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SUMMARY: 27 
Here, we present a protocol for semi-automated DNA extraction from formalin-fixed paraffin-28 
embedded lesions of human carotid arteries. The tissue lysis is performed without toxic xylene, 29 
which is followed by an automated DNA extraction protocol, including a second lysis step, binding 30 
of DNA to paramagnetic particles for cellulose based binding, washing steps, and DNA elution. 31 
 32 
ABSTRACT: 33 
Formalin-fixed paraffin-embedded (FFPE) tissues represent a valuable source for molecular 34 
analyses and clinical genomic studies. These tissues are often poor in cells or difficult to process. 35 
Therefore, nucleic acids need to be carefully isolated. In recent years, various methods for DNA 36 
isolation have been established for tissues from many diseases, mostly cancer. Unfortunately, 37 
genomic DNA extracted from FFPE tissues is highly degraded due to the cross-linking between 38 
nucleic acid strands and proteins, as well as random breakings in sequence. Therefore, DNA 39 
quality from these samples is markedly reduced, making it a challenge for further molecular 40 
downstream analyses. Other problems with difficult tissues are, for example, the lack of cells in 41 
calcified human atherosclerotic lesions and fatty tissue, small skin biopsies, and consequently 42 
low availability of the desired nucleic acids as it is also the case in old or fixed tissues. 43 
 44 
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In our laboratories, we have established a method for DNA extraction from formalin-fixed 45 
atherosclerotic lesions, using a semi-automated isolation system. We compared this method to 46 
other commercially available extraction protocols and focused on further downstream analyses. 47 
Purity and concentration of the DNA were measured by spectrometry and fluorometry. The 48 
degree of fragmentation and overall quality were assessed. 49 
 50 
The highest DNA quantity and quality was obtained with the modified blood DNA protocol for 51 
the automated extraction system, instead of the commercial FFPE protocol. With this step-by-52 
step protocol, DNA yields from FFPE samples were in average four times higher and fewer 53 
specimens failed the extraction process, which is critical when dealing with small-vessel biopsies. 54 
Amplicon sizes from 200–800 bp could be detected by PCR. This study shows that although DNA 55 
obtained from our FFPE tissue is highly fragmented, it can still be used for successful amplification 56 
and sequencing of shorter products. In conclusion, in our hands, the automated technology 57 
appears to be the best system for DNA extraction, especially for small FFPE tissue specimen. 58 
 59 
INTRODUCTION: 60 
Formalin fixation followed by paraffin embedding (FFPE) is a standard procedure for long-term 61 
preservation of pathological specimen in biobanking1. These samples provide a valuable source 62 
for histological studies as well as molecular analyses, especially genetic studies2. Further 63 
advantages of FFPE tissues are better long-term storage, lower costs, and easier storage 64 
conditions. Our intention here is to provide a reliable and easy-to-use protocol for reproducible 65 
nucleic acid isolation from small amounts of FFPE sections, since high quality DNA extraction is 66 
the first crucial step in a wide range of molecular techniques and FFPE tissues are the most 67 
available source of samples. 68 
 69 
New scientific approaches, such as next-generation sequencing (NGS) and “omics” research 70 
approaches require high quality of nucleic acids3-5. Extracting DNA from FFPE tissue samples 71 
remains a challenging endeavor. DNA from FFPE samples can vary widely in quality and quantity 72 
depending upon its age and fixation conditions. Formalin, the most frequently used compound, 73 
leads to DNA-protein crosslinking6-8 and causes unspecific random breakage in the nucleotide 74 
sequence9. This may significantly impact downstream genomic analyses, since crosslinking can 75 
disable polymerase chain reaction (PCR) amplification6,10. Due to contaminants during the 76 
fixation process, purity of the DNA isolated from FFPE samples is often limited. In recent years, 77 
various methods for DNA isolation were established, mostly from cancer tissue specimens2,11-13. 78 
 79 
In general, protocols for the extraction of nucleic acids from FFPE tissue can be differentiated 80 
into three main groups. The first, most commonly used group of methods includes commercially 81 
available silica-based column systems14. The second group involves manual organic phase 82 
extraction methods with phenol and chloroform, first described by Joseph Sambrook and David 83 
W. Russell15. As a third group, automated systems were established over the last years such as 84 
liquid handling systems as well as paramagnetic particle-based systems16. Each of the three 85 
named systems holds different advantages and disadvantages such as dangerous chemicals (i.e., 86 
xylene, phenol, chloroform), high costs17, manpower18, and time consumption19. Especially, for 87 
the difficult tissue specimen as well as high throughput analyses standardization, reproducibility, 88 



   
 

relatively low time-consumption, manpower, and costs are the most relevant features in finding 89 
a suitable method for nucleic acid isolation20. Automated extraction methods are known to show 90 
better reproducible results and are more sensitive for small biopsies. Moreover, less amount of 91 
tissue or blood is needed and the risk of clogging of the system due to high amounts of paraffin 92 
is reduced. Although machines for automated nucleic acid extraction and the needed kits are 93 
more expensive compared to manual methods, they are still convincing due to less problematic 94 
extraction processes. Literature search provides a lot of publications that illustrate a direct 95 
comparison between manual, column-based, and automated DNA and RNA extraction methods 96 
from different tissues and organisms, such as plants, animals, and humans as well as cells in 97 
culture20-22. There are also evidences present in literature to show that DNA and RNA isolated 98 
from 10-year old snap frozen tissue can be used for downstream analyses such as PCR, 99 
quantitative PCR, NGS, methylation analyses, and cloning9,23-26. 100 
 101 
The major problem with, for example, aged human vascular tissue, as well as small tissue 102 
biopsies, especially concerning FFPE samples, is the lack of cells in the highly calcified 103 
atherosclerotic lesions, which consequently leads to low concentrations of nucleic acids1. 104 
Although several methods for DNA extraction from FFPE tissue have already been established 105 
and are widely used, the manual sample preparation methods require long hands-on time27 and 106 
toxic reagents such as xylene or phenol are necessary for deparaffinization2. As described, the 107 
deparaffinization process is a crucial time-consuming step (e.g., around 30 min) that markedly 108 
affects the quality and quantity of the extracted DNA (e.g., toxic effects on DNA, such as 109 
fragmentation and degradation of deparaffinization solution and high temperatures)28. Recently 110 
developed new DNA extraction protocols focus on using other non-toxic deparaffinization 111 
solutions, repair strategies and automated bead technologies. In particular, automated and semi-112 
automated methods have been shown to be successful in DNA extraction with efficient recovery, 113 
lack of cross contamination, and easy performance29. We have established a protocol that 114 
overcomes these limitations. As a result, our technique allows a reduction of processing and 115 
hands-on time at highest quantitative and qualitative standards. 116 
 117 
Especially for reproducible high-throughput analyses such as genotyping, epigenomic studies, 118 
and RNA sequencing the handling of FFPE specimen with column-based purification systems is 119 
often difficult and, time consuming (e.g., long deparaffinization steps, column clogging, and long 120 
hands-on times). Clogging of the silica membranes due to high amount of paraffin is the major 121 
issue. Other circumstances that can worsen the isolation of high-quality nucleic acids are small 122 
amounts of tissue such as micro-biopsies of skin, small mouse tissue, very fatty or calcified tissue 123 
as plaques, ossified tissue, and aged samples. Especially in diagnosis and forensics, automated 124 
and semi-automated systems such as liquid handling or paramagnetic particle-based extraction 125 
methods became more and more essential over the last few years30,31, mainly due to relatively 126 
low hands-on times and the possibility of standardization. Most of the already published 127 
protocols work perfectly for smooth tissues with high or medium amounts of cells such as tumor 128 
biopsies or plant tissue13,22,32. Literature about methods for semi-automated particle-based 129 
methods used for isolating DNA from relatively hard-to-handle tissue such as fixed single cells, 130 
calcified vessels, collagen rich tissue, and fatty tissue with low cell numbers are only poorly 131 
described33. 132 



