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SUMMARY: 24 
Hydatidiform moles are abnormal human pregnancies with heterogeneous aetiologies that can 25 
be classified according to their morphological features and parental contribution to the molar 26 
genomes. Here, protocols of multiplex microsatellite DNA genotyping and flow cytometry of 27 
formalin-fixed paraffin-embedded molar tissues are described in detail, together with data 28 
interpretation and integration. 29 
 30 
ABSTRACT:  31 
Hydatidiform mole (HM) is an abnormal human pregnancy characterized by excessive 32 
trophoblastic proliferation and abnormal embryonic development. There are two types of HM 33 
based on microscopic morphological evaluation, complete HM (CHM) and partial HM (PHM). 34 
These can be further subdivided based on the parental contribution to the molar genomes. 35 
Such characterization of HM, by morphology and genotype analyses, is crucial for patient 36 
management and for the fundamental understanding of this intriguing pathology. It is well 37 
documented that morphological analysis of HM is subject to wide interobserver variability and 38 
is not sufficient on its own to accurately classify HM into CHM and PHM and distinguish them 39 
from hydropic non-molar abortions. Genotyping analysis is mostly performed on DNA and 40 
tissues from formalin-fixed paraffin-embedded products of conception, which have less than 41 
optimal quality and may consequently lead to wrong conclusions. In this article, detailed 42 
protocols for multiplex genotyping and flow cytometry analyses of formalin-fixed paraffin-43 
embedded molar tissues are provided, along with the interpretation of the results of these 44 
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methods, their troubleshooting, and integration with the morphological evaluation, p57 45 
immunohistochemistry, and fluorescence in situ hybridization (FISH) to reach a correct and 46 
robust diagnosis. Here, the authors share the methods and lessons learned in the past 10 years 47 
from the analysis of approximately 400 products of conception.  48 
 49 
INTRODUCTION: 50 
A hydatidiform mole (HM) is an abnormal human pregnancy characterized by abnormal 51 
embryonic development, hyperproliferation of the trophoblast, and hydropic degeneration of 52 
chorionic villi (CV). Historically, HM used to be divided into two types, complete HM (CHM) and 53 
partial HM (PHM) based only on morphological evaluation1. However, it has been shown that 54 
morphological evaluation alone is not sufficient to classify HM into the two subtypes (CHM and 55 
PHM) and distinguish them from non-molar miscarriages2-4. 56 
 57 
Because CHM and PHM have different propensities to malignancies, it is therefore important to 58 
accurately determine the genotypic type of HM to provide appropriate follow-up and 59 
management to the patients. Consequently, in the past decades, several methodologies have 60 
been developed and evolved for the purpose of identifying the parental contribution to the 61 
molar tissues and reaching a correct classification of HM. These include karyotype analysis, 62 
chromosomal banding polymorphism, human leukocyte antigen (HLA) serological typing, 63 
restriction fragment length polymorphism, variable number of tandem repeats, microsatellite 64 
genotyping, flow cytometry, and p57 immunohistochemistry. This has allowed accurate 65 
subdivision of HM conceptions based on the parental contribution to their genomes, as follows: 66 
CHM, which are diploid androgenetic monospermic or diploid androgenetic dispermic, and 67 
PHM, which are triploid, dispermic in 99% and monospermic in 1% of the cases5-8. Furthermore, 68 
there is another genotypic type of HM that emerged in the past two decades, which is diploid 69 
biparental. The latter is mostly recurrent and may affect a single family member (simplex cases) 70 
or at least two family members (familial cases). These diploid biparental moles are mostly 71 
caused by recessive mutations in NLRP7 or KHDC3L in the patients9-12. Diploid biparental HM in 72 
patients with recessive mutations in NLRP7 may be diagnosed as CHM or PHM by 73 
morphological analysis and this appears to be associated with the severity of the mutations in 74 
the patients13,14. In addition to the classification of HM according to their genotypes, the 75 
introduction and use of several genotyping methods allowed the distinction of the various 76 
molar entities from non-molar miscarriages, such as aneuploid diploid biparental conceptions 77 
and other types of conceptions5,15. Such conceptions may have some trophoblast proliferation 78 
and abnormal villous morphology that mimic, to some extent, some morphological features of 79 
HM. 80 
 81 
The purpose of this article is to provide detailed protocols for multiplex genotyping and flow 82 
cytometry of formalin-fixed paraffin-embedded (FFPE) tissues, and comprehensive analyses of 83 
the results of these methods and their integration with other methods for correct and 84 
conclusive diagnosis of molar tissues. 85 
 86 
PROTOCOLS: 87 
 88 



This research study was approved by the McGill Institutional Review Board. All patients 89 
provided written consent to participate in the study and to have their FFPE products of 90 
conception (POCs) retrieved from various pathology departments. 91 
 92 
NOTE: While there are several methods for genotyping and ploidy determination by flow 93 
cytometry, the protocols provided here describe one method of analysis using one platform for 94 
each.  95 
 96 
1. Genotyping 97 
 98 
1.1. Selection of the best FFPE block  99 
 100 
1.1.1. For each FFPE product of conception (POC), prepare 4 μm-thick hematoxylin and eosin 101 
(H&E) stained sections as described in sections 1.2 and 1.3, one for each available block, for 102 
morphological evaluation by microscopy. 103 
  104 
1.1.2. Using the H&E slides and a light microscope, select the FFPE block that has the largest 105 
amount of chorionic villi (CV), and if possible, the block that has CV separate from, and not 106 
intermingled with, maternal tissues. 107 
  108 
1.2. Sectioning 109 
 110 
1.2.1. Place the chosen block on ice for 15 min to facilitate the sectioning. 111 
 112 
1.2.2. Adjust the microtome to cut sections that are 4 μm thick for microscopic morphological 113 
evaluation and 10 μm thick for DNA extraction. 114 
 115 
1.2.3. Place the cold block in the microtome and cut one section from each block for H&E 116 
staining and 10−30 sections from the chosen block, depending on the amount of CV in the 117 
block, for DNA extraction.  118 
 119 
NOTE: For blocks that are full of CV, 10 sections are sufficient for DNA extraction. If only about 120 
10% of the block contains CV while the rest are maternal tissues, then 20−30 sections are 121 
needed to ensure sufficient amounts of DNA. 122 
 123 
1.2.4. Using forceps, transfer each section to a 45 °C water bath. Pick up the section from the 124 
water bath with a positively charged slide (Table of Materials) that is previously labelled with 125 
the sample identification number using a pencil. 126 
 127 
1.2.5. Place the slides containing the sections in an oven at 65 °C to allow the sections to adhere 128 
to the slides. Keep the slides for H&E in the oven for 25 min. Keep the slides for DNA extraction 129 
in the oven for 20 min. 130 
 131 



