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Abstract Results

1: Voltration curves & target rSD selection 3: System equalizer accuracy. 5: System equalizer workflow visualization
With the rise of full spectrum flow cytometry, instrument setup has Statistical analysis of multiple Voltration rSD of reference sample is compared before at CSTPMTV  Baseline logfile and reference data are loaded into the
become more challenging due to the increased number of detectors and curves show an average of >75% Sl for all and after at calculated PMTV to demonstrate accuracy. System equalizer (1,2,3), target rSD is selected (4) and cells
. o _ _ detectors at 3x rSDEN. This multiplier is For some detectors an iteration can be required for are re-acquired at calculated PMTV to confirm target rSD is
the unavallablllty of Slngle stains for every channel. proposed as a good balance between improved accuracy. reached (5). The time needed to generate the Equalized
sensitivity and negative noise contribution. instrument settings file is less than 2 minutes using this
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Multiple solutions have been used to overcome this challenge, but they are

often time and reagent consuming or introduce subjective user-specific ° .
assessments of individual channel performance to define optimal settings. N
System Equalizer proposes an automated approach that provides an
instrument-specific setting that considers baseline definition run and
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approach.
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signals is linear. However, the response curves for each individual PMT
detector have different profiles at variable voltage points. Figure 2: single detector Voltration curve with

3x rSDEN reference.

System Equalizer uses a curve-fitting approach to match the baseline data -
outside of the electronic noise-sensitive range and extracts the Voltration
data run during the baseline to create detector calibration curves.

settings file for target 3x
rSDEN with a Macro-
Enabled Excel worksheet

Figure 10: System Equalizer visualized workflow
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Figure 7:Reference sample rSD at equalized PMTV and target rSD.

Unstained cell reference data allows incorporation of the intrinsic particle
difference between unstained beads and target cells.
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The target PMTVs are set so that cells are detected 1 to 5 times rSDEN and Figure 3: overview of %S| at 3x rSDEN for

rsD

can be direCtly imported into BD FACSDivaTM SOftware. multiple voltrations across multiple detectors. L
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. : - : . 2: Dim Bead rSD curves & reference cell
System Equalizer provides an objective way to perform instrument setup oD curves for offset caleulation.

based on data (the input logfile and cell reference data) and selected Overlay of bead and reference cell _ _
Figure 8:Reference sample rSD at equalized PMTV and target rSD

multiplication factor for each PMT detector. Vol'”";‘“t‘?” data demonstrate the offset after iteration,
calcuiation.

o 4: Detailed comparison of System Equalizer vs traditional
- : Voltration has been done for a large number of

J & FACSymphony™ A5 SE. : | ey

S s S A visualized comparison for data on a single channel is . ey
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= Channel set-up:
& = 7 * Select desired channel.
System Equalizer workflow: U e 0~ Calculated offset is shown, enter value to verify
calculation match accuracy on the curves.
Instruments running on FACSDiva™ are calibrated by running a baseline in CS&T™ software. Detector Figure 4: offset included overlay between bead rSD & « Select desired target rSD
calibration data is extracted from the logfile by file parsing into a csv table to transfer to excel. Cell rSD curves.
Custom calculation columns are added to the data table to get rSD & Stain Index information for every
datapoint.
To ensure proper functionality and reduce rSDEN contribution to the curve fit, datapoints are subject to a
range criteria evaluation.
Curves are fitted to the datapoints for every detector using the Microsoft Excel add-in Solver to minimize

the Sum Chi? value between the fitted curve and the dataset by altering the fitted curve variables A & B. | gppe « Yellow line: rSD Ranged: data points from baseline Baseline logfile is used to build the system equalizer
Unstained Cell reference data is acquired in FACSDiva™: . . interface table that uses the curve-fit calculation data and

within acceptance criteria. (criteria adjusted from 10x
rSDEN to 255 to include more datapoints on some Lookup functions to import the cell reference information

channels, like V427) from a table.
« Bright blue: target rSD: shows x rSDEN. Users only need to select the value for the rSDEN Multiplier.

e CST SI: Shows Bright vs dim bead SI vs PMTV on The look-up table has macro enabled fields to extract the
data form the cell reference into the system equalizer

Raw parameter intensity

Plots:

e Dark Blue: Cell rSD: Unstained cell Voltration curve of
rSD vs PMTV. Figure 11: Unstained Lymphocytes reference (top) & Equalized

at 3x rSDEN (bottom)
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* Orange: Bead rSD: CST dim bead Voltration curve of
SD vs PMTV. 6: System equalizer Excel calculation interface

Instrument settings (Cell Ref PMTV) and population statistics (Cell Ref rSD) are exported in instrument
settings file and .csv files respectively and then added into the Equalizer table.

