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1.0 Scope and Applicability: This protocol provides step by step instructions to start up and calibrate the BD FACSAria II machine and BD FACSDiva software in preparation for single-cell sorting.

2.0 Materials:
2.1. BD FACS Accudrop beads (BD Bioscience 345249)
2.2. BD Cytometer Setup & Tracking beads (BD Bioscience 641319)
2.3. Rainbow fluorescent particles (Sphero 556288)
2.4. 1X PBS
2.5. MilliQ H2O
2.6. BD sheath fluid (BD Bioscience 342003)
2.7. Bleach
2.8. 70% Ethanol
2.9. Kimwipes
2.10. BD Falcon 5 ml polystyrene round bottom tubes
2.11. Sterile falcon tissue culture 96 well plates
2.12. PCR 96 well plate (Thermo Scientific)
2.13. Single cell suspension of sample ready for sorting

3.0 Equipment: 
3.1. Sonicator
3.2. P2, P10, P1000 Pipets
3.3. 1 Liter graduated cylinder
3.4. 2 Liter plastic bottles (Nunc 73520-410 or equivalent)
3.5. BD Falcon 5 ml polystyrene round bottom tubes.
3.6. Vortexer.
3.7. Rack for 1.7 ml tubes.
3.8. FACSAria II machine.
3.9. Centrifuge. (Beckman Coulter).
3.10. Biohazard disposal container.
3.11. 4ºC refrigerator.

4.0 Safety:
4.1. Nitrile Gloves.

5.0 Output: Calibrated BD FACS Aria II ready for sample sorting and analysis

6.0 Reference Documents:
6.1. FACS Aria manual
6.2. BD FACSAria II User’s Guide
6.3. FACSDiva software manual
6.4. CS&T calibration manual

7.0 Startup:  
7.1. Check sheath and waste tanks (fill if necessary).    
7.1.1. To open the tank covers:
7.1.1.1. Unscrew the triangular knob all the way.
7.1.1.2. Pull up on the pressure release ring to depressurize the tank.
7.1.1.3. Push down on the lid until it releases. Rotate the lid to the side, lift the retaining bracket, and remove the entire lid assembly.
7.1.2. Fill the Sheath tank to the upper tank weld with BD Sheath Fluid.
7.1.3. Empty the Waste tank into the sink, reinstall, and cover bottom of tank with bleach.
7.2. Start computer for ARIA II 478 and login.
7.3. Turn Aria on (big green button) and wait until Tera Term program is open. When Tera Term opens, Vx Works will appear on the computer screen. 
7.4. Start BD Coherent Connection software to monitor lasers and click Start All button, and make sure that all lasers are on.
7.5. Start BD FACSDiva Software.
7.6. Log in to FACSDiva Software. There is no password so click OK.
7.7. From the BD FACSDiva Cytometer menu, select Cytometer > Fluidic Startup.  A window will appear asking the user to verify the following:
7.7.1. That air and fluid lines are disconnected from the ethanol tank and connected to the Sheath tank, then click Done once finished.
7.7.2. That a closed loop nozzle is installed in the flow cell, click Done once finished.
7.7.3. Fluidics startup will run for ~10 minutes.
7.7.4. Once finished, FACSDiva will promp the user to remove the closed loop nozzle from the flow cell assembly, click Done once finished. 
7.7.4.1. To remove the closed loop nozzle, rotate the black knob below the nozzle counterclockwise to 7 o’clock, then gently pull out nozzle. Insert the closed loop nozzle into the gray nozzle holder to the right of the flow cell for storage.
7.7.5. Insert the correct nozzle size (130 micron usually) in the flow cell, rotate the black knob clockwise to 12 o’clock to secure, then click Done. 
7.8. When Fluidic Startup is complete, turn on the stream by clicking on the Stream button in the Break-off window.
7.9. Allow at least half an hour for the lasers to warm up and fluidics to stabilize. After it stabilizes, adjust the amplitude so that the break-off point is somewhere near the middle of the Break-off window and that the Gap reading is 12.  Make sure at least three distinct drops are visible and that satellite drops progressively merge with the main drops. Also make sure that the stream is in the middle of the break-off window. Irregular streams usually are caused by problems in the fluidics and often will impair sorting.
7.10. Optional: If sorting into cooled tubes, turn on the cooling bath on the Lauda during warmup and stabilization step.
7.11. Optional:  Turn on the Aerosol Abatement Device and adjust the air flow rate to the appropriate level (20%) to prevent release of harmful aerosols.

