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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. _step 2 – most trainees have the most questions about the analysis parts, which will be recorded from the software
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___________________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

Note to video editor: author has not submitted graphics as of 3/31/15.  Please do not send to voiceover recording until the graphics are in and the narrative has been finalized. 

The overall goal of the following High Resolution Melt experiment is to increase the sensitivity of detection of mutant alleles present at low concentrations within individual samples. (Intro)

This is accomplished by first preparing extracted DNA by diluting the template to the necessary volumes and concentrations. (P1)

The second step is to prepare the assays with asymmetric proportions of the forward and reverse primer to increase the template-probe product. (P2)

After preparing the reactions, the annealing temperature is set between the melting temperatures of the probe when bound to either the wild-type or mutant template. (P3)

The final step is to analyze the amplified products on the appropriate HRM platform. (P4)

Ultimately, mutant allele amplification bias and probe-based asymmetric PCR allow more sensitive detection of challenging SNP mutation at low concentrations present in samples. This increased sensitivity is useful for mutation surveillance in populations. (P5)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Sarah Volkman: The main advantage of this technique over existing methods, like standard high resolution melting or TaqMan genotyping, is that it allows increased sensitivity for alleles present at low concentrations and also allows genotyping of SNPs located proximal to each other in the genome.   
1.2. Sarah Volkman: Though this method can provide insight into the spread of drug resistance in the malaria parasite, it can also be applied to other systems such as surveillance of other infectious disease types such as HIV, or detecting rare cancer variants in a population of cells.
1.3. Sarah Volkman: Demonstrating the procedure will be Katelyn Durfee, a technician from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):

2. Template preparation

2.1. Templates for high resolution melting, or HRM, are prepared from Plasmodium falciparum samples obtained directly from the blood of patients participating in field site studies. [2.1.1 – MED] The samples can be stored as pelleted red blood cells, on filter paper, or samples retrieved from rapid diagnostic tests. [2.1.2 – MED/CU] 

2.1.1. Talent setting out the samples.
2.1.2. Zoom in to red blood cells, filter paper samples, and RDT samples. (in this order)

2.2. Samples may also be culture-adapted to grow in vitro; some standard laboratory strains for analysis can be ordered from the Malaria Research and Reference Reagent Resource Center. [2.2.1 – MED] 

2.2.1. Talent taking out the sample cultures from the incubator. 
 
2.3. Samples may be extracted from whole blood, red blood cells, or filter paper, or used directly from pelleted red blood cells or culture. [2.3.1 – CU] 

2.3.1. Talent setting out DNA previously extracted from filter paper or culture-adapted strains and pelleted red blood cells. Text overlay: “Prepare template dilutions of 10 pg to 10 ng per µL for each 10 µL reaction, using 1X TE”

2.4. For DNA extracted from filter paper or culture-adapted strains, prepare template dilutions of 10 pg to 10 ng per µL for each 10 µL reaction, using 1X TE. [2.4.1 – MED]

2.4.1. Talent making the dilutions.

2.5. For direct amplification from pelleted red blood cells, first determine the parasitemia of the red blood cells using thin-smear microscopy following the procedure from the Centers for Disease Control and Prevention.  [2.5.1. – MED] 

2.5.1. Talent examining sample under a microscope.

2.6. Red blood cells with parasitemias above 0.5% are then diluted 1:400 in TE. 3 µL of diluted red blood cells will be used for each 5 – 10 µL reaction. [2.6.1 – MED]

2.6.1. Talent diluting red blood cells.

2.7. Due to between-run variability, positive and negative controls must always be included in HRM analyses. [2.7.1 – MED] Prepare 10 pg – 10 ng per 1 µL dilutions of plasmid or standards with sequence-verified SNP genotypes as positive controls. [2.7.2 – CU]

2.7.1. Talent setting out DNA for positive control and tubes, etc.
2.7.2. Talent making positive control dilutions.

2.8. Use PCR grade water as a no-template negative control for the amplification reactions. [2.8.1 – CU]

2.8.1. A shot of the PCR-grade water (clearly labeled)

3. PCR amplification

3.1. Begin this procedure by preparing 10x working stocks of the primers and probes.  [3.1.1 – MED] The same protocol is applicable to assays using 96-well plates, 384-well plates, 8-tube strips, or glass capillaries, but for the purpose of this demonstration, only 96-well plates and glass capillaries will be used. [3.1.2 – MED]

3.1.1. Talent making the 10X stocks of primers and probes.
3.1.2. Talent setting out a 96-well plate and glass capillaries.  