   
 

 133 
In this study, an optimized semi-automated method for DNA isolation from vascular paraffin 134 
embedded sections is described, comparing it to two manual column-based protocols. DNA 135 
quantity, purity, and the extent of fragmentation were used for validation. The commercially 136 
available blood DNA protocol, was used as a starting point and the manual steps of the semi-137 
automated system were subsequently optimized for the use of FFPE as well as fresh frozen tissue 138 
samples from human and animal tissue, combining steps from the FFPE and the tissue protocol. 139 
The automated step of this protocol is pre-installed on the instrument and depends on the used 140 
kit (here, the blood DNA kit). With the described semi-automated cartridge-based system it is 141 
possible to isolate DNA from blood, fresh-frozen tissue, formalin-fixed tissue and even single cells 142 
with the same protocol, machine, kit and consumables, instead of using different protocols and 143 
kits for the instrument, as it is recommended by the company. There are only minor differences 144 
in the protocols, such as one buffer and some incubation times for the different applications, 145 
which makes this protocol very useful for extracting DNA from all kinds of tissues. Our protocol 146 
is primarily optimized for calcified, poor in cells and fibrous human vascular tissue, but can of 147 
course be used and further optimized for all kinds of difficult tissues mentioned above. 148 
 149 
Summarized, for researchers in the cardiovascular field working on atherosclerosis (e.g., aorta, 150 
carotid arteries, coronary arteries) we provide an easy-to-use, point-by-point protocol for semi-151 
automated DNA extraction from vascular FFPE samples. 152 
 153 
PROTOCOL: 154 
The permission to collect human carotid atherosclerotic specimens in our biobank was approved 155 
by the local Hospital Ethics Committee (2799/10, Ethikkommission der Fakultät für Medizin der 156 
Technischen Universität München, Munich, Germany). Written informed consent was obtained 157 
from all patients. Experiments were performed in accordance with the principles of the 158 
Declaration of Helsinki. 159 
 160 
1. Tissue preparation 161 
 162 
1.1 Prepare 5–8 tissue sections of 10 µm from the FFPE sample with the microtome and 163 
transfer it in a 1.5 mL tube. It is not necessary to reduce the excess of paraffin from the block. 164 
 165 
NOTE: Thinner single sections instead of one large section accelerate the buffer reaction. Discard 166 
the first sections due to O2 exposure. For bigger samples, it is also possible to use fewer sections. 167 
 168 
1.2 Centrifuge these tubes in a bench top centrifuge, set to 5,000 x g for 1 min at room 169 
temperature to collect each sample on the bottom of the tube. 170 
 171 
CAUTION: Too long centrifugation leads to clotting of the sample and complicates the lysis. 172 
 173 
2. Lipid dissolution and deparaffinization 174 
 175 
NOTE: This step is needed for deparaffinization and lipid digestion. The buffer used is less toxic 176 



   
 

than commercial deparaffinization solutions. 177 
 178 
2.1 Add 300 µL of the commercially available incubation buffer and 6 µL of 1-thioglycerol to 179 
each tube. 180 
 181 
NOTE: Do not use more than 300 µL as this is the maximum volume of the automation system 182 
cartridge. 183 
 184 
2.2 Vortex for 10 s and incubate the sample for 10 min at 80 °C and 500 rpm in a heating block 185 
to solubilize paraffin. 186 
 187 
CAUTION: The tissue should be completely dissolved in the end. If necessary, vortex several times 188 
during incubation. 189 
 190 
3. Sample and protein digestion 191 
 192 
NOTE: Native digestion with protease K is crucial to have clean DNA extracts without proteins. It 193 
also reduces any contaminating proteins present. Furthermore, nucleases are also destroyed to 194 
save the DNA34. This overnight step is also needed for complete sample digestion. 195 
 196 
3.1 Let the sample cool down to 60 °C and then add 30 µL of the provided Proteinase K 197 
solution. 198 
 199 
3.2 Vortex again and incubate the mixture at 65 °C and 500 rpm overnight (4–20 h) in a 200 
heating block. Vortex the samples during incubation from time to time for complete sample 201 
digestion. 202 
 203 
NOTE: Overnight incubation leads to better results. Mixing steps are recommended every 30–60 204 
min. In the end, there should not be any visual tissue piece inside the tube. 205 
 206 
4. Cell lysis 207 
 208 
4.1 Add 400 µL of the lysis buffer, provided in the blood kit and vortex shortly. 209 
 210 
4.2 Incubate the sample again at 65 °C for 30 min with 500 rpm. 211 
 212 
4.3 Let the sample cool down to room temperature. The paraffin will harden on top. 213 
 214 
CAUTION: Do not vortex again, to keep the paraffin separated from the sample. Otherwise, the 215 
paraffin is mixed with the tissue, which destroys the sample. The sample will be collected in step 216 
6.1. 217 
  218 
5. Preparation of the pre-dispensed cartridges 219 
 220 



   
 

5.1 Turn on the machine, as well as the associated tablet computer. 221 
 222 
5.2 Start the software app and click on the Door button to open the instrument. 223 
 224 
5.3 Remove the rack from the instrument and insert the pre-filled cartridge into the probe 225 
rack. Ensure that the cartridge clicks twice when into place and remove the sealing foil. 226 
 227 
5.4 Add the plunger in the last (8) well of the cartridge. It serves as pipette tip in the 228 
instrument. 229 
 230 
5.5 Fill the provided 0.5 mL elution tubes with 65 µL of elution buffer, provided with the kit. 231 
Leave the tubes open and insert them into the dedicated position in the front part of the rack, 232 
after the cartridge. 233 
 234 
NOTE: The minimum volume for elution is 60 µL. The system will lose 5–10 µL of the added elution 235 
volume. 236 
 237 
6. Automated DNA extraction 238 
 239 
6.1 Carefully puncture the paraffin on top of the 1.5 mL tube from step 4.3 to reach to the 240 
clean sample at the bottom of the tube without mixing it with paraffin again. 241 
 242 
6.2 Transfer the whole mixture (730 µL) of the prepared sample in the first well of the 243 
cartridge. 244 
 245 
6.3 Insert the rack into the automated DNA extraction machine. Ensure that the rack locks in 246 
the back of the machine first and in the front afterwards. 247 
 248 
6.4 Start the run by clicking the upper left orange Start button in the software. A window with 249 
different pre-installed protocols will open. Select Blood DNA protocol on the instrument. 250 
Confirm that plunger, elution tube, and sample were added by clicking yes in the software. The 251 
door of the instrument will close automatically, and the run starts (the light will turn green). The 252 
run will take approximately 38 min. No further calibration is needed. 253 
 254 
NOTE: Watch until the system has picked up the plungers for all samples in the rack. If this is not 255 
happening the system stops automatically and the machine protocol must be restarted. 256 
 257 
6.5 Ensure that the system performs the automated lysis step in the first well of the cartridge, 258 
followed by washing steps in wells 3 to 7. There is no further programming step needed. The 259 
complete program is pre-installed by the company. 260 
 261 
6.6 Once done, ensure that the system elutes the DNA in the prepared elution tubes via the 262 
added plunger. The magnetic particles stay in the plunger. The plunger in the end goes back to 263 
the last well of the cartridge. 264 



