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SUMMARY: 24 
Here we present a next-generation in situ hybridization assay to identify specific viral RNA or DNA 25 
sequences in formalin-fixed paraffin embedded (FFPE) tissues. This approach allows visualization 26 
of low copies of RNA and DNA in less than 24 h with very high sensitivity and specificity.  27 
 28 
ABSTRACT: 29 
In situ hybridization is a powerful technique to identify specific RNA or DNA sequences within 30 
individual cells in tissue sections, providing important insights into physiological processes and 31 
disease pathogenesis. In situ hybridization (ISH) has been used for many years to assess the 32 
location of cells infected by viruses, but recently a next-generation ISH approach was developed 33 
with a unique probe design strategy that allows simultaneous signal amplification and 34 
background suppression to achieve single-molecule visualization while preserving tissue 35 
morphology. This next-generation ISH is based on an approach like branched PCR, but performed 36 
in situ and is more facile, sensitive, and reproducible than classical ISH methods or in situ PCR 37 
approaches in routinely detecting RNA or DNA in formalin-fixed paraffin embedded (FFPE) 38 
tissues. For the last several years our laboratory has been applying this ISH platform for the 39 
detection of human immunodeficiency (HIV) and simian immunodeficiency (SIV) viral RNA (vRNA) 40 
and/or viral DNA (vDNA) positive cells within a multitude of FFPE tissues. With this detailed 41 
technical manuscript, we would like to share our knowledge and advice with all individuals 42 
interested in using next-generation ISH in their research.  43 
 44 
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INTRODUCTION: 45 
ISH is the experimental approach used for targeting and visualizing complementary DNA, RNA, 46 
or modified nucleic acid strands (i.e., probes) to specific DNA or RNA sequences within a cell or 47 
section of tissue. ISH allows for the specific localization and visualization of specific nucleic 48 
sequences in tissues, important to understand the expression level, organization, distribution, 49 
and interactions between the target and its cellular environment, which is valuable information 50 
not obtainable with the use of other popular techniques, such as qPCR. Until recently, ISH was 51 
commonly performed with either a labeled complementary DNA or a complementary RNA 52 
(riboprobe). These probes were either directly conjugated with radio-, fluorescent-, or antigen-53 
labeled bases (e.g., 35S, FITC, and digoxigenin) then localized and quantified in the tissue using 54 
either autoradiography, fluorescence microscopy, or immunohistochemistry detection 55 
approaches, respectively. While these in situ technologies continue to be valuable approaches, 56 
there is ample room for improvement to develop approaches that are less labor intensive, 57 
simpler, faster, sensitive, and specific. 58 
 59 
An alternative commercial next-generation ISH approach (e.g., RNAscope assay), first described 60 
in 2012, for the detection of host messenger RNA (mRNA) is based on branched PCR. The mRNA 61 
detection is performed in FFPE cells and tissues, with a sensitivity approaching single-RNA 62 
molecule visualization in individual cells1. The specificity of this approach is achieved under the 63 
unique condition that two double-Z target probes bind contiguously to their respective 64 
complementary RNA (or DNA) sequences for a signal preamplifier to sequentially bind1. This 65 
allows the initiation of a signal amplification cascade via subsequent hybridization steps similar 66 
to branched DNA (bDNA)1,2. In addition, this approach is remarkably rapid and easy, with results 67 
obtained in just 1 day (<8 h), a significant advantage compared to up to 4 weeks with alternative 68 
techniques, including Radio-ISH1,2. This next-generation ISH has opened new perspectives and 69 
opportunities for HIV/SIV research. The major obstacles to a HIV cure are the cellular and tissue 70 
reservoirs that are established during the early stages of the disease3,4. The overall goal of this 71 
technique is to identify, localize, and ultimately understand the principal tissue compartments 72 
that act as a viral reservoir and are persistent within an infected host. This will in turn help in the 73 
development of effective cure strategies against HIV.  74 
 75 
In this manuscript, we explain our duplex next-generation RNA/DNA multiplex ISH protocol (e.g., 76 
RNAscope/DNAscope) in detail and explain how we modified the existing RNA ISH protocol to 77 
optimize the next-generation ISH to our samples and specific targets. This protocol allows 78 

visualization, localization, and quantification of HIV/SIV viral RNA and viral DNA within 5 m 79 
tissue sections. Simultaneous visualization of both vRNA and vDNA is performed by combining 80 
two custom probe sets: one sense, targeting the vDNA coding strand (C1 SIVmac239 Gag-Pol-81 
Sense probe [416141-C1]), and one anti-sense, targeting vRNA transcripts (C2 SIVmac239 Vif-82 
Env-Nef-Tar-Anti-Sense probe [416131-C2]) covering different regions of the viral genome (Table 83 
1), using two different visualization channels, C1 and C2. In this protocol, channels C1 and C2 84 
allow us to visualize signals in different colors (i.e., AP in red and HRP in brown) and detect the 85 
probes with different approaches. Excluding the tissue fixation processing and cutting, this assay 86 
takes 2 days. Presented here is the duplex vRNA and vDNA in situ hybridization protocol that can 87 
be performed on cell pellets or tissue sections.  88 