3.2. This table shows recommended 10x working stock concentrations as well as final concentrations for blocked-probe-based HRM genotyping. [3.2.1 – LM]

3.2.1. Table 1_revised.xlsx

3.3. Prepare reaction mixtures: to each well, add 1 µL of each of the 10x working stock forward and reverse primers and probes, 4.0 – 5.0 µL of the HRM master mix, 1 µL of template, and PCR grade water for a total reaction volume of 10 µL.  [3.3.1 – CU] Do the same for each glass capillary. [3.3.2 – CU] 

3.3.1. Reagents being added to the wells of the 96-well plate.
3.3.2. Reagents being added to a glass capillary.

3.4. Cover the plates and glass capillaries: use optical plate seals for plate-based amplification, [3.4.1 – CU] and plastic caps for capillary-based systems. [3.4.2. – CU] Make sure coverage is complete and plates and caps are completely sealed and secured to prevent evaporation during amplification. [3.4.3. – MED]

3.4.1. A plate being covered with an optical plate seal.
3.4.2. Glass capillaries being covered with plastic caps.
3.4.3. Talent checking that plates and caps are completely sealed and secure.

3.5. Spin the samples to remove air bubbles: spin plates in a tabletop centrifuge for three minutes at 1800 x g.  [3.5.1. – MED] Spin glass capillaries in a picofuge for 10-15 seconds. [3.5.2 – MED]  

3.5.1. Talent putting 96-well plates into tabletop centrifuge and starting the spin.
3.5.2. Talent putting glass capillaries into picofuge and starting the spin.

3.6. Place the reaction plate and glass capillaries in a thermal cycler. [3.6.1 – MED] [3.6.2 – MED] Run standard blocked-probe or MAAB amplification protocols. [3.6.3 – MED – TXT]

3.6.1. Talent putting plate into a thermal cycler.  
3.6.2. Talent putting glass capillaries into another thermal cycler
3.6.3. Talent starting the PCR run for the thermal cycler with the plate. TEXT: Refer to Tables 2 and 3 in the protocol text for amplification conditions.

4. HRM analysis 

4.1. After PCR amplification, proceed to the melting analysis. [4.1.1 – WIDE] From the system software interface, melt the plate from 40°C – 80°C to produce both probe and amplicon melting peaks. [4.1.2 – MED]

4.1.1. Talent approaching the Light Cycler to start HRM analysis.
4.1.2. Talent starting the melting, using the software.

Note change of order of steps 4.2. – 4.4

4.2. 4.4 If necessary, manually re-assign samples to specific groups. [4.4.2 – SCREEN]. Select samples that did not amplify or that have jagged melting peaks, then go to “New Call” and select “Negative” [4.2.1 – SCREEN] After selecting any remaining misclassified samples, go to “New Call,” select the appropriate grouping, and click “Apply Change.” [4.2.2 – SCREEN]

4.2.1. Curves to be removed Negatives being selected and grouped.
4.2.2. Appropriate Wrong grouping being selected and the “Apply Change” is clicked corrected.

4.3. 4.2 The first step for melting analysis on the LightCycler 480 is normalization: from the negative derivative of normalized fluorescence with respect to temperature view, move normalization bars to surround the probe melt region. The probe melt region is the lower temperature of the two melting regions. The normalization bars should be at the base of the melt peaks. [4.2.1 – SCREEN]

4.3.1. 4.2.1 Normalization bars being moved to surround the probe melt region.

4.4. 4.3 After normalization, select ‘Calculate groups’ to automatically assign samples to groups. [4.3.1 – SCREEN] 

4.4.1. 4.3.1 Samples being assigned to groups by selecting ‘Calculate groups.’ 
4.4.2. Samples being manually assigned to specific groups.