   
 

 265 
7. Finish the run 266 
 267 
7.1 When the run is completed (the machine shows blue light), open the instrument by 268 
clicking the button for opening (door-sign) and remove the rack from the system. 269 
 270 
7.2 Discard the cartridges. 271 
 272 
7.3 Reinsert the empty rack to the instrument and close the door via the door button in the 273 
upper-right corner. Close the software app and turn off the machine, as well as the tablet 274 
computer. 275 
 276 
7.4 Store eluates at -20 °C for long-term storage or at 4 °C for short-term storage or use it 277 
directly for downstream analysis or concentration measurements. 278 
 279 
REPRESENTATIVE RESULTS: 280 
For the establishment of the protocol, 5 FFPE tissue blocks from patients with atherosclerosis of 281 
the carotid artery were used. DNA was isolated with an optimized semi-automated protocol (kit 282 
C) as well as with two commercially available manual column-based protocols (kit A and kit B, see 283 
Table of Materials). DNA extraction with kit A and B was performed according to the 284 
manufacturer´s protocol. The only change that was made in the protocol of the two commercially 285 
available kits (kit A and kit B): deparaffinization in the beginning was performed twice due to high 286 
amounts of paraffin surrounding the sections. After deparaffinization with xylene, DNA was 287 
bound to the column-membrane and washed three times. After drying the membrane by 288 
centrifugation, DNA was eluted with 60 µL of the provided elution buffer. 289 
 290 
To determine the optimal quantity of samples needed for reproducible results from every 291 
patient, different amounts of material were taken. Consecutive tissue sections of 2 x 10 µm (20 292 
µm in total), 5 x 10 µm (50 µm in total), and 8 x 10 µm (80 µm in total) were used (Figure 1). The 293 
quality and quantity of total genomic DNA isolated with the automated system and the two-294 
manual column-based systems were assessed both with spectrometry, a microplate reader 295 
spectrometric system as well as fluorometry. Fragmentation analysis was performed using 296 
automated screen-tape technology and polymerase chain reaction (PCR). Statistical analysis was 297 
done using commercially available software (see Table of Materials). 298 
 299 
The semi-automated protocol leads to higher quantity of the extracted DNA 300 
Using micro-volume spectrometry and plate reader spectrometry as well as fluorometry as 301 
shown in Figure 2, the total amount of genomic DNA was compared for the different amounts of 302 
tissue sections (20 µm, 50 µm, 80 µm in total). A linear increase of DNA concentration was 303 
obtained with the cartridge-based semi-automated kit C, with all three quantification methods. 304 
For the manual kits A and B, no significant differences were observed between 20 µm, 50 µm, 305 
and 80 µm sections. The mean concentration of all five tissue samples measured with micro-306 
volume spectrometry and microplate reader technology for DNA extracted with the semi-307 
automated protocol (Figure 2A,B, Table 1) showed a significant, a four times higher, 308 



   
 

concentration (45 ng/µL) compared to the column-based protocols A and B (p = 0.016). Kit A 309 
attained mean concentrations of 12.5 ng/µl, while Kit B attained only 8.5 ng/µL. Figure 3 shows 310 
the quality of the extracted DNA with the three named methods. Summing up that there is no 311 
big difference in quality. The semi-automated kit shows more stable quality, the measured 312 
quantities are comparable. Similar results were found by using fluorimetric measurements of the 313 
DNA concentration (Figure 2C). Mean concentrations of DNA using kit A were further reduced to 314 
3 ng/µl compared to the spectrometric analysis. Summarizing the quantity of DNA, the 315 
automated protocol turned out to be the most efficient method for low cells-tissue samples. 316 
  317 
Automated extraction protocol leads to a better quality of the extracted DNA 318 
Furthermore, the quality of DNA isolated with the three different protocols was assessed 319 
spectrophotometrically, both using spectrophotometer and microplate reader, calculating the 320 
A260/280 ratio (Figure 3A,B and Table 2). Nucleic acids have their absorbance maximum at 260 321 
nm. Purity of high quality DNA is generally in the range from A260/280 values of 1.6–1.8, as 322 
evidenced by the two dashed lines in Figure 3A,B35. The mean ratio of the manual column-based 323 
kit A was 1.92 ± 0.6 in spectrometry and 2.58 ± 1.2 measured with microplate-reader technology. 324 
Kit B showed smaller ratios (1.45 ± 0.3 and 1.85 ± 0.7). DNA isolated with the semi-automated kit 325 
C showed purity ratios of 1.4 ± 0.07 in spectrometry and 1.68 ± 0.05 calculated with the 326 
microplate reader. In both the measurements, the automated isolation method showed less 327 
variation in purity ratio than the manual kits but only kit A showed significant differences in 328 
paired t-test analysis because of the huge scattering (p = 0.0025 and p < 0.001). Regarding the 329 
microplate measurement, all samples isolated with the automate system passed the purity 330 
criteria (ratios between 1.6 and 1.8), whereas kit A and kit B in many cases failed these criteria (p 331 
< 0.001). Spectrometry (Figure 3A) evidenced that not all samples isolated with the optimized 332 
cartridge system (minimum ratio = 1.36) reached the defined purity threshold (dashed lines, 333 
indicating the A260/280 ratio of 1.6 and 1.8), indicating buffer contamination. In addition, huge 334 
variation of the calculated ratio for kits A and B was observed. Consequently, semi-automated 335 
DNA isolation provides samples with comparable and reproducible quality, whereas the DNA 336 
quality is widely fluctuating with column-based isolation methods. Another quality check was 337 
performed using DV200 calculation (Figure 3C, Table 2). Here, the manual column-based 338 
extraction system A showed a value of 90% ± 3.8 for fragments bigger than 200 bp, whereas kit 339 
B only showed 85% ± 7.1 (p = 0.01). Also, in this analysis, DNA extracted with the semi-automated 340 
protocol showed the highest percentage of fragments bigger than 200 bp (92% ± 3.6). 341 
 342 
Summing it up, quality of the DNA extracted with the semi-automated system was more stable 343 
and reproducible, whereas DNA isolated with the column-based systems showed more variation 344 
in quality ratios. DV 200 indicated similar quality for kits A and C, whereas kit B had less fragments 345 
bigger than 200 bp. 346 
 347 
DNA fragmentation is independent of the used protocol 348 
Fragmentation of the DNA was assessed with semi-automated screen tape technology. In Figure 349 
4A, representative gels are shown to display the extent of fragmentation of all samples used in 350 
this study. Dark color indicates a higher density whereas grey shaded images indicate lower 351 
densities. Here, similar patterns were observed for all samples and in all three kits. The first three 352 



