
 
 

Brandon Carter, PAVIR FACS Facility Director, bcarter@pavir.org, +1 (775) 722 4672, Aug 26, 2019 

Aria Cell Sorter Training Guide 
 
Topics to be Discussed 
 

1. How samples should be run on the instruments 
2. Instrument configurations 
3. Aria Cell Sorter Startup SOP 
4. BSL-2 Cell Sorting: Operating the BD Aerosol Management Option 
5. Instrument Operations 
6. Things you should know about sorting 
7. Sort Purity Explanations 
8. Instrument Cleaning and/or Shutdown 

 
 

How samples should be run on the instruments 
 
Sample Vessels: Falcon polystyrene tubes, 12mm X 75mm: 1) non-sterile,  #2052 
(without cap), 2) non-sterile, #2054 (with cap), 3) sterile, #2058, and 4) sterile with blue 
mesh filter caps, Cat#2235.  
 
Concentration: Ideal range between 5 X 105 to 2 X 107 cells per mL resuspended in PBS 
containing 1% BSA.  Avoid phenol red, an additive to media preps. Minimum sample 

volume is 200 L.  Watch your flow rate to make sure you don’t suck up your sample 
too quickly! 
 
Sample considerations:   Prior to sampling (literally in front of the instrument, not at the 
lab), filter each sample through blue capped, filter top tubes.  These sterile tubes have a 
35 mm mesh filter in the cap. 
 
If your samples contain cells with a propensity to form aggregates, you should treat the 
sample with an anti-agglutinating agent.  There are reagents that can be added to your 
samples to reduce or eliminate the formation of aggregates: 

1. DNAse 
2. EDTA (1mM) 
3. PBS without Ca2+ or Mg2+ containing 0.1% BSA or FCS. 

 
Consider pausing sorts periodically to mix sample types with a propensity to settle.  Cell 
agitation even at 300 RPM is pretty ineffective. 
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Instrument configurations 
 
BD Aria: Review the on instrument laminated configurations.   
 
Note that these configurations are available on the website and on FluoroFinder. 
 
http://pavir.org/means/cores/facs-instrument-information/ 
 
https://app.fluorofinder.com/pavir 

 

 
The Aria 2u (Capt America), 3.1 (Falcon) and 3.2 (Captain Marvel) are equipped for 
BSL-2 cell sorting. 
 
The Aria 2u (Capt America), 3.2 (Capt Marvel) and 3.3 (Spiderman) enable 96 well plate 
sorting. 
 
All Aria cell sorters are equipped with a chiller unit allowing one to keep sorted cells at 
an appropriate sub-room temperature. 

  

mailto:bcarter@pavir.org
http://pavir.org/means/cores/facs-instrument-information/
https://app.fluorofinder.com/pavir


 
 

Brandon Carter, PAVIR FACS Facility Director, bcarter@pavir.org, +1 (775) 722 4672, Aug 26, 2019 

Aria IIu and III Start Up SOP (Laminated copy on the instrument) 

1. Empty waste into the lab sink: Unscrew the waste container lid and release the 
waste probe sensor (set in the large 2L beaker found at each instrument).  Take 
the container to the sink and pour its contents down the drain. Add 1L 100% bleach 
into the empty waste container. 

2. Depressurize the sheath tank and remove the lid.  Fill sheath tank with the boxed 
Blood Bank Saline (found at the left side of the backwall window) to the welding 
line along the top ¼ circumference of the sheath tank. DO NOT use the NERL 
Diluent 2 Sheath Fluid as this is used for the LSRs.  

3. Turn computer on, login into the Window’s Admin account: password BDIS#1. 
4. Launch the TeraTerm program. This is a terminal window app found on the 

desktop with a “T” icon. Power on the Flow Cytometer: Press the big green 
power button on the Flow Cytometer. TeraTerm will become active after 2-3 
minutes, generating an IP address for the flow cytometer. 

5. Ensure the flow cell access door is raised and the sort chamber door is open. 
You will want to check the plates to make sure they are dry and clean before you 
turn on the stream.  