NOTE: The shorter incubation time makes the tissues slightly less adherent to the slides and 132 
consequently facilitates the removal of the maternal tissues.  133 
 134 
1.3. H&E staining  135 
 136 
1.3.1. Allow the slides to cool down to room temperature (10 min). 137 
 138 
1.3.2. Reagent preparation 139 
 140 
1.3.2.1. Prepare Eosin Y working solution (0.25%) as per Table 1. Mix well and store at room 141 
temperature. 142 
 143 
[Place Table 1 here] 144 
 145 
1.3.2.2. Prepare working hematoxylin solution by diluting stock solution of hematoxylin 5x in 146 
water (i.e., mix 80 mL of water with 20 mL of hematoxylin). 147 
 148 
NOTE: Wrap stock solution of hematoxylin in foil for storage. 149 
 150 
1.3.3. Prepare staining jars with the correct reagents under a fume hood according to Table 2. 151 
 152 
[Place Table 2 here] 153 
 154 
1.3.4. Perform the H&E staining by submerging the slides into the appropriate staining jars for 155 
the correct time period according to Table 2. 156 
 157 
1.3.5. Mount the 4 μm sections for morphological analysis with mounting medium and coverslip 158 
with glass coverslips. 159 
 160 
NOTE: The 10 μm sections for genotyping should not be coverslipped. 161 
 162 
1.3.6. Leave the 10 μm sections under the fume hood for a minimum of 3 h in order for the 163 
toxic xylene odors to dissipate. 164 
 165 
CAUTION: All the staining steps need to be performed under a fume hood. Xylene products 166 
need to be kept under the hood at all times because xylene odors are toxic. Furthermore, 167 
xylene and hematoxylin need to be discarded in special containers. Once these containers are 168 
full, they need to be discarded as recommended by the laboratory’s safety organization. 169 
 170 
1.4. Isolation of CV 171 
 172 
1.4.1. Under a light stereomicroscope, use forceps and small pieces of water-moistened paper 173 
wipes (Table of Materials) to scrape off unwanted maternal tissues from H&E-stained 10 μm 174 
thick sections. 175 



 176 
NOTE: The end goal is to keep nothing but CV or fetal membranes (when present) on the slides 177 
and thus to remove all other tissues. This step may need a lot of time and patience, depending 178 
on the block, as it requires meticulous attention to details.  179 
 180 
1.4.2. Have a second person double-check the slides after the cleaning to ensure that they are 181 
free of maternal tissues.  182 
 183 
1.4.3. Take photos of the cleaned slides or document the following to help with data 184 
interpretation: 1) whether the tissue was difficult to clean, hemorrhagic, or very clean, 2) the 185 
number of sections used, and 3) the approximate amount of cleaned tissues.  186 
  187 
NOTE: Figure 1 provides an example of a slide that is easy to clean. For a block containing 188 
roughly this amount of CV, 10 sections are sufficient for DNA extraction. The slide in Figure 2 189 
has very few CV that are intermingled with maternal tissues, making it very difficult and time-190 
consuming to clean. For a block containing roughly this amount of CV, 30 sections are needed 191 
for DNA extraction. 192 
 193 
[Place Figure 1 here] 194 
 195 
[Place Figure 2 here] 196 
 197 
1.4.4. Collect the CV using small moistened pieces of paper wipes. Using the forceps, tear a tiny 198 
piece out of the moistened paper wipes and use it to collect the CV. 199 
 200 
1.4.5. Place the pieces of paper wipes with their attached CV into a labelled 1.5 mL tube.  201 
 202 
1.4.6. Minimize the amount of paper wipes used in this step as too much may clog the DNA 203 
extraction column and consequently reduce the final amount of collected DNA. On average, 204 
aim to use less than seven small pieces of paper wipes per sample. If that is not possible due to 205 
the presence of large quantities of CV, split the sample among two tubes to facilitate the 206 
extraction. 207 
 208 
1.5. Follow the protocol of the DNA extraction from FFPE kit (Table of Materials) to perform 209 
DNA extraction.  210 
 211 
NOTE: Some kits recommend using 15−20 μL of elution buffer for the final elution. From 212 
experience, elution with 15 μL of elution buffer works well for most samples. Dilutions may be 213 
prepared from the stock DNA as needed. 214 
 215 
1.6. DNA quantification 216 
 217 
1.6.1. Using a lab spectrophotometer device, load 1 μL of DNA and measure absorbance at 260 218 
nm for quantification. 219 



 220 
1.6.2. Load 1 μL of DNA on a 2% agarose gel and run gel electrophoresis at a voltage of 80−100 221 
V for qualitative evaluation.  222 
 223 
1.6.3. Based on the results of steps 1.6.1 and 1.6.2, choose the volume of DNA to be used in the 224 
multiplex short tandem repeat (STR) polymerase chain reaction (PCR) amplification. Aim to use 225 
a minimum of 1000 ng of DNA in the PCR amplification that follows. 226 
 227 
NOTE: Figure 3 demonstrates representative examples of gels along with the concentrations of 228 
the DNA (based on the spectrophotometer results), and the volume of the DNA solution that is 229 
recommended for the multiplex STR PCR that follows. 230 
 231 
[Place Figure 3 here] 232 
 233 
1.7. PCR amplification 234 
 235 
1.7.1. Perform fluorescent microsatellite genotyping using a multiplex STR system (Table of 236 
Materials). 237 
 238 
1.7.2. Use the PCR conditions shown in Figure 4 for the PCR amplification using the multiplex 239 
STR system (Table of Materials). 240 
 241 
NOTE: The following primers are used in this multiplex STR system: D18S51, D21S11, TH01, 242 
D3S1358, Penta E, FGA, TPOX, D8S1179, vWA, Amelogenin, CSF1PO, D16S539, D7S820, 243 
D13S317, D5S818, and Penta D. 244 
 245 
[Place Figure 4 here] 246 
 247 
1.8. Resolve the PCR products by capillary electrophoresis. 248 
 249 
1.8.1. Suspend 1 µL of each amplified sample in 0.5 µL of the multiplex system’s internal 250 
standard lane and 9.5 µL of highly deionized formamide (Table of Materials). 251 
 252 
1.8.2. Run samples through a capillary electrophoresis instrument (Table of Materials) using an 253 
appropriate separation matrix (Table of Materials) for the instrument and the multiplex 254 
system’s dye set. 255 
 256 
1.9. Data analysis 257 
 258 
1.9.1. Analyze the data with a DNA fragment analysis software and compare the POC alleles to 259 
the parental alleles to determine their origin. 260 
 261 
1.9.2. Set up a size standard.  262 
 263 



