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SUMMARY: 29 
High resolution melting analysis (HRM) is a sensitive and rapid solution for genetic variant 30 
detection. It depends on sequence differences that result in heteroduplexes changing the shape 31 
of the melting curve. By combing HRM and agarose gel electrophoresis, different types of genetic 32 
variants such as indels can be identified. 33 
 34 
ABSTRACT: 35 
High resolution melting analysis (HRM) is a powerful method for genotyping and genetic variation 36 
scanning. Most HRM applications depend on saturating DNA dyes that detect sequence 37 
differences, and heteroduplexes that change the shape of the melting curve. Excellent 38 
instrument resolution and special data analysis software are needed to identify the small melting 39 
curve differences that identify a variant or genotype. Different types of genetic variants with 40 
diverse frequencies can be observed in the gene specific for patients with a specific disease, 41 
especially cancer and in the CALR gene in patients with Philadelphia chromosome–negative 42 
myeloproliferative neoplasms. Single nucleotide changes, insertions and/or deletions (indels) in 43 
the gene of interest can be detected by the HRM analysis. The identification of different types of 44 

Manuscript Click here to access/download;Manuscript;61642_R1.docx

https://www.editorialmanager.com/jove/download.aspx?id=1234314&guid=6de43126-cbf9-458b-9216-b4d71a5bc102&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1234314&guid=6de43126-cbf9-458b-9216-b4d71a5bc102&scheme=1


   