 89 
PROTOCOL: 90 
 91 
1. Section and slide preparations  92 
 93 
1.1. Trim the paraffin blocks and use a microtome to cut 5 +/-1 μm sections. Mount the sections 94 
or cell pellets onto charged microscope slides in a 40–45 °C RNase free water bath. Air dry slides 95 
overnight at 37 ˚C or RT. 96 
 97 
NOTE: The slides can be stored for up to 3 months at room temperature (RT) and 6 months at 4 98 
˚C.  99 
 100 
1.2. Bake slides in a dry oven for 1 h at 60 °C. 101 
 102 
1.2.1. In a fume hood, fill two slide staining dishes with ~200 mL of fresh xylene, and two 103 
additional staining dishes with ~200 mL of fresh 100% ethanol. Cover the containers with lids. 104 
 105 
1.2.2. Place the slides in a rack and submerge in the first xylene-containing dish. Incubate for 5–106 
10 min at RT with agitation. 107 
 108 
1.2.3. Place the slides into the second xylene-containing dish and incubate for 5–10 min at RT 109 
with agitation. 110 
 111 
1.2.4. Immediately place the slides in the dish containing 100% ethanol. Incubate the slides for 112 
5–10 min at RT with agitation. 113 
 114 
1.2.5. Immediately place the slides in the second dish containing 100% ethanol and incubate for 115 
5–10 min at RT with agitation. 116 
 117 
1.2.6. Remove the rack from the ethanol, gently tap the side of the rack to remove excess 118 
ethanol, and rinse in RNase free water for 5–15 min.  119 
 120 
2. Oven preparation 121 
 122 
2.1. Turn on the hybridization oven and set the temperature to 40 °C.  123 
 124 
2.2. Place a cloth or sturdy absorbent paper towel in a tray and wet completely with double-125 
distilled water to allow for humidity control. 126 
 127 
2.3. Insert the covered tray into the oven and close the oven door. Warm the tray for at least 30 128 
min at 40 °C before use. Keep the tray in the oven when not in use.  129 
 130 
3. Heat-induced epitope retrieval 131 
 132 



3.1. Prepare 0.5x citrate based ISH hybridization target retrieval buffer (10 nmol/L, pH = 6, see 133 
Table of Materials). Bring it to a boil in a beaker on the heating plate.  134 
 135 
3.2. Perform heat-induced epitope retrieval by placing the slides into boiling target retrieval 136 
buffer for 30 min.  137 
 138 
3.3. Remove the slides from the target retrieval buffer and immediately wash in double-distilled 139 
water. Dehydrate in 100% ethanol for 5 min before air drying. 140 
 141 
3.4. Once the slides have air-dried, apply hydrophobic barrier pen to encircle the tissue section 142 
on the slide. Be sure to allow the hydrophobic barrier to air dry completely.  143 
 144 
4. Protease pretreatment 145 
 146 
4.1. Place the dried slides on a locking slide rack, then prepare the protease pretreatment 147 
reagents (protease digestion solution, 2.5 µg/mL) by diluting with sterile, cold, PBS in a 1:5 ratio. 148 
Mix well. 149 
 150 
NOTE: Three different protease reagents with different concentrations are provided in the 151 
commercially available kit. Protease III (standard), Protease IV (strong), and Protease Plus (mild). 152 
Empirically test the protease digestion time and dilution prior to implementation in a study 153 
because optimal conditions will vary based on tissue type, fixation, and thickness (see 154 
Discussion).  155 
 156 
4.2. Dispense the diluted protease solution on slides to completely cover the tissue sections. 157 
Immediately incubate the slides for 20 min at 40 °C in an oven (prepared in step 1.4), ensuring 158 
that the slides are sealed in the humid hybridization tray. Do not let the tissue sections dry out 159 
for the remainder of the protocol. 160 
 161 
4.3. Immediately rinse 3x by submerging the locking slide rack into a wash tray filled with 162 
double-distilled water.  163 
 164 
4.4. Perform the endogenous peroxidase block by dropping the peroxidase solution onto each 165 
tissue section to completely cover it. Incubate the slides for 10 min at RT. Once done, rinse the 166 
sections 3x in double-distilled water. 167 
 168 
5. Probe hybridization and signal amplification 169 
 170 
NOTE: To prevent evaporation, make sure the humidity-controlled tray seals properly so that the 171 
tissues do not dry out during the incubation steps. Place the humidity chamber back in the oven 172 
during the washing step to ensure it remains at 40 °C. 173 
 174 
5.1. Mix the C2 probe and C1 probe in a 1:50 ratio by pipetting 1 volume of C2 probe to 50 175 
volumes of C1 probe into a tube as suggested by the manufacturer. Invert the tube several times. 176 