NOTE: This allows the software to recognize the ladder that is used in the multiplex STR system, 264 
and to assign basepairs to the amplicons based on the ladder. The following steps are for one 265 
specific software (Table of Materials) but may be of help for setting up other types of software 266 
as well. 267 
 268 
1.9.2.1. Open the software. Click on Start New Project and then on New Size Standard. 269 
 270 
1.9.2.2. Give the size standard a name (e.g., ABI_600). 271 
 272 
1.9.2.3. In the box named Enter New Size Standard definition: enter the following: 60, 80, 100, 273 
120, 140, 160, 180, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 550, 600. 274 
Then click on Add Size(s). 275 
 276 
NOTE: The numbers entered will appear under the box on the right, which is named Current 277 
Size Standard Definition (see Figure 5). 278 
 279 
[Place Figure 5 here] 280 
 281 
1.9.2.4. Click on Save. 282 
 283 
1.9.3. To import and analyze a file, click on Add Files, and choose the fsa file to be analyzed. 284 
Click on Add Selected Files and then on OK. Then follow these steps: 285 
 286 
1.9.3.1. Locate the Size Standard column and choose ABI_600 (or whichever name was given to 287 
the size standard). 288 
 289 
1.9.3.2. Under Analysis Method, click on Sizing Default – NPP and then click on the green 290 
Analyze button. 291 
 292 
1.9.3.3. The file is now ready for viewing. Adjust the viewing options to view the data as 293 
desired. 294 
 295 
1.9.4. Troubleshooting – analysis method 296 
 297 
NOTE: The software may sometimes fail to identify peaks and align them correctly. This 298 
happens when the peaks are either too low or too high. The following two analysis methods can 299 
correct for this and should be tried before a sample is retested. 300 
 301 
1.9.4.1. Analysis method 1 for high peaks: 302 
 303 
1.9.4.1.1. Click on New Analysis Method and name it High Peaks (or another name as per 304 
personal preference). 305 
 306 



1.9.4.1.2. Click on Range and then on Partial Range for the analysis and sizing. Then type in 100 307 
for the Start Point and Start Size. 308 
 309 
1.9.4.1.3. For the Stop Point, enter 10,000. For the Stop Size, enter 1000. 310 
 311 
1.9.4.1.4. Then click on Minimum peak heights and change the numbers such that the peak 312 
threshold for the colors is as follows: Blue: 50; Green: 50; Yellow: 20; Red: 100; Orange: 5000. 313 
 314 
1.9.4.1.5. Save the new analysis method. 315 
 316 
1.9.4.2. Analysis method 2 for low peaks:  317 
 318 
1.9.4.2.1. Click on New Analysis Method and name it Low Peaks (or another name as per 319 
personal preference). 320 
 321 
1.9.4.2.2. Click on Range and then on Partial Range for the analysis and sizing. Then type in 100 322 
for the Start Point and Start Size. 323 
 324 
1.9.4.2.3. For the Stop Point, enter 10,000. For the Stop Size, enter 1000. 325 
 326 
1.9.4.2.4. Then click on Quality Flags and change the Pass Range such that it reads From 0.5 to 327 
1. Change the Low Quality Range such that it reads From 0.0 to 0.0. Change Assume Linearity 328 
to the following: from (bp) 100.0 to (bp) 800.0. 329 
 330 
1.9.4.2.5. Save the new analysis method. 331 
 332 
NOTE: It is now possible to reanalyze a file by choosing Low Peaks or High Peaks under Analysis 333 
Method and then clicking on the green Analyze button. 334 
 335 
2. Flow cytometry 336 
 337 
2.1. Choosing the ideal FFPE block 338 
 339 
2.1.1. Using H&E slides and a light microscope, select an FFPE block that has about 50−70% of 340 
its tissues composed of CV.  341 
 342 
NOTE: Figure 6 is a representative example of an appropriate block for flow cytometry analysis, 343 
as it is composed of roughly 50% CV (right half of the section) and 50% maternal tissues (left 344 
half). The presence of maternal tissues is important because they serve as an internal control 345 
for the diploid peak.  346 
 347 
[Place Figure 6 here] 348 
 349 



2.1.2. For blocks that do not have the ideal amount of CV, enrich for CV as the sectioning is 350 
performed. To do so, identify which side of the freshly cut sections contains more CV according 351 
to its corresponding H&E slide. Based on that, use a blade to cut off the other half that needs to 352 
be discarded in order to enrich for CV.  353 
 354 
NOTE: Figure 7 shows a block that does not have sufficient CV for flow cytometry analysis. For 355 
blocks such as this one, the sections need to be cut such that the half that contains less CV gets 356 
discarded in order to increase the amounts of CV with respect to maternal tissues, as shown in 357 
the figure. Be sure to cut more sections to compensate for what is discarded. 358 
 359 
[Place Figure 7 here] 360 
 361 
2.2. Sectioning 362 
 363 
2.2.1. Leave the blocks on ice for 15 min to facilitate the sectioning.  364 
 365 
2.2.2. Using the best possible FFPE block, cut four sections that are 50 μm thick (or two 100 μm 366 
thick sections) using a microtome. 367 
 368 
NOTE: For flow cytometry it is preferable to have thicker sections. 369 
 370 
2.2.3. In the case that an ideal FFPE block is not available, aim to maintain the ratio of CV to 371 
maternal tissue nonetheless. For example, if only 30% of the block is made up of CV while the 372 
rest has maternal tissues, then remove at least half of the section that contains the maternal 373 
tissues and use more sections to compensate (see Figure 7). 374 
 375 
2.2.4. Place the sections in labelled 15 mL tubes.  376 
 377 
NOTE: Be sure to tape over the labels because the organic reagents used in the next step can 378 
dissolve and remove ink. 379 
 380 
2.3. Flow cytometry protocol from FFPE tissues 381 
 382 
2.3.1. For deparaffinization and rehydration, perform the following washes (Table 3) under a 383 
fume hood to remove xylene.  384 
 385 
 [Place Table 3 here] 386 
 387 
CAUTION: The discarded liquids contain xylene and should be disposed of in xylene waste 388 
containers. 389 
 390 
2.3.2. Solution preparation 391 
 392 