   
 

samples show the darkest region (which equals the highest accumulation of the fragmented 353 
DNA), in the lower part of the gel representing the smaller DNA fragments, samples from patient 354 
4 and 5 show more (denser) fragments in the upper part of the gel, indicating less fragmented 355 
DNA. In Figure 4B, the difference in DNA fragmentation using various amounts of material (20 356 
µm, 50 µm, and 80 µm) is shown for one representative sample using all three isolation 357 
strategies. Electropherograms show the corresponding fragment distribution. The data is 358 
summarized in Table 3. Here, the only visual difference between the three kits was found in the 359 
graphs of the 20 µm sections, with the automate kit showing a clearer electropherogram with 360 
more DNA detected. For 50 µm and 80 µm sections, no visible difference in the electropherogram 361 
was found between the different kits used in the study. 362 
 363 
Figure 5A shows the mean distribution of the fragment sizes for the semi-automated cartridge 364 
system kit C as well as for the two manual kits A and B. Mean distribution of the fragment sizes 365 
for the automated system shows the following results: 5% of the DNA fragments were smaller 366 
than 200 bp, 62% sized between 200 bp and 1500 bp and 29% of the DNA fragments were longer 367 
than 1,500 bp. Higher percentage of augmented DNA fragmentation was measured with Kit B 368 
(12%) and Kit A (8%). Medium size fragments were similar for kit A (62%) and kit B (57%). 369 
Regarding the longer DNA fragments, no significant difference (kit A 26%, kit B 27%) were 370 
observed. This leads to the conclusion that DNA isolated with the optimized semi-automated kit 371 
(kit C) seems to be less fragmented than DNA isolated with column-based kits. 372 
 373 
The fragmentation peak (highest amount of DNA for a certain fragment size) in all three kits was 374 
analyzed for each of the five tissue samples (Figure 5B). No differences between the three 375 
isolation methods could be detected concerning the overall DNA fragmentation. Of note, 376 
regardless of the kit utilized, samples 1 to 3 show an average maximum peak between 280 bp 377 
and 620 bp whereas samples 4 and 5 are less fragmented with an average fragmentation peak 378 
between 1,200 bp and 1,800 bp. These results indicate that DNA fragmentation is affected by the 379 
quality of the specimens itself. 380 
 381 
DNA extracted with the semi-automated kit is suitable for PCR analysis 382 
Ultimately, eight DNA samples isolated with the optimized protocol were used for downstream 383 
analysis performing PCR of different fragment lengths. Appropriate primers for the beta-actin 384 
housekeeping gene were chosen. A primary smooth muscle cell line served as a control (Figure 385 
6). By displaying the detectable fragments in agarose gel electrophoresis, both samples with large 386 
maximum fragments (500 bp–800 bp for samples 1, 2, and 8) as well as samples with only 200 bp 387 
of maximum fragments were detected (samples 6 and 7), independent of the extraction method 388 
used. 389 
 390 
FIGURE AND TABLE LEGENDS: 391 
 392 
Figure 1: Experimental workflow. The main steps of sample preparation and semi-automated 393 
DNA extraction are shown in the context of the used specimens and in comparison, with the 394 
manual DNA extraction kits A and B. 395 
 396 



   
 

Figure 2: Concentration measurement. The upper part (A-C) shows the DNA concentrations 397 
measured with spectrometry, microplate reader technology and fluorometry using 20 µm, 50 398 
µm, and 80 µm sections (each, n = 5) for all three different kits applied. The lower part shows the 399 
distribution of the DNA concentrations of five samples (80 µm) measured with spectrometry (D), 400 
microplate reader technology (E) and fluorometry (F). p-values are calculated with the paired t-401 
test, p < 0.05 was considered significant. 402 
 403 
Figure 3: Purity of the isolated DNA. The purity of DNA was assessed by calculating the A260/280 404 
ratio in two different spectrometers (A,B) for all three different kits (n = 15). Dashed lines 405 
demonstrate the optimal ratio (1.6–1.8). (C) shows the DV200 (fragments >200 bp) in % 406 
calculated via fragmentation analysis. P-values are calculated with Mann-Whitney test and 407 
shown in the graph accordingly, p < 0.05 was considered significant. 408 
 409 
Figure 4: Representative images from the fragmentation analysis. The fragmentation of each 410 
individual sample 1–15 is shown in the screen-tape traces. For every sample (n = 5) different 411 
amount of DNA from 20 µm, 50 µm, and 80 µm sections were analyzed separately (n = 3 for each 412 
sample) (A). (B) shows the DNA fragmentation of one representative specimen for 20 µm, 50 µm, 413 
and 80 µm sections for all three kits. 414 
 415 
Figure 5: Fragment distribution by screen-tape analysis. (A) shows the distribution of short, 416 
medium, and long fragments within the samples isolated with different kits. (B) shows the 417 
maximum fragmentation peak of the DNA isolated from samples 1–5 plotted for the individual 418 
kits. For every kit, the 20 µm, 50 µm and 80 µm sections of each samples are pooled. p-values 419 
are calculated with paired multiple t-test and shown in the graph, p < 0.05 was considered 420 
significant. 421 
 422 
Figure 6: Fragmentation analysis with PCR. This gel electrophoresis shows the PCR products with 423 
different amplicon lengths of the beta-actin housekeeping gene for eight different samples and 424 
one control cell line. Lanes are named as follows: 1 = 100 bp, 2 = 200 bp, 3 = 300 bp, 4 = 400 bp, 425 
5 = 500 bp, 6 = 600 bp, 7 = 700 bp, 8 = 800 bp, 9 = 1,000 bp, and 10 = 1,300 bp. 426 
 427 
Table 1: Results of quantitative analysis. This table shows the minimum, maximum, and mean 428 
concentration, of the DNA isolated from the five patients with the three different kits. 429 
Concentrations were measured spectrometrically using micro spectrometer and microplate 430 
reader, as well as fluorometrically. 431 
 432 
Table 2: Results of qualitative analysis. A260/280 ratios calculated with micro-spectrometer as 433 
well as microplate-reader are shown for every sample (n = 15) and the three different extraction 434 
methods. DV200 (fragments bigger than 200 bp) calculated via fragmentation analysis is also 435 
shown for kits A, B, and C. 436 
 437 
Table 3: Results of fragmentation analysis. Here, the percentage of the fragments smaller than 438 
200 bp, bigger than 1,500 bp and between 200 bp and 1,500 bp is shown for all five patients, the 439 