Page 1 of 10   
 

genetic variants is mostly based on the controls used in the qPCR HRM assay. However, as the 45 
product length increases, the difference between wild-type and heterozygote curves becomes 46 
smaller, and the type of genetic variant is more difficult to determine. Therefore, where indels 47 
are the prevalent genetic variant expected in the gene of interest, an additional method such as 48 
agarose gel electrophoresis can be used for the clarification of the HRM result. In some instances, 49 
an inconclusive result must be re-checked/re-diagnosed by standard Sanger sequencing. In this 50 
retrospective study, we applied the method to JAK2 V617F-negative patients with MPN.  51 
 52 
INTRODUCTION:  53 
Somatic genetic variants in the calreticulin gene (CALR) were recognized in 2013 in patients with 54 
myeloproliferative neoplasms (MPN) such as essential thrombocythemia and primary 55 
myelofibrosis1,2. Since then, more than 50 genetic variants in the CALR gene have been 56 
discovered, inducing a +1 (−1+2) frameshift3. The two most frequent CALR genetic variants are a 57 
52 bp deletion (NM_004343.3 (CALR):c.1099_1150del52, p.(Leu367Thrfs*46)), also called type 1 58 
mutation, and a 5 bp insertion (NM_004343.3 (CALR):c.1154_1155insTTGTC, 59 
p.(Lys385Asnfs*47)), also called type 2 mutation. These two genetic variants represent 80% of all 60 
CALR genetic variants. The other ones have been classified as type 1–like or type 2–like using 61 
algorithms based on the preservation of an α helix close to wild type CALR4. Here, we present 62 
one of the highly sensitive and rapid methods for CALR genetic variant detection, the high 63 
resolution melting analysis method (HRM). This method enables the rapid detection of type 1 64 
and type 2 genetic variants, which represent the majority of CALR mutations5. HRM was 65 
introduced in combination with real time »polymerase chain reaction« (qPCR) in 1997 as a tool 66 
to detect the mutation in factor V Leiden6. In comparison to Sanger sequencing that represents 67 
the golden standard technique, HRM is a more sensitive and less specific method5. The HRM 68 
method is a good screening method that enables a rapid analysis of a large number of samples 69 
with a great cost-benefit5. It is a simple PCR method performed in the presence of a fluorescent 70 
dye and does not require specific skills. Another benefit is that the procedure itself does not 71 
damage or destroy the analyzed sample that allows us to reuse the sample for electrophoresis or 72 
Sanger sequencing after the HRM procedure7. The only disadvantage is that it is sometimes 73 
difficult to interpret the results. Additionally, HRM does not detect the exact mutation in patients 74 
with non-type 1 or type 2 mutations8. In these patients, Sanger sequencing should be performed 75 
(Figure 1). 76 
 77 
HRM is based on the amplification of the specific DNA region in the presence of saturating DNA 78 
fluorescent dye, which is incorporated in double-stranded DNA (dsDNA). The fluorescent dye 79 
emits light when incorporated in the dsDNA. After a progressive increase in temperature, dsDNA 80 
breaks down into single stranded DNA, which can be detected on the melting curve as a sudden 81 
decrease in fluorescence intensity. The shape of the melting curve depends on the DNA sequence 82 
that is used to detect the mutation. Melting curves of samples are compared to melting curves 83 
of known mutations or wild type CALR. Distinct melting curves represent a different mutation 84 
that is non type 1 or type 29. 85 
 86 
The algorithm for the somatic genetic variant detection in the CALR gene by HRM, agarose gel 87 
electrophoresis and sequencing method (Figure 1) was used and validated in the retrospective 88 
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study published before10.  89 
 90 
PROTOCOL: 91 
 92 
The study was approved by the Committee of Medical Ethics of the Republic of Slovenia. All 93 
procedures were in accordance with the Helsinki declaration.  94 
 95 
1. Fluorescence-based quantitative real-time PCR (qPCR) and post-qPCR analysis by HRM 96 
 97 
1.1. Resuspend primers listed in the Table of Materials to 100 µM with sterile, RNase and 98 
DNase free H2O (see Table of Materials). Make a 10 µM working concentration primer. Primers 99 
used in the protocol were published before2.  100 
 101 
1.2. Quantitate granulocytes DNA by the fluorescence staining method following the 102 
manufacturer’s instruction11 (see Table of Materials). Prepare a 20 ng/µL DNA solution using 10 103 
mM Tris-Cl, 0.5 mM EDTA, pH 9.0 (see Table of Materials). 104 
 105 
1.2.1. In addition to DNA samples, prepare at least three DNA controls: two positive controls 106 
with the NM_004343.3 (CALR): c.1099_1150del52, p.(Leu367Thrfs*46) (52 bp deletion or type 1 107 
mutation), and NM_004343.3 (CALR): c.1154_1155insTTGTC, p.(Lys385Asnfs*47) (5 bp insertion 108 
or type 2 mutation) genetic variant, as well as wild-type DNA and negative control as a non-109 
template (NTC) control.  110 
 111 
NOTE: Before performing the HRM setup, confirm that the qPCR instrument is calibrated for HRM 112 
experiments.  113 
 114 
1.3. Prepare qPCR HRM Master Mix according to manufacturer’s protocol (see Table of 115 
Materials) as follows: 10 µL of 2x qPCR Master Mix with Dye, 0.2 µL of 10 µM Forward Primer, 116 
0.2 µL of 10 µM Reverse Primer, 8.6 µL of sterile, RNase and DNase free H2O. Use the primers 117 
from the Table of Materials. Run three replicates for each DNA sample and control. 118 
 119 
1.3.1. Prepare the qPCR HRM Master Mix according to the number of samples being processed. 120 
Include excess volume of at least 10% in the calculations to provide excess volume for the loss 121 
that occurs during reagent transfers. 122 
 123 
1.4. Mix the reaction contents by gently tapping and inverting the tube and vortexing for 2-3 124 
s. Collect all the scattered droplets from the wall of the tube to the bottom by a brief spin.  125 
 126 
1.5. Prepare a reaction plate appropriate for the instrument and HRM experiment (see Table 127 
of Materials). Transfer 19 µL of the qPCR HRM Master Mix to the appropriate wells of the 96-128 
well optical reaction plate. 129 
 130 
1.6. Pipet 1 µL of the negative controls, positive controls, and samples into the appropriate 131 