Prewarm the target probe mixture in 40 °C oven for ~10 min to dissolve any precipitation prior 177 
to use. 178 
 179 
NOTE: The mixed target probes can be stored at 4 °C for up to 6 months. 180 
 181 
5.2. Remove the slides from the water. Rinse, and tap or flick the slides to remove excess water 182 
from the tissue sections. Immediately dispense the probe on the slides, ensuring each tissue 183 
section is completely covered without any air bubbles. Incubate the probe mix in the humidity 184 
chamber overnight at 40 °C.  185 
 186 
5.3. The next day, remove the slides from the oven and place them in the wash tray containing 187 
0.5x wash buffer for 5 min at RT. Repeat the wash step one more time. 188 
 189 
5.4. Remove the slides from the wash buffer. Rinse, and tap or flick the slides to remove excess 190 
wash buffer from the tissue sections.  191 
 192 
5.5. Dispense commercially AMP 1 reagent ready-to-use (2 nmol/L) in hybridization buffer B (20% 193 
formamide, 5x SSC, 0.3% lithiumdodecyl sulfate, 10% dextran sulfate, blocking reagents) on the 194 
slides, ensuring complete coverage of tissue section without any air bubbles. Incubate for 30 min 195 
at 40 °C in the humidity chamber. Repeat steps 1.6.3–1.6.4, performing the wash for 2 min each.  196 
 197 
5.6. Dispense commercially available AMP 2. Ensure that the tissue section is completely covered 198 
without any air bubbles. Incubate the slides in the humidity chamber for 15 min at 40 °C. Repeat 199 
steps 1.6.3–1.6.4, performing the wash for 2 min each.  200 
 201 
5.7. Dispense commercially available AMP 3. Ensure that the tissue section is completely covered 202 
without any air bubbles. Incubate the slides in the humidity chamber for 30 min at 40 °C. Repeat 203 
steps 1.6.3–1.6.4, performing the wash for 2 min each.  204 
 205 
5.8. Dispense commercially available AMP 4. Ensure that the tissue section is completely covered 206 
without any air bubbles. Incubate the slides in the humidity chamber for 15 min at 40 °C. Repeat 207 
steps 1.6.3–1.6.4, performing the wash for 2 min each. 208 
 209 
5.9. Dispense commercially available AMP 5. Ensure that the tissue section is completely covered 210 
without any air bubbles. Incubate the slides in the humidity chamber for 30 min at 40 °C. Repeat 211 
step 1.6.3–1.6.4, performing the wash for 2 min each.  212 
 213 
5.10. Dispense commercially available AMP 6. Ensure that the tissue section is completely 214 
covered without any air bubbles. Incubate the slides in the humidity chamber for 15 min at 40 215 
°C. Repeat step 1.6.3–1.6.4, performing the wash for 2 min each.  216 
 217 
5.11. Before detection, rinse the slides one time in 1x TBS-Tween 20 (0.05% v/v). Remove the 218 
slides from the wash buffer, rinse, and tap or flick the slides to remove excess wash buffer from 219 
the tissue sections. Immediately place in the wash tray filled with 1x TBS-Tween buffer. 220 



 221 
6. Channel 1 (C1) target signal detection  222 
 223 
NOTE: This is performed using the Red Alkaline Phosphatase and Fast Red Chromogen 224 
Amplification 6 from 2-plex detection kits (see Table of Materials) containing alkaline 225 
phosphatase labels, and chromogenic detection. It uses fast red as a substrate to generate a red 226 
signal.  227 
 228 
6.1. Prepare fast red (FR) working solution using a 1:60 dilution of Fast RED-B to Fast RED-A. Mix 229 
well. To reduce precipitate and obtain a cleaner signal, filter the chromogen solution through a 230 
0.45 µm MCE membrane using a syringe.  231 
 232 
NOTE: Use the Fast RED-B solution within 5 min. Do not expose to direct sunlight or UV light.  233 
 234 
6.2. Remove the slides from the TBS-Tween, rinse, and tap or flick the slides to remove excess 235 
buffer from the tissue sections.  236 
 237 
6.3. Dispense mixed, filtered FR solution onto each tissue section, being sure that each section is 238 
completely covered. Incubate at RT for 6–8 min. Observe under microscope. 239 
 240 
6.4. Rinse the slides in 0.5x wash buffer 2x. Remove the slides from the wash buffer, rinse, and 241 
tap or flick the slides to remove excess wash buffer from the tissue sections.  242 
 243 
6.5. Dispense commercially available AMP 7. Ensure that the tissue section is completely covered 244 
without any air bubbles. Incubate the slides in the humidity chamber for 10 min at 40 °C. Repeat 245 
step 1.6.3–1.6.4, performing the wash for 2 min each.  246 
 247 
6.6. Dispense commercially available AMP 8. Ensure that the tissue section is completely covered 248 
without any air bubbles. Incubate the slides in the humidity chamber for 15 min at 40 °C. Repeat 249 
step 1.6.3–1.6.4, performing the wash for 2 min each.  250 
 251 
6.7. Dispense commercially available AMP 9. Ensure that the tissue section is completely covered 252 
without any air bubbles. Incubate the slides in the humidity chamber for 30 min at 40 °C. Repeat 253 
step 1.6.3–1.6.4, performing the wash for 2 min each.  254 
 255 
6.8. Dispense commercially available AMP 10. Ensure that the tissue section is completely 256 
covered without any air bubbles. Incubate the slides in the humidity chamber for 30 min at 40 257 
°C. Repeat step 1.6.3–1.6.4, performing the wash for 2 min each.  258 
 259 
7. Channel 2 (C2) target signal detection  260 
 261 
NOTE: This is performed using commercially available Brown HRP and DAB Chromogen Kits (see 262 
Table of Materials). The amplification 10 from the 2-plex detection contains horseradish 263 
peroxidase labels, and chromogenic detection is performed using DAB to generate a brown 264 