6. Turn on the air compressor in the corner for the Aria 2u (Captain America) and 
Aria 3.1 (Falcon). The Aria 3.2 (Captain Marvel) and 3.3 (Spider-Man) do not 
require this step. 

7. Wait 30 minutes for lasers to warm up before running samples (You can proceed 
with steps 8 through 15 while the lasers warm up).  

8. Turn on aerosol management system if you are sorting a BSL-2 sample 
(Available for Aria 2u, 3.1 and 3.2).  

9. Optional: Turn on water bath for cooled sample collection 
10. Launch the LabUsage App on the desktop to access the FACSDiva Software 

(Same user email and password as for the BookMyLabs Calender). At Diva 
Login select the Administrator account using password “pass.”  The cytometer 
will connect to the computer after about 2 minute 

11. When the software connects to the cell sorter, select “Use CST settings” in the 
CST dialog box. Most samples are run on a 70u nozzle. If you use another size 
nozzle follow the instructions for Switching Nozzles on the laminated 
instruction form for CST. 

12. Perform Fluidics Start Up (Top dropdown menu: Cytometer>Fluidics Start-up) 
and follow the instructional prompts.  This process takes about 10 minutes. 

13. Once complete, as instructed by the Fluidics StartUp prompts, install the nozzle 
to be used and turn on the stream.  Wait 1-2 minutes for stream to stabilize. 
Apply the SweetSpot to activate the previous optimized drop settings used for 
sorting. 

14. Check the stream comparing today’s drop formations to those featured on the 
laminated images of drops for each nozzle size found at each instrument. 

15. Load and run for 5 min each sample tubes of 10% Bleach; 70% EtOH; and MilliQ 
water with the Flow Rate set to 11 on the Acquisition Dashboard.  **Use the 
FACSDiva experiment found in the Admin Folder for performing Accudrop 
for the nozzle size you plan to use** 
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16. Perform CST performance check if first user of the day (See CST SOP 
laminated instructions for details). (You’ll need to turn off SweetSpot) 

17. If the CST protocol results in a Pass, proceed to AccuDrop Sort optimization. 
18. Optimizing sort settings: Frequencies may vary slightly (+/- 0.2 kHz) from one 

transducer to another, the stream images above each instrument will reflect the 
correct setting for that machine.  **DO NOT CHANGE THE FREQUENCY 
UNLESS ADVICED by the FACS Director** 

19. Set the drop delay using the Auto Delay Feature: Note that this will require 
Accudrops beads. These can be found in the refrigerator by the door on the top 
shelf either pre-allocated (1drop of concentrated beads per 0.5 mL of MilliQ 
water) in a labeled 5mL FACS tube or as a concentrate in a black dropper bottle 
with blue lid). 

a. Open a prebuilt Experiment with for the proper nozzle size (Ex. AccuDrop 

70m). 
b. In the Acquisition Dashboard, load your Accudrop beads and adjust your 

sample rate to reflect the correct event/sec rate (for 70uM nozzle, 
event/sec rate is between 1500-3000 and for 100uM it is between 500-
1500.) 

c. Within the Experiment, expand the global sheet until it reveals a premade 
Sort Layout.  Sort Precision should be set to Fine Tune and population to 
sort at “NOT P1”.  

d. As needed adjust the brightness of the steam in the Sort Window using 
the fine focus knob adjacent to the sort chamber door  

e. In the Sort Layout Window Press SORT but press CANCEL when asked 
to open the Waste Drawer and to charge the sort plates. 

f. In the Sort window, manually apply voltage to the sort plates and apply the 
optical filter using the appropriate icons.  Adjust the side stream so that 
the near left sort stream is in the middle of the optical filter sort box as 
visible in the Sort Window. 

g. Run the AutoDelay App found in the top right of the Sort window. 
h. Once complete, as necessary, adjust Drop Delay value to get the 

percentage of events being sorted as close to 100% in the left box of the 
sort block window as possible.  

i. Note that pre-allocated AccuDrop tubes are good for 2-3 days. 
20. In the Sort window, set the side streams to the number populations and types of 

tubes with which you plan to work.  Check to make sure each stream drops in the 
center of the positioned tube by applying Voltage to the Sort Plates and 
performing a Test Sort. Adjust the side streams as needed.  

