,000 x g. Discard the flow-through and add 500 μL of 80% EtOH. 462 

 463 
5.3.4. Spin for 2 min at 8,000 x g. Transfer the column to a new collection tube, open the lid of 464 
column, and spin for 5 min at full speed. 465 

 466 
5.3.5. Transfer the column to a new collection tube and elute with 14 μL of nuclease-free water, 467 
spinning at full speed for 1 min to recover a ~10 μL volume of material. Discard the column. 468 
Reduce the volume to 5 μL using a vacuum concentrator for ~10 min. 469 
 470 
5.4. Ligate a 3’ adapter using a commercial kit (see Table of Materials). 471 
 472 
5.4.1. Dilute the 3’ adapter (RA3) from TrueSeq kit 3 folds with nuclease-free water and store 473 
the aliquots at -20 °C. 474 
 475 



  

5.4.2. To 5 μL of phosphatase and PNK-treated RNA, add 1 μL of diluted 3’ adaptor. Incubate at 476 
70 °C for 2 min, and then immediately place the tube on ice to prevent secondary structure 477 
formation. 478 

 479 
5.4.3. Add 4 μL of the following mix: 2 μL of 5x HM ligation buffer (HML), 1 μL of RNase inhibitor, 480 
and 1 μL of T4 RNA ligase 2 (truncated). Incubate the tube on the pre-heated thermal cycler at 481 
28 °C for 1 h (unheated or with the lid open). 482 

 483 
5.4.4. With the reaction tube remaining on the thermal cycler, add 1 μL of stop solution (STP) 484 
and gently pipette the entire volume up and down 6-8 times to mix thoroughly. Continue to 485 
incubate the reaction tube on the thermal cycler at 28 °C for 15 min, then place the tube on ice. 486 

 487 
5.4.5. Add 3 μL of nuclease-free water to obtain a total volume of 12 μL. Use 6 μL and store the 488 
remaining 6 μL at -80 °C.  489 
 490 
5.5. Perform a reverse transcription reaction. 491 
 492 
5.5.1. Combine the following in a PCR tube: 6 μL of adapter-ligated RNA and 1 μL of RNA RT 493 
primer (RTP). Incubate the tube at 70 °C for 2 min, then immediately place the tube on ice. 494 
 495 
5.5.2. Add 5.5 μL of the following mix: 2 μL of 5x first strand buffer, 0.5 μL of 12.5 mM dNTP mix, 496 
1 μL of 100 mM DTT, 1 μL of RNase inhibitor, and 1 μL of reverse transcriptase. Incubate the tube 497 
in the pre-heated thermal cycler at 50 °C for 1 h, then place the tube on ice (samples can be kept 498 
at -20 °C). 499 
 500 
5.6. Perform PCR amplification with 11-15 cycles to enrich 5’, 3’-primer ligated product. 501 
 502 
5.6.1. To each reverse transcription reaction, add 35.5 μL of the following mix: 8.5 μL of ultra-503 
pure water, 25 μL of PCR mix (PML), and 2 μL of RNA PCR primer (RP1). To each reaction, add 2 504 
μL of a uniquely indexed RNA PCR primer (RPIX, X = 1 through 24). 505 
 506 
5.6.2. Amplify the tube in the thermal cycler using the following PCR cycling conditions: 98 °C 507 
for 30 s; 12-15 cycles of 98 °C for 10 s; 60 °C at 30 s; 72 °C for 30 s; 72 °C for 10 min; then hold at 508 
4 °C. 509 
 510 
6. PCR Product Cleanup and Size Selection 511 
 512 
6.1. Prewarm AmpureXP magnetic beads at room temperature. Vortex the beads until they are 513 
well-dispersed, then add 50 μL to the 50 μL PCR reaction (1:1 PCR product:beads). Mix the 514 
contents up to ten times to mix thoroughly. 515 
 516 
6.2. Incubate at room temperature for 15 min. Place on a magnetic stand for at least 5 min, until 517 
the liquid appears clear. Remove and discard 95 μL of the supernatant. 518 
 519 



  

6.3. Add 200 μL of freshly prepared 80% EtOH. Incubate for at least 30 s, then remove and 520 
discard the supernatant without disturbing the beads. Repeat this once more. 521 
 522 
6.4. Air-dry the beads for 15 min or until completely dry. Resuspend with 32.5 μL of 523 
resuspension buffer. Pipette the entire volume up and down ten times to mix thoroughly. 524 
 525 
6.5. Incubate at room temperature for 2 min. Place on a magnetic stand for 5 min, until the 526 
liquid appears clear. Transfer 30 μL of the supernatant to a new tube. Add 20 μL of nuclease-free 527 
water to obtain a 50 μL total volume. 528 
 529 
6.6. Perform size selection of the PCR products with solid phase reversible immobilization (SPRI) 530 
magnetic beads. 531 
 532 
6.6.1. Add 0.7x volume (35 μL) of SPRI beads to the tube prepared in step 6.5 and mix thoroughly 533 
by pipetting. Incubate for 5 min at room temperature. 534 
 535 
6.6.2. Place the tube on a magnetic stand and wait for 5 min or until the beads separate. Remove 536 
the supernatant carefully without disturbing the beads. 537 