2.3.2.1. Prepare citrate solution by dissolving 2 g of citric acid in 1 L of double distilled water. 393 
Bring the pH to 6. Store at 4 °C. 394 
 395 
2.3.2.2. Prepare pepsin solution by dissolving 0.01 g of pepsin in 2 mL of 9 parts per thousand 396 
NaCl, pH 1.64. 397 
 398 
NOTE: This is for one sample. 399 
 400 
CAUTION: Pepsin is toxic and can easily disperse and become airborne. Wear a mask when 401 
handling pepsin in its powder form and wipe down all of the working area after using it. 402 
 403 
2.3.2.3. Propidium Iodide (PI)-ribonuclease A solution preparation for one sample. 404 
 405 
2.3.2.3.1. Mix 50 µL of PI with 450 µL of PBS (to dilute 10x). 406 
 407 
2.3.2.3.2. Add 50 µL of ribonuclease A (1 mg/mL) to the mixture. Keep wrapped in foil at all 408 
times. 409 
 410 
2.3.3. Digestion and staining 411 
 412 
2.3.3.1. Add 4 °C citrate solution to the 15 mL tubes then place in an 80 °C water bath for 2 h. 413 
 414 
2.3.3.2. Let the solution cool down to room temperature (15 min). 415 
 416 
2.3.3.3. Rinse with 1x PBS, vortex, and wait 1−2 min to allow the tissues to settle to the bottom. 417 
 418 
2.3.3.4. Add 1 mL of pepsin solution (preheated to 37 °C) and place in a 37 °C dry bath for 30 419 
min. Vortex every 10 min. Prepare the PI-ribonuclease A solution in the last 10 min of this 420 
incubation. 421 
 422 
2.3.3.5. Rinse with 1x PBS, vortex, and wait 1−2 min to allow the tissues to settle to the bottom. 423 
 424 
2.3.3.6. Add 550 µL of the PI-ribonuclease A solution and place the samples in a 37 °C dry bath 425 
for 30 min. 426 
 427 
NOTE: At this point, the samples can be wrapped in foil and left overnight at 4 °C till the next 428 
morning. 429 
 430 
2.3.3.7. Filter the solution through a 48 µm filtration mesh. Collect the filtrate in polystyrene 431 
round-bottom tubes, which can be used with the flow cytometer. Use forceps to place a 5 cm 432 
by 5 cm piece of filtration mesh in the top part of the tube, such that the liquid can be pipetted 433 
through the mesh and into the tube.  434 
 435 



NOTE: The samples are now ready to be run with the flow cytometer. Keep them wrapped in 436 
foil until they are ready to be run. 437 
 438 
2.3.4. Run samples with a flow cytometer with the help of the organization’s flow cytometry 439 
platform technician. 440 
 441 
NOTE: The phycoerythrin (PE) channel is used to detect the PI-stained DNA and the flow rate 442 
should be set to Slow during acquisition. Ensure that the voltage is chosen such that the diploid 443 
peak is roughly at 200 along the PE-A x-axis to facilitate analysis and interpretation. Aim to 444 
record a minimum of 20,000 events per sample.   445 
 446 
2.4. Flow cytometry data analysis 447 
  448 
2.4.1. Analyze data with a flow cytometry analysis software (Table of Materials).  449 
 450 
NOTE: The following steps are for one specific software (Table of Materials) but may be of help 451 
for setting up other types of software as well. 452 
 453 
2.4.1.1. After running the samples on a flow cytometer, download FCS 2.0 files for analysis. 454 
 455 
2.4.1.2. Open the flow cytometry analysis software, click on File | New Document. 456 
 457 
2.4.1.3. Click on the Histogram icon, and then drag the pointer to make a rectangle. 458 
 459 
2.4.1.4. Browse for the FCS file and then click on Open. Along the x-axis, click on FCS-A and then 460 
select PE-A. 461 
 462 
2.4.1.5. Click on the Dot Plot icon and then drag the pointer to create another rectangle 463 
beneath the histogram plot. Then browse for the same FCS file that was selected for the 464 
histogram. 465 
 466 
2.4.1.6. Change the x-axis of the dot plot to PE-A and the y-axis to PE-W. 467 
 468 
NOTE: Figure 8A demonstrates the appearance of the plots at this point. 469 
 470 
2.4.1.7. Click on the Region icon and draw a box on the dot plot that starts before the diploid 471 
peak (around 100 on the x-axis in Figure 8B) and that ends around 700 on the x-axis, as shown 472 
in the dot plot in Figure 8B.  473 
 474 
NOTE: The diploid peak in Figure 8 is roughly at 200 on the x-axis. This is chosen arbitrarily as 475 
the samples are recorded through the flow cytometer, simply to facilitate analysis and 476 
interpretation of the results. 477 
 478 



2.4.1.8. Click on Plot | Edit Regions/Gates, then type R0 in the cell that is next to the G0 cell 479 
under Strategy. Then click on Close.  480 
 481 
2.4.1.9. Click anywhere on the histogram, then on Plot | Format Plot/Overlay. Under Gate, 482 
select G0 = R0 and then click on OK.  483 
 484 
NOTE: This is the gating step that allows one to better visualize the ploidy peaks. The histogram 485 
should now look like the histogram in Figure 8B. It is possible to play around with the gate 486 
created (by moving the box drawn in step 2.4.1.7) in order to focus on specific regions of the 487 
dot plot. 488 
 489 
[Place Figure 8 here] 490 
 491 
2.4.1.10. To label the plots, click on the Text Area icon, then drag the pointer to create a box at 492 
the top of the document, and then type in the following information: Patient ID, POC ID and the 493 
block used (since there may be several blocks for one POC), percent CV present on the block, 494 
voltage used to run the sample, and the date. 495 
 496 
REPRESENTATIVE RESULTS: 497 
The complexity of molar tissues and the fact that they may have various genotypes necessitates 498 
stringent analysis and the use of several methods such as morphological evaluation, p57 499 
immunohistochemistry, microsatellite genotyping, flow cytometry, and FISH. For example, one 500 
patient (1790) was referred with two PHM that were found to be triploid by microarray analysis 501 
of the POCs only. The patient was therefore diagnosed with recurrent PHM. Microsatellite 502 
genotyping of her two “PHM” along with the DNA of the patient and her partner revealed that 503 
while the patient’s first mole is triploid dispermic (Figure 9A), her second “PHM” has a triploid 504 
digynic genotype (Figure 9B) and is therefore not a PHM, but a non-molar miscarriage.  505 
 506 
The first marker in Figure 9A (in black) shows two peaks in the POC. The first peak originates 507 
from the mother, since only the mother has a peak of this size. Following the same reasoning, 508 
the second peak originates from the father since he shares the same allele. Notice how the 509 
second peak is a lot higher than the first, indicating that there are probably two doses of the 510 
same paternal allele in that peak. Maternal contamination, which will be explained in more 511 
detail later on, is very minimal in this POC because the POC displays a very tiny peak at the 512 
position of the second maternal allele. 513 
 514 
The second marker in Figure 9A (in blue) shows three peaks in the POC. Two of these peaks 515 
originate from the father and one from the mother. Thus, it is apparent again from this marker 516 
that there are three alleles present in the POC, two from the father and one from the mother. 517 
The third and fourth markers in Figure 9A are similar to the first marker, and also show two 518 
alleles coming from the father and one from the mother.  519 
 520 