signal.  265 
 266 
7.1. For optimal detection of the DAB signal, use commercially available kits and follow the 267 
manufacturer’s instructions (see Table of Materials). Observe under a microscope.  268 
 269 
CAUTION: DAB is toxic. Follow appropriate precautions and safety guidelines when handling and 270 
disposing of this chemical. 271 
 272 
8. Counterstaining and mounting  273 
 274 
8.1. Counterstain the slides with hematoxylin. 275 
 276 
8.1.1. Counterstain the slides for 30 s with 50% fresh filtered hematoxylin while agitating the 277 
slides. Slides will appear purple. Immediately rinse in running water while agitating the slides up 278 
and down until the water is clear. The tissue sections will remain purple. 279 
 280 
8.1.2. To obtain a better contrast, place counterstained slides in distilled water saturated with 281 
lithium carbonate for 1 min. Rinse in running water thoroughly at least 3x while agitating the 282 
slides. Use double-distilled water for the final rinse. 283 
 284 
8.1.3. Because FR is sensitive to organic solvents, slides stained with FR will need to be covered 285 
with water-based mounting medium and dried overnight at RT.  286 
 287 
8.2. Mount the slides. 288 
 289 
8.2.1. Make sure the tissue sections covered with water-based mounting medium are dry. 290 
  291 
8.2.2. Dip slides in xylene before cover slipping using mounting reagent. Be sure to prevent or 292 
remove any air bubbles between the coverslip and tissue section and let dry for 16 hours at RT. 293 
 294 
9. Quantitative image analysis protocol for RNAscope using CellProfiler5 295 
 296 
9.1. Briefly, ensure that the software will separate hematoxylin and FR stains into separate 297 
images. Identify and measure the objects of interest: nuclei, virions, positive cells, and aggregate 298 
FR positive staining. Store measurements in a CSV file and save the analyzed image.  299 
 300 
9.2. Select the option to “Unmix colors”, which separates stains, splitting the original region of 301 
interest (ROI) into separate hematoxylin and FR images.  302 
 303 
9.3. If hemosiderin, tattoo, or similar features interfere with the analysis, add a second “Unmix” 304 
step with hematoxylin, FR, and DAB. Use the second FR image to find the most intense FR pixels. 305 
This second image will be used as a mask for true FR staining.  306 
 307 



9.4. Optionally, smooth the stained images before thresholding them. This is an empirical 308 
decision and not always needed. Threshold the individual stained images using 309 
“IdentifyPrimaryObjects” to select positive pixels. 310 
 311 
9.5. Identify the three different types of objects (virion, virion aggregates, productive cell). 312 
 313 
9.5.1. Ensure that the nuclei are 4–100 pixels (px) diameter objects stained with hematoxylin. 314 
Declump and fill holes after thresholding. “IntenseFastRed” objects are 4–100 px diameter and 315 
include virions, positive cells, and aggregate positive staining, such as seen on follicular dendritic 316 
cells (FDCs) in B cell follicles (BCF). This image is used to filter out false positives (e.g., 317 
hemosiderin). 318 
 319 
9.5.2. Ensure that FR small positives are 2–12 px diameter objects. This measurement includes 320 
virions and vDNA+ cells. Discard any objects outside this range. Declump and fill holes after 321 
thresholding.  322 
 323 
9.5.3. Ensure that FR large positives: 9–100 px diameter objects. This measurement includes 324 
vRNA+ positive cells and aggregate positive staining. Declump after thresholding. The size of 325 
small and large FR positive objects can overlap. They will be separated in a later step.  326 
 327 
NOTE: The software (e.g., Cellprofiler) uses pixels for object sizes, and the ones used here are 328 
derived from slides scanned at 0.2510 µm/pixel (40x). 329 
 330 
9.6. Define and extract results. 331 
 332 
9.6.1. After any objects are identified, define and extract results for number of virions, 333 
productive infected cells, and nuclei. 334 
 335 
9.6.2. Identify virions by masking FastRedSmallPositives with the IntenseFastRed object set to 336 
remove false positives (e.g., hemosiderin).  337 
 338 
9.6.3. Next, identify the positive cells and aggregate FR positive staining. Remove false positives 339 
and virions from FastRedLargePositives by masking it with IntenseFastRed and with the virion 340 
object set. 341 
 342 
9.6.4. Extract positive cells from the refined FastRedLargePositives by masking again with 343 
Nuclei. Split objects that are no longer touching, and filter the results by object area, removing 344 
small objects (≤6 px). This removes the specks created by masking the nuclei overlap. The result 345 
is the positive cells.  346 