21. You are ready to sort!  Log out of the Administrator Account and Log into your 
personal account. You needn’t turnoff the stream when toggling between 
FACSDiva Accounts. 
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BSL-2 Cell Sorting: Operating the BD Aerosol Management Option 
 
The BD aerosol management option (AMO) is a device that promotes the containment 
of aerosols by evacuating the sort collection chamber in the BD FACSAria II/III cell 
sorters. The option uses an attached vacuum source to rapidly evacuate aerosolized 
particles through an ultra-low penetrating air filter during routine sorting or analysis. The 
AMO must be used at all times with all biological specimens rated BSL2 on the BD 
FACSAria systems in the PAVIR FACS Facility. 
 
Procedure: 

1. Install the splash shield (if sorting into plates) or the tube holder (if sorting into 

tubes) below the aspirator drawer. 

2. Ensure that an air filter is installed in the sort collection chamber door. 

3. Close the sort collection chamber door. NOTE: The sort collection chamber door 

must be closed for the evacuator to generate negative pressure in the chamber. 

4. Switch on the main power on the back of the Evacuator. 

5. Press the up or down arrow button to set the suction control rate to 20%. NOTE: 

Do not set the suction control rate above 20% for sorting. Higher rates could 

affect the stability of the side streams. 

6. Verify that the filter flow gauge reads less than 2.4 inches of H2O. 

7. Set up the FACSAria for sorting your cells. 

8. Sort your cells, ensuring that the sort collection chamber door and the sample 

injection chamber door remain closed while cells are being sorted. 

9. When sorting is complete, stop the sample flow into the sort collection chamber. 

(Click the SORT button to stop the sort, then click the UNLOAD button to 

unload the sample tube). 

10. Press the up/arrow button on the Evacuator repeatedly to increase the suction to 

100%. 

11. Wait at least 2 minutes before opening the sort chamber doors to allow 

potentially hazardous aerosols to evacuate. 

12. Open the sort collection chamber door. 

13. Remember to decrease the suction control rate to 20% on the Evacuator 

when you return to sorting samples. 

14. Turn off the Evacuator after you have finished running biological specimens by 

placing the instrument in standby by pressing the POWER button on the 

membrane panel of the evacuator and switching off the main power on the back 

of the evacuator. 
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Instrument Operations in Diva 

 
1. Login to you FACSDiva Account. This will be where you store all your 

experimental templates and protocols.  Create a folder and create a new 

experiment. 

2. Setting up your experiment 

a. Create a new Blank Experiment 

b. Rename the Experiment (right click>Rename) using a good descriptive 

term and maybe the date. 

c. Create a new Specimen (embedded will be your first sample Tube). 

3. Creating New Application settings (Optional: First time you run an experiment- 

this isn’t essential but can be helpful long term) 

*** Application settings are associated with a cytometer’s CST daily configurations.  

Each includes the parameters needed for the application, area scaling values, PMT 

voltages, and threshold values, but not compensation. Each time a CST performance 

check is run, the application settings associated with an experimental configuration 

are updated to account for changes in detector sensativity. Using application settings 

provides an easy, consistent, and reproducible way to reuse cytometer settings for 

your commonly used applications*** 

a. Select Cytometer Settings in the Experiment Browser (Also can be found 

in the top menu View>Cytometer>Parameters tab) 

b. Delete all parameters you will not be using: 

i. In Parameters tab, click on small button to left of parameter name. 

ii. Click delete button (use control key and highlight for multiple 

deletions) 

iii. Repeat for each parameter you are not using. 

c. Click the H and W checkbox to select Height and Width for FSC and SSC 

to enable doublet discrimination 

d. It can be helpful to add a target name to your parameter 

i. Highlight the first sample Tube under the Specimen. 

ii. Open the Inspector. The second Tab over is the Label Tab for your 

samples.  You can add the target name next to the fluorochrome...  