wells of the optical reaction plate. For the NTC, transfer 1 L of sterile, RNase and DNase free 132 
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H2O used for preparing the qPCR HRM Master Mix instead of DNA.  133 
 134 
1.7. Seal the reaction plate with the optical adhesive film. Do it firmly to prevent evaporation 135 
during the run. Check that the optical adhesive film is plane across all the wells in the reaction 136 
plate to ensure correct fluorescence detection.  137 
 138 
1.8. Spin the reaction plate at 780 x g at room temperature (RT) for 1 minute. Check that the 139 
liquid is at the bottom of the wells in the reaction plate. Proceed to run the assay.  140 
 141 
NOTE: The protocol can be paused here. Store the plate at 4 °C for no more than 24 h. Allow the 142 
plate stored at 4 °C to warm to RT, and then spin the plate briefly before running it. 143 
 144 
1.9. According to the manufacturer’s instruction prepare and start the run to amplify and melt 145 
the DNA and to generate HRM fluorescence data in the qPCR instrument. In the instrument 146 
system software, assign the controls and samples to the appropriate wells. 147 
 148 
1.10. For the CALR genetic variant detection, change the default instrument amplification 149 
protocol and amplify the DNA using the following thermal cycling protocol: 95 °C for 10 minutes, 150 
followed by 50 cycles of 95 °C for 10 s and 62.5 °C for 60 s. 151 
 152 
1.11. Perform the melt curve/dissociation (HRM) stage immediately after qPCR according to 153 
the manufacturer’s instructions12 as follows: 95 °C for 10 s, 60 °C for 1 min, and then a ramp rate 154 
of 0.025 °C/s until 95 °C. Hold the temperature at 95 °C for 15 s and at 60 °C for 15 s. 155 
 156 
1.12. The run ends automatically. First, review and verify the amplification plot (Figure 2).  157 
 158 
1.13. In the experiment menu of the instrument system software, select the amplification plot 159 
option. If no data are displayed, click the green button Analyze.  160 
 161 
1.13.1. In the amplification plot tab, from the plot type drop-down menu, select the plot that 162 
displays the amplification data as the raw fluorescence readings normalized to the fluorescence 163 
from the passive reference (ΔRn) as a function of cycle number (ΔRn vs Cycle). In the plot color 164 
drop-down menu, select Sample. 165 
 166 
1.14. From the graph type drop-down menu, select the linear amplification graph type. Show 167 
the baseline start and end cycle on the linear amplification graph by selecting the baseline start 168 
option. Verify that the baseline is set correctly. The end cycle should be set a few cycles before 169 
the cycle number where significant fluorescent signal is detected. The baseline is usually set from 170 
3 to 15 cycles (Figure 2). 171 
 172 
1.15. From the graph type drop-down menu, select the log10 amplification graph type. Show 173 
the threshold line on the graph by selecting the threshold option. Adjust the threshold 174 
accordingly if not set correctly. The correctly set threshold means that the threshold line crosses 175 
the exponential phase of the qPCR curves (Figure 2). 176 
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 177 
1.16. Verify that normal amplification curves are in all sample and positive control wells. Verify 178 
that there is no amplification in the NTC wells before cycle 40. A normal amplification plot shows 179 
an exponential increase in fluorescence that exceeds the threshold between cycles 15 and 35 180 
(Figure 2). Exclude the sample wells from the analysis if there is no amplification in the well 181 
position. 182 
 183 
NOTE: If the amplification plot looks abnormal or the NTC well indicates the amplification, 184 
identify and resolve the problem according to the manufacturer’s troubleshooting guide. 185 
 186 
1.17. Exclude the outlier with the quantification cycle (Cq) value that differs from replicates by 187 
more than 2 in the instrument system software12. The outliers may produce erroneous HRM 188 
results. 189 
 190 
1.18. In the derivative melt curves, review the pre- and post-melt regions/temperature lines. 191 
The pre- and post-melt regions should be within a flat area where there are no large peaks or 192 
slopes in the fluorescent levels (Figure 3). If needed adjust it accordingly. Set up the start and 193 
stop of the pre- and post-melt temperature lines approximately 0.5 °C apart from each other 194 
(Figure 3). Restart the analysis if the parameters are adjusted by clicking on the Analyze button. 195 
 196 
1.19. In the difference plot tab, in the plot settings tab, choose one of the wild-type control 197 
(homozygote) replicates as the reference DNA and restart the analysis by clicking on the Analyze 198 
button. 199 
 200 
1.20. In the aligned melt curves tab, confirm that all positive controls have the correct genotype 201 
and NTC failed to amplify (Figure 4). From the well table, select the wells containing a positive 202 
control to highlight the corresponding melt curve in the analysis plots. Confirm that the color of 203 
the line corresponds to the correct genotype. Repeat steps for the wells containing the other 204 
positive controls and NTC. 205 
 206 
1.21. In the aligned melt curves tab, carefully review the plot displays for the unknown samples 207 
and compare them to the plot displays for controls (Figure 4). From the well table, select the 208 
wells containing the unknown sample replicates, check the color of the melt curve and align them 209 
with the controls in an ordered sequence by selecting the wells containing positive controls one 210 
by one. Repeat the process for all the unknown samples.  211 
 212 
NOTE: The unknown sample contains the variant of one of the controls if its melting curve is 213 
tightly aligned to it. Different variant groups (different colors) could be displayed indicating that 214 
the unknown sample consists of an unknown variant, not corresponding to the controls (Figure 215 