4.5. Assign genotypes for each group based on the standards. After confirming that the computed groups are correct, select “Edit Group Names” under the “Grouping” tab. [4.5.1 – SCREEN]

4.5.1. Genotypes being assigned for each group, then “Edit Group Names” being selected.

4.6. Enter the genotypes of the standards into the corresponding colored box.  For example, if standard 3d7 has a known ‘A’ genotype and is in Group 1, then all samples in Group 1 have genotype ‘A’.  Press “Results” and the genotypes are displayed beside the samples. [4.6.1 –SCREEN]

4.6.1. Genotype A being entered into the red box. Groups 1, 2, and 3 are relabeled by their genotype.  “OK Results” is then pressed.

4.7. Lastly, export the results as a.txt file for further sample population analysis. [4.7.1 – MED SCREEN]

4.7.1. Talent exporting results as a spreadsheet.

4.8. After the run finishes on the LightCycler 2.0, record the sample names and positions under “Sample Data.”  Before starting the analysis, label the negative controls and the genotypes of the Melting Standards.	
4.8.1. [bookmark: _GoBack]SCREEN

4.9. Begin the melt analysis by selecting “Analysis,” choosing “Genotyping” under Melting Curve Analysis, and pressing “OK.” 
4.9.1. The above steps

4.10. To increase the sensitivity of the autogrouping, select all of the samples so that they display in the Melting Curves plot. Slide the normalization bar to the upper boundary of the probe melting peaks.
4.10.1. SCREEN

4.11. Confirm that the samples have been correctly grouped by individually selecting each group beneath “Group Name.”
4.11.1. SCREEN

4.12. Export the genotypes for each sample by selecting all of the samples, copying the data, and pasting into a worksheet.
4.12.1. SCREEN

5. Results: blocked-probe-based and MAAB increases HRM genotyping sensitivity

5.1. A plot of the negative derivative of normalized fluorescence with respect to temperature against temperature is typically the most straightforward way to visualize melting peaks and determine genotypes. [5.1.1 – LM]

5.1.1. Figure 1.pdf

5.2. Setting the analysis window to just the probe region results in clear differentiation of peaks corresponding to specific SNPs. Perfect matches result in higher melting peaks, indicated in red, while SNP mismatches have lower melting temperatures, indicate in grey. [5.2.1 – LM]

5.2.1. Figure 2.pdf

5.3. When both alleles are present in a sample, probe-based HRM analysis represents both alleles as two-peak curves, shown in orange, with peaks that match single-allele samples, shown in red and grey. [5.3.1 – LM]

5.3.1. Figure 3.pdf

5.4. Progressively reducing the annealing temperature during amplification results in a bias towards the mutant allele, represented by the left-side peak, in a polygenomic or polyallelic sample. [5.4.1 – LM]

5.4.1. ‘A’ only of Figure 4.pdf.  Show one panel as a time in order of decreasing temperature: 59, 58, 56 and 52.  

5.5. This mutant allele amplification bias results in HRM sensitivity to detect minor alleles present at less than 1% in polygenomic or polyallelic samples. [5.5.1 – LM]

5.5.1. ‘B’ only of Figure 4.pdf.  Show graph without the small black circle indicating the 0.79% mutant allele, then add the circle and ‘.79% mutant allele’

6. Conclusion (said by authors on camera)
6.1. Katelyn Durfee: While attempting this procedure, it’s important to remember that sample quality is key – minor differences in buffer concentrations can shift the HRM curves. Using controls is a useful way to standardize results.
6.2. Katelyn Durfee_: After watching this video, you should have a good understanding of how to use probe-based asymmetric PCR and mutant allele amplification bias to accurately and sensitively genotype malaria SNPs from a variety of sample types.



Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

1A. Schematic overview graphics (to be provided by author)
3.2. Table 1_revised.xlsx
Screen capture files for segment 4 (to be provided by author)
5.1. Figure 1.pdf
5.2. Figure 2.pdf
5.3. Figure 3.pdf
5.4., 5.5. Figure 4.pdf


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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