Every tube generated thereafter will retain your label unless you 

change it for a specific tube... 

e. Right click Cytometer Settings in the Browser, then select Application  

f. Settings>Create Worksheet. A second global sheet is added with the plots 

created according to your selections in the Parameters tab. 
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***You will use the gray boxes and crosshairs on this worksheet to guide your 

optimization.  This can be a helpful means of staying within the linear range of readings 

for each of your detector channels*** 

g. Load a fully stained sample tube on to the cytometer. 

h. Optimize the FSC and SSC voltages to place the population of interest on 

scale.  

***Check for noise and debris in the lower left section of your dot display. The default 

threshold trigger parameter is FSC at channel 5,000. Adjust higher if excessive debris 

and noise is present. You can also add a secondary parameter. In most cases, click “Add” 

and SSC parameter will be added. Make sure to check the radio button for “AND” instead 

of “OR” to and start at channel 5,000*** 

i. Verify that the positive populations are on scale for each of the targets you 

wish to see. If a positive population is off scale, lower the PMT voltage for 

that parameter until the positive population is entirely on scale. 

Note: If your samples are dirty, this will greatly affect your sort efficiency.  Using a higher 

threshold may help reduce sort aborts but this will result in a lower overall purity of sort.  

If the cell sorter can’t see something (debris, contamination, etc), it will sort these things 

along with your cells.  Keep this in mind when determining your Cytometer settings for a 

particular sample type. 

j. Unload the stained cells tube from the cytometer. 

k. You now have your Application settings. To save, Right click Cytometer 

Settings in the Browser, then select Application Settings>Save. 

l. Name the Application Settings appropriately and Click OK. The application 

settings are saved to the catalog. Application settings do not include 

compensation settings. 

4. Using previously created Application Settings (When you are doing the same 

experiment again) 

a. In a newly created experiment, ensure that the current CST settings are 

applied. Then, right click the Cytometer Settings icon in the Browser and 

select Application Settings> Apply. 

b. Select your correct previously created Application Settings from the 

catalog. 

c. Click OVERWRITE in the dialog that appears. 

d. If a message appears about area scaling, click Yes to accept all changes 

to cytometer settings. 

e. The parameter list and PMT voltages are updated to match the application 

settings you previously created. 

5. Compensation 
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a. Ensure that you have the correct Application Settings applied, or if you are 

starting from scratch that you have the correct parameters and PMT 

voltages for your experiment. 

b. Select Experiment>Compensation Setup>Create Compensation Controls. 

c. Click OK to close the Create Compensation Controls dialog. A 

compensation controls specimen (Set of tubes) is added to the 

experiment, along with an unstained control tube, and a stained control 

tube for each parameter. Worksheets containing the appropriate plots are 

added for each compensation tube. 

d. Place the unstained control tube on to the loading port. 

e. Set the current tube pointer to the unstained control tube in the Browser. 

f. Click Load in the Dashboard.  

g. Move the P1 gate to fully incorporate the singlet population.  

h. Right click the P1 gate and select Apply to all Compensation Tubes. 

i. Click Record Data in the Dashboard to record the events from the 

unstained control tube.  Usually 1,000 to 5,000 events is appropriate to the 

task. 

j. Unload the unstained control tube. 

Note: Do not change the PMT voltages after the first compensation tube has been 

recorded. To calculate compensation, all tubes must be recorded with the same PMT.  I 

often use the unstained sample to confirm that staining in my controls has worked and 

that my PMT voltages are appropriate. 

k. Click Next Tube in the Dashboard.  

l. Acquire each compensation tube and record in this manner. 

m. Verify that the snap-to interval gates encompass the positive populations 

n. Select Experiment>Compensation Setup>Calculate Compensation. If the 

calculation is successful a dialog appears. Appropriately name the 

compensation setup.  I usually select a Exp/Date nomenclature. 

o. Click Link & Save to close the dialog box and save the compensation 

setup and link it to the experiment’s cytometer settings 

6. Collecting data for each sample 

a. Return to your SPECIMEN and click on the first tube in your experiment. 