   
 

different amounts of starting material (20 µm, 50 µm, and 80 µm) and the three different 440 
isolation methods. Percentages smaller than 2% were named as not detectable. 441 
 442 
DISCUSSION: 443 
DNA extraction methods for FFPE tissue vary in quality and quantity of isolated DNA, which 444 
inevitably affects the performance of further downstream analyses. Thus, automation is 445 
becoming imperative to improve workflow and standardization, as well as quality management. 446 
Therefore, in the present study, a semi-automated method for DNA extraction from FFPE samples 447 
was evaluated demonstrating better results than the other tested manual column-based 448 
protocols. 449 
 450 
To optimize the described semi-automated method, our aim was to have one general protocol 451 
for every kind of tissue and body liquid, as well as fixed specimen. For this, we used the 452 
commercially available DNA Blood kit from the company (Table of Materials) for optimization. 453 
First of all, we included an incubation step for deparaffinization, using the commercially available 454 
incubation buffer and 1-thioglycerol of the same company. In different tests regarding the 455 
incubation time and optimum melting temperature of the paraffin, we chose a 10 min incubation 456 
step at 80 °C as intended in other commercially available FFPE kits. Concerning the amount of 457 
FFPE slices, most companies recommend 2 µm x 10 µm slices for DNA extraction. As known in 458 
this magnitude, it is extremely difficult to isolate DNA from specimen containing little cell 459 
amount. For this, we tried different amounts of fixed tissue slices and found that using 50 µm of 460 
tissue in total (best in single sections of 5 µm–10 µm) showed the best results. This is at any rate 461 
suitable for tissue with low cell amounts, but tissue with higher amounts of cells can also be 462 
treated like this. Especially column-based systems here show a high limitation with clogging of 463 
the silica membrane. The Proteinase K digestion was suggested to last between 4–20 h. Here, we 464 
found out that an incubation time of 4–6 h is indeed fine, but overnight incubation leads to more 465 
sufficient quality and quantity of DNA. For better cell lysis, it also appeared helpful to add another 466 
10 µL of Proteinase K on the next day and incubate again for 1 h. As a shaking/mixing speed we 467 
chose more than the suggested 300 rpm since we saw that stronger mixing (500 rpm–600 rpm) 468 
leads to better proteinase K digestion, and therefore, higher amounts of DNA. Also, additional 469 
mixing steps (such as vortexing or full speed shaking) during the incubation leads to better DNA 470 
extraction. Contrary to the original FFPE protocol, we chose further incubation time after the 471 
addition of lysis buffer to the sample, with the lysis being more sufficient at 65°C. The last 472 
optimization step of the protocol was the addition of another incubation buffer. The system 473 
requires at least 60 µL of elution buffer. With the automated system being known to loose 5 µL 474 
–10 µL, we choose to have an elution volume of 65 µL. 475 
 476 
This protocol has some crucial steps to note. The first one is to set the right temperature to 477 
solubilize the paraffin. 80 °C seems to be the best temperature for optimal melting. It is also 478 
crucial to cool the sample to 60 °C before adding proteinase K to prevent this enzyme from 479 
degradation. Next, it is important to not vortex the sample again after the 30 min incubation time 480 
with lysis buffer since the paraffin has to harden on top. Otherwise, the sample will be 481 
contaminated with paraffin. As a last step, it is also important to add some extra elution buffer 482 
volume since the system loses 5 µL–10 µL. We think that 65 µl of elution buffer is a good amount. 483 



   
 

If higher amounts of DNA are expected, the volume can of course be increased. 484 
 485 
The optimized semi-automated isolation method provided the highest concentrations of total 486 
genomic DNA in all FFPE samples. Using the same amount of elution volume, also the total yield 487 
of DNA was four times higher. Additionally, the column-based kits showed no increase in DNA 488 
yield using thicker tissue sections, whereas the automate system demonstrated a linear increase 489 
of the DNA concentration associated with the augmented amount of tissue used. These 490 
differences can be explained mainly due to the paraffin clogging in the columns and the 491 
consequent lowering of the DNA binding capacity. Our data also suggests that larger amount of 492 
FFPE tissue, in our case 80 µm sections, are not necessary when isolating DNA with the semi-493 
automated system. We could show that already a smaller amount (20 µm sections) leads to a 494 
sufficient yield of DNA. Thus, valuable tissue material can be saved. Moreover, DNA extracted 495 
with the semi-automated protocol, fulfilled, in most cases, the required purity criterion for high 496 
quality DNA (A260/280 ratio between 1.6 and 1.8). In contrast, DNA obtained from column-based 497 
isolation systems showed wide variation in a DNA purity and fewer samples fit the mentioned 498 
optimum ratio. 499 
 500 
Sarnecka et al. described recently that a magnetic particle-based system is more sufficient than 501 
column-based systems12. Khokhar and colleagues could demonstrate that the automated system 502 
based on another protocols is more sufficient for smaller amplicons and widely robust in terms 503 
of quantity and purity of the extracts compared with other methods36. Our samples confirmed 504 
these findings showing a high distribution in the A260/280 ratio of the DNA isolated by the other 505 
kits. 506 
 507 
Regarding the fragmentation analysis, eight DNA extracts obtained from these three commercial 508 
methods were used for PCR amplification. Different fragment lengths of one housekeeping gene 509 
(beta actin) were amplified and visualized using gel electrophoresis. There was only mild variation 510 
between the individual samples that may be attributed to the fact that all tissues have similar 511 
stage of atherosclerosis. This assumption was confirmed by histology (data not shown). 512 
Furthermore, this data shows that all samples were treated with formalin in the same standard 513 
manner. No significant differences were observed with regards to the fragment length obtained 514 
from the different samples independent of the method used for DNA extraction. Hence, 515 
fragmentation of FFPE tissue does not depend on the method used for DNA isolation but is rather 516 
affected by the variability of the human specimens and formalin treatment. 517 
 518 
Since the used semi-automated system is described as a magnetic particle mover, not a liquid 519 
handler, it also offers some advantages over other semi-automated systems. The main advantage 520 
is the minimal risk of cross-contamination, since no liquid handling or splashing happens during 521 
sample processing. Another point we want to mention is the high amount of samples, which can 522 
be processed in one run of the system, without having much more hands-on time. Using a semi-523 
automated system also leads to a lower probability of user mistakes than with the column-based 524 
or phase-separation methods. Especially for biobanking analyses and diagnostic work as well as 525 
for handling difficult tissues the semi-automated method described above is highly 526 
recommended. In these areas, it is very important that different workers and sometimes even 527 



