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MeTpoUpevo ZRpa

‘ w  ||=> FITC at 525nm

&~ |E=> FITC at 620nm

41 ll=> FITC at 675nm

S B
COULTER.




b _an" &

| T . ) / .)
TC

-~
apaderypa Ly CD4 FITC ko mono CD4 FI

L

Y& ovykekpiuévn evioyvon (vVolt) PMT .

_

_
.

.

= HIN

(HIH|

f

=00

(HIH

o

i

——

0,4

FL4 Level
0,2

<0,1

2,5

FL3 Level

FL2 Level
60
30

12

FL1 level
500
250

Cell
Ly T4 Bright
Monocyte Dim

Ratio (%) | 100

O AOYOC TWV TLHLWV TWV EVTACEWV TIOPOUEVEL OTAOEPAC aveédpTnTa OO TV

gvtaon Twv $Boplouwv



o Oel

ompensation

Ed&v 1 tdon oto FL2

avéndet, to C
Matrix 6 TPOT

=

/J////

Kvttapo AGB

©
S| <t N |
- | o o o
4
3 V
LL
2
[T} Lo
o | O]
_
LL
©
>
@
(q\|
-
LL
I
&
- o o
105%
| IO N | A
LL
<
>
+— ~
< (@)
=2 E |3
Olmnm 0Ol
e
-
-4 O
[
o
=

swv $pOopLopov

PMT => aAAayn oto AOyo eviao

AAAayn tn¢ taong (Volts) o€ éva



AANNayn TnNG TGOoNGg
(Volts) o€ éva PMT
OUVETTAYETAI KOl

"Evtacn ®0opiopov 500 680120 0.4 aAAayr] o1o Adyo Twv
EVTAOEWV pOopIouoU

. ] 0
Aodyog Evracesov (%) 100 4224 GO T GV
‘Evtoon ®0opispov 250 3060 2.5 0.2 PMTS
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820.0% 0./% | 0.3% | 0.2% FL1

10.5% 67.8% 8.4% | 4.2% FL2
g

3.1% |25.0% 66.7%| 2.3% FL3
o
e

0.9% | 6.5% | 24.6%|93.3% FL4
e

100% 100% 100% 100%

FITC PE ECD PC5

é&'

Intensity value (%) of
each fluorochrome
measured on specific
individual detector

detector
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100%
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0.2%

12.3%

100%

12.7%

4.5%
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36.8% 100%

2.4%

1.0%

9.9%

36.9%

100%

A\

Fluorescence Substraction
Matrix RATIONALIZED

at 100%

{'. TG [ PE ﬂ ECD PCS

85.5% 0.7% 0.3% | 0.2% FL1

10.5%|67.8% 8.4% | 4.2% | | FL2
-

3.1% 25.0% 66.7% 2.3%| P | L3
e
e —

0.9% | 6.5% | 24.6%/93.3% P> | FLa
S
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Sigﬂﬂl I . . .
Example of a double staining in
I PE , ,
[E l a single cell (Ly T4 cell stained
1000 100 with CD4 FITC and CD3 PE)
['ln FATC |l FE “ ECD LH:E
¥ crosstalk matrix = PMT .. ¢ _
100% | 1.1% | 0.4% | 0.2% FL1
100% 1.1% FL1 10011
12.3%| 100%| 12.7%| 4.5% FL2
12.3% 100% FL2 223.0 -
3.6% 36.8% 100% | 2.4% | 9> | FLs
1.0% | 9.5%| 36.9%| 100%| 3 | rra |




%FL1

FL2

PMT eiie

FL1
1001.1

FL2
223.0

¥ subtraction matrix

The substraction matrix
« substracts » the
corresponding value from

the table : the final results

are not optimum

100.00%

-12.30%

-1.10%

100.00%

| ¥ 99865 0.135%
| PE+ 99,86 0.140%

e BECKMAN
COULTER.



- A basic example ...

Price without Taxe Taxe Final Price with Taxe
$100 10% $110
Final Price with Taxe Taxe Price without Taxe
$110 10% = $110 -

Yo = $99 and not $100

e BECKMAN
COULTER.