A delta PMTV between the reference data and the fitted curve is calculated to define the offset between the
beads and the reference cells.

A multiplier is selected between 1 & 5 x rSDEN and PMTV are calculated to put the reference cells at that secondary axis.

- L - == e calculation table and back to FACSDiva™ via an instrument
target rSD. Using rSDEN targets a value between 2 & 5 should be used as multiplier, 1x is only to be used for 00
custom defined targets. Figure 5: visualization of offset calculation. g :
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The PMTV is exported into an instrument settings file that can be imported back into FACSDiva. Ao B L 0 B F - . e N e T s e e —SEN
1 Voltration ]
| ) 4 B537 573 33274895 369711621 169971359 150880887 893395295 500521582 554 51 602 48 19 56 562
. . . 2 - . (3 Cell rSDEY Offset adjusted PMTE 5 |B576 588 56.71035 566166222 1.19624047 193208184 915285322 247457148 616 hid 618 2 20 60 593
The refe re nce Ce I IS a re ru n aga I n to CO nfl rm th e Ca |Cu Iated P MTV a re rea Ch I ng th e ta rget rS D 3| Channel uv736 200UVT3E 200 397 53 168 6 B602 548 45199886 42 3665308 8.02790161 113.084225 811836361 457490723 542 45 553 11 2 66 573
. | 7 |B660 644 4277247 40.3800237 572379911 117.118515 92627717 202761992 649 42 648 1 19 57 677
4 | Calculated Offset 220UV73E 220 21 25 188 8 B675 617 40769142 35.3344396 295359906 77.4290903 86.5205143 159.740001 640 45 638 2 19 58 862
. d . d I k bl | | h d d d 9 B710 631 42290794 387217068 12.7383833 728255633 86.6913247 64.0451401 631 38 629 2 19 58 667
U M t t t t t t t 5 240UVT3E 240 20 a2 208 10 |B750 469 39.901276 37.3344159 6.58877061 83.113181 701493237 40.7590427 454 31 456 2 18 55 494
- I I I I I I . - - 118810 476 37.037476 32.8803306 17.2818578 93.6969368 73.1722975 110.108548 476 32 474 2 17 52 512
SI ng acro reco r Ing a n OO u p a es a ese S eps a re a u 0 a e O re Ove use r e pen e n Offset 32 32.78650235 12 RB60 658 36423623 34.5824154 338967707 119.217028 95.8768482 39.5688168 669 22 615 54 16 47 741
13 R675 653 38370674 37.5327562 0.70210618 159.54792 9B.8627782 892454357 658 2 600 58 15 45 728
] 260UNVT3IE 260 20 24 228
° . . . 14 R680 652 41502963 39.5717599 3.72960687 153.166636 97.6014847 24.9328389 644 2 603 41 16 47 709
d eC I S I O n S a n d a | |OW r'o b u St P MTV Se I ect I 0 n 7 LR = 2 2 L 15 R710 465 3273852 29.4557401 10.7766438 44.583324 67.1415089 101.782512 444 17 428 % 16 49 515
. 16 R730 453 32787136 30.1765003 6.82064108 42.0584126 65.2640277 25.1341676 416 14 403 13 15 44 491
17 |R780 421 33147346 292685708 150448968 27.7809584 600624961 524398367 388 16 385 3 15 46 452
8 | rSDEN Xx 3 JO0VTH 300 2 23 248 18 UV3T9 499 44234562 422696303 386095654 111.36587 75634233 39.257914 475 56 520 45 2 65 486
19 UVA46 475 48103264 452113107 836339392 100.150763 712087857 99.2143599 459 326 616 167 23 69 us
9 | 320UVT3E 320 22 25 288 20 UV515 590 47.727684 48304009 033215056 126.986308 B86.047812 227898782 700 1633 893 193 23 69 428
10 340UVT3E 340 21 25 308 21 UV540 575 62801437 620591722 055095701 887389969 78.2029094 107051763 72 1839 840 -128 2 72 458
. 22 UV585 644 7230059 76.1895152 15.123739 188.444429 93.8027108 75675756 800 1536 926 126 2 74 516
" 260UVT3E 360 20 24 328 23 UV610 643 67.79664 68.329283 028370858 127.846669 88.5254436 952457095 791 1210 897 106 2 72 542
. 24 V660 628 5354998 526490154 081173716 145511014 91.2459802 20.6082826 763 407 815 52 24 72 605
. 12 Basenne IB0UVTIE 380 29 26 348 25 |UV695 694 71.01069 71.4209486 016831208 175.98785 98.2373569 18.2246833 826 304 862 36 2 7 662
| w . - - 26 UVT36 514 50970512 50346411 038350209 190001272 84 2804573 39 1246956 555 123 589 34 23 66 505
CST Logflle Ce” REf rSD Ce” REf PM | I l I 1 Identifi3 i PvTV EICSTSI EXrSD K3 rSD Rangedid M Offset adj PMTV K4 400UV73E 400 24 27 368 27 |uve09 533 4837736 48.2465473 0.01711196 172218168  84.796652 18.717093 588 101 596 3 2 67 553
R . LR : ] = AT b z 2 32 2 Vi T e e o7s