Since all four markers consistently show three alleles (by dose or by the presence of three 521 
alleles of different sizes), two originating from the father and one from the mother, one can 522 
conclude that this POC is triploid dispermic, and confirms the diagnosis of PHM. 523 
 524 
All four markers in Figure 9B again show three alleles: the first marker shows two doses in the 525 
first peak that originate from the mother and one dose in the second peak that originates from 526 
the father. The second and fourth markers show three different peaks (i.e., three different 527 
alleles), two of which are from the mother. The third marker shows one dose in the first peak 528 
originating from the father and two doses in the second peak originating from the mother. 529 
Therefore, this POC is triploid digynic in origin since two sets of chromosomes come from the 530 
mother and one set comes from the father. It is therefore a non-molar miscarriage. 531 
 532 
[Place Figure 9 here] 533 
 534 
This patient was initially misdiagnosed with two PHM and was worrying about an increased risk 535 
of more moles while she had a single PHM. This case highlights the limitation of SNP microarray 536 
on the POC alone. SNP microarray is a powerful method and is the best to detect aneuploidies 537 
of any chromosome (trisomies, monosomies, or non-diploid genotypes); however, when 538 
performed on the POC alone without analyzing parental DNA, the origin of the triploidy cannot 539 
be determined. For further explanations about genotype analysis and interpretation, please 540 
refer to the study by Murphy et al.16. 541 
 542 
Representative results shown in Figure 10A are of a triploid conception. The values of the x-axis 543 
represent the nuclear DNA content. For example, 200 is an arbitrary number given to cells that 544 
contain a certain amount of nuclear DNA content. Therefore, a peak at 400 represents cells that 545 
contain double the amount of nuclear DNA content as compared to the 200 peak. The little 546 
peak around 300 represents nuclear DNA content that is in between the 200 and 400 peak and 547 
is therefore the triploid peak. Notice how a diploid conception (Figure 10B) does not contain 548 
any peak at the 300 value. 549 
 550 
In some cases, the triploid peak is very subtle (Figure 10C). Whenever a barely noticeable 551 
triploid peak is noted, it is important to first consider the amount of CV that were present in the 552 
sections used for the flow cytometry analysis. If the sections had less than about 20% CV, then 553 
it will likely be a true triploidy since it is expected to be a very low peak. If the sections taken 554 
had high amounts of CV, the POC becomes suspicious of mosaicism with the presence of 555 
another diploid cellular population. This can be checked by re-reviewing the genotyping results 556 
to see if they fit a perfect triploid dispermy or can also be confirmed by FISH with probes from 557 
the X, Y, and 18 chromosomes. Also, using the software described in this article, it is possible to 558 
set specific gates, as described in section 2.4.1, that allow the user to focus on a specific region 559 
to enrich for triploid cells if they really exist. 560 
 561 
[Place Figure 10 here] 562 
 563 
FIGURES AND TABLE LEGENDS: 564 



 565 
Figure 1: Representative slide for genotyping. Top: A slide that needs to be “cleaned” to 566 
become free of maternal tissues. Bottom: The same slide shown after it has been cleaned and 567 
now contains nothing but CV for DNA extraction.  568 
 569 
Figure 2: Representative slide for genotyping. Top: A slide that needs to be “cleaned” to 570 
become free of maternal tissues. Bottom: The same slide shown after it has been cleaned and 571 
now contains nothing but CV for DNA extraction.  572 
 573 
Figure 3: Representative gel for DNA quantification. Included are the concentrations of each 574 
DNA, as measured using a spectrophotometer, and the quantities used for the multiplex PCR. 575 
 576 
Figure 4: PCR cycle conditions for the multiplex STR system. 577 
 578 
Figure 5: Screenshot showing the Size Standard Editor. 579 
 580 
Figure 6: H&E section representing a POC block that is ideal for flow cytometry.  581 
 582 
Figure 7: H&E section representing a more difficult block for flow cytometry. This 583 
representative H&E section shows that only the bottom half of this section should be used for 584 
flow cytometry analysis, with the goal of enriching for the CV. The outlined area, labelled “CV,” 585 
is mostly made up of CV. 586 
 587 
Figure 8: Screenshot displaying a histogram and a dot plot of a representative sample that is 588 
ungated (A) and gated (B). 589 
 590 
Figure 9: Representative genotyping results of patient 1790. (A) Select genotyping results of 591 
the patient’s first conception showing a triploid dispermic genotype. (B) Select genotyping 592 
results from the patient’s second conception showing a triploid digynic genotype. The x-axis is 593 
in basepairs; the labels and basepair sizes have been omitted for simplicity. The y-axis 594 
represents peak height and is similarly omitted from the figure for simplicity. 595 
 596 
Figure 10: Representative flow cytometry results demonstrating triploid conceptions (A,C), 597 
and a diploid conception (B).  598 
 599 
Figure 11: Genotyping results illustrating the effect of maternal contamination. The top panels 600 
show the alleles that belong to the POC and the bottom panels show those that belong to the 601 
mother. In (A), the POC is androgenetic monospermic and the level of contamination is 602 
highlighted by an arrow and the letter “c.” In (B), the POC is diploid biparental, and the level of 603 
contamination is highlighted by the letter “c.” In (C), the POC is triploid dispermic and the level 604 
of contamination is highlighted by the letter “c.” The little black bars show how much of the 605 
peak heights comes from maternal contamination and should therefore be taken into 606 
consideration when comparing peak heights. The x-axis is in basepairs; the labels and basepair 607 