   
 

unexperienced people all come to fast, easy, and reproducible results. Other advantages of the 528 
system are the generally applicable protocol, which can be used for every kind of tissue as well 529 
as blood, other body liquids, and also cells with only one minor change in the first step of the 530 
protocol, where no incubation buffer is needed. 531 
 532 
Even if our results clearly demonstrated the superiority of the automated system for DNA 533 
extraction from FFPE over the manual protocols, it is to mention that we have compared only 534 
three commercially available kits. Consequently, our conclusion concerns only the methods 535 
tested in our study. In addition, the number of samples was low, and we used only atherosclerotic 536 
plaques for comparison. In order to generalize the results of our study, other tissue samples in a 537 
greater number would be necessary. 538 
 539 
Nevertheless, the automated system seems to have considerable advantage over the manual 540 
kits, particularly for specimens with low amount of expected nucleic acids. Also, the system itself 541 
has certain limitations. For example, as mentioned above, it is necessary to use in minimum 60 542 
µl for elution, because the plunger needs this amount to elute the DNA. Also, the loss of elution 543 
volume is higher for the semi-automated system than for the column-based systems. The 544 
automated method has a loss of around 10 µl of elution volume, whereas the manual methods 545 
only have a loss of 5 µl. Also, the higher costs have to be mentioned. But for high throughput 546 
analyses, the semi-automated system still offers the best benefits compared to costs. As a last 547 
limitation of the system, it is important to note that automated and semi-automated extraction 548 
is a self-contained closed system. It is, of course, possible to isolate, for example, DNA and 549 
protein, or also RNA and DNA from one sample, but it is not that easy and often used with manual 550 
phase separation methods. All buffers are customized to the kit and are not usable for other 551 
methods in contrast to Trizol reagents. At the end, it is also important to mention that, in general, 552 
DNA from FFPE samples is not suitable for whole genome sequencing because the fragmentation 553 
of the nucleic acids is too strong. 554 
 555 
In conclusion, in this study, we demonstrate that a fully automated DNA isolation method might 556 
be an excellent tool to reduce the hands-on time and the amount of starting material. Also, it 557 
seems to be the best choice to reduce the contamination risks between samples. In addition, the 558 
flexibility of the automated system allows processing of not only one but up to 48 samples per 559 
run, which makes this method a useful tool for future high throughput analyses of samples with 560 
low number of cells and thus minor amount of nucleic acids. The quality and quantity of the 561 
isolated DNA using the automated system appears superior over other manual kits and also usage 562 
in further analyses as Southern blot, single nucleotide genotyping, cloning analyses, methylation 563 
assays as well as PCR amplification is possible. 564 
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Kit A

max concentration [ng/µl] 26.2

min concentration [ng/µl] 8.45

mean concentration [ng/µl] 15.96

max concentration [ng/µl] 24

min concentration [ng/µl] 5.2

mean concentration [ng/µl] 12.5

max concentration [ng/µl] 10.3

min concentration [ng/µl] 0.211

mean concentration [ng/µl] 3.369
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Microplate reader

Fluorometer
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Kit B Kit C

13.25 72.35

7.75 23.55

10.89 47.72

13.9 56.2

0 18.6

7.4 41.5

23.4 47.6

0.842 12.5

14.64 33.1



Sample µm Kit Microplate 260/280 Spectrometer 260/280 DV200 [%]

Patient 1 20 Kit A 6 1.65 90.72

Patient 1 50 Kit A 1.8 1.71 90

Patient 1 80 Kit A 2.09 1.345 88.98

Patient 2 20 Kit A 1.88 1.53 87.14

Patient 2 50 Kit A 2.29 1.465 92.46

Patient 2 80 Kit A 4.36 2.68 84.78

Patient 3 20 Kit A 1.91 1.85 89.24

Patient 3 50 Kit A 2.21 1.92 90.86

Patient 3 80 Kit A 2.06 1.675 94.59

Patient 4 20 Kit A 2.27 1.86 95.72

Patient 4 50 Kit A not detectable 3.385 87.13

Patient 4 80 Kit A 2.33 1.905 95.64

Patient 5 20 Kit A 1.6 1.51 82.87

Patient 5 50 Kit A 1.79 1.525 91.76

Patient 5 80 Kit A 3.47 2.765 not detectable

Patient 1 20 Kit B 1.88 not detectable 80.23

Patient 1 50 Kit B 0.73 1.43 75.72

Patient 1 80 Kit B 1.44 1.585 75.64

Patient 2 20 Kit B 2.63 1.45 79.75

Patient 2 50 Kit B 1.92 1.765 87.14

Patient 2 80 Kit B 1.56 1.52 91.01

Patient 3 20 Kit B not detectable 1.335 78.00

Patient 3 50 Kit B 2.28 1.63 83.21

Patient 3 80 Kit B 2 1.67 78.61

Patient 4 20 Kit B 0.59 0.625 94.37

Patient 4 50 Kit B 2.29 1.78 92.97

Patient 4 80 Kit B not detectable not detectable not detectable

Patient 5 20 Kit B 2.63 1.41 83.15

Patient 5 50 Kit B not detectable 1.005 92.06

Patient 5 80 Kit B 2.21 1.69 94.51

Patient 1 20 Kit C 1.69 1.495 90.73

Patient 1 50 Kit C 1.72 1.555 94.43

Patient 1 80 Kit C 1.72 1.565 88.71

Patient 2 20 Kit C 1.64 1.4 92.75

Patient 2 50 Kit C 1.63 1.455 93.26

Patient 2 80 Kit C 1.72 1.51 94.34

Patient 3 20 Kit C 1.63 1.4 91.78

Patient 3 50 Kit C 1.7 1.505 93.61

Patient 3 80 Kit C 1.74 1.595 94.61

Patient 4 20 Kit C 1.62 1.36 92.89

Patient 4 50 Kit C 1.71 1.495 94.2

Patient 4 80 Kit C 1.76 1.575 95.17

Patient 5 20 Kit C 1.57 1.36 80.55

Patient 5 50 Kit C 1.66 1.455 92.65

Patient 5 80 Ki t C 1.69 1.45 90.29
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Sample µm Kit Fragments % <200bp Fragments % 200-1500 bp Fragments % >1500bp Fragments max peak (bp)