8). A low level of the somatic genetic variant can be present in the patients sample. This could 216 
influence the interpretation of the HRM result, particularly at the detection limit of the assay 217 
(Figure 9). In these cases, the color or even the shape of the line could closely resemble that of 218 
the wild-type genotype.  219 
 220 
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1.21.1. When the result is inconclusive, combine the HRM results with the results of the agarose 221 
gel electrophoresis and sequencing methods. Retest the sample or request and retest a new 222 
sample if needed.  223 
 224 
1.21.2. Carefully review the data set for replicate curves and check that the alignment of each 225 
replicate within the group is tight. Exclude the replicate if it does not align tightly with the other 226 
samples in the group (outlier). Retest the sample if more outliers are present and the results are 227 
inconclusive. Be aware that the quantity and quality of the DNA sample influence the HRM 228 
results.  229 
 230 
1.22. Analyze the result for the unknown sample in the Difference plot tab. Repeat the 231 
procedure described in the step 1.21 and verify that the results obtained for the unknown sample 232 
are the same. 233 
 234 
1.23. Then, run the qPCR HRM products on the agarose gel. 235 
 236 
NOTE: The protocol can be paused here. Store the plate at 4 °C for no more than 24 hours or at -237 
20 °C for a longer period time but no more than 7 days. Allow the plate stored at 4 °C to warm to 238 
RT, and then spin the plate briefly before running it. Allow the plate stored at - 20 °C to thaw and 239 
warm to RT, and then spin the plate briefly before running it. 240 
 241 
2. Agarose gel electrophoresis 242 
 243 
2.1. Run qPCR HRM products on a 4% agarose pre-cast gel containing a fluorescent nucleic 244 
acid stain using the appropriate gel electrophoresis system (see Table of Materials, Figure 5). 245 
Run only one positive, negative, NTC and sample qPCR HRM replicate.  246 
 247 
NOTE: Gloves should always be worn when handling gels. Any other gel electrophoresis system 248 

can fulfill this purpose if the equivalent agarose percentage, fluorescent nucleic acid stain 249 
and well format are chosen. 250 

 251 
2.2. Run the gel electrophoresis system according to the manufacturer’s protocol (see Table 252 
of Materials). Remove the pre-cast gel in the cassette from the package, remove the comb and 253 
insert it into the apparatus according to the manufacturer's instructions (see Table of Materials).  254 
 255 
NOTE: Load the gel within 15 minutes of opening the package. 256 
 257 