sizes have been omitted for simplicity. The y-axis represents peak height and is similarly 608 
omitted from the figure for simplicity. 609 
 610 
Table 1: Eosin Y working solution (0.25%) preparation. 611 
 612 
Table 2: Reagents and durations for the H&E staining protocol. 613 
 614 
Table 3: Reagents and durations for deparaffinization and rehydration. 615 
 616 
Table 4: Typical order of analysis, expected results, and rare exceptions along with 617 
recommendations to solve them. P57 immunohistochemistry aims to detect the expression of 618 
p57, the protein coded by CDKN1C gene. This gene is paternally imprinted in the 619 
cytotrophoblast and the villous stroma of first trimester placenta and is expressed only from 620 
the maternal genome. It is therefore used as an ancillary marker to detect, in an easy and 621 
inexpensive way, the presence of the maternal genome in the POC. It is recommended to 622 
perform p57 immunohistochemistry for all POCs suspected to be HM in parallel to the 623 
morphological evaluation. In the author’s laboratory, the p57 antibody and platforms indicated 624 
in Table of Materials are used and the authors are very happy with the quality of the results. 625 
Abbreviations: IHC = immunohistochemistry; Dip And = diploid androgenetic; Dip Bip = diploid 626 
biparental; Chr = chromosome; MC = miscarriage; and TP = trophoblastic proliferation. 627 
 628 
DISCUSSION: 629 
HM are abnormal human pregnancies with heterogeneous etiologies and have different 630 
histological and genotypic types, which makes their accurate classification and diagnosis 631 
challenging. Histopathological morphological evaluation was often proven inaccurate and is 632 
therefore unreliable on its own to classify HM into CHM and PHM and distinguish them from 633 
non-molar miscarriages. Therefore, an accurate diagnosis of HM requires the use of other 634 
methods such as multiplex microsatellite DNA genotyping, ploidy analysis by flow cytometry, 635 
ploidy analysis by FISH, and p57 immunohistochemistry. Each of these methods has its own 636 
limitations and advantages. 637 
 638 
Limitations and advantages of multiplex genotyping and flow cytometry 639 
 640 
Maternal contamination is one of the most common issues when working with FFPE tissues and 641 
may lead to misdiagnosis, thus highlighting the importance of separating maternal from POC 642 
tissues. It is important to identify maternal contamination in order to have an idea of what to 643 
expect of the genotyping peaks and to help with their interpretation. If the level of 644 
contamination is too large and prevents reliable interpretation of the results, then repeat the 645 
DNA isolation and extraction, taking extra care in removing all possible maternal tissues. In 646 
regions where the morphology of the tissues is not clear, it is better to remove such regions to 647 
minimize the chance of maternal contamination. The first advantage of the method described 648 
in this protocol, in addition to its lower cost, is that maternal tissues are removed from the 649 
slides while other methods consist of collecting POC tissues (by covering them with solution 650 
that polymerizes when exposed to air and lifting the tissues) without removing maternal 651 



tissues. The method described here thus allows one to take a second look at the remaining POC 652 
tissues, re-clean them if necessary, as is often the case, and then collect and extract DNA from 653 
them. The second advantage is that we clean tissues on uncoverslipped H&E stained sections, 654 
which greatly facilitates the removal of maternal tissues, as opposed to the use of unstained 655 
sections and a coverslipped map slide. However, the additional staining may further degrade 656 
the DNA, and this is compensated for by adding more sections.  657 
 658 
The availability of parental DNA for the analysis is another challenge. The presence of both 659 
parents greatly facilitates the analysis and interpretation of genotyping results. Unfortunately, 660 
however, it is quite often the case that the father’s DNA is not available, which may sometimes 661 
complicate the analysis, especially in cases where the quality of the POC DNA is poor due to 662 
prior fixation or long-term storage (more frequent when working with recurrent HM). 663 
Furthermore, maternal blood may not always be available for DNA extraction. In such cases, 664 
maternal DNA can be extracted from maternal endometrial tissues present in the FFPE blocks 665 
as previously described16. Also, characterizing molar tissues that resulted from the use of 666 
assisted reproductive technologies may complicate microsatellite genotype analysis because, in 667 
most of the cases, DNA from the donors (males or females) is usually not available.  668 
 669 
Lastly, the fact that larger peaks tend to be shorter in terms of peak height is another possible 670 
source of confusion, particularly when the peak heights need to be used to determine if there 671 
are two doses or one dose in a single peak. One way to overcome this is to always keep in mind 672 
that peaks of large allele size (number of base pairs) tend to be shorter, due to the degraded 673 
nature of DNA from FFPE tissues, which makes less DNA available for the amplification of larger 674 
alleles. In addition, a shorter PCR fragment amplification takes less time than a larger one, and 675 
the exponential amplification of DNA leads to fewer amounts of larger alleles. 676 
 677 
The main drawback of flow cytometry is that triploid conceptions may sometimes be missed, 678 
and this could be due to insufficient amounts of CV in the block. However, the presence of a 679 
triploid peak is a conclusive indication of a triploidy. Note that this method is not sensitive 680 
enough to detect trisomies, tetraploid conceptions, or other aneuploidies using this protocol. 681 
Tetraploid conceptions are not detectable by this protocol because the tetraploid peak 682 
corresponds to the same peak of diploid cells in the G2 phase of the cell cycle.  683 
 684 
Knowing these limitations and challenges helps in reducing mistakes. It is thus important and 685 
sometimes necessary to analyze the same tissue with different methods, compare the results, 686 
and make sure that they are concordant with one another. If they are not, results need to be 687 
reconsidered and analyses need to be repeated. For the several cases that showed conflicting 688 
results, discrepancies were resolved simply by repeating the experiments and taking 689 
appropriate care to avoid the original problem. In other cases, discrepancies were resolved by 690 
performing additional methods such as FISH on tissue sections or by performing additional 691 
simplex genotyping with appropriate markers. 692 
 693 
Identification of maternal contamination 694 
 695 