Or, generate a new SPECIMEN:  If you have a previously created panel 

template, right click your experiment in the browser and choose New 

Specimen from the menu. Click the appropriate tab and select the panel 

template you created previously. Panel templates import worksheets into 

your experiment also. 

b. (For Today) Import a blank specimen and create worksheet elements you 

want to view for this experiment. 
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c. Set the current tube pointer at the first tube, install the tube, load it and 

record it.  I encourage you to save a representative data file even if you 

simply plan to sort.  You’ll never regret having “extra” data. 

d. Samples will acquire automatically when loaded. To create a data file, 

click Record.  Sample will be saved automatically when it reaches the stop 

event count. If your sample runs out before enough events are collected, 

Press “Stop Acquisition” to save all the events collected to that point. All 

instrument settings, data and compensation settingsare saved in the 

Experiment. 

 

Important Consideration: Stop, Storage or Events to Record gates 

On the Acquisition Dashboard Stopping Gate, Storage Gate, and Events to record 

parameters can be changed from the default values 

• The “Stopping Gate” defines the gate in which the number of events is to 

be acquired 

• “Events to Record” can be set for a specific number of events to be 

acquired in the file. The defaults are “All Events” and 10,000. Frequently 

the “Stopping Gate” will use one of the gates that defines a population to 

guarantee a minimum number of the target population is collected. 

 

7. Sorting (Create a New Sort Layout) 

a. Highlight the Experiment in your Browser. 

b. Use either the Sort Layout icon or navigate to the Sort Menu > New Sort 

Layout. 

c. In the Sort Layout, select the Device and Precision you require. You can 

also select a specific number of cells to be sorted into each tube if you 

like, otherwise, just leave it as “continuous.” 

d. Assign the sorting gates to be applied for each deflected stream. 

8. Optimizing your sort streams (Should be a blue flashlight to help with this 

process) 

a. Load representative collection tubes into holder, insert holder into Aria 

b. Turn on plate voltage so that the software icon turns red. 

c. Open the sort/waste drawer click the “Drawer” button on Sort Layout 

window. 

d. Turn on the test sort and use slider bars below the image in the stream 

window to aim the streams into the collection tubes. 

e. You can adjust the sliders for the sort streams not being used to 0 so that 

they are not visible on the screen. 
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f. When you have optimized your sort streams, close the drawer using the 

“Drawer” button on the Sort Layout window, turn off the test sort, and turn 

off the voltage. 

9. Final Sort Setup 

a. Load media or buffer into the sample collection tubes and place the tubes 

in the appropriate sort holder. 

b. Insert collection device (tubes or plates) in o Aria. 

c. Close the sort chamber door, the fluidics door and the sort chamber 

filtered door. Ensure aerosol containment is on as is necessary. 

d. Press Sort to begin sorting your sample. 

 

Things you should know about sorting 
 

Gates change in real time. If you adjust your sort gates in your template, they are  
immediately applied to the sorting criteria. 
 
When the Sweet Spot notices there is a problem with your stream, it will pause 
sorting but not Acquisition.  If there is a major problem with the stream, it may run 
through your whole sample without sorting any events. Be wary of this when the 
stream is unstable. 
 
A clog will suspend sorting immediately. Please monitor the cell sorters 
frequently when sorting. I understand that during long sorts you may require a 
break.  Continue sorting, if you plan to be away no more than five minutes.  
Please PAUSE sorting if you plan to be away longer or find an experienced 
operator to oversee your sort. 
 
Again, the cell sorter will only consider what it can see when sorting.  If an Aria 
can’t see something in your sample, it will not know to avoid it. 
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Sort Purity Explanations 

The sort purity determines how many drops (and, as a result, how many target events) 
will be sorted into your collection device(s).  Your sample enters the flow cell in a stream 
but leaves in drops.  The instrument considers three drops:  The leading drop, which 
has already been interrogated by (in the beam of) the laser(s), the interrogated drop, 
which is currently being interrogated, and the trailing drop, which has yet to be 
interrogated. 