2.3. Dilute a 10 L sample to 20 L with sterile, RNase and DNase free H2O. Load each well 258 

with 20 L of diluted sample. 259 
 260 

2.4. Dilute 3 L of DNA size standard solution to 20 L with sterile, RNase and DNase free H2O 261 
(see Table of Materials).  Load the M well with 20 µL of diluted DNA size standard solution (Figure 262 
6). 263 
 264 
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2.5. Fill any empty wells with 20 µL of sterile, RNase and DNase free H2O. 265 
 266 
2.6. Immediately select the program according to the percentage of the gel being run and set 267 
the run time on the apparatus to 10 minutes. 268 
 269 
2.7. Start the electrophoresis within 1 min of loading sample by pressing the GO button. The 270 
electrophoresis time can be extended if insufficient resolution is obtained. 271 
 272 
NOTE: Do not exceed the maximum recommended agarose electrophoresis running time 273 

according to manufacturers instructions.  274 
 275 
2.8. When the electrophoresis is completed, visualize DNA in the gel using a blue light or UV 276 
transillumination. Visualizing, analyzing, and storing the electrophoresis images are mostly done 277 
by a gel imager with photo-documentation system (Figure 5). 278 
 279 
2.9. Analyze and interpret the visualized qPCR HRM products gel pattern by comparing the 280 
results of the unknown sample to positive controls (Figure 7 and Figure 8).  281 
 282 
2.10. If the unknown sample HRM and gel electrophoresis results indicates that an unknown 283 
genetic variant is present, sequence the qPCR HRM product using primers described in Table of 284 
Materials according to the protocol described13.  285 
 286 
CAUTION: The agarose gels containing a fluorescent nucleic acid stain must be properly disposed 287 
of per institution regulations. 288 
 289 
REPRESENTATIVE RESULTS:  290 
The successfully amplified DNA region of interest with an exponential increase in fluorescence 291 
that exceeds the threshold between cycles 15 and 35 and very narrow values of the cycle of 292 
quantification (Cq) in all replicated samples and controls (Figure 2) is a prerequisite for the 293 
reliable identification of genetic variants by HRM analysis. This is achieved by using a precise 294 
determination of DNA with fluorescence staining and an equal amount of DNA in the qPCR HRM 295 
experiment (see step 1.2). Figure 2 shows the successful amplification of the DNA region of 296 
interest where the Cq values of all the samples and controls are in a very narrow interval. There 297 
is no amplification in the NTC wells.  298 
 299 
The HRM stage is performed immediately after qPCR using the protocol described in step 1.11. 300 
The active melt regions (Figure 3, label (c)) of the samples, the controls and the NTC are used to 301 
create their aligned melt curve plots (Figure 4). Therefore, the correctly set pre- and post-melt 302 
regions/temperature lines (Figure 3A) are important for properly visualizing and identifying 303 
genetic variants in the samples. Figure 4A and Figure 4B show the aligned melt curves and 304 
difference plots, respectively, where the identification of genetic variants is possible. The 305 
unknown samples are tightly aligned with one of the positive controls. Figure 3B shows 306 
incorrectly set pre- and post-melt regions/temperature lines. This results in an aligned melt curve 307 
and difference plots where correct identification of the genetic variants is more difficult (Figure 308 
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4C and Figure 4D). 309 
 310 
To confirm the HRM results and to detect whether standard or next generation sequencing 311 
method is required to identify the genetic variant present in the sample, agarose gel 312 
electrophoresis is used. Figure 7 shows the agarose gel electrophoresis of the same samples and 313 
controls that are displayed in Figure 4. The genetic variant in the sample can be identified by 314 
comparing the band pattern of the sample to the controls and by combining the HRM and 315 
agarose gel electrophoresis. However, the correct genetic variant identification can only be done 316 
for the samples that contain the same genetic variant as one of the controls used in the HRM 317 
assay (Figure 7). Samples containing rare CALR genetic variants differ in the HRM result and 318 
electrophoresis band pattern (Figure 8). In this case, the Sanger sequencing or even next 319 
generation sequencing method are used to identify the exact genetic variant. 320 
 321 
FIGURE AND TABLE LEGENDS:  322 
 323 
Figure 1. Schematic representation of the algorithm for the somatic genetic variant detection 324 
in the CALR gene by HRM, agarose gel electrophoresis and sequencing methods. 325 
 326 
Figure 2. Amplification plot of the qPCR HRM assay for the detection of the genetic variants in 327 
the CALR gene. The amplification plot is displayed as the raw fluorescence normalized to the 328 
fluorescence from the passive reference (ΔRn) and as a function of a cycle number. The baseline 329 
is set from 3 to 15 cycles when the DNA region of interest was efficiently amplified using 20 ng 330 