With respect to identifying contamination of the POC DNA with maternal DNA, the level of 696 
contamination will be reflected or recognized by the presence of all maternal alleles at all loci in 697 
the POC, in addition to the maternal allele(s) that are transmitted to the POC.  698 
 699 
In Figure 11A, peaks originating from maternal DNA contamination are labelled with a “c”. 700 
Notice how every peak marked with a “c” is also present in the mother, and we see these “c” 701 
peaks in all three markers. Note that for the second marker (in blue), the maternal 702 
contamination peak indicated by a “c” is higher than each “c” peak at the first marker because 703 
the mother is homozygous for the second marker; the height of the contaminant is therefore 704 
doubled for this marker. In this POC, there are no maternally derived peaks. In other words, this 705 
POC did not inherit any alleles from the mother. There is only one real peak at each marker and 706 
this peak is not present in the mother. We therefore know that the real peaks must have come 707 
from the father. With ploidy information from either karyotype or flow cytometry analysis 708 
demonstrating diploidy, it is possible to conclude that this POC is both androgenetic in origin 709 
and diploid.  710 
 711 
Furthermore, these three markers in Figure 11A reveal that there is always only one real peak 712 
for every marker. Only three markers are illustrated here, however, multiplex kits often come 713 
with many more markers that will also reveal the same pattern. Since this POC is diploid, there 714 
must be two doses in each peak. With this information, we can conclude that this POC is 715 
androgenetic monospermic and is homozygous at every single marker. 716 
 717 
Figure 11B represents a diploid biparental POC. The little black bar across the first peak of the 718 
first marker (in green) represents the estimated amount of contamination that is present within 719 
this real peak. The “R” indicates the real portion of this peak coming from the POC DNA; the “c” 720 
represents the contaminant portion of this peak coming from the maternal DNA. How can one 721 
identify the level of contamination? It is possible, in this case, when a marker is heterozygous in 722 
the mother because one of the maternal alleles is absent in the POC. The small peak in the first 723 
marker labelled with “c,” for example, indicates that this is the level of contamination that 724 
should be expected for the other maternally inherited peak. Consequently, all the POC peaks 725 
that are of maternal origin are slightly higher than the paternally inherited peaks due to the 726 
small added amount of contamination. For the third marker (in black) in Figure 11B, the level of 727 
contamination is expected to be double the usual amount (because the mother is homozygous 728 
for this specific marker), and one can therefore infer that there is only one dose in the first peak 729 
in the POC. 730 
 731 
Figure 11C illustrates a triploid dispermic POC. The first marker (in green) shows three peaks in 732 
the POC. Since these three peaks have similar heights, it is possible to conclude that this POC is 733 
likely triploid. Note that the third peak in this marker is shorter than the first. This is expected 734 
because, as a general trend, larger peaks tend to be shorter. The second peak is slightly higher 735 
than the first, and this can be accounted for by a small amount of maternal contamination, as 736 
indicated by the bar and “c.” Furthermore, two of these three peaks are not present in the 737 
mother, and therefore must have come from the father. Thus far, this marker indicates that the 738 
POC could be triploid (or a trisomy) and that the origin of the extra set of chromosomes is 739 



paternal. It also indicates that it is a dispermic conception, since the POC inherited two 740 
different alleles from the father. 741 
 742 
The second marker (in blue) in Figure 11C has only two peaks. After accounting for the level of 743 
contamination, the second peak appears higher than the first, and this is despite the general 744 
trend for larger peaks to be smaller (a trend that must always be kept in mind during analysis). 745 
Thus, it is likely that there are two doses in that one big peak. This is also supported by the fact 746 
that the first marker is indicative of triploidy. 747 
 748 
Lastly, the third marker (in black) in Figure 11C shows three peaks, again indicative of triploidy. 749 
Since most markers in multiplex kits come from different chromosomes, it is possible to 750 
conclude with confidence that a POC is triploid after observing the same trend of three alleles 751 
across several different markers. Also note from this marker that two out of the three peaks 752 
originate from the father, confirming the dispermic origin. 753 
 754 
[Place Figure 11 here] 755 
 756 
Examples of challenging cases 757 
 758 
For a number of cases, it was only possible to arrive at a conclusion by having all three 759 
assessments simultaneously (i.e., flow, p57KIP2, and multiplex genotyping). For example, one 760 
case (808) was referred as a non-molar miscarriage. Histopathological evaluation lead to 761 
suspicion of a molar conception and genotyping analysis of the POC revealed one marker that 762 
clearly showed three peaks (two from the father and one from the mother). The p57 results 763 
were not conclusive. The flow cytometry analysis revealed a small triploid peak that was 764 
confirmed with FISH analysis, which also ruled out the presence of another diploid cellular 765 
population. With confirmation from FISH, it was possible to conclude that the POC is indeed a 766 
triploid dispermic mole.  767 
 768 
Another case (1192) was also referred as non-molar miscarriage. The CV of this POC were 769 
intermingled with maternal tissues and were highly necrotic as well, making the cleaning 770 
process very challenging. Consequently, the first genotyping analysis showed a high level of 771 
maternal contamination, such that every maternal allele could be seen in the POC (a good 772 
indication of possible contamination). Furthermore, the p57 was unfortunately inconclusive, 773 
most likely due to the necrotic nature of the tissue, perhaps because of delayed fixation. The 774 
flow cytometry results, however, were indicative of triploidy, which was also confirmed by FISH. 775 
The DNA was re-extracted with the goal of reducing the level of contamination and removing 776 
tissues with unclear morphology. Analysis of the new genotyping results, while accounting for 777 
the probable presence of maternal contamination, allowed us to conclude that the POC was a 778 
triploid dispermic XXY PHM. 779 
 780 
Table 4 outlines the typical methods used for analysis. It is recommended to use morphological 781 
evaluation and p57 immunohistochemistry on all tissues suspicious of HM and at least one 782 
genotyping method. Among genotyping methods, the most informative is multiplex DNA 783 



genotyping. When results between different methods are not concordant or when some results 784 
are inconclusive, other genotyping methods need to be used. The table demonstrates expected 785 
concordant results for each possible HM type along with rare exceptions and recommendations 786 
to solve them. 787 
 788 
[Place Table 4 here] 789 
 790 
To the best of the authors’ knowledge, this article is the first to provide detailed protocols for 791 
flow cytometry as well as low-cost and high-quality multiplex microsatellite DNA genotyping of 792 
FFPE POC tissues. The interpretation of the results is also described, along with their 793 
troubleshooting and integration with those of other methods to reach accurate conclusions and 794 
diagnoses of POCs and HM. The authors sincerely hope that this article can be helpful for 795 
researchers trying to understand this complex entity.  796 
 797 
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Table 1. Eosin Y Working Solution (0.25%) preparation

Reagent Quantity

Eosin Y stock solution (1%) 250 mL

80% Ethanol 750 mL

Glacial Acetic Acid (Concentrated) 5 mL
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Table 2. Reagents and durations for the H&E staining protocol

Reagent used (100 mL per bin) Duration

1) Xylene
Paraffin removal

2) Xylene 5 min

3) 100% Ethanol
Beginning of hydration series

4) 95% Ethanol 2 min

5) 70% Ethanol 2 min

6) 50% Ethanol 2 min

7) Distilled water 5 min

8) Hematoxylin
Stains nuclei purple

9) Distilled water 5 min

10) Eosin
Counterstain – stains all other tissues pink

11) 95% Ethanol
Dehydration series

12) 100% Ethanol 5 min

13) Xylene

Removes ethanol and ensures miscibility for coverslipping

14) Xylene 5 min

5 min

5 min

2 min

4 min

1 min

5 min
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Table 3. Reagents and durations for deparaffinization and rehydration

Reagent used (6 mL each) Duration

1) Xylene 2 x 10 min

2) 100% Ethanol 2 x 10 min

3) 95% Ethanol 10 min

4) 70% Ethanol 10 min

5) 50% Ethanol 10 min

6) Distilled water 2 x 10 min
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Table 4. Typical order of analysis, expected results, and rare exceptions along with recommendations to solve them

Morphology

compatible with:
CHM PHM

P57 IHC Negative Positive

Multiplex 

microsatellite 

genotyping of 

POC and mother

Diploid Androgenetic 

Monospermic - 85% 

Diploid Androgenetic 

Dispermic - 15%

Triploid Dispermic - 99%

Triploid Monospermic - 1%

1 - Dip And and p57+ 

retained maternal Chr 

11/11p15

Recommendation: 

Simplex Chr 11 markers, 

FISH.