15 |2UV736  UV736 286 74889317 20.2047 0 2 254 440UvT3E 440 29 33 408 30 V470 661 3692255 35522634 195976482 228426281 107.803245 546805273 720 64 724 4 16 55 703
16 |3UVF36  UV736 301 11.033112  21.3709 0 2 269 AG0UVT3E 460 34 40 428 31|v510 532 39.01819 37.3122976 2.91006872 186.256641 88.6319151 19.0964909 515 4 547 32 19 58 539
) O m— 2= [ S O S = e e L L Y Y -
18 [5UVTI6 UV736 350 3443168 226502 0 5 18 S00UVT3E =00 43 66 468 34 V595 573 394685 375298569 375833689 140251513 86.0266894 13150568 624 104 663 -39 19 56 570
19 |BUVF3E  UV736 381 70.04238 21.9005 0 3 349 520UVT3E 520 55 79 488 35 V615 613 52202133 505993115 256903676 159.576323 91530823 223028155 666 138 705 -39 19 56 584
Cell Target PMTV= Target Bead PMTV + 20 [7UV736  UV736 415 119.64304 254750 0 7 383 S4DUVTIE 540 69 106 508 3 veao @1 St7oms Sersicist foeradsme i7isesl srswsersz figes oty % & s
Offset 21 [8UVV36  UVV36 437 159.64963 28.4754 0 8 405 560UVT3E 560 90 134 528 38 V710 630 43620274 427123905 0.82425241 194.987386 98.8262978 14.7202978 638 60 664 -26 18 54 628
o e e E— L = L —— R e
23 [ 10UV736 UV738 484 200.0438 4243276 o 10 482 B00UVT3E 500 142 239 568 41 V845 481 37.960323 361411713 33093129 66.9905921 701669816 129.508435 470 3 481 £l 18 55 500
24 [11UVT36 UVT36 514 3335427 509705 50.970512 11 482 B20UVT3E 620 174 284 588 42 YG88S 646 4070316 38.595208 444346155 148.296362 96.6876706 29.7462275 638 28 615 23 18 55 703
25 [12UVT36 UVT36 530 3650648 50 6538 50 A5834 12 408 FA0UVTIE 540 233 233 508 43 YGE02 611 37651924 34.3369834 109888315 100.885737 887421433 326475076 585 2 593 ES 18 53 642
. 44 YGEGO 635 4379158 38.5739336 272238338 78.0902314 B7.8529794 12169233 637 35 627 10 20 61 686
26 |13UV736 UV736 543 387.54095 68.9745 68.97445 13 51 BEOUVT3E 660 30 500 628 45 YG670 661 535815643 533397361 005847107 200638698 100.360356 476707734 678 B 662 16 19 58 685
- Rledlies S R, b B paoLvTst B s oz b4 a7 vor%0 45141 601273 379127022 195022399 64 0361609 65 Batziny 124289 29 2 4t w19 5 i
28 15UVT36 UV736 564 386.525 095.1845 95.18454 15 532 T0O0UVT3E 700 473 824 668 48 YG750 457 36.18405 315737063 212552694 644714388 67.9754183 147.056506 444 19 422 2 16 64 515
29 [16UV736 UVV36 584 411.30603 118.086 118.08603 16 552 T20UVT3E 720 592 1003 688 49 YG780 425 38.367428  34.637479 13.9125193 55.2444319 625274187 79.3562234 395 19 387 8 19 56 462
30_1?UW36 U736 509 446280026 153616 15361607 17 5771 TAOUVT2E 740 712 1217 708 22 YGB25 469 4323812 40726529 630808936 828902567 694429925 57.1825037 440 20 420 20 20 59 515,
31 [18UVT36 UVT36 633 4554095 208404 208.4041 18 601 TEOUVT3E TEO 933 1583 728 -=
32 |[19UVT36 UV736 651 44568463 269137 0 19 619 TROUNVT3E 780 1107 1994 748
33 B00UVT3E 800 1464 2349 768 . . .
7Y pvTv B channeB rspen B target rSiES 820UN73¢ 820 1644 2835 788 Figure 12: System equalizer calculation table.
35 | 200 UV736 227469 68.240828 B840UVT3E 840 2144 3552 308 g y q
36 900 UV736 227469 68.240828 BE0UWVTIE 860 2450 4280 828
a7 8B80UVT3E 880 2808 5058 343
-. it)= (1/BJEXP((A+FMTV)/B) a3 900UVT3E 900 3454 6207 563
rSD range = - |
R o Sum Chi? Offset = PMTV Cells-PMTV Beads 39
1.8rSDEN < 5D Dim <255 i .
by alteri riables: A & B 40 |
- 41
42
471
| CST Voltration Data | Curve Fitting | | Curve fit Variables - Eaqualized
Mame Voltage rSD Ranged Curvefitting Chi? A B Sum Chi? Avg Chi? . q . . .. . . . .
B510 500 3226837 3018118913 4440211 167.3700 9511904 3280424 3289424 . Instrument Figure 9: Comparison between traditional Voltration and system equalizer visualized
B510 616  39.436897 30.66862406 0.053697
B510 636 47.927555 48.95117595 1.0478 150 » . . . . . . . . . .
Bo10 636 41.921585 4896117505 1.0476 : I settings file Data courtesy of Susmita Jasti, Ph.D., Eurofins Clinical Trial Solutions, Vircor BioPharma.
B510 665 65.36846 66.40049519 1.085097 w00 — Curve fitting
B510 677 7541579 75.3287765 0.007571 0
B510 701 98.22871 969482791 1639503
B510 730 131.13351 131.5068252 0.139364 0 l I I I
B510 758 180.16504 176.5186847 13.29591 0 200 400 600 800 1000
B510 780 220.1019 222.4530037 5.527689