PMT VALLIE

FL1
1001.1 223.0

¥ compensation mafrix

The Advanced Digital Matrix doesn't
adjust the « rationalization » at 100%,
but at a slightly higher value to
correct the error encountered in the

classical subtraction matrix

%L1 100.14%  -1.10%

%FL2 -12.32%  100.14%

1000.05  -0.005%

et 99.98 0.020%

e BECKMAN
COULTER.
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Signal
NS Concept of the ADC Matrix
1000 100
% crosstalk matrix =PMT .. e * compensation matrix
100% 1.1% FL1 10011 100.14% -12.32%
12.3% 100% FL2 223.0 -1.10% 100.14%
= Param -
| FITG+ | FPE+
1000.00 100.00

e BECKMAN
COULTER.



x crosstalk matrix x compensation matrix

The ADC Matrix
100% 1.1% 100.14%  -1.10% || corrects automatically
the « rationalization »

value which is dependent
12.3% 100% -12.32% 100.14% ||the compensation value

It exists a matrix for

each pair of
100% 1.0% 100.12%  -1.00% fluorochrome

combinations :

2 C = 1 matrix
12.3% 100% -12.32% 100.12% 3 C = 3 matrixes

4 C = 6 matrixes
5 C = 10 matrixes

e BECKMAN
COULTER.




A specific
provider :

a specific
molecule
spectrum
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intensities !!!



nsation Values :

(Extreme case nb 1)

f

1% compensation

represents 70% of
, measured signal
FL? in FL2

Volts

»
»

time

1.1% = high « over-compensation »
0.9% = high « under-compensation »

e BECKMAN
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(Extreme case nb 2)

528

45%

573

620

675

A (nm)

FL2
Volts

45% compensation
represents only 10%
of measured signal
in FL2

»

»

time

50% = slightly over-compensated
40% = slightly under-compensated

@ BECKMAN
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What is important :

It 1s not the compensation value 1tself,

But the precision of this value !!!

e BECKMAN
COULTER.



akoc Crosstalk (MeTpn0év)
h ~C ﬁ P n ECD n PCS5
T |

Il

85.5% | 0.7% | 0.3% ' 0.2% - -

10.5% - 67.8% *= 8.4% == 4.2% =. _
N—
3

0.9% | 6.5% —| 24.6% —93-3%smiy | | 4
N—

100% 100% 100%



- gg"Crossta
(Kavovikormroinuévoc)

/_\FJTC) J\i QEC ﬁ PC5

100% | 1.1% 0.4% 0.2%
12.3% | 100% | 12.7% | 4.5%
3.6% | 36.8% | 100% | 2.4%
1.0% 9.5% | 36.9% | 100%

v ¥

FL1

FL2

FL3

FL4
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4 A. Méow pnxavhiuartog (Instrument
Compensation)

AoyapiBpuikog
EvioxuTtig

Avaloyiko

2Apa

ADC
MeTarpotréag

B. Méow Aoyiouikou (Software Compensation)



Log Fluorescence 2

Double
Positive

Positive

Single
Positive

Single
Positive

Log Fluorescence 1

M Roederer, Spectral Compensation for Flow Cytometry: visualization
Artifacts, Limitations and Caveats, Cytometry 45:194-205 (2001).



Range of properly-
compensated data
Slope = 1:1

Compensated Spillover
Fluorescence (Log scale)

t Autofluorescence

Measurement error +

Log Channel binning error
—Increasing precision—-
—Increasing z of Bins—»
—Decreasing spillover—

Photon-counting error
—Increasing photons—
—Decreasing spillover—-»-

Ideal (no error)

N i Cs

Primary Fluorescence (Log scale)

Accumulation of
events in channel 0

. M Roederer, Spectral Compensation for Flow Cytometry: visualization Artifacts, Limitations

and Caveats, Cytometry 45:194-205 (2001).
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OPIOXPWHMATWYV

Mion OC
NMapAayovTEG TTOU £TTNPEACOUV .
aoparikn emkaAuywn (spill over detector)

O@AAPOATA KATA TN METATPOTTN TWV CNUATWY O€
wneiaka (binning effects 18bit)

OQAANATA KATA TN METPNON TWV PWTOViwV (photon
counting statistics)

PWC OTOV EVIOXUTN



Signal

[\ FITC f\

1000

I

":)
100

Y

KAaaiki AvTioTaBuion : To mpéBAnua

OI TINEC TWV PETPNOEWV TTPOKUTITOUV
aTro Ta orjuarta Twv PMTs yéow Tou
TTivaka crosstalk.

Kabe Ty tTepIEXEl Eva TTOOOCTO OTTO TO
«ANaBoc» pBopIdKpwWHQ.