2 - Dip Bip and p57 - 

deleted maternal Chr 

11/11p15

Morphology: Not typical 

CHM, no TP

Recommendation: Simplex 

Chr 11 markers, FISH.

1 - Dip Bip aneuploid MC, up to 

40%

Morphology: Not typical PHM, 

no/mild TP

Recommendation: Microarray

2 - Triploid Digynic

Morphology: Not typical PHM, 

p57 ++

3 - Tetraploid (Trispermic or 2 

mat and 2 pat sets of Chr.): 

<1%

Morphology: Not typical PHM

Recommendation: FISH

Discrepancies 

and

exceptions:

Diploid Biparental

Morphology: CHM or not typical CHM/PHM. p57 -, p57+/-, or p57+. 

Recommendation: Re-review reproductive history, analyze other POCs, and search for 

mutations in NLPR7 /KHDC3L /PADI6 .
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Table 4. Typical order of analysis, expected results, and rare exceptions along with recommendations to solve them

Twins (CHM + fetus)/ 

Mosaic

Positive and negative

Mosaic: Dip And + Dip Bip 

1 - One non-maternal 

allele - monozygotic

2 - Two non-maternal 

alleles - dizygotic

Recommendation:

- For mosaic cases, FISH 

with X, Y, and 18 may 

help. 

- Compare FISH with p57.

- Flow cytometry to 

exclude triploid cells.

Diploid Biparental

Morphology: CHM or not typical CHM/PHM. p57 -, p57+/-, or p57+. 

Recommendation: Re-review reproductive history, analyze other POCs, and search for 

mutations in NLPR7 /KHDC3L /PADI6 .



Name of Material/Equipment Company Catalog Number
BD FACS Canto II BD BioSciences 338960

Capillary electrophoresis instrument: Genomes Applied Biosystems 3730xl DNA Analyzer Applied biosystems 313001R

Citric acid Sigma 251275

Cytoseal 60, histopathology mounting medium Fisher 23244257

Eosin Y stock solution (1%) Fisher SE23-500D

FCSalyzer - flow cytometry analysis software SourceForge -

FFPE Qiagen kit Qiagen 80234

Forceps Fine Science Tools 11295-51

Glacial Acetic Acid (Concentrated) Sigma A6283-500mL

Glass coverslips: Cover Glass Fisher 12-541a

Hematoxylin Fisher CS401-1D

Highly deionized formamide: Hi-Di Formamide Thermofisher 4311320

IHC platform: Benchmark Ultra Roche -

Kimwipes Ultident 30-34120 

Microtome Leica RM2135

Microtome blades Fisher 12-634-1C

Nitex filtering mesh, 48 microns Filmar 74011

p57 antibody Cell Marque 457M

Pasteur pipette VWR 53499-632

PCR machine Perkin Elmer, Applied Biosystems GeneAmp PCR System 9700

PeakScanner 1.0 Applied Biosystems 4381867

Pepsin from porcine gastric mucosa Sigma P7012

Polystyrene round-bottom tubes BD Falcon 352058

Positively charged slides: Superfrost Plus 25x75mm Fisher 1255015

PowerPlex 16 HS System Promega Corporation DC2102

Propidium Iodide Sigma P4864

Ribonuclease A from bovine pancreas Sigma R4875

Separation matrix: POP-7 Polymer Thermofisher 4352759

UltraPure Agarose Fisher 16500-500

Xylene Fisher X3P1GAL
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Comments/Description

Service offered by the Centre for Applied Genomics (http://www.tcag.ca) 

https://sourceforge.net/projects/fcsalyzer/

For sectioning and for the cleaning process

http://www.filmar.qc.ca/index.php?filet=produits&id=51&lang=en; any other filter is suitable, but this is an inexpensive and effective option from a non-research company

Software for genotyping analysis.



http://www.filmar.qc.ca/index.php?filet=produits&id=51&lang=en; any other filter is suitable, but this is an inexpensive and effective option from a non-research company
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Rebuttal letter for the manuscript JoVE60366R1 "Protocols for Microsatellite DNA 
Genotyping and Flow Cytometry Ploidy Analyses of Formalin-Fixed Paraffin-Embedded 
Hydatidiform Molar Tissues." 
 

Editorial comments: 
 
1. Please note that the editor has formatted the manuscript to match the journal's style. 
Please retain the same. The updated manuscript is attached and please use this version to 
incorporate the changes that are requested. 

Reply: Thank you for taking the time to work on our manuscript. The version you sent us 
was used and the formatting has not been changed. 

 
2. 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. See specific comments in the manuscript. 

Reply: Details have been added to address the comments in the manuscript. Many steps 
have also been added to explain how to use a flow cytometry analysis software. 

 
3. After you have made all the recommended changes to your protocol section (listed 
above), please highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text 
(including headers and spacing) to be featured in the video. Bear in mind the goal of the 
protocol and highlight the critical steps to be filmed. Our scriptwriters will derive the video 
script directly from the highlighted text. 

Reply: Approximately 2.75 pages of protocol text have been carefully chosen and are 
highlighted in yellow. 

 
4. Please highlight complete sentences (not parts of sentences). Please ensure that the 
highlighted steps form a cohesive narrative with a logical flow from one highlighted step to 
the next. The highlighted text must include at least one action that is written in the 
imperative voice per step. Notes cannot usually be filmed and should be excluded from the 
highlighting. 

Reply: All highlighted text is made up of complete sentences and includes at least one 
action, except for section 1.5. - “Follow the protocol of the DNA extraction from FFPE kit 
(Table of Materials) to perform DNA extraction,” which we do not intend to film. It is 
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highlighted simply to be included in the narrative to ensure that a cohesive protocol is 
portrayed in the video. 

 
5. 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. 

Reply: All relevant details are included in the highlighting (except for section 1.5, as 
explained in the reply to the previous comment). 


