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Possible applications

= RNA isolation, Single cell gPCR

= Protein isolation

= Discrimination of transfected cells (e.g. GFP)
= Single cell cloning

= Synchronization

= (Stem) Cell transplantation
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Cytometer basics
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Principle of cell sorters
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The nozzles

t =70 pm > 87 KHz (87.000 drops/s)

Sort Cell
speed | =85 um > 47.7 KHz (47.700 drops/s) | viability
Increases increases

= 100 um - 28.2 KHz (28.200 drops/s) +

Nozzle diameter/3 > biggest cell size for sorting
Nozzle usage - depends on downstream assay
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[£3]200 micron [ 83
Stream & Drop Delay =
How to set up the stream
Gap\
=Set stream to a stable dropl position
having a constant gap by modulation of  Drop1 -~ )
the phase and amplitude. <
= Define drop delay under these constant @
conditions.
é
Phase: | 135 = .
Drop Delay S =
. . . Bmpl:  [15.2 Zf
Distance from interrogation Freq:  [326 oif| Y loE
point to dropl position orop 1: [217]216| [P oo ae
Gap: 12, 12 ==
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Droplet characteristics

Droplet size

95,04 2472 (8895)  (r-87,0kHz) 1,1 nL
11884 2092 (754%)  (f=47,7kHz)2,5 nL
101,04 1292(463%)  (f-282kHz)3,2 nL

Apbrnximate droplet count per tube

T T N
1363637 4 545454 13636363 ~900 000
600 000 2000000 6 000000 ~400 000
468 750 1562500 4 687500 ~310 000

Calculation by Tobias Rubner
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Distributions of cells In stream
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In reality there is no equal
distribution of particles.

Under this condition even
rare particles could be

separated without
problems  from  other
events.

HI-STEM

A random distribution is
reality.

Therefore, it becomes
difficult to find rare events
completely free of
unwanted companions.
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Max. sort speed with 70 uM

25.000 cells / sec

!

1.5 x 10% cells / min

|

O x 107 cells / h

|

2.1x10%cells/d

That means for a 0.1% population - 2x 10° cells / d
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Possible targets

=5 ml FACS tubes - 4 populations
= 1.5 ml tubes - 4 populations
= 15 ml tubes - 2 populations

= 6-well plates

= 24-well plates
= 96- well plates
= 384-well plates
= Glas slides

= Continuous cells
= Specific cell number
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Limitations

Yield < > Purity

/

Time
Yield { > Purityl Time
Purity { = Yield | Time
Time | -2 Yield | Purity |

Time! - Flowrate |
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What i1s the aim of the sort?

Before cell sorting some considerations sould
to be made:

= Which downstream assay is planned?

= What is the desired number of cells?

Is high purity an issue?

How may cells do you have to start with?
What is the percentage of cells of interest?

Is pre-enrichment or depletion (MACS, Ficoll,
etc.) possible?
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Calculation of the yield

10% cells of interest are in the sort gate
100.000 cells are analysed

10.000 cells could have been sorted

9.000 cells were sorted into the tube

Yield is 90%
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Recovery

Mostly: 70% - 80% of the sort counts

Reason:

= Cells die and get fragmented - Cell sorting is a very stressful
process for the cell

= Cells stick to the tube - Material of target is important

= Sample processing after sorting

Why does the cell sorter not detect all cells, which were counted
after harvesting?

= Loss of cells during sample preparation before sorting:
Centrifugation, Transfer, Washing, Errors during counting

4/21/2016 Marcus Eich, Steffen Schmitt HI-STEM Core Facility Flow Cytometry dkfz.




Predefined Sort options

Sort precision mode:

=Yield - low purity depending on the
flow rate

= Purity -  low yield depending on the
flow rate

=Single Cell - highest purity, very low yield

- Determined by sort masks




Sort-Masks

= There are 3 types of sort masks, which in combination define the
sort precision modes:

= Yield mask /
= Purity mask
= Phase mask \ /

32

= Every drop is virtually divided in 32 segments.
= Acell can be located in one or more ogf these segments

= The relative position of the cell inside the drop influences the sort
decision.
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Yield Mask

Sort envelope

Determinination of number of sorted drops, Non-target cells are not considered

Only the calculated
drop is sorted

O ® sort ® sort sort ®
If the cell lies at
The border of the
drop, 2 drops are I g
16 sorted sort
}s
sort
Always 2 drops
are sorted sort
32 16 ¢ sort
16 4

Core Facility Flow Cytometry dkfz.
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Purity Mask

Sort envelope Control for particles in neighboring drop, Non-target cells are considered

No coincidence:

Cell is sorted ®
regardless the ®

0 presence of an ©) sor sort. (O ot A\ @

unwanted cell ®

Cells in the
neighboring drop
cause an abort

16 (coincidence)

no sort

Cells in the
neighboring drop
cause an abort

32 (coincidence)

Non-Target cells
located in the
same drop like
(sort envelope
16/32)

no sort
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Phase Mask

Sort envelope | Cell position inside a drop determines the sort decision, Non-target cells are not considered