 538 
6.6.3. Add 200 μL of freshly prepared 85% EtOH. Wait for 30 s, then remove the EtOH. Air-dry 539 
the beads for 10 min. 540 
 541 
6.7. Add 20 μL of nuclease-free water. Place the tube back on the magnet, wait for 5 min, and 542 
pipette off the liquid portion without disturbing or touching the beads. Store the DNA at -20 °C. 543 
 544 
7. Determination of Library Amount and Quality 545 
 546 
7.1. Check the concentration of DNA with a spectrophotometer at 260 nm wavelength 547 
(expected concentration is at least ~5-10 ng/μL). 548 
 549 
7.2. Run 1 μL of each sample on a bioanalyzer using a high-sensitivity DNA chip to examine size 550 
distribution (expected peak is at 300-400 bp (see Figure 3)). 551 
 552 
8. Sample Submission 553 
 554 
8.1. Combine non-overlapping sequencing PCR barcodes (1:1 ratio). For example, combine PCR 555 
products of samples with RPI-1 and RPI-2, RPI-3 and RPI-4 together in equal nanogram amounts 556 
each, according to the RNA sequencing core’s total input sample amount requirement 557 
recommendations.  558 
 559 
8.2. After combining, adjust the total concentration to 5 ng/μL and at least a 10 μL volume or as 560 
recommended by the sequencing facility core. 561 
 562 
REPRESENTATIVE RESULTS: 563 



  

Using the protocol described above, GABAergic neurons were manually sorted (Figure 1) and 564 
RNA was amplified, then made into a cDNA library (Figure 2) and sequenced at high depth8. The 565 
amplified RNA (aRNA) products ranged between 200-4000 bp in size, with a peak distribution 566 
slightly above 500 bp (Figure 3A). The bead-purified cDNA library was further size-restricted by a 567 
second round of purification using beads that eliminated smaller fragments less than 200 bp 568 
(Figure 3B and 3C) and with a peak at ~350 bp. Having shorter fragments will lead to empty reads 569 
(no mRNA inserts, only adapter and primer sequences), whereas longer fragments will occupy 570 
more space on the flow cells, reducing total read output. Upon sequencing, we routinely 571 
obtained a 4.8 × 105 median, or 6.9 × 105 average mapped reads per cell (Figure 4A). After 572 
duplicate RNA removal using UMIs, each single cell had a 1.0 × 105 median, or 1.4 × 105 average 573 
unique reads per cell (Figure 4B). In each single cell external RNA controls consortium (ERCC), 574 
spike-in RNA was used as an internal control for which the absolute number of molecules that 575 
are added to the sample can be calculated. There was a linear relationship of input to observed 576 
counts, with a slope of 0.92 and adjusted R2 = 0.94 (Figure 4C). We detected on average ~10,000 577 
genes per single neuron (ranging from ~7,500 to 12,000 genes/cell), with > 95% of the single cells 578 
detecting > 6,000 genes (Figures 4D-4F). This number compares favorably against published data 579 
from similar mouse brain-derived single neurons (e.g., 1,865-4,760 genes in Zeisel et al.9, 7,250 580 
genes in Tasic et al.10, and 8,000 genes in Okaty et al.11). Readers are directed to Poulin et al.12 581 
for a detailed comparison. 582 
 583 
FIGURE AND TABLE LEGENDS: 584 
Figure 1: Workflow of manual sorting of neurons followed by DIVA-Seq. Fresh mouse brains 585 
were collected and sliced, and the region of interest was microdissected. Single neurons 586 
expressing fluorescent proteins were collected manually and amplified using two rounds of linear 587 
amplification by in vitro transcription. 588 
 589 
Figure 2: Schematic workflow of DIVA-Seq with two rounds of amplification while 590 
incorporating unique molecular identifiers (UMIs) or varietal-tags. Sample bar code (SBC) allows 591 
each single cell to be identified by its 9-nucleotide code (teal). UMI is a stretch of random 592 
nucleotides 10 bp in length that is different for each primer used. During the bioinformatics step, 593 
two mapped transcripts having the same UMI sequence will be counted only once, thus 594 
eliminating amplification duplicates and allowing for absolute transcript counting. RA5 and RA3 595 
are sequencing primers, and T7-RA5 primer is needed to add the T7 sequences back to the first-596 
round aRNA products so that the T7 RNA polymerase can rebind and perform a second round of 597 
linear amplification by in vitro transcription. 598 
 599 
Figure 3: Example bioanalyzer plots. A. aRNA size distributions should be between 200-4000 bp 600 
with a peak at around 500 bp. X-axis has arbitrary fluorescence unit [FU]. B. Size distribution of 601 
cDNA library products after bead cleanup. C. Size distribution after 0.7x SPRI size selection (step 602 
6.6) with a peak around 350 bp. 603 
 604 
Figure 4: Example sequence read distributions and gene detection from manually-sorted 605 
neurons after DIVA-Seq8. A. Total mapped read distribution. B. Total unique reads distribution. 606 
C. ERCC reads show linear relationship over 4 orders of magnitude. D. Genes detected vs. read 607 