P Q R 5 1T u

2
3 486.1777844 86 rSDEN X
- :deﬁ 229403 459 326 348.2425088 348
T YT T — 3
7 |UV585 247753 800 1536 515.9204677 516 . . .
T The System equalizer approach provides a fast and accurate approach to set-up the cytometer at a desired target rSD:
10 |UVGES 24,7015 826 394 661.8576721 662
11:UW35 22,7469 555 123 505.3468945 505 . I . . . . . .
T e Using traditional Voltration for PMT setting across multiple systemes, it has been determined that we reach >75% Sl at a target of 3x rSDEN for unstained
14 V450 18.1677 593 66 576.0582698 576 . . . . . . . . . . .
T T 1 T— cells, which is within the range of selected PMT voltage using inflection point identification
O T T —
VLTI Y — * Adjusting PMT voltages to reach a calculated and defined rSD target provides a more consistent approach to PMT setup compared to traditional
VTR T — visualization of a curves inflection points that is subject to individual bias.
s mmm g ® wmonmn
zs0  wod a0 85 s 5 * This new approach to set PMT voltages creates detector-specific calibration curves for all channels from a single reference file recording without the
29 :Bﬁ?ﬁ ZDiDﬁM 616 7 EQSiMTBEQE 593 . . e e, . « .
wes 2055 S 45 st o3 need for multiple file acquisition for each individual channel.
T hae s £ omen

| 19. 1 .04 . . . . . . “ <
o * Setting PMTs to a target rSD can be performed manually, however, this requires the recording of multiple reference files per detector to “zero in” on the
A L target rSD
39 |YGBTO 19.2586 678 54 684.7831475 685
40 YGEIS 18,5382 692 81 657.0079752 657 . . . . . o (o .
AYGTRezye 4 2 smdTersy 4w * The system equalizer using macros and software automation results in an easier workflow for labs to setup assay specific PMTs or set PMTs post service
43 :‘I’G?BD 18.6264 395 19 462.4517217 462 . . .
R R B— — 01T — or other system modification.
46 RETS 14.9061 658 22 728.1273455 728
47 R680 15.6288 644 24 709.2941952 T09 . . . . .
T igi  The only requirement for setup is reference cells that are commonly available in laboratories.
' opyCelRe I’ Copy PMTV back * Cells with different autofluorescence could benefit from cell-type specific settings. It is possible to create multiple instrument settings with a simple
54
: PMTVirom | Copy Cell Ref | into instrument acquisition of each unique cell type i.e. PBMC, Hepatocytes, Skin.
57 Instrument rSD from settings file and
55 settings file Statistics imnart in Niva
60
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