100%

1.1%

12.3%

|

Mivakag crosstalk

Measured Value oyt

FL1 = 1001.1

FL2 = 223.0




ATT uon : Apaipeon

KAlaow AvtiotaOpion

FITC ’\ It
1000 100
S%FL2 - %FL1
Measured Value oyt
100% 1.1% 100% | -12.3%
FELE = 1001.1

12.3% -1.1%

| FL2 = 223.0 \ 1

ITivaxag Crosstalk
FITC# PE
=998.65 =99.86
H a1TAf agaipeon agaipei KATToI0 TTPAYPATIKO Grjua Compensated Value

EMITTAEOV AQUTOU TTOU QVTIOTOIXEI OTN PACUATIKN
ETTIKAAUYWN
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uon .
¥, Avaarpocpog Mivakag
Ignal
(\ TG JLPE

1000 100 Advanced Compensation
N i Measured Valuegyt

100% 1.1% 100.14% -12.32%

FL1 = 1001.1
12.3% -1.10% 0
| FL2 = 223.0 ‘ 100.14%

ITivaxag crosstalk

] ] ] ] =1000 =100
Me xprion avaoTpo@OouU TTivaka eV agaipEiTal

EMITTAEOV ONjUa ATTO AUTO TTOU AVTIOTOIXEI OTN Compensated Value
pacpaTikn mMKAAUYn (overcompensation)



Ynolotroinon ZnuaTtocg



Digital Signal Processing
Ti1 gival n yn@ioTroinon oruaTog?
MeTaTpoTrr) avaAoyikou orjuatog (volts) oe wneiakd (numbers) ue
xprjon Avaloyoywnoiakou Metatpotréa (ADC): To ynglako orjua
ermecepyadleral repaITEPw (compensation, ratio...)

[1aTi €ival amrapaitntn?

[1a atropuyr) CQEAAUATWY TTOU OPEiAOVTAl TOUG AoyapIOUIKOUG
EVIOXUTEC KAl OTNV AvTIOTAOUIoN @OopIouwyv PEow hardware.

[1071€ yiveTai?
Nwpitepa — apéowg NeTd 1o PMT — 110 akpIfr) Auon, Buaiddoupe
akpiBela og ouyxpovn TEXVOAoyia
Niyo apyoTtepa — ouAAoOy avaAOYIKWY ONPATWY JE YPAMMIKA
KUKAWMOTA, akoAouBei wnelotroinon — AiyoTepPo KOOTOG , KAAUTEPN
aKpiBela
Avaykn AoyapiBHIKwV onuaTtwy yiati ota BioAoyika deiypara
Ta oAQpaTa >3log dekGdwv
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AVTOUATOG 20 bit Range
32 x Amp Kabopiopoc
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AcdopEva GUAAOYI OFUATOC

1. Avaloyiké 2nua 0 — 10 volt (FL ¢Bopioudg).
2. 2¢&log kAipyaka 10 volt=max, 1 volt civai otnv

Kopu@n TNG 3ns 0ekadag (dnA. povo oto 10% Tou
UEYIOTOU ONUATOG).

3. Od6pufoc 1mV, =0.001V 2
4. O B6puPoc eTnpeadlel TTEPICOOTEPO TA CHUATA
NG 1S log dekadac.

2 Shapiro, H. Practical Flow Cytometry, 4h Ed. Page 219.
RMS = Root Mean Square or electronic, inherent noise



X nput Voltage to 'og Channel Relationship

0.1 1 10 100 1000

Log Channel

| o 1 N [N T T T T T T
.001 01 1 1. 10.

Input Voltage
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T1 BEAoupue atro Ta dedouEva?

« What we care about is getting accurate integral values
representative of the amounts of fluorescence measured from

each cell in each spectral region.?

* *mean / median channel info

1 Shapiro, H. Practical Flow Cytometry, 4t Ed. Page 213.



Relative # Events

A 30
B: 475
C.933
D: 1190

Relative # Events

+ Events in channel 0
(out of 2446 total):

T
1

1 A I
-100 0 100 0.1 10 100 103 104
Spillover Fluorescence Spillover Fluorescence

M Roederer, Spectral Compensation for Flow Cytometry: visualization
Artifacts, Limitations and Caveats, Cytometry 45:194-205 (2001).
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Number of Bits # of Channels Voltage / LSB*
8 256 39.1 mV
10 1,024 9.77 mV
12 4,096 2.44 mV
14 16,384 610 uV
16 65,536 153 pVv
18 262,144 38.1 pV
20 1,048,576 9.54 pVv
22 4,194,304 2.38 pV
24 16,777,216 596 nV

AiyoTepa bits, Aiyotepa KavaAia d100EciIpa, OUOKOAOTEPO AVIXVEUOVTAI

MIKPEG aAAayEG oTnV EvTaon Tou @OopIoHOoU 3.