of high-quality DNA in the qPCR reaction. The normal amplification plots of the DNA region of 331 
interest of all the samples are shown as green lines. Plots show an exponential increase in 332 
fluorescence that exceeds the threshold between cycles 15 and 35 in the experiment using 20 ng 333 
of high-quality DNA in qPCR reaction. The graph shows no amplification in the non-template 334 
sample wells (NTC). 335 
 336 
Figure 3. Derivative melt curves in the qPCR HRM assay for the detection of the genetic variants 337 
in the CALR gene. A) An example of correctly set pre- and post-melt regions/temperature lines. 338 
The pre-melt stop temperature line must be adjacent to the start of the melt transition region. 339 
The post-melt start temperature line must be adjacent to the end of the melt transition region. 340 
The (a) label indicates the pair of lines to the left of the peaks where the pre-melt starts and stop 341 
temperatures are set. Every amplicon is double-stranded. The (b) label indicates the data peaks 342 
of the active melt region used to create the aligned melt curves plot. The (c) label indicates the 343 
pair of lines to the right of the peaks where the post-melt start and stop temperatures are set. 344 
Every amplicon is single-stranded. B) An example of incorrectly set pre- and post-melt 345 
regions/temperature lines. The start and stop of the pre- and post-melt temperature lines are 346 
not adjacent to the melt transition regions and are more than 0.5 °C apart from each other. 347 
 348 
Figure 4. The aligned melt curves and difference plots in the qPCR HRM assay for the detection 349 
of the genetic variants in the CALR gene. A) and B) show the aligned melt curves and difference 350 
plots after the pre- and post-melt regions/temperature lines are correctly set. A) The aligned melt 351 
curves of the positive controles with 52 bp deletion (type 1 mutation), 5 bp insertion (type 2 352 
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mutation) and a wild-type are shown as orange, purple and red color, respectively. B) The 353 
Difference plot of the same samples as described in panel A. C) and D) show the aligned melt 354 
curves and difference plots after the incorrectly set pre- and post-melt regions/temperature lines 355 
for the same set of samples.  356 
 357 
Figure 5. The gel electrophoresis system. A) The basic units of the gel electrophoresis system 358 
(see Table of Materials). B) Gel imager with photo-documentation system consisting of a CCD 359 
camera, a chamber with suitable trans/illuminating lights, and a photographic filter is shown (see 360 
Table of Materials). 361 
 362 
Figure 6. Loading the gel with diluted samples and DNA size standard solution or RNase and 363 
DNase free H2O for empty wells. 364 
 365 
Figure 7. Analyses of the qPCR HRM products on gel electrophoresis. The gel was exposed to 366 
UV transilluminator. Image was taken by the photo-documentation system (Figure 5B). Wells 367 
from 1 to 3 show controls: 52 bp deletion (type 1 mutation), 5 bp insertion (type 2 mutation) and 368 
wild-type variant, respectively. The band pattern of the unknown samples in the wells 4-10 369 
indicates them as the wild-type genetic variant. The M well represents diluted DNA size standard 370 
solution (100 to 2,000 bp). 371 
  372 
Figure 8. HRM and gel electrophoresis analyses of the genetic variants in the CALR gene. A) 373 
HRM analyses. The aligned melt curves of the positive controls with 52 bp deletion (type 1 374 
mutation), 5 bp insertion (type 2 mutation) and a wild-type are shown as orange, purple and red 375 
color, respectively. The unknown sample with the different genetic variant is indicated as dark 376 
blue color. B) Gel electrophoresis analyses. Wells from 1 to 3 show controls: 52 bp deletion (type 377 
1 mutation), 5 bp insertion (type 2 mutation) and wild-type variant, respectively. The band 378 
pattern of the unknown sample in the lane 9 indicates the different genetic variant as controls. 379 
Other unknown samples are the wild-type variant. The M well represents the diluted DNA size 380 
standard solution (100 to 2,000 bp). 381 
 382 
Figure 9. The limit of detection of HRM assay. A serial dilution of a sample of a 52 bp deletion 383 
(type 1 mutation) and 5 bp insertion (type 2 mutation) is presented displaying a genetic variant 384 
allele burden of approximately 50% according to Sanger sequencing analysis and the qPCR HRM 385 
assay according to the protocol described in this article. A) and B) show the aligned melt curves 386 
and difference plots for wild-type and serial dilutions of a 52 bp deletion (type 1 mutation). C) 387 
and D) show the aligned melt curves and difference plots for wild-type and serial dilutions of a 5 388 
bp insertion (type 2 mutation). In either case, the CALR genetic variant could be detected in up 389 
to 1.56% dilution. 390 
 391 
DISCUSSION: 392 
High-resolution melting of DNA is a simple solution for genotyping and genetic variant scanning14. 393 
It depends on sequence differences that result in heteroduplexes that change the shape of the 394 
melting curve. Different types of genetic variants with diverse frequencies can be observed in the 395 