 

A mask is a region of the stream which is monitored for the presence of cells of interest 
(defined by BD Biosciences FACSAria Training Manual).  Masks divide droplets into 32 
equal segments allow one to choose different types of available masks to determine 
how drops will be deflected if a sorting conflict occurs (BD Biosciences FACSAria 
Training Manual). 

For example: 

 

The various sort precision modes that are available to choose include three types of 
masks in combination: yield, purity, and phase. 

Yield Mask 
If a target particle falls within the user-defined yield mask, the interrogated drop and the 
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drop adjacent to the target particle will be sorted (BD FACSAria Training Manual).  For 
example, if a yield mask=16 is chosen (meaning 8/32 segments will be selected on 
each side of the drop) and the target particle falls inside the yield mask, both the 
interrogated drop and the drop adjacent to the target particle will be sorted (see below). 

 

There are two interesting and useful cases of the yield mask.  One case is yield 
mask=32.  This means that 2 drops will always be sorted.  This can be useful when you 
want to retrieve a high number of target particles.  Another interesting case is yield 
mask=0.  This means that one drop with always be sorted. 
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Purity Mask 

The purity mask differs from the yield mask in that it looks at the leading/trailing drops 

as well as the interrogated drop before making a sort determination.  If a target particle 

is in the interrogated drop and a non-target particle is within user-determined purity 

mask, the interrogated drop will not be sorted.  This is useful if you want to reduce the 

number of non-target particles in your sorted samples. 

Consider the case below, where the purity mask=16: 

 

Because the purity mask=16 and the non-target particle falls within the purity mask on 
the trailing drop, the interrogated drop is not sorted even though it contains a target 
particle.  However, (as an example) if the purity mask had been 8, the particle would 
have been sorted (barring bad graphics…).  As stated previously, the purity mask can 
reduce the number of non-target cells that end up in your sorted populations.  However, 
it does so at the expense of target cells being wasted. 

Phase Mask 
The phase mask may at first seem counter-intuitive.  If a target particle is within the 
phase mask, the interrogated drop will not be sorted.  Yes, you read that 
correctly.  Take a look at the example below: 
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The phase mask=16, and target particle falls within the phase mask; therefore, the 
interrogated drop is not sorted.  Why would you want to do this?  In order to understand 
why this might be useful, it is necessary that when the sample is interrogated by the 
instrument, it is still in a stream–there are not yet any droplets.  The instrument 
calculates the rate of droplet formation and when it thinks the interrogated target particle 
will be in a droplet, and then sorts what it thinks is the appropriate particle.  This is, of 
course, over-simplified, and sorting depends on many other factors.  However, a phase 
mask can help you to minimize the chance of your target particle being “bumped” into 
the wrong drop (i.e., the trailing drop rather than the interrogated drop) by any 
inaccuracies that might exist. 

Precision Modes 
Precision modes combine the masks into usable modes that allow users to decide how 
stringent they want their sorting conditions to be.  Here is a summary of the standard 
precision modes available on the Aria II: 

 

Purity Precision Mode means that if a non-target drop is 1/2 drop away, sorting of the 
drop containing a target particle will not occur.  Purity is recommended for 2-way 
sorting. 
4-Way Purity Precision Mode means that 1 drop only will be sorted.  This is 
recommended for 4-way sorting. 

Yield Precision Mode means that 2 drops will be sorted no matter what: the drop 
containing the target particle and the drop adjacent to it.  This is recommended for 
enrichment or rare populations. 

Single Cell Precision Mode means that if 2 target cells are in the interrogated drop, 
the drop will not be sorted.  This is recommended for sorting onto a plate. 

 

Instrument Cleaning and/or Shutdown 
 
(Review the Laminated SOP posted on each instrument) 
 
http://pavir.org/wp-content/uploads/2018/11/18Nov6-LSR-Shutdown.pdf 
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