8.0 Cytometer Startup & Tracking performance check.
8.1. Run CS&T beads to calibrate the Aria.  CS&T beads, when successfully run, will set the laser delay and the area scaling as well as monitor the laser and detector performance over time.  Reference the manual on CS&T calibration if problems are encountered.
8.1.1. Prepare CS&T beads: 
8.1.1.1.  In 5ml tube dilute 1 drop of CS&T beads into 500 ul of 1x PBS.
8.1.1.2. This dilution can be stored at 4°C in the dark for up to 5 days.
8.1.2. Start Cytometer>CST (NOTE: This is a different program from Diva and while it’s open you will not be able to do anything in Diva).
8.1.3. Verify that the bead lot information under Setup BEADS matches the Cytometer Setup and Tracking bead lot.
8.1.4. Install the tube onto the cytometer loading port.
8.1.5. In the Setup Control window, select Check Performance from the characterize menu.
8.1.6. Click run. Performance checking takes about 10 min.
8.1.7. When CS&T performance is completed, you will get a “Pass”, a “Pass with warnings”, or a “Fail”.  If it fails or passes with warnings, view the report to see if the problem will affect you experiment.  If CST performance failed, set the area scaling and laser delay with Rainbow beads* (see User Guide pp.307-324 for instructions).  If it passes, proceed to next section.
*Using Rainbow beads for calibration is beyond the scope of this document and will not be discussed here. It is not recommended for most operators except those who are highly experienced.
8.2. If bead lot information is not matching bead lot under “Setup Beads”, do the following:
8.2.1. Log in to the FACSDiva software as an administrator.
8.2.2. Click Cytometer > CST >Tools > Bead Lots select appropriate bead lot and click OK.
8.2.3. Go to bdbiosciences.com/CSandT in a web browser.
8.2.4. Download the file to your workstation or appropriate transport medium, and save the file.
8.2.5. Go back to the CST Tool window, and in the Bead Lots dialog, click Import.
8.2.6. Select the bead lot file (ending in .bls). Click Open.
8.2.7. The Bead Lot information is automatically entered.
8.2.8. After new Bead Lot was entered, redefine a baseline:
8.2.8.1. Make sure that FACSDiva software is logged log in as an Administrator (there is no password).
8.2.8.2. In the Characterize window select Define Baseline.
8.2.8.3. Install the tube with CST beads onto the cytometer loading port and click Run. It takes approximately 30 min. Make sure to prepare enough volume of CST beads when running a baseline (~ 2 mL).
8.2.8.4. When define baseline performance is completed, you will get a pass, a pass with warnings, or a fail.  If it fails or passes with warnings, view the report to see if the problem will affect you experiment.  If define baseline performance failed, try set the area scaling and laser delay with Rainbow beads (see User Guide pp.307-324 for instructions).  If it passes, proceed to next section.

9.0 Setting up the stream
9.1. Make sure that the instrument nozzle/sheath pressure set up is appropriate for the current nozzle.
9.2. [bookmark: _Ref359590957]Establish a stable drop pattern in the break-off window:
9.2.1.  Allow at least half an hour for the lasers to warm up and fluidics to stabilize
9.2.2. After it stabilizes, adjust the amplitude slider until the drop break-off is approximately in the top third of the Break-off window (see pictures in BD FACSAria II User’s Guide on page 106).
9.2.3. The frequency of nozzle oscillation during drop generation varies according to nozzle size and should generally never be adjusted. 
9.2.4. The actual Gap value describes the distance between the stream and the first drop, and the amplitude should be adjusted until this value is at 12 for the 130um nozzle.  Different nozzle require different Gaps. 
9.2.5. The Drop 1 value describes the distance between the top of the Break-off window and the Gap, and this value is set somewhat arbitrarily following the above guidelines of adjusting the drop break-off to approximately the top third of the Break-off window. (See table on page 86 in the BD FACSAria II User’s Guide).
9.2.6. The Amplitude value should not exceed 70.  If you find that you have to adjust the Amplitude beyond 70, make sure that the Attenuation option is not turned on in the Stream deflection control window. Conversely, if you find that you have the adjust the Amplitude below ~8 and are having a difficult time fine tuning the Gap, make sure to turn on Attenuation.
9.2.7. Turn on the “Sweet Spot” when the drop pattern is stable. The Sweet Spot function automatically adjusts the amplitude to maintain the stream at the target values inputted from the user. Generally the Sweet Spot function is used after the stream has stabilized to a satisfactory position, at which point the target values are adjusted to match the actual values, followed by turning on the Sweet Spot. This will prevent large fluctuations in stream break-off if the target values are very different from the actual values. 

10.0 Appendix: Handling biologically hazardous samples
10.1. Aerosol Management System (AMS): Our Aria has an Aerosol Management System that is used to contain all aerosols that arise during the sort process.  This consists of a separate vacuum unit that pulls air through a 0.12-µm ultra-low penetration air (ULPA) filter, and a series of holes to allow airflow through the sort chamber and collection area.  All doors must be closed for this to work correctly.
10.1.1. If using this system, conduct all sorting setups with it on, since the airflow could affect the side streams.
10.1.1.1. When sorting human material, or other potentially hazardous samples, the Aerosol Management System (AMS) must be used.
10.1.1.2. Ensure that the main POWER button on the back of the evacuator is on.
10.1.1.3. Press the POWER button on the membrane panel of the evacuator.
10.1.1.4. Ensure that the suction control rate is set to 20%.(Do not set the suction control rate above 20%, higher rates could affect the stability of the side streams.)
10.1.1.5. Verify that the filter flow gauge reads less than 2.4 inches.
10.1.1.6. Sort as usual.
10.1.1.7. If a clog is encountered, do the following steps:
10.1.1.7.1. Turn stream off (keep top and flow chamber doors CLOSED)
10.1.1.7.2. Turn up suction rate to 100% and allow at least 1 minute to evacuate aerosols from the sort chamber.
10.1.1.7.3. Remove nozzle and conduct appropriate cleaning procedures. Place a nozzle in a clean FACS tube with MilliQH2O, close tube with a cap and sonicare it for 1 min in Sonicator. Take out nozzle from a tube and dry with kimwipes.
10.1.1.7.4. Reset suction to 20% and begin stream again.
10.1.1.7.5. Put AMS on standby by pressing the POWER button on the membrane panel when you are finished sorting.  
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