gene specific for a certain group of patients with cancer1,2,15,16,10. Deletions or insertions in the 396 
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gene of interest can be detected by the HRM analysis as we have shown in Figure 4A. At the 397 
implementation of the qPCR HRM assay into the routine testing, we have performed an initial 398 
evaluation study including 21 JAK2 V617F-negative ET patients with a median age of 63 years 399 
(range from 24 to 90 years). A genetic variant in the CALR gene was detected in 12 out of 21 JAK2 400 
V617F-negative ET patients (proportion 0.57). A 52 bp deletion (type 1 mutation) was detected 401 
in 9 out of 21 (proportion 0.43), a 5 bp insertion (type 2 mutation) was detected in 3 out of 21 402 
(proportion 0.143) JAK2 V617F-negative ET patients. The results are consistent with the data 403 
from the literature1,2,17. 404 
 405 
Reliable identification of genetic variants by HRM analysis can be achieved through the proper 406 
assay development that ensures that the experiment is optimized for HRM. Factors other than 407 
sequence can be a source of small differences in the HRM curves such as primer design, amplicon 408 
length, dye selection, choice of qPCR HRM reagent and temperature and time profiles of the 409 
qPCR HRM steps. This is the part of the very early development and optimization of the qPCR 410 
HRM assay and has already been discussed elsewhere12,14,18. However, reliable identification of 411 
genetic variants in the CALR gene with comparable sensitivity of the assays could be achieved on 412 
different HRM platforms using the same primer sequences19. The most critical point in the 413 
optimization process of the qPCR HRM assay was optimization of the melting and elongation 414 
temperature in the qPCR step of the qPCR HRM assay. No modification was needed for the HRM 415 
step12. In the routine testing, other factors influencing the HRM results becomes more important 416 
to follow.  417 
 418 
High-quality DNA resuspended in a low-salt buffer such as TE (10 mM Tris, 1 mM EDTA or lower 419 
concentration) and the same amount of DNA in the qPCR HRM assay are important factors for 420 
successfully amplified DNA region of interests with a high signal plateau in the qPCR amplification 421 
phase (Figure 2). This leads to reliable identification of genetic variants by HRM analysis (Figure 422 
4A,4B)12,14. A high-salt buffer used for the elution of DNA in the extraction protocol may subtly 423 
change the thermodynamics of the DNA melting transition. Precipitation and resuspension in 424 
low-salt buffer TE or dilution of the sample can resolve the problem of the impurities in the DNA 425 
sample. Low quality DNA can produce nonspecific PCR products or failed amplification. All this 426 
can result in a lower reproducibility and higher error rate in HRM variant detection. Additional 427 
optimization for the challenging samples such as DNA extracted from paraffin-embedded 428 
samples could be needed to obtain an optimal HRM result15.  429 
 430 
Large differences in the DNA amount used in the qPCR HRM assay can impact the resulting 431 
melting temperature (Tm) and consequently lead to inconclusive results. Therefore, the precise 432 
determination of DNA concentration and dilution of all DNA samples are mandatory20. Ultraviolet 433 
(UV) absorption and fluorescence staining methods accurately determine the concentrations of 434 
high-purity DNA solutions21. The UV absorbance method could be used for evaluating the purity 435 
of the DNA solutions by performing ratio absorbance measurements at A260/A280 and 436 
A260/230. However, the fluorescent staining method is more sensitive to the degradation of DNA 437 
than the UV absorption method and can more accurately determine DNA concentration21. 438 
Therefore, it is more appropriate for the standardization of quantification and dilution of all DNA 439 
samples in the HRM analysis20,21. 440 
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 441 
The indels are the main genetic variants in the CALR gene observed in MPN patients1. As the 442 
product length changes and increases, the difference between wild-type and heterozygote 443 
curves becomes smaller, and the variant detection becomes harder7. Therefore, an additional 444 
method for the clarification of such genetic variant should be used. 445 
 446 
A good example is agarose gel electrophoresis. This is a simple and effective method to separate 447 
DNA fragments of different sizes22,23. DNA molecules are separated by size within the agarose gel 448 
so that the traveled distance is inversely proportional to the logarithm of its molecular weight24. 449 
Figure 4A, Figure 4B and Figure 7 show examples where the two most common types of CALR 450 
genetic variant, 52 bp deletion and 5 bp insertion, are identified by combining qPCR HRM and 451 
agarose gel electrophoresis results. However, when the HRM result and agarose gel 452 
electrophoresis band pattern indicate a different genetic variant (including single nucleotide 453 
change) as in the controls (Figure 8), Sanger sequencing is still needed to identify the exact 454 
genetic variant10. 455 
 456 