  

counts shows that > 95% single cells have > 6000 genes/cell. E. Genes detected amongst 6 608 
interneuron types are comparable. F. Distribution of genes detected per cell, GEO accession 609 
#GSE92522. This figure has been adapted from Paul et al.8.  610 
 611 
Table 1: List of solutions and buffers. 612 
 613 
Table 2: List of primers and sequences. N10B1-N10B96 are first strand primers and T7-RA5 is the 614 
second-round primer. 615 
 616 
DISCUSSION: 617 
The manual sorting protocol is suitable for a supervised RNA sequencing of neuron populations 618 
that are either sparsely labeled in the mice brain or are representing a rare cell population that 619 
is otherwise not feasible to study using current high-throughput cell sorting and amplification 620 
methods. Cells subjected to FACS usually undergo sheath and sample line pressures in the range 621 
of ~9-14 psi, depending on nozzle size and desired event rates. In addition, upon being ejected 622 
from the nozzle, the cells can land hard on the surface of the collection tube or wells coated with 623 
sample buffer causing impact stress. During manual sorting, such high pressures are never 624 
applied, as the cells are sucked into the pipette by capillary action and expelled by gently blowing 625 
them out and simply breaking tips of the glass pipettes. The DIVA-Seq protocol is useful for RNA 626 
amplification from cells with small cellular volumes (< 8 μL) and low starting material and 627 
consistently yields large numbers of detectable genes (8-10 K), which, when coupled with deep 628 
sequencing, allows for detailed reconstructions of a coherent molecular picture of cellular 629 
functions underlying cell identity8,13,14. Due to purity of cell collection steps, high sensitivity of 630 
gene detection, and the ability to perform absolute molecule counts, this method is useful for 631 
studying cellular states and disease pathophysiology with high depth and precision. 632 
 633 
While the yield of amplified RNA and the degree of gene detection is relatively high in this 634 
protocol, certain procedural measures help maintain consistency. During second-strand 635 
synthesis, assembly must be done on ice, the thermal cycler must be pre-cooled before transfer 636 
to the unit, and the reaction must be done strictly at 16 °C (or slightly below) to avoid formation 637 
of hairpins that may reduce aRNA yield. It is also advised not to exceed 2 h at 16 °C during second-638 
strand synthesis, and it is important to move to the cDNA purification step as soon as possible. 639 
During the IVT steps, incubation for less than 12 h might reduce aRNA yield, whereas exceeding 640 
14 h of IVT time may result in some aRNA degradation. 641 
 642 
We did not perform a comparative study with the same input sample from litter-mates subjected 643 
to FACS and manual sorting using DIVA-Seq; hence, we do not claim that any particular gene 644 
category is misregulated in FACS and not in manual sorting. Both FACS and manual sorting will 645 
likely introduce some degree of gene expression artifacts. For differential gene expression 646 
situations, any such effect should in theory cancel out one another, as it will be manifested in 647 
both the control and sample groups. Recently, a cocktail of transcription inhibitors have been 648 
used to prevent the activation of immediate early gene expression, and such steps can also be 649 
incorporated to this protocol15. 650 
 651 



  

The manual sorting process is gentle and quicker (usually 90-160 min) compared to FACS 652 
(excluding the sample preparation times) that requires density gradient centrifugation, staining 653 
with viability, cytotracker dyes, and post-sorting visualization. Manual sorting does not subject 654 
the cells to high sheath pressure and impact stress upon sorting onto wells. It also allows near-655 
constant access to oxygenated ACSF and overall provides a hospitable and less stressful sorting 656 
environment, which may be crucial for cells that are sensitive to stress such as fast spiking cells 657 
with high metabolic demands. In DIVA-Seq currently, up to 96 cells can be multiplexed to save 658 
reagent costs and provide absolute mRNA counting with high gene counts per cell.  659 
 660 
However, there are drawbacks to this method; for example, manual sorting needs reliable 661 
fluorescently labeled cells as a starting population. It is inherently a low-throughput process, with 662 
each sorting session yielding 32-64 cells at its maximum, which is considerably lower than in 663 
FACS. Manual sorting also requires fine motor skills and some practice to manipulate glass 664 
pipettes under a dissection microscope and capture single cells in microcapillary pipettes. The 665 
DIVA-Seq amplification is 3’-biased; hence, it cannot be used for whole transcriptome 666 
amplification and is also not suitable for splice isoform detection. 667 
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Buffer Item Concentration Amount (µL)

Sample Collection buffer Recombinant ribonuclease inhibitor 55

ERCC 1:50K diluted 110

Nuclease free water 605

Aliquot 43.75 µL of above into 16 tubes (2 strips of 8; 200 µL PCR tubes); add following per tube

T7-UMI-primers (e.g.  N10B1-N10B16) 1 ng/µL 6.25  µL/tube

Final volume in each tube 50 µL (each tube can be split in 25 µL aliquots and frozen at -80 °C)

Solutions: Item Concentration Amount

ACSF: to make 5 L dissolve NaCl 126 mM 36.8 g

KCl 3 mM 1.15 g

NaH2PO4 1.25 mM 0.75 g

NaHCO3 20 mM 8.4 g

To 500 mL of ACSF, bubble oxygen for 10-15 min then add following fresh each time:

D-glucose 20 mM 1.8 g

MgSO4 2 mM 0.5 mL from 4 M stock

CaCl2 2 mM 0.5 mL from 4 M stock

Keep ACSF oxygenated through out

Solutions: Item Concentration

Activity blocker cocktail: make a 100x stock

To 100 mL ACSF add

APV 0.05 mM

CNQX 0.02 mM

TTX 0.0001 mM (0.1 µM)

Solutions: Item Amount

Protease soltion (100 mL) Protease from Streptomyces griseus 100 mg

Fetal bovine serum: commercial source, aliquot in 500 µL for each use.
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Amount (µL)

Aliquot 43.75 µL of above into 16 tubes (2 strips of 8; 200 µL PCR tubes); add following per tube

6.25  µL/tube

Final volume in each tube 50 µL (each tube can be split in 25 µL aliquots and frozen at -80 °C)

To 500 mL of ACSF, bubble oxygen for 10-15 min then add following fresh each time:

0.5 mL from 4 M stock

0.5 mL from 4 M stock



Name

T7-RA5

N10B1

N10B2

N10B3

N10B4

N10B5

N10B6

N10B7

N10B8

N10B9

N10B10

N10B11

N10B12

N10B13

N10B14

N10B15

N10B16

N10B17

N10B18

N10B19

N10B20

N10B21

N10B22

N10B23

N10B24

N10B25

N10B26

N10B27

N10B28

N10B29

N10B30

N10B31

N10B32

N10B33

N10B34

N10B35

N10B36

N10B37

N10B38

N10B39

Table 2 Click here to access/download;Table;Table-2.xlsx

http://www.editorialmanager.com/jove/download.aspx?id=882288&guid=a0cf502c-a90a-449a-8103-d7af1c2e20d9&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=882288&guid=a0cf502c-a90a-449a-8103-d7af1c2e20d9&scheme=1


N10B40

N10B41

N10B42

N10B43

N10B44

N10B45

N10B46

N10B47

N10B48

N10B49

N10B50

N10B51

N10B52

N10B53

N10B54

N10B55

N10B56

N10B57

N10B58

N10B59

N10B60

N10B61

N10B62

N10B63

N10B64

N10B65

N10B66

N10B67

N10B68

N10B69

N10B70

N10B71

N10B72

N10B73

N10B74

N10B75

N10B76

N10B77

N10B78

N10B79

N10B80



N10B81

N10B82

N10B83

N10B84

N10B85

N10B86

N10B87

N10B88

N10B89

N10B90

N10B91

N10B92

N10B93

N10B94

N10B95

N10B96



Primer Sequence

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATC

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGTAACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTAGGAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGCACAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNACTCTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCTGACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGACGTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTTCTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAAGATCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGTGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTTATGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGGTACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTCTACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCTAAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGCGTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCAGTTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGCAAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTATCTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATACTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGAGCAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGAGGTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCTGTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATACAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTATGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTCTTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGTTACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCATCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCGATCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTCTACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTACATGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTATGAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCGTTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCCACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCACTAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGACTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGCACACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTCTTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGGCAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTATACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN



CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCAACTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCCTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGAGACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGCACTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTAGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGACTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCCTACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCATTACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTCTTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGCTACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNACTATCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGGTTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAAGGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGCGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGACTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCGGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGATTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTAGCACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAAGCTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGATAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGGAGTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGGATGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGGTGTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGGCCACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCAACACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGCATTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNACGATCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGCAACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTACTACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTAGATCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCCAAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCAGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGACTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNACATTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGCCTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGTGTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGAGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGGCTTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCTAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGCAATCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN



CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGGCATCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCATTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAAGCACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTTGAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATGAAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCATAAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTGTTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNACCTTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGAATGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCTGAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCCGTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCTGTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTGTTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGTGAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTGTACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCACGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN



CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGTAACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTAGGAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGCACAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNACTCTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCTGACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGACGTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTTCTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAAGATCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGTGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTTATGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGGTACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTCTACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCTAAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGCGTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCAGTTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGCAAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTATCTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATACTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGAGCAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGAGGTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCTGTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATACAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTATGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTCTTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGTTACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCATCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCGATCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTCTACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTACATGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTATGAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCGTTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCCACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCACTAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGACTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGCACACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTCTTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGGCAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTATACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN



CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCAACTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCCTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGAGACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGCACTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTAGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGACTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCCTACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCATTACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTCTTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGCTACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNACTATCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGGTTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAAGGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGCGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGACTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCGGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGATTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTAGCACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAAGCTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGATAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGGAGTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGGATGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGGTGTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGGCCACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCAACACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGCATTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNACGATCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGCAACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTACTACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTAGATCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCCAAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCAGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCGACTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNACATTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGCCTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGTGTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGAGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGGCTTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATCTAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGCAATCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN



CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGGCATCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCATTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAAGCACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTTGAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNATGAAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCATAAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNGTGTTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNACCTTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTGAATGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCTGAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNTCCGTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCCTGTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTGTTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNAGTGAGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCTGTACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN

CGATTGAGGCCGGTAATACGACTCACTATAGGGGTTCAGAGTTCTACAGTCCGACGATCNNNNNNNNNNCACGACCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN



Name of Material/ Equipment Company

ERCC RNA Spike-In Control Mixes Thermo Fisher

SuperScript III Thermo Fisher

RNaseOUT Recombinant Ribonuclease 

Inhibitor
Thermo Fisher

RNA fragmentation buffer New England Biolabs

RNA MinElute kit Qiagen

Antarctic phosphatase New England Biolabs

Poly nucleotide kinase New England Biolabs

T4 RNA ligase2, truncated New England Biolabs

Ampure Xp magnetic  beads Beckman Coulter

SPRIselect size selection magnetic beads Thermo Fisher

DL-AP5 Tocris

CNQX Tocris

TTX Tocris

Protease from Streptomyces griseus Sigma-Aldrich

Message Amp II kit Thermo Fisher

Carbogen Airgas

Sylgard 184 Sigma-Aldrich

Illumina TrueSeq smallRNA kit Illumina

Bioanalyzer RNA Pico chip Agilent

Bioanalyzer High Sensitvity DNA chip Agilent

Bioanalyzer 2100 Agilent

Table of Materials Click here to access/download;Table of
Materials;58690_Materials.xlsx
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Dissection microscope with fluorescence 

and bright field illumination with DIC 

optics.  (Leica model MZ-16F).

Leica

Glass microcapillary: Borosilicate capillary 

tubes 500/pk. OD= 1 mm, ID=0.58 mm, 

wall= 0.21 mm, Length= 150 mm.

Warner instruments

Capillary pipette puller Sutter Instruments Co

Vibratome Thermo Microm

Vibratome tissue cooling unit Thermo Microm



Catalog Number Comments/Description

Cat# 4456740

Cat# 18080093

Cat# 10777019

Cat# E6105S

Cat# 74204

Cat# M0289

Cat# M0201

Cat# M0242

Cat# A63880

Cat# B23317

Cat# 0105

Cat# 1045

Cat# 1078

Cat# P5147

Cat# AM1751

Cat# UN3156

Cat# 761036

Cat# RS-200-0012

Cat# 5067-1513

Cat# 5067-4626



Model MZ-16F

Model GC100-15, Order# 30-0017

P-97

HM 650V

CU 65
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

� Standard Access  � Open Access
 
Item 2: Please select one of the following items: 

� The Author is NOT a United States government employee. 

� The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

� The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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A single-cell RNA sequencing method using manual sorting and double in-
vitro transcription with absolute mRNA counts (DIVA-Seq) for fluorescently 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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To 
Science Editor, 
Journal of Visualized Experiments 
1 Alewife Center, Suite 200,  
Cambridge, MA 02140 
 
 
 
Subject: Revised manuscript # JoVE58690_R0 
 
 
Dear Dr. Ronald Myers, 
 
We are glad to receive positive comments from the reviewers. I would like to submit 
revised version of our manuscript to JoVE. We have addressed all editorial and 
reviewer’s comments. Please find an updated manuscript file, and a point-by-point 
rebuttal. 
 
Sincerely, 

 
Anirban Paul. 
Senior Research Associate, 
Cold Spring Harbor Laboratory, 
NY 11724. 
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Editorial comments: 
Changes to be made by the Author(s) regarding the manuscript: 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure 
that there are no spelling or grammar issues. The JoVE editor will not copy-edit 
your manuscript and any errors in the submitted revision may be present in the 
published version. 
All changes tracked 
 
2. Please note that Open Access is checked in the uploaded ALA, while in the 
Questionnaire Responses Standard Access is selected. Please be consistent. 
We have chosen Standard Access, and have modified our Author License 
Agreement accordingly. 
 
3. Please obtain explicit copyright permission to reuse any figures from a 
previous publication. Explicit permission can be expressed in the form of a letter 
from the editor or a link to the editorial policy that allows re-prints. Please upload 
this information as a .doc or .docx file to your Editorial Manager account. The 
Figure must be cited appropriately in the Figure Legend, i.e. “This figure has 
been modified from [citation].” 
Cell editorial policy says “You do not need to ask our permission to use images 
or information that you have previously published in a Cell Press journal; we ask 
only that you cite the original publication.” Link https://www.cell.com/cell/authors 
 
4. Figure 3: Please provide the unit for x-axis in panel A. 
x-axis unit is arbitrary fluorescence units [FU], explanation added in legend for 
Figure 3 
 
5. Figure 4F: Please remove the citation in the figure; instead cite the reference 
properly in the figure legend. 
Citation moved to legend 
 
6. Please do not number the Table of Materials in the article. 
Table of Materials not numbered in article 
 
7. Table 2: Please used SI abbreviations for all units and include a space 
between all numbers and their corresponding units. Please remove all 
commercial language (Tocris, Sigma, etc.). 
SI abbreviations used, added space, commercial language removed 
 