 347 
9.6.5. Finally, define aggregate FR positives. This step uses IdentifyTertiaryObjects, finding 348 
objects contained in a larger, parent object. In this case, the refined FastRedLargePositives object 349 
set is the parent and positive cells are subtracted.  350 
 351 



9.7. Count the number of virions and positive cells.  352 
 353 
9.8. Measure the aggregate positive area and convert it from pixels to mm2. Optionally, record 354 
the area occupied by virions and positive cells in mm2 if the analysis requires using a standard 355 
cell and virion sizes instead of direct counts. 356 
 357 
9.9. Overlay the positive objects on the original image and save the result. 358 
 359 
NOTE: The ISH data is reported by the number of virions per 106 nuclei (cells) and the number of 360 
productively infected vRNA+ cells per 106 nuclei (cells) for a better understanding and to facilitate 361 
comparison with qPCR data, but results could also be reported by area of tissue in mm2. 362 
 363 
REPRESENTATIVE RESULTS: 364 
In a previous manuscript2,6-11, we reported that the next-generation ISH platforms detecting 365 
either vRNA or vDNA can be combined, using sense probes (vDNA) targeting the 5ʹ gag-pol 366 
portion of the SIV/HIV genome and antisense probes (vRNA) targeting genes in the 3ʹ half of the 367 
genome (vif, vpx, vpr, tat, env, and nef) as well as the TAR element in the 5ʹ genome (Table 1). 368 
This approach distinguishes transcriptionally active cells (vRNA+, vDNA+) from transcriptionally 369 
inactive (putatively latently) infected cells or cells harboring transcriptionally incompetent 370 
proviruses (vRNA-, vDNA+) in the same tissue section2 (Figure 1). 371 
 372 
FIGURE LEGENDS: 373 
Figure 1: Viral RNA and vDNA detection in the same tissue section. Combination of both RNA 374 
hybridization (red) and DNA hybridization (brown) assay in an acutely SIV-infected RM lymph 375 
node demonstrating the ability to detect vRNA and vDNA in the same tissue section and providing 376 
a powerful approach to identify transcriptionally silent vDNA+ vRNA- cells in situ. This figure has 377 
been modified from Deleage C. et al.2  378 
 379 
Table 1: List of probes to target vRNA and vDNA of HIV-1 and SIV. 380 
 381 
DISCUSSION: 382 
In situ hybridization is a meticulous assay that requires rigor and basic knowledge of nucleic acid 383 
chemistry, cell biology, and histology to be able to adapt each critical step to localize a target in 384 
a well conserved environment. In this discussion we would like to highlight the critical steps 385 
where troubleshooting is crucial to obtain accurate and interpretable results.  386 
 387 
The fixation and processing of the tissues are critical and should be addressed upfront to make 388 
sure the assay can yield the best results. Neutral buffered PFA (4% freshly prepared) fixative is 389 
optimal for the duplex assay. However, the assay can also be performed on frozen tissues (OCT) 390 
with the appropriate post cryosectioning fixation conditions. 391 
 392 
Pretreatment of the tissue sections is a crucial step. There are two pretreatment steps in this 393 
assay: the first is a heat-induced epitope retrieval (HIER). This step is important for the reversal 394 
of methylene bridge cross-links and restoration of protein structures, which is needed in fixed 395 



tissues. The efficiency of this treatment depends on time, temperature, type of retrieval buffer, 396 
and pH. The second pretreatment is a protease-induced epitope retrieval (PIER). This step cleaves 397 
peptides, exposing the antigen or nucleotides, and uses enzymes including proteinase K, trypsin, 398 
and pepsin. This is an extremely sensitive step that could potentially damage both tissue 399 
morphology and the target of interest. The concentration of the enzyme, as well as the time and 400 
temperature of incubation are critical in this process. Overdigestion leads to poor nuclei 401 
demarcation and difficulty in quantification steps. It is critical to find a balance between optimal 402 
access to the RNA/DNA target and pretreatment conditions that do not damage the tissue or 403 
target of interest. Each tissue type has a different level of sensitivity to each of these 404 
pretreatments and each parameter (enzyme concentration, time, temperature) should be 405 
empirically tested.  406 
 407 
The stringency of the wash buffer is based on three major parameters: temperature, 408 
concentration of salts and detergent, and time. The wash buffer is a saline sodium citrate buffer 409 
(SSC), and the salt concentration within the buffer controls the stringency during the wash steps. 410 
In their protocol, ACD advises to use the wash buffer at a final concentration of 0.1x SSC, 0.03% 411 
lithium dodecyl sulfate. While working on DNAscope and multiplex optimization, we determined 412 
that using the wash buffer at a final concentration of 0.05x SSC gave us better results to visualize 413 
the DNA signal and considerably helped reduce nonspecific off target hybridization resulting from 414 
the overnight incubation of the sense probe.  415 
 416 
The choice of detection approach, chromogen (red or brown) versus fluorescence needs to be 417 
thought through based on tissue type and goal before starting the assay. The red chromogenic 418 
approach will give a nice contrast, because red is not naturally found in tissues. Brown 419 
chromogen will give similar results to red chromogen. However, it is important to keep in mind 420 
that some blood degradation products present in the tissue have similar color, and tattoo ink will 421 
be difficult to separate from the brown signal while quantifying. A fluorescence detection 422 
approach will allow a clear distinction of different cellular markers and the multiplexing will offer 423 
a perfect assay to phenotype the cells harboring vRNA and/or vDNA.  424 
 425 
Multiple controls are necessary to ensure the specificity of the probes and the quality of the 426 
assay. Each newly designed probe must be tested on known positive and negative control tissues 427 
or cell pellets. We often generate plasmids containing our targeted sequence and perform 428 
transfection into cell lines to generate positive controls. For each run we add a known negative 429 
tissue (HIV or SIV negative), a no probe control containing only the probe diluent, and an RNase 430 
treated control to ensure the quality and specificity of the assay. 431 
 432 
The quantification is an extremely important step and should be performed using the appropriate 433 
tools and algorithm based on the question asked. In this manuscript we presented an image 434 
analysis software (e.g., Cellprofiler), that we chose after evaluation of multiple options. We 435 
estimated that this software was the best software for our needs, but there are numerous image 436 
analysis software programs that could be used.  437 
 438 
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Name ACD Catalog # Number of ZZ