A low level of somatic genetic variant in the CALR gene can be present in the patients sample. 457 
making an interpretation of the qPCR HRM, agarose gel electrophoresis and Sanger sequencing 458 
results more demanding, particularly at the detection limit of the assay (Figure 9). Any melting 459 
curve shape line differing from the wild type one indicates the genetic variant to be present in 460 
the sample. The sensitivity of the qPCR HRM assay is lower than 5% (Figure 9 and reference19) 461 
and is more sensitive than the Sanger sequencing method, whose sensitivity was reported to be 462 
15-20%19. In these cases, the next generation deep sequencing method that detect larger indels 463 
could be applied and confirm the HRM result. In conclusion, the HRM analysis is a powerful 464 
method for genotyping and genetic variation scanning of somatic genetic variants in the CALR 465 
gene. The identification of different types of genetic variant is mostly based on the controls used 466 
in the qPCR HRM assay. More reliable results are obtained by combining the HRM results with 467 
results from agarose gel electrophoresis. In case of inconclusive results, standard Sanger 468 
sequencing or even more sensitive next generation sequencing method can be used to properly 469 
identify the genetic variant.  470 
 471 
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NG-1045 Gel documentation systems
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- we have included our data for the level of detection of somatic mutation in the CALR gene 

(Figure 9) and discuss it in the Representative results and Discussion sections.  
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