8. Please revise the title to be more concise if possible. 
Title reworded 
 
9. Please provide an email address for each author. 
Email ID of all authors added in affiliations 
 
10. Please spell out each abbreviation the first time it is used. 



First time abbreviations spelled out 
 
11. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc. 
SI abbreviations used 
12. Please include a space between all numbers and their corresponding units: 
15 mL, 37 °C, 60 s; etc. 
Spaces inserted 
 
13. JoVE cannot publish manuscripts containing commercial language. This 
includes trademark symbols (™), registered symbols (®), and company names 
before an instrument or reagent. Please remove all commercial language from 
your manuscript and use generic terms instead. All commercial products should 
be sufficiently referenced in the Table of Materials and Reagents. For example: 
Fluidigm C1, Sutter, Airgas, Sylgard, Qiagen, Illumina, AMPure, Nanodrop, etc. 
Commercial language removed as much as practicable 
 
14. Please add more details to your protocol steps. There should be enough 
detail in each step to supplement the actions seen in the video so that viewers 
can easily replicate the protocol. Please ensure you answer the “how” question, 
i.e., how is the step performed? Alternatively, add references to published 
material specifying how to perform the protocol action. For example: 
1.1: Please specify the source materials for the microcapllaries and the length of 
microcapiilaries. 
Specified and also mentioned in material table 
 
1.2: Please describe how to oxygenate. Please mention how oxygen is supplied 
to the liquid. 
Described 
 
1.6: Please specify the age, gender and strain of mouse. Please specify all 
surgical instruments used. Please do not highlight euthanasia. 
specified 
 
1.7: What container is used in this step? 
specified 
 
1.8: Is the brain frozen before sectioning? 
No and clarified as such in text 
 
1.9: What is used to hold the fresh slices? How many slices are needed? How to 
keep bubbling oxygen? 
Specified and added to text 
 
1.10: what containers are used? Are the slices placed in the same container? 
What volume of the solution is needed? 
Specified and added to text 



 
1.12: What is used to cut cortical areas? 
Specified and added to text 
 
1.13: How many pieces are placed in one tube? 
Specified and added to text 
 
1.16: How to observe GFP/RFP signal? 
Specified and added to text 
 
2.2.4: What is incubation temperature? 
Specified and added to text 
 
2.3.5: Please specify the type of wash tube. 
Specified and added to text  
 
2.3.9/2.5.8: Please provide composition of wash buffer. 
Wash buffer comp not specified by vendor of IVT MessageAmp-II (Ambion) but 
supplied as part of Cat#AM1751 
 
7.1: Please add more details here. What wavelengths are measured? 
Specified and added to text  
 
7.2, 8.1 and 8.2: Please describe how these steps are actually done. 
Will vary depending on sequencing facility requirement. Generic amounts 
mentioned. 
 
15. Please specify centrifugation parameters throughout. 
Specified and added to text 
  
16. Please revise the protocol (2.1.2, 2.1.3, 3.1.1, etc.) to contain only action 
items that direct the reader to do something (e.g., “Do this,” “Ensure that,” etc.). 
The actions should be described in the imperative tense in complete sentences 
wherever possible. Avoid usage of phrases such as “could be,” “should be,” and 
“would be” throughout the Protocol. Any text that cannot be written in the 
imperative tense may be added as a “Note.” Please include all safety procedures 
and use of hoods, etc. Please move the discussion about the protocol to the 
Discussion. 
Text moved to discussion where needed 
 
17. Please combine some of the shorter Protocol steps so that individual steps 
contain 2-3 actions and maximum of 4 sentences per step. 
Combined where possible 
 
18. Please include single-line spaces between all paragraphs, headings, steps, 
etc. 



Single space used throughout 
 
 
19. After you have made all the recommended changes to your protocol (listed 
above), please re-evaluate your protocol length. There are a 10 page limit for the 
Protocol, and a 2.75 page limit for filmable content. Please highlight 2.75 pages 
or less of the Protocol (including headings and spacing) that identifies the 
essential steps of the protocol for the video, i.e., the steps that should be 
visualized to tell the most cohesive story of the Protocol. 
Authors understand the 10 page limit. Protocol itself is 9 pages. However this 
protocol is three methods combined; manual sorting, aRNA amplification and 
cDNA library generation. Reduction of protocol length is not possible without 
impacting content and clarity. 
   
20. Please highlight complete sentences (not parts of sentences). Please ensure 
that the highlighted part of the step includes at least one action that is written in 
imperative tense. Please do not highlight any steps describing anesthetization 
and euthanasia. 
Euthanasia step removed 
 
21. Please include all relevant details that are required to perform the step in the 
highlighting. For example: If step 2.5 is highlighted for filming and the details of 
how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps 
where the details are provided must be highlighted. 
Steps highlighted 
 
22. Line 436: Should Figure 2B&C be Figure 3B&C instead? 
Corrected to Figure 3B&C 
 
23. As we are a methods journal, please revise the Discussion to explicitly cover 
the following in detail in 3-6 paragraphs with citations: 
a) Critical steps within the protocol 
b) Any modifications and troubleshooting of the technique 
c) Any limitations of the technique 
d) The significance with respect to existing methods 
e) Any future applications of the technique 
Additional text added to Discussion 
Table 2 modified to correct errors 
Reviewers' comments: 
Reviewer #1: 
Manuscript Summary: 
In this manuscript, Paul and Huang report a detailed protocol of the method to 
prepare cDNAs for single-cell RNA sequencing, in which manual sorting of single 
neurons is combined with two rounds of in vitro amplification protocol, called 
Double IN-Vitro transcription with Absolute counts Sequencing (DIVA-Seq). This 
is a fairly useful approach to dissecting gene expression profiles of single 



neurons especially when a large number of input cells with the significant fraction 
of fluorescently labeled neurons are not available and thus FACS is unusable. As 
standardized protocols for this method have been missing, publication of this 
paper should be of great interest to scientists in many fields. However, the 
authors need to modify/correct several parts in the text and figures for 
clarification and improvement before publication. 
 