Position of a cell
inside a drop

has no
O ®

. sort
influence of © ® sort sort

sort decision

If cell is in the
middle of
the drop,

16 dropis sort
sorted

No cell is sorted,
because itis
always in the

32 phase mask i 6

16 no sort no sort

1s
i . 7 no sort 7 no sort

O no sort Q
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the border a sort abort

Sort . Yield Purit Phase
. Explanation 4 Examples
precision mask mask | mask
<F.> sort < > sort
Always two drops are N -
: sorted regardless of ﬁﬁl E sort ﬁsor‘[
Yield contaminating cells. No 32 O O =—= %
cells are lost. < > < >
If possible two drops
Purity are  sorted  without 32 32 O — — °
contamination of non- =—Fsort i;: N\
target cells in the ﬁog ,.\
neighboring drop. sort %. %.
Drop is sorted, if the cell
is in the middle of a
. . . @ . @ sort @. .
Single cell |drop. If the cell lies in O 32 16 ( ) , Y
F—

OCCuUrs.

Core Facility Flow Cytometry dkfz.
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How to Increase the sort quality

= Duplet exclusion

= Influence of target medium during reanalysis
= Multiple thresholds

= Reanalysis of ,negative” cells
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1. Gating out Duplets

Sort P5 + P2 (Scatter + Fluorescence) =——=p 1% Target population

1394-5-presort 3

1394-5-Bead Pre sort

1394-5-L

PE-A

50 100 150 200 250 2 3 ¢ S
FSC-A (x 1,000)

89% Purity
(not good enough!)
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1. Gating out Duplets

P5+P6+P7+P2 (Scatter + Duplets + Fluorescence) =—p 1% Target population

1394-5-presort 3

1394-5-Bead Pre sort 1394-5-L3

PE-A
PE-A

50 100 150 200 250
FSC-A (x 1,000)

1394-5-presort 3

000)
50

99% Purity

-

50 100 150 wo 250 50 00 150 0 2%
SSC-w (x 1,000% FSO-W (x 1,000)
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2. Influence of target medium

1_4EI9EIE-Tresh|:|Id FSC d IexadEE 1_4DE|DE-TreshnId FSC and Alexadda 140802-Treshald FSC and Alexadas
< 8- z 27
23 2 7
2 - P3
_IIII‘lillllllllllllllllllll _IIII|IIII|IIII|IIII|IIII|I IHIII|IIII|IIII|IIII|IIII|I
&0 100 180 200 250 A0 100 150 200 260 A0 100 150 200 260
Fac-p rx 1.0007% oo = 1.0007 FSi-m = 1.0007

140902-Treshold FEC and Alexa48a8

{vca' Tube: Treshold FSC and Alexadda

3; E Fopulation #Events %Parent %Total
T M 2 Events 401.648 #1000
z 3 = L 34,427 8,6 8,6
] [Pz 33674 97,8 8,4
. ~ 3 30676 811 7B
-l P4 24642 80,3 6,1

;. H TTTT | T TTT | TTTT | TTTT | TTTT | T

a0 100 150 200 250

Foi-p iz 1.0007%
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Re-Analysis of sorted events

1_4EIEIIZIE-re_anaIy5i5 Thres FFSC anly 1_4EIEII]2-reanaIy5i5 Thres FFSC anly 140902-reanalysis Thres FFSC only
< = = o
[ 3 5T
2o - P2
= = E P
] | iz ' L
S e R
_II.I.I|IIII'|IIII|IIII|IIII|I _IIII|IIII|IIII|IIII|IIII|I IHIII|IIII|IIII|IIII|IIII|I
&0 100 150 200 25D &0 100 150 200 25D &0 100 150 200 250
For-m = 1.0007 SoC-n = 1.0007% For-m [z 1.0007
140902-reanalysis Thres FFSC only
] Tube: reanalysis Thres FFSC only
< =3
g ] Fopulation #Events %WFarent %Total
g""’,c-_—g ._AII Events TE1 s 1000
T 3 -l P 268 352 352
] -~ Pz 266 99,3 350
- -l P3 266 10000 350
. =¥ 239 a49.8 31,4
;. H TTTT | T TTT | TTTT | TTTT | TTTT | T
&0 100 150 200 25D
For-m = 1.0007
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Control: FCS alone

| 140902-FCS 1]][!% nnlg | 140902-FCS 100% anly 140902-FCS100% anly
=g BIEr:
T8 g
[ ]
2o B 2
=on = P2
B o
_III.IiIIII.|”III.I|III.I|II'II|I _IIII|IIII|IIII|IIII|IIII|I IHIII|IIII|IIII|IIII|IIII|I
&0 100 150 200 250 &0 100 160 200 50 &0 100 150 200 50
Fac-p x 1.0007 SoC-p, rx 1.0007% Fa-m iz 1.0007%
140902-FCS 100% only
] Tuhe: FCS100% anly
T 73 P4