3 Shapiro, H. Practical Flow Cytometry, 4th Ed. Page 206.

*LSB = least significant bit, voltage difference between channel n and channel n+1.




(Resolution)

4

i — 21 Bit
3 i h — 18 Bit
- — 16 Bit
= .
o 2 15 Bit
© n — 14 Bit
1 12 Bit
o B .
Oh_'mﬂ%l 2l L ot

1 10 100 1000 10000

Intensity

21NV 1nlog dekdda uttdpyouv AlyOTEPQ KAVAAIQ YIQ TN
Xpnon atnv Trapouaciacn Twv CnUATwWyY

Courtesy Dr. James Wood, Lake Forest University
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(Compensation)

M Roederer, Spectral Compensation for Flow Cytometry:
visualization Artifacts, Limitations and Caveats, Cytometry
45:194-205 (2001).




icket fence”, cuvdUACPOC YPAUUIKAS KAl
AoyapIOUIKNC KAiJaKaC

ithmic vi Logarithmic view 5 Logicle BiExponential view
1510/ %4 Logarithmic view A 1x10 5 0g B 1x10 7 5 C
10000 -41 10000
< < <
51000 3 o
< 1 % 1000 o
100 ;
: 100 -
10 3
0 - o g e S (wm— e ) i — j—
i .
1 Trre vy Troy T N e A e s L e b 5
1 10 100 1000 10000 1x10 5 1 10 100 1000 10000 1x10° 0 100 1000 10000  1x10
PE-A PE-A PEA

Figure 12-1. Tearing down the “picket fence” and reuniting the negatives using a BiExponential data

transform instead of a logarithmic scale. Courtesy of David Parks and Wayne Moore (Herzenberg Lab,
Stanford).

Shapiro, H. Practical Flow Cytometry, 4t Ed. Page 562



[A] CD38 FITC / CD4 PC5

% - [A] CD38 FITC / CD4 PC5
§ . 2.UvOUQOuOG
104 7
= ["PauMIKAG Kal
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o 10 4
= KAiyakag
= Kaluza soft BC
1EJ° ’1I01 1:3: 10 10°4
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04
-0,5 T T T T T
04 0 10° 10° 10 10°
CD38 FITC
[A] CD38 FITC / CD4 PC5
10°
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B
=
S
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o 20 40  s0 80 100 BT T w i T
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W 10 10

Resolution 20-bit 14-bit
% Z@AaAua <1.5% 1n dekada | <50% 1n dekada
<1% 2-4n dekadda | <7.5% 2" dekada
<1.0% 3-4n dekada
Auvapikn 4 OeKAdEC ~2 OEKADEC
Mepioxn
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Resolution vs. Sensitivity
Resolution : MeyaAn etTidopacn oTn
OlaKPIoN TWV TTANBUC WYV

Mikp6Tepn Euaio®noia, KaAuTepn Euaiodnaia,

KaAUTEPO resolution X€IPOTEPO resolution
Euaiobnoia Euaiobnaia
) C—p
I | |
| I I I
l l I I

| /\ /\ — m ,

1 |

Res‘c'ﬁution .
Resolution



Count

i T w » u'
PE-&

[Moia gival n d1a6£o1un duvauIKr) TTEPIOXN
oTn log kAipaka?

Y1rdpxel shift oto @BopIouO peyaAUuTepoO
aTro 2 OEKADEG?




QPAYOVTEC TTOU ETTNPEACOUV TNV
TTapoudiaocn TWV ATTOTEAEOUATWYV
Eicaywyn Kal uerarpotri 2nuarog o€ AoyaplOuikr KAijaka

Emidpaon @opufou ota crjuara
Wneiotroinon Zriuartog (DSP)
AkpiBela Acdouévwy o€ 4 AoyaplOuIKEC AEKADEC

Etmidpaon DSP, AvaAuonc (Resolution) kal AkpieiagoTa

dedouéva



)\aovaKTpaTa NPIaKNC TexvoAoyiag

 YwnAotepo resolution Atrouoia «kevwv» (picket fencing) ota
IOTOYPAN AT

« EgaipeTikn akpipeia (<1.5% o@dAua) o€ 4 log deKAdEC

« EZaipeTikn duvauikn Mepiloxn:
— 3+ log 0ekddeC yia agloTroinon onUATwyY
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