Major Concerns: 
-The authors claim that manual sorting is faster and gentler than FACS. This 
should be more specifically discussed based on real numbers and references. 
How long does it take for FACS on average?  
We thank the reviewer for raising this important issue. The actual times needed 
for FACS can be vary considerably depending on the sorting demands. Typically 
even a routine 2 color sort session requires additional steps beyond extraction of 
the brain, slicing the cortex, neurotransmitter blocking, mild protease digestion 
and trituration. These steps are now mentioned in the text lines 42-70 and later in 
lines 518-532. Overall by eliminating these steps in manual sorting, cells can be 
captured in a relatively shorter duration. However a major drawback of manual 
sorting is it requires some skill and practice to gather single cells in microcapillary 
pipettes. Also the number of cells captured is far lower than that possible using 
FACS. We have also mentioned this specific limitation of manual sorting in our 
discussion lines 1078-1080. 
 
What kind of and what percentage of genes are misregulated by FACS? 
This is an important issue and we thank the reviewer for this question. We added 
the following paragraph in Discussion in lines 1059-1066. “We did not do any 
comparative study with the same input sample from litter mates subjected to 
FACS and manual sorting using DIVA-Seq. Hence we do not claim that any 
particular gene category will be misregulated in FACS and not in manual sorting. 
Possibly both FACS and manual sorting will likely introduce some gene 
expression artifacts. For differential gene expression situations, any such effect 
in theory should cancel each other as it will be manifested in both control and 
sample groups. Recently a cocktail of transcription inhibitors have been used to 
prevent the activation of immediate early gene expression, and such steps can 
also be incorporated to this protocol [Hrvatin et. al. 2018].” 
 
-The authors provide specific numbers of unique reads and genes per cell 
(average unique reads: 1.4x10^5; genes: on average 10000) obtained by the 
method combining manual sorting and DIVA-seq. Providing corresponding 
numbers in other experimental systems (e.g. FACS+other cDNA preparation 
method) should be helpful for readers to understand the superiority of authors' 
method. 
We thank the reviewer and have added a sentence under Results, line 986-989. 
“This number compares favorably against published mouse brain derived single 
neuron data such as 1,865 – 4,760 genes in Zeisel et. al. 2015, 7,250 genes in 
Tasic et. al. 2016 and 8,000 genes in Okaty et. al. 2015. Readers are directed to 



Poulin et. al. 2016 review for details.” 
 
-Manual sorting enables researchers to analyze sparsely labeled neuronal 
populations. What is the minimal number of labeled cells in brain tissues that is 
required to find labeled cells in a dish during single cell pick-up? Given that loss 
of labeled cells occurs during cell dissociation, this should be useful information 
for readers. 
We thank reviewer for seeking clarification. We have been routinely successful in 
manually picking cells across slices containing only ~10-50 labeled cells total. 
This is now mentioned in Step 1.13 
 
-Trituration is a crucial step for cell dissociation and not trivial. How many times 
should tissues be triturated using a pipette (line 91)? 
We thank reviewer for seeking clarification. This is now clearly mentioned in step 
1.15 
 
-Single cell collection is one of major parts in this method. Thus, a detailed 
description for a glass pipette preparation is necessary. What are parameters for 
capillary puller (line 69)? What kind of tubing is connected to a patch pipette (line 
96)? How do authors suck single cells? Any tips? 
We thank reviewer for seeking clarification. Details are now mentioned in Steps 
1.2, 1.3, 1.18. Pipette puller settings are not absolute and will likely vary from one 
machine to another, depending on the type of filament used and humidity, etc.  
 
-The authors describe little about principles of single cell RNA sequencing. Due 
to lack of explanations, it is very difficult to follow what each step does and what 
final products the protocol aims to get. Concise explanations for key steps should 
be added. In relation to this, a legend in Fig.2 should be elaborated more. The 
role of each segment in primers should be explained (e.g. RAS, UMI, SBC, and 
RA3). 
We thank the reviewer for asking us to elaborate on the principle of this 
biochemical process. Principle of single cell RNA sequencing using IVT is 
explained in original research articles cited Eberwine et. al. 1992 and 
Hashimshony et. al. 2012 referenced in lines 79-80 in the Introduction. To keep 
main text length within limits we did not elaborate any further. We have however 
modified the headings in steps 2.1, 2.2, 2.3, 2.4, 4.1, 3.2, 3.4, 3.5 to indicate the 
purpose of the steps without adding to the length of the manuscript considerably. 
Figure 2 legend now explains the RA5, RA3, UMI and SBC primers and their 
usage. 
 