Patient 1 20 Kit A 9.04 77.08 13.64 484

Patient 1 50 Kit A 10.14 77.03 12.97 378

Patient 1 80 Kit A 10.91 76.56 12.42 393

Patient 2 20 Kit A 11.01 67.04 20.1 589

Patient 2 50 Kit A 6.09 68.67 23.79 628

Patient 2 80 Kit A 11.54 66.07 18.71 560

Patient 3 20 Kit A 10.22 77.29 11.95 412

Patient 3 50 Kit A 8.52 76.93 13.93 465

Patient 3 80 Kit A 4.79 77.5 17.09 580

Patient 4 20 Kit A 2.7 55.77 39.95 1331

Patient 4 50 Kit A 7.6 54.3 32.83 1183

Patient 4 80 Kit A 2.5 61.06 34.58 1185

Patient 5 20 Kit A 12.32 36.52 46.35 1895

Patient 5 50 Kit A 5.34 36.37 55.39 1856

Patient 5 80 Kit A not detectable not detectable not detectable not detectable

Patient 1 20 Kit B 18.51 69.28 10.95 283

Patient 1 50 Kit B 23.58 65.24 10.48 254

Patient 1 80 Kit B 22.42 67.14 8.5 257

Patient 2 20 Kit B 16.21 59.88 19.87 523

Patient 2 50 Kit B 9.39 63.7 23.44 678

Patient 2 80 Kit B 7.45 67.62 23.39 666

Patient 3 20 Kit B 18.53 65.15 12.85 370

Patient 3 50 Kit B 15.96 72.12 11.09 316

Patient 3 80 Kit B 20.7 71.49 7.12 266

Patient 4 20 Kit B 3.09 57.44 36.93 1296

Patient 4 50 Kit B 3.69 52.2 40.77 1373

Patient 4 80 Kit B not detectable not detectable not detectable not detectable

Patient 5 20 Kit B 9.86 34.96 48.19 1831

Patient 5 50 Kit B 3.76 31.42 60.64 2002

Patient 5 80 Kit B 1.93 33.24 61.27 2015

Patient 1 20 Kit C 8.88 81.47 9.26 358

Patient 1 50 Kit C 5.92 83.95 10.48 374

Patient 1 80 Kit C 11.02 80.18 8.53 334

Patient 2 20 Kit C 5.18 74.75 18 492

Patient 2 50 Kit C 4.96 75.67 17.59 458

Patient 2 80 Kit C 3.14 72.46 21.88 441

Patient 3 20 Kit C 7.15 79.05 12.73 393

Patient 3 50 Kit C 5.85 78.02 15.59 365

Patient 3 80 Kit C 2.59 68.54 26.07 458

Patient 4 20 Kit C 3.94 54.49 38.4 1433

Patient 4 50 Kit C 1.42 45.24 48.96 1634

Patient 4 80 Kit C 0.76 37.03 58.14 1849

Patient 5 20 Kit C 13.02 40.78 39.77 not detectable

Patient 5 50 Kit C 2.72 39.08 53.57 1813

Patient 5 80 Ki t C 5.25 31.87 58.42 2024

Table 3 Click here to access/download;Table;Table3_results of
fragmentation analysis.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=1242246&guid=0de9621b-0a0d-42fa-81d7-115e8670d553&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1242246&guid=0de9621b-0a0d-42fa-81d7-115e8670d553&scheme=1


Material

1.5 ml tubes for sample incubation

1-Thioglycerol

Agilent tape station software 3.2 

dsDNA HS Kit 

FFPE DNA Purification Kits (Kit A)

FFPE tissue samples n=5

GeneRead DNA FFPE Kit (Kit B)

Heating blocks, set to 80°C and 65°C

High Sensitivity D5000 reagents

High Sensitivity D5000 ScreenTape

Incubation Buffer 

Maxwell Blood Kit RSC including: Lysis Buffer, Elution Buffer, Proteinase K

Maxwell RSC 48 Instrument

Microcentrifuge

NanoDrop 2000c Spectrometer

Optical caps

Optical tube strips

Pipettors and pipette tips

Prism 6 for statistics, version 6.01

Qubit 3.0 Fluorometer

TapeStation 4200

Tecan Infinite M200 Pro

Table of Materials Click here to access/download;Table of
Materials;Material_table.xlsx

https://norgenbiotek.com/product/ffpe-dna-purification-kit
https://www.editorialmanager.com/jove/download.aspx?id=1238469&guid=463b3678-51e8-41b4-9e02-5e6cce4b7cda&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1238469&guid=463b3678-51e8-41b4-9e02-5e6cce4b7cda&scheme=1


Company Ref. Number

Eppendorf, Hamburg, Germany 30120086

Promega, Walldorf, Germany A208

Agilent, Waldbronn, Germany

ThermoFisher Scientific, Schwerte, Germany Q32851

Norgene Biotek, Heidelberg, Germany 47400

Munich Vascular Biobank,Munich, Germany

Qiagen, Hilden, Germany 180134

VWR,Darmstadt,Germany 460-0250

Agilent, Waldbronn, Germany 5067-5593

Agilent, Waldbronn, Germany 5067-5592

Promega, Walldorf, Germany D920

Promega, Walldorf, Germany AS1400

Promega, Walldorf, Germany AS8500

Eppendorf, Hamburg, Germany

ThermoFisher Scientific, Schwerte, Germany ND-2000C

Agilent, Waldbronn, Germany 401425

Agilent, Waldbronn, Germany 401428

Eppendorf, Hamburg, Germany

GraphPad Inc., San Diego, California

ThermoFisher Scientific, Schwerte, Germany Q33216

Agilent, Waldbronn, Germany

Tecan, Männedorf, Swizerland IN-MNANO

https://www.thermofisher.com/order/catalog/product/Q32851
https://norgenbiotek.com/product/ffpe-dna-purification-kit
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Dear Editor, 

 

enclosed please find our revised manuscript JoVE61452 “Optimized high quality DNA 

extraction from formalin fixed, paraffin embedded human atherosclerotic lesions”.  

 

In accordance with the editor comments, we have proofread the manuscript modified the 

manuscript to address all objections and suggestions. 

 

In particular, to the editor’s comments and our changes: 

 

Title:  

We have changed the title to “Optimized high quality DNA extraction …” Instead of “Optimized 

DNA extraction…” to clarify the aim of the manuscript 

 

Authors and Affiliations: 

We added an additional affiliation of Sabine Bauer to the list. We also added the email 

addresses of the co-authors Jessica Pauli and Jaroslav Pelisek. 

 

Summary: 

We proofread the summary after shortening and changed only one word. 

 

Abstract: 

We reword the sentence “Hence, nucleic acids need to be reliably isolated from small amounts 

of cells or difficultly to process specimen of FFPE sections“by building two separate sentence 

and reducing filler words. 

 

So the blood DNA protocol was used to FFPE samples? 

Yes, the blood DNA protocol provided from the company was used as a starting point. We 

changed some manual steps by adding some steps of the commercially available FFPE 

protocol (for FFPE kit) and changing some conditions. 

Of course we also tried the FFPE kit with some troubleshooting steps but the changed blood 

protocol led to much better results.  

Introduction:  

Presently the introduction section is not organized. Please organize as:  
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a) A clear statement of the overall goal of this method  see Line 63-64 

b) The rationale behind the development and/or use of this technique  see Line 110-112 

c) The advantages over alternative techniques with applicable references to previous 

studies.  see Line 110-112 

d) A description of the context of the technique in the wider body of literature  Line 67-76 

sufficiently covers this comment. 

e) Information to help readers to determine whether the method is appropriate for their 

application  see 145-147 

 

In this section we added for each paragraph in the end one summary sentence recording to 

our step-by-step protocol to show more clearly the overall goal as well as the context of our 

method. For reasons of better understanding it was not possible to move the “literature-

paragraph” to position d.  

 

Please reword for clarity, including the significance of isolating nucleic acid from FFPE 

samples. “Hence, nucleic acids need to be reliably isolated from small amounts of FFPE 

sections, since high quality DNA extraction is the first crucial step in a wide range of 

molecular techniques. “ 

Here we added one sentence for clarify our intention of a step-by-step protocol and rewrote 

the sentence to be more clearly. 

Thus, we have addressed all concerns of the editor. For your convenience, all changes to the 

revised manuscript are track-changed and highlighted in red ink. 

 

In lines 84-89 we added two citations, where the methods were described first and added 

also the names of the authors. 