SIVmac239 (Anti-Sense) 312811 83

SIVmac239 (Sense) 314071 83

V-HIV1-Clade A (Anti-Sense) 416101 80

V-HIV1-Clade A (Sense) 426341 80

V-HIV1-Clade B (Anti-Sense) 416111 78

V-HIV1-Clade B (Sense) 425531 78

V-HIV1-Clade D (Anti-Sense) 416121 76

V-HIV1-Clade D (Sense) 426351 76

Name ACD Catalog # Number of ZZ

V-SIVmac239-gag-pol-Sense-C1 416141-C1 40

V-SIVmac239-vif-env-nef-tar-C2  (Anti-

sense)
416131-C2 47

V-HIV1-Clade_B-gag-pol-sense-C1 444051-C1 40

V-HIV1-Clade_B-vif-vpr-tat-rev-vpu-

env-nef-tar-C2  (Anti-sense)
444061-C2 40

V-HIV1-Clade_C-gag-pol-sense-C1 444021-C1 48

V-HIV1-Clade_C-vif-vpr- rev-vpu-env-

nef-tar-C2  (Anti-sense)
444041-C2 49

V-HIV1-Clade_AE-gag-pol-sense-C1 444011-C1 55

V-HIV1-Clade_AE-vif-vpr-tat-rev-vpu-

env-nef-tar-C2  (Anti-sense)
444031-C2 57

Single Plex RNA/DNAscope Probe Sets

Multi-Plex RNA/DNAscope Probe Sets

Table 1 Click here to access/download;Table;Table 1- probes RNA-
DNAscope - JoVE (1).xlsx
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Description

Anti-sense probe targeting within 1251-9420bp of D01065.1 (gag, pol, vif, vpx, 

vpr, tat, env, and nef)

Sense probe targeting reverse strand within 1251-9420bp of D01065.1 (gag, pol, 

vif, vpx, vpr, tat, env, and nef)

Anti-sense probe targeting within 879-7629bp of HIV-1 Clade A Consensus (gag, 

pol, vif, vpr, tat, rev, vpu, env, and nef)

Sense probe targeting reverse strand within 879-7629bp of HIV-1 Clade A 

Consensus (gag, pol, vif, vpr, tat, rev, vpu, env, and nef)

Anti-sense probe targeting within 854-8291bp of AF324493.2, HIV-1 Clade B 

NL4-3 (gag, pol, vif, vpr, tat, rev, vpu, env, and nef)

Sense probe targeting reverse strand within 854-8291bp of AF324493.2, HIV-1 

Clade B NL4-3 (gag, pol, vif, vpr, tat, rev, vpu, env, and nef)

Anti-sense probe targeting within 894-7697bp of HIV-1 Clade D Consensus (gag, 

pol, vif, vpr, tat, rev, vpu, env, nef)

Sense probe targeting reverse strand within 894-7697bp of HIV-1 Clade D 

Consensus (gag, pol, vif, vpr, tat, rev, vpu, env, nef)

Description

Sense probe targeting reverse strand within 1251-4093bp of D01065.1 (gag and 

pol)

Anti-sense probe targeting within 5381-10257bp of D01065.1(vif, vpx, vpr, tat, 

env, nef, and the TAR element)

Sense probe targeting reverse strand within 854-3940bp of AF324493.2, HIV-1 

Clade B NL4-3 (gag and pol)

Anti-sense probe targeting within 5042-9673bp of AF324493.2,, HIV-1 Clade B 

NL4-3 (vif, vpr, tat, env, nef, and the TAR element)

Sense probe targeting reverse strand within 888-5032bp of HIV-1 Clade C 

concensus sequence (gag and pol)