Minor Concerns: 
The names of kits must be described in the text (cDNA purification, cDNA 
syhthesis, aRNA production, and aRNA purification; from 2.1 to 3.5 in 
PROTOCOL). 
Names not mentioned in the kit due to publication house policy of not mentioning 
commercial language; however, they are mentioned in Table of Materials with 



catalogue numbers and other details. 
 
line 25-26; The sentence makes no sense. 
Sentence reworded and we apologize for the mistake. 
 
line 71; How long should ACSF be oxygenated? 
Now specified in step 1.3 
 
line 72-74; What is the volume that is necessary for experiments? 
Volumes specified 
 
line 75-76; No need of perfusion with ACSF? 
Yes, and we did not detect any transcripts from blood cells as contaminants. 
 
line 80; What kind of container is useful to keep sections? 
Mentioned in step 1.9 
 
line 85-86/89-90/93-94/96-97; What is the temperature? 
Temperature specified 
 
line 93-94; In what cases dishes should be coated? What percentage of agar or 
Sylgard should be used? 
Agarose percentage specified on step 1.16, sylgard 1:10 added 
 
line 101; What is the volume of sample collection buffer? 
Specified 
 
line 109; There should be "on ice" after the first heating. 
Mistake corrected 
 
line 110; It is hard to understand what this line means. 
Line removed 
 
line 118; It should be "1 ul/tube". 
mistake corrected 
 
line 181/277; It should be "50-55 ˚C". 
mistake corrected 
 
line 256; It should be "2nd round". 
Corrected 
 
line 366/368; Which one is correct, -20 or -80? 
mistake corrected 
 
line 377; It should be "SuperscriptIII". 



mistake corrected 
 
line 424; It should be "Figure 3". 
mistake corrected 
 
line 436; It should be "Figure 3B&C" 
mistake corrected 
. 
line 443; It says R^2=0.96 but Figure 4C says 0.94. Which one is correct? 
Mistake corrected to R^2=0.94 
 
Figure 1; Microdissceted brain appears to contain a lot of GFP cells. Is this a 
representative one? A picture containing sparser GFP cells should be used. 
Picture used was from a Pv-ires-Cre; H2B animal. There are significant variations 
between different Cre driver mouse lines.  
 
Figure 1: Pics for phase/phase+GFP do not have a good resolution. It is also 
good to show high manification images in insets. 
These images were acquired using a webcam attached to a microscope so 
inherently the resolution is not good. The manuscript uploaded had JPG high 
compressed quality. The final version TIF images are better resolution. 
 
Figure 1 (pic showing manual sorting); A GFP cell of interest should be indicated. 
A glass pipette should also be indicated. 
GFP cell and glass pipette indicated 
 
Figure 1 (cartoon showing "aRNA library"); It should be UUUU.... 
Mistake corrected 
 
 
Figure 2 (right column); Both ends of DNA strands are indicated as 5'. 
Mistake corrected 
 
Figure 4C; In the text, it says R^2=0.96. Which one is correct? 
Mistake corrected in text to R^2=0.94 
 
Reviewer #2: 
Manuscript Summary: 
In the manuscript titled "A single-cell RNA sequencing method using manual 
sorting and DIVA-Seq for fluorescently labeled neurons in mouse", the authors 
describe a procedure of manual isolation of neurons from mouse brain followed 
by in vitro mRNA amplification and library construction for RNA sequencing at the 
single cell level. Current single-cell RNA-seq methodology is generally more 
suitable for analysis on mixed or FACS-sorted cell populations which is not 
optimal for rare cell types in the whole cell population. Using an engineered 
fluorescence labeled mice, the authors demonstrate a powerful method to sort 



out interneurons from freshly diassociated mouse brain slices. Due to the bypass 
of the FACS, the samples can be maintained in oxygen enriched optimal 
solutions during the isolation procedure, therefore decreasing the stress for the 
cells. With several minor revisions, I believe, publication of this method will 
greatly benefit future scRNA-seq analysis for other neurons or rare cell types. 
 
Minor Concerns: 
1) Line 68, this section describes the method to sort mouse neurons. Overall it is 
very clear. But could the authors provide some numbers regarding how many 
slices were used and how many cells were obtained, so that the readers may 
have a better picture of the application of this method. 
Authors thank this review for seeking clarification. We have now indicated 
approximate neurons needed in steps 1.9, 1.13 
 
2) Line 110, not sure what was meant by these questions here. 
Mistake corrected, line removed 
 
3) In some places, the information of kits or reagents are not provided 
As per publisher’s guidelines, we have referred to the reagents by their generic 
names and not used trademarked or copyrighted commercial names. However, a 
full table of materials used and corresponding catalogue numbers have been 
updated. 
 



As per Cell editorial policy we do not need to ask permission to use images or 
information that we have previously published in a Cell Press journal; Cell asks only 
that we cite the original publication. 
 
We cited the publication Paul et. al. 2017 in Figure 4 legends 
 
 See link https://www.cell.com/cell/authors 
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