 

“As already described, the deparaffinization process is also a crucial time consuming 

step that markedly affects the quality and quantity of the extracted DNA. “How is this 

time consuming and how it affects quality and quantity. 

Here we added some examples to explain our point of view and show the effects on the 

tissue/DNA. 

 

“Especially for reproducible high-throughput analyses such as genotyping, epigenomic 

studies and RNA sequencing the handling of FFPE specimen with column-based 

purification systems is often difficult and, therefore, time consuming. “. Please reword 

to bring out clarity and rationale.  

Also here we added some examples to clarify the time consuming and problematic steps with 

column based systems. 

 

“A blood DNA protocol was used as a starting point and subsequently optimized for the 

use of FFPE as well as fresh frozen tissue samples from human and animal tissue”. Is 

this inbuilt in the automated system? Please bring out clarity.  

Our method is a semi-automated method based on the Blood DNA kit, which provides some 

of the buffers and a protocol for DNA isolation from whole blood. In our manuscript we 

describe the semi-automated method for FFPE tissues. So we modified the protocol provided 

by the company by adding and changing the manual part. This is the part we are talking 

about in this paragraph. The automated part, done in the instrument is pre-installed and 

connected to the used cartridge. We changed some wording in this part of the manual to 

clarify, that we were talking about the manual step of the protocol. 



 

“The described protocol is based on a commercially available DNA Blood Kit protocol 

and a DNA FFPE Kit protocol and modified in some important steps”. This is 

confusing. Isnt this a part of the automated machine?  

Also here we talk about the manual part of the protocol, because the automated part is 

nearly not changeable, because the automated part depends on the used kit/cartridge. So 

we use blood kit we have to choose the blood protocol in the machine. The manual part on 

the other hand is nevertheless changeable. We changed the whole paragraph to clarify, that 

we are talking about the manual part of the protocol.  

 

Please ensure that the steps are written in the order of it being performed. After tissue 

preparation shouldn’t it be tissue lysis and then lipid and protein removal.  

If there is some other reasons to place the steps in the order mentioned presently please 

bring out the clarity.  

Of course you are right and we chose the headers not clearly. For this we changed the headers 

of the protocol as well as we added some notes to clarify the reason of this step. 

 

For all steps please include how it is performed. 

Here we added some steps with the buttons and exact handling of the probe. 

 

How do you prepare the tissue sections from FFPE sample?   

We used a microtome for cutting the sections. We added this to the manuscript 

 

Step 1.2: we added the temperature (RT) and also some details about the sample and the 

tube. Yes, it is one sample/patient/tissue per tube without buffer. The step is only for 

collecting the sample on the bottom of the tube, so that the buffer in step 2 can reach all the 

tissue. 

 

Step 2: we included the rationale and explanation of this step. Buffer concentration and 

composition is not known, because it is a commercial available buffer. (see Table of 

materials, here we already added). In step 2.2. we added the heating block to be more clear. 

 

Where did you add the probe? Details about the probe?  

Here there was a mistake in wording. Of course we talk about sample/tissue. We changed 

this in the whole manuscript. 

 

Step 3: we clarified, that we talk about sample and protein digestion and added the rationale 

and explanation, as well as a citation to this step. Also in this step we added the heating 

block to clarify the handling. 

 

How do you check for complete protein digestion visually?  

We changed the statement protein digestion to sample digestion, which is checked visually. 

We also added an explanation how to check. 

 

Step 4: Composition of the buffer used? If available commercially, please write it as 

commercially available lysis buffer and include in the table of materials.  

The buffer is available commercial and provided with the blood kit. We added this comment 

in step 4 and also included the buffers of the kit in the table of materials. 

 



Step 4.3 we added the reason for this comment. Vortexing of paraffin before hardening 

causes damage of the sample by remixing. 

 

Step 5: we added some points about the instrument handling (5.1-5.3). we clarified step 5.5 

by adding some information of the elution tubes and by rewording the sentences. 

 

Step 6: We added an additional step (6.1) to clarify how to go through the hardened paraffin 

from step 4. We changed and reworded step 6.4 as well as the associated note.to clarify the 

machine handling and the single clicks. 

In step 6.5 we added the comment, that there is no calibration for the instrument needed. 

The machine can be used directly after turning it on. 

 

Step 7: Here we also added the steps of the machine handling and the clicks on the tablet 

computer.  

 

How can you check the elution?  

The elution of the DNA to the loaded elution tubes cannot be checked visually. You have to 

measure concentration to go sure there is DNA eluted. 

 

Representative results: 

Please ensure that the kit labeling A and B are marked in the table of materials as well 

for people to differentiate 

We added kit A and B to the kit names in the table of materials 

 

Please include the name in the table of materials.  

The software (Prism) was already in the table of materials. We clarified this by adding the 

term software for statistics and the version of the software. 

 

The semi-automated protocol leads to higher quantity of the extracted DNA. Please 

reword to bring out clarity. Also how do you ensure that the quality is same in each case 

to make such comparisons? e quality is same in each case to make such comparisons?  

In this paragraph we are only talking about quantity of the extracted DNA. Quality 

assessment is done in the following step and explained in the paragraph “Automated 

extraction protocol leads to a better quality of the extracted DNA”. So, Figure 2 is only about 

quantity of DNA. Figure 3 therefore shows the quality of the samples. The automated system 

also shows similar to better quality. So the comparison of the quantity is reliable. We added 

one sentence in the paragraph relating to figure 3 to fix the comparison problem. 

 

Please include agarose gel pictures of the eluted DNA as well with all three techniques 

and equal loading to see the quality. 

Unfortunately, we had not enough DNA to perform an additional agarose gel with the same 

loading concentration (we only can provide a gel picture with different loading 

concentrations). Therefore, we added Figure 3C (DV200) as well as Table 3 to this 

paragraph. Table 3C shows the fragment distribution of all fragments bigger than 200 bp and 

the significant differences from Kit A and B to the semi-automated protocol C. 

In Table 3 all ratios (260/280) calculated with spectrometer and microplate reader as well as 

the DV200 values are shown. Missing values are named as not detectable. 

 

  



Significance or rationale behind reaching the dashed line? Also reasons of having two 

dashed line?  

We added some explanations about absorbance ratios as well as a more detailed figure 

description. Additionally we included another figure for clarity. 

 

 

Figure and table legends: 

Please remove the commercial term from the figure and use generic term only.  

We removed the commercial terms from figure 1 and replaced them with generic terms. 

 

Please include the legends here as well. Please remove commercial terms from table 

1, tapestation, Qubit, nanodrop etc . Table 2 is missing from the submission.  

We included table legends for tables 1 and 2 as well as table 3 and the material table. This 

table was added for the qualitative analysis part to show fragmentation and A260/280 values. 

Additionally, we replaced all commercial terms by generic terms in table 1 and 2. 

 

 

We hope, that our changes are according to your vision. We tried to address every comment 

to our best knowledge. If there are any open questions, feel free to contact the corresponding 

author directly. For your convenience, all changes to the revised manuscript are track-changed 

and highlighted in red ink. 

 

 

We look forward to hear from you. 

 

Yours sincerely, 

Sabine Bauer 

 