Anti-sense probe targeting within 5078-9698bp of HIV-1 Clade C concensus 

sequence (vif, vpr, tat, env, nef, and the TAR element)

Sense probe targeting reverse strand within 890-4812bp  of AF259954.1, HIV-1 

Clade AE (gag and pol)

Anti-sense probe targeting within 5052-9694bp of AF259954.1, HIV-1 Clade AE 

(vif, vpr, tat, env, nef, and the TAR element)

Single Plex RNA/DNAscope Probe Sets

Multi-Plex RNA/DNAscope Probe Sets



Name of Material/Equipment Company Catalog Number

ACD HybEZII Hybridization system (110V) 

with ACD EZ-Batch Slides system
ACD 321710

CAT Hematoxylin Biocare medical CATHE-GAL

Clear-Mount ELECTRON MICROSCOPY SCIENCES 17985-15
Immpact DAB Peroxidase Kit Vector SK-4105

lithium carbonate Fisher chemical L119-500

paraformaldehyde

ELECTRON MICROSCOPY 

SCIENCES
15714-S

PBS life technology 14190-136

Permount Mounting Medium ThermoFisher Scientific SP15-100

Prolong Gold ThermoFisher Scientific P36930

ribonucleases A ThermoFisher Scientific 12091039

ribonucleases T1 Roche R1003

RNAscope 2.5, 2-plex detection reagent ACD 322430

RNAscope Target Retrieval Reagents ACD 322000

SuperFrost Plus Glass Slides ThermoFisher Scientific 12-550-17
TBS BOSTON BIOPRODUCTS BM-301-4L

TSA Plus Fluorescence palette kit (Cy3, 

Cy5, TMR, Fluorescein)
Perkin elmer NEL760001KT

Tween 20 SIGMA P1379-1L

XYLENE    20LT ThermoFisher Scientific AC422680200

Table of Materials Click here to access/download;Table of Materials;JoVE_Table_of_Materials new
version (2).xlsx

https://www.editorialmanager.com/jove/download.aspx?id=1139165&guid=d8c19117-e7d3-4a5d-98c6-772dcfb28f27&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1139165&guid=d8c19117-e7d3-4a5d-98c6-772dcfb28f27&scheme=1


Comments/Description

Hybridization oven

colorstain

mounting reagent for red chromogen
Used to reveal HRP - DAB (Brown) to replace the DAB coming in the ACD kit

bluing solution

for tissue fixation (4%)

mounting regaent for brown chromogen

mounting regaent for fluorescence

for RNAse treatment in DNAscope protocol

for RNAse treatment in DNAscope protocol

Brown and red  kit chromogen detection

retrieval buffer 

for washes

HRP Fluorescence detection

for washes
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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. 

 

 

Next generation RNAscope/DNAscope in situ hybridization applications in HIV/SIV research
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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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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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Dear Review Editor, 
 
 
Thanks for your review and the time you allocated to go over our manuscript. We 
appreciate your feedback to make a better version of this manuscript and tried as much as 
possible to address your comments and concerns.  
Below is the list of specific comments you raised, and we are hoping to give you a clear 
follow up either by modifying our text or by offering explanation.  
 
1. Unfortunately, there are a few sections of the manuscript that show significant overlap 
with previously published work. Though there may be a limited number of ways to 
describe a technique, please use original language throughout the manuscript. Please see 
lines: 26-27, 56-69, 73-75, 101-105, 106-110, 148-164, 404-405, 513-514, 577-591, 606-
607, 875-890. 
Thank you for notifying this. We did modify a few sentences but would like to point out that 
the overlaps highlighted in the introduction are from our own previous manuscripts.  
 
2. 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: RNAScope, Millipore, RNAscope® Target Retrieval Reagents, HybEZ™ 
Locking Slide Rack, (PerkinElmer), BioCare Medical, etc.   
Thank you, we removed those company names as much as possible. We would like to make 
the editor aware that the next generation in situ hybridization described here was 
originally developed by the company ACD, we modified their protocol to adapt it to 
HIV/SIV research. We developed the DNAscope (name that we choose) based on the 
RNAscope approach. Not referencing the RNAscope at all would not be appropriate since 
ACD developed the original assay and now the entire field is referencing the next 
generation of in situ hybridization as RNAscope.  
 
3. JoVE policy states that the video narrative is objective and not biased towards a 
particular product featured in the video. The goal of this policy is to focus on the science 
rather than to present a technique as an advertisement for a specific item. To this end, we 
ask that you please reduce the number of instances of "RNAScope" within your text. The 
term may be introduced but please use it infrequently and when directly relevant. 
Otherwise, please refer to the term using generic language. 
We tried to reduce the use of RNAscope as much as possible. 
 
4. Please ensure that the title doesn’t contain any commercial terms.  
We modified our title. 
 
5. Please revise the Introduction to include all of the following with more citations:  
a) A clear statement of the overall goal of this method 
b) The rationale behind the development and/or use of this technique 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebuttal
letter.docx
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c) The advantages over alternative techniques with applicable references to previous 
studies 
d) A description of the context of the technique in the wider body of literature 
e) Information to help readers to determine whether the method is appropriate for their 
application 
I am sorry if the editor found that those points were not explicit in our introduction, but we 
think that those 5 important points were in the introduction. We tried to modify our text to 
be clearer. Thank you. 
 
6. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. 
For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary.  
Thank you, we modified this. 
 
7. Please ensure that all text in the protocol section is written in the imperative tense as if 
telling someone how to do the technique (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.” 
However, notes should be concise and used sparingly. 
Thank you, we modified this. 
 
8. There is a 10-page limit for the Protocol section, but there is 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. 
We highlighted the essential sections that we think are essential to the video.  
 
9. Please remove the embedded Table from the manuscript. All tables should be uploaded 
separately to your Editorial Manager account in the form of an .xls or .xlsx file. Each table 
must be accompanied by a title and a description after the Representative Results of the 
manuscript text. 
We added this table as Table1, submitted as a separated file. 
 
10. Please remove the embedded figure(s) from the manuscript. All figures should be 
uploaded separately to your Editorial Manager account. Each figure must be accompanied 
by a title and a description after the Representative Results of the manuscript text. 
Figures were removed and were submitted as a separated file. 
 
11. 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].”  
We included email from editor and proper citation of the figures in the legends, thanks.  
 



12. 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 
 
 
13. Please include a minimum of 10 references in order to meet JoVE quality requirements. 
Thank you, we added references. 
 
14. Please ensure that the references appear as the following: [Lastname, F.I., LastName, 
F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage, (YEAR).] For 
more than 6 authors, list only the first author then et al.  
We used the JoVE format from EndNote has it was requested.  



Answer to reviewers manuscript: JoVE60318R1 “Next generation viral RNA/DNA in situ hybridization 
applications in HIV/SIV research” 
 
 
 

First of all, we would like to thank the reviewers for their time and their feedback that are 

essential to make this manuscript better. We will do our best to address and modify every singles 

comments and suggestions exposed by all reviewers. 

 

To reviewer #1: 

 

Thank you for bringing the importance of this method that, as you, we think is extremely 

valuable to the field and with this detailed technical article we are hoping giving insides to any 

current or future user of RNAscope and DNAscope in the HIV/SIV field.  

- We are sorry about the lack of definition of ACD and added explanation to the 

introduction.  

- Thank you for pointing out the lack of clarity regarding how the different protocols are 

exposed we wanted to give information about all 3 protocols RNAscope, DNAscope and 

Duplex but because of a strict restriction of 10 pages we decided to only develop the 

duplex protocol which is a unic tool to look at the cellular reservoir.  

- Regarding the confusion on the STEP 4, we meant to refer to step 2.4., but since we had 

to shorten the manuscript this paragraph has been removed. 

- We appreciate the comment of the reviewer concerning the timeline.  We think this is a 

really good and will be extremely informative for the people performing the assays. We 

have now added notes regarding how long the major steps would take.  

 

Regarding the minor points, we would love to add the sequences of the multiple ZZ pairs pooled 

into the probes unfortunately ACD keep this information. We could give a frame of sequence of 

where the probes are designed to bind but not the detailed sequences of each of them. Also, each 

pool has about 90 double z pairs which represents a lot of sequences.  

We have modified the legend of figure 3, thank you.  

  

 

 

To reviewer #2: 
 
Thank you for acknowledging the importance of sharing these protocols. We would like to let the reviewer know 
that because of a 10 pages limitation we had to only share the Duplex RNA+DNAscope in this manuscript and are 
hoping this will help the field to address HIV/SIV reservoir.  
The Duplex has been developed in close relationship with ACD and the company is aware of the preparation of the 
manuscript. We are not claiming discovered RNAscope we are sharing the years of troubleshooting on this next 
generation in situ hybridization approach to help other in the HIV field.    
Regarding the validation of the probe we expended this important point into the discussion, as well as the 
different controls that need to be performed to ensure the quality of each assay.  
 
Minor Concerns: 
We thank the reviewer and added a comment regarding the tissue thickness. 
 
the reviewer brought up an important point regarding RNA degradation and storage of the cut slides. We added 

answer to reviewers Click here to access/download;Rebuttal Letter;Answer to
reviewers new version MS.docx

https://www.editorialmanager.com/jove/download.aspx?id=1139286&guid=8f255c24-98cd-48d2-8a72-c25ddbe323e5&scheme=1
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notes and comments along the protocol to ensure future user understand the importance of the RNA integrity.  
Regarding our mounting media we included that information in the table of materiel and protocol. For the 
thickness of the slides, this will depend on the type of microscope used for observing slides so we are leaving this 
detail up to the user depending on what microscope is available to him or her. 
 
 
For the wash buffer we actually changed the buffer from 1X (ACD protocol) to 0.5X for any detection of viral DNA. 
We made the modification in the Duplex protocol. 
 
 

 
To Reviewer #3: 
 
We would like to thank the reviewer for the time allocated to review our manuscript. We addressed all minor 
concerns raised by the reviewer and acknowledge the importance of those information for potential users.  
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