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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)______N___  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____Y___ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _______2.4.2__2.6.1__5.3.1__5.4.1______________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.8.2 and 3.3.2 should be preformed quickly to prevent degradation of RNA
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? 30 meters indoors.
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this strategy, where we combine single-cell gene expression analysis with cell surface marker expression, is to define the molecular heterogeneity within a cell fraction and design protocols for prospective isolation of subpopulations. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Rebecca Warfvinge: This method can help answer key questions in the stem cell and cancer fields, such as what stem cell heterogeneity looks like and how therapy insensitive cancer cells be isolated.
1.2. Rebecca Warfvinge: The main advantage of this strategy is that it combines technically robust single-cell gene expression analysis with FACS analysis for further downstream characterization of target populations.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Mikael Sommarin: Though this method can provide insight into stem cell and cancer heterogeneity, it can also be applied to other questions such as gene priming and lineage potential. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving human subjects have been approved by the regional research ethics committees of sites in Lund, Helsinki, Uppsala, Aarhus, and Stockholm.
Protocol: (read by voice talent at JoVE)
2. Lysis Plate Preparation and Cell Sorting  

2.1. To begin the protocol, on an RNA/DNA free bench, prepare enough lysis buffer for 96 wells, with 10% extra, by mixing 390 µL nuclease free water, 17 µL of 10% NP-40, 2.8 µL 10 mM dNTP, 10 µL 0.1 M DTT and 5.3 µL RNAse inhibitor [1-MED-TXT]. Vortex…and spin down the plate [2-MED].
2.1.1. Talent is at bench and mixes the reagents as listed, TEXT: See accompanying text protocol for detailed guidance 

2.1.2. Talent vortexes solution then places it in the centrifuge and enters settings, TEXT: 300 x g, 2 min, 4 °C
2.2. Next, distribute 4 µL of lysis buffer to each well of a 96 well PCR plate…and seal the plates with adhesive film [1-MED]. Spin down the plates to collect the liquid at the bottom [2-MED]. Keep the plates on ice until cell sorting for a maximum of 24 hours [3-MED].

2.2.1. Over the shoulder talent distributes lysis buffer to plate, then seals plate with film 
2.2.2. Over the shoulder, talent places plate in centrifuge and enters settings 

2.2.3. Plate is placed on ice, talent walks away from plate 
2.3. Once the FACS machine has been properly setup, perform reanalysis of the target population by sorting at least 100 target cells into a new microcentrifuge tube with 100 µL of stain buffer [1-MED]. 
2.3.1. Talent programs FACS machine and places cells into new tube already containing stain buffer 
2.4. FACS analyze the sorted cells by recording the sorted sample and make sure that they end up in the sort gate [1-MED/CU]. Then set-up single cell plate sorting by centering the drop in well A1 in a 96 well plate [2-CU]. 
2.4.1. Talent loads previously sorted sample into FACS machine 
2.4.2. Talent centers drop in well A1 of plate

2.5. When it is centered, sort 50-100 6 µm particles into all the wells around the edge of an empty 96 well plate to ensure that all wells will get a cell in the center of each well [1-SCREEN]. Remove the adhesive film from the plates [2-MED].
2.5.1. *Film as written
2.5.2. Over the shoulder, talent removes adhesive film from plates
2.6. Sort a single cell of Lin-CD34+CD38- cells into 92 out of the 96 wells, activate INDEX-sorting in the FACS sorting software to save the immunophenotypic profile for CD45RA, CD49f, and CD90 for each single cell [1-SCREEN]. 

2.6.1. *Film as written

2.7. Sort two wells with 10 and 20 cells respectively for linearity controls in the PCR amplification. Wells H1 and H2 are usually used. Keep two wells without any cells as no-template controls, usually wells H3 and H4 [1-SCREEN]. 
2.7.1. *Film as written 
2.8. Seal the plates with clear adhesive film [1-MED]…and spin the plates at 300 x g for 1 min [1-MED] [2.8.1.1]. Snap freeze the plates on dry ice…then store them at -80 °C [2-MED-TXT].

2.8.1. Talent seals the plates with film and places them in the centrifuge and enters the settings 
2.8.1.1. [Added Shot]: Talent places them in the centrifuge and enters the settings 

2.8.2. Talent freezes plates on dry ice, then moves them into freezer, TEXT: At this point cells can stored long-term at -80 °C.

3. Reverse Transcription and Specific Target Amplification 

3.1. Make reverse transcription and specific target amplification mix by adding 632.5 µL 2x reaction mix, 101.2 µL Taq/SuperscriptIII, 151.8 µL Primer mix, and 0.7 µL spiked in control RNA [1-MED-TXT]. 
3.1.1. Talent combines each of the ingredients as listed in voiceover, TEXT: Perform step on DNA free bench
3.2. Vortex the solution and spin down it down to collect the liquid at bottom of the tube [1-MED]. Keep the mix on ice until ready it is ready to be added to the sample [2-MED].
3.2.1. Talent vortexes tube and briefly spins it in a table top centrifuge 

3.2.2. Talent places mix on ice 
3.3. Next, thaw the lysate plates on ice [1-MED]. Add 8.75 µL of the previously prepared reverse transcription and specific target amplification mix to 92 wells, including the linearity and no-template controls [2-CU]. 
3.3.1. Side view, talent places lysate places on ice [Shots 3.3.1 and 3.3.2 combined] 
3.3.2. Mix is added to wells 
3.4. Add 8.75 µL of no-reverse transcription control mix to the four remaining wells [1-CU]. Then seal the plates with clear adhesive film [2-CU] and spin the plates to collect liquid at the bottom [2-CU] [3.4.3]. 
3.4.1. Control mix is added to remaining wells 

3.4.2. Talent seals plates, then places them in the centrifuge  
3.4.3. [Added Shot]: Talent places them in the centrifuge 
3.5. Perform reverse transcription and specific target amplification by running the plate in a PCR machine according to the preamp program [1-MED-TXT]. 

3.5.1. Over the shoulder, talent places plate in PCR machine and enters program, TEXT: See accompanying text protocol for preamp program 
4. Preparation of Sample and Assay Plates
4.1. Prepare the assay loading plate by pipetting 3 µL of assay loading reagent to each well of a 96 well plate [1-MED]. Add 3 µL of each primer to individual wells in the assay loading plate [2-CU]. Seal the plate with adhesive film [3-MED] and spin it down [3-MED] [4.1.4].
4.1.1. Talent adds reagent to all wells of plate

4.1.2. Talent adds primer to individual wells of plate 

4.1.3. Over the shoulder, talent seals plate with film and places it in the centrifuge
4.1.4. [Added Shot]: Talent places it in the centrifuge 
4.2. After the spinning the plate, prepare the dilution plate by pipetting 8 µL of nuclease free water into all the wells of a 96 well plate [1-MED]. Add 2 µL of amplified sample to the dilution plate [2-MED-TXT]. 

4.2.1. Side view, talent pipettes nuclease free water in wells of plate 

4.2.2. Talent adds sample to the plate, TEXT: Final dilution 1:5 

4.3. Seal the plate with adhesive film…mix by vortexing plate for 10 s [1-MED]. Then spin down the plate [2-MED].
4.3.1. Talent seals plate then vortexes the plate 

4.3.2. Talent places plate in centrifuge and starts spin 
4.4. Next, prepare the sample loading mix by carefully mixing 352 µL of master mix with 35.2 µL of sample loading reagent [1-CU]. Prepare the sample loading plate by aliquotting 3.3 µL of loading mix to each well of a 96 well plate [2-MED]. 
4.4.1. Sample loading mix and master mix are combined. The mix is carefully mixed. Focus on the solution as it is mixed.  

4.4.2. Talent aliquots loading mix to each well of plate 
4.5. Add 2.7 µL from the diluted sample into each well of the sample loading plate [1-MED]. Seal the plate with adhesive film [2-MED] and spin it down [2-MED] [4.5.3].
4.5.1. Talent adds sample to each well of plate

4.5.2. Side view, talent seals plate with film and places it in the centrifuge
4.5.3. [Added Shot]: Talent places it in the centrifuge 
4.6. Loading the Microfluidic Chip 
4.7. Take out a new 96 x 96 microfluidic chip [1-MED]. Prepare inlets by poking them with a syringe with a cap on to make sure that they can be moved [2-CU].
4.7.1. Talent grabs microfluidic chip 

4.7.2. Talent pokes inlets with syringe with cap and shows that they can be moved
4.8. [1-CU]. Add the full volume of the syringes to each valve while tilting the chip to 45 degrees and pressing down the valve [2-CU]. Prime the chip with the IFC controller [3-CU].
4.8.1. Talent removes bubbles from syringes 

4.8.2. Talent adds volume of syringes to chip at a 45 degree angle 
4.8.3. Talent places chip into machine and pushes bottom 

4.9. Load each assay inlet with 4.25 µL from each of the wells in the assay loading plate and avoid bubbles [1-CU]. If bubbles appear in the well, remove them with a pipette tip [2-CU]. 
4.9.1. Talent loads one assay inlet with liquid from assay loading plate 

4.9.2. Talent removes bubble with pipette tip  
4.10. Continue loading each sample inlet with 4.25 µL from each of the wells in the sample loading plate, avoid bubbles, and if bubbles appear, remove them with pipette tip [1-MED]. Load the chip with the integrated fluidic circuit controller, or IFC controller [2-MED]. 
4.10.1. Talent finishes loading sample inlet and removes a bubble 

4.10.2. Talent loads chip with IFC controller
4.11. Check that the chip looks even and that all chambers have been loaded [1-CU]. Remove dust from the chip surface by touching it with tape [2-CU/ECU]. Finally, run the chip in the multiplex microfluidic gene expression platform [3-MED].
4.11.1. Talent points out that the chip is even and that all chambers have been loaded

4.11.2. Talent removes dust from surface with tape. If possible, show the dust being picked up from the surface 

4.11.3. Talent runs machine 
5. Results: Dynamic Characterization of Cell Populations
5.1. Principal component analysis, or PCA, which visualizes the similarities among cell groups using dimension reduction, with four easily distinguished populations, distinguished outliers from the rest of the cells [1-LM].  
5.1.1. 57831fig2.jpg. Figure 2B only. As soon as the voiceover begins show the entire figure with all text. When “similarities” is said, circle the middle portion of the graph in yellow or black for a beat. When “outliers” is said, circle the blue dots at the top edge and the purple dots on the right edge of the graph in yellow or black 
5.2. FACS plots show the cell surface marker expression for the hematopoietic stem cell markers CD90 and CD45RA, which can be used to discriminate between the clusters and isolate them for functional analysis [1-LM].

5.2.1. 57831fig2.jpg. Figure 2D only. Show the entire figure with all text. When “CD90” is said, highlight the corresponding text in the y-axis for a beat. When “CD45RA” is said, highlight the corresponding text in the x-axis for a beat. When “discriminate between the clusters…” is said zoom in on the clusters (where there are many coinciding dots on the graph), if possible 
5.3. A heat map of a successful run displays the evenly spread expression across samples with a strong signal of around 7-25 Cts [1-LM]. 
5.3.1. 57831fig3.jpg. Figure 3C only. Show the entire figure with all text. When “7-25 Cts” is said, add a box in the legend that contains all the colors and numbers for 7.83-25.38 with a color that provides enough contrast 
5.4. This amplification curve of spiked-in control RNA verifies that all wells have clear expression of around 10 CT with little to no variation [1-LM].  
5.4.1. 57831fig3.jpg. Figure 3E only. Show the entire figure with all text. 
6. Conclusion (said by authors on camera):
6.1. Fatemeh Safi: Following this procedure, other methods like RNA-sequencing of newly discovered subpopulations or in vivo/ in vitro experiments can be performed to answer additional questions like what molecular mechanisms causes this heterogeneity and how does the subpopulations differ functionally.

6.2. Mikael Sommarin: This strategy paves the way for researchers in the field of hematopoiesis to not only explore heterogeneity in malignant and normal hematopoiesis, but also to prospectively isolate the discovered subpopulation and study them
Provided Media

Insert your media filenames here.

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 are included in the email accompanying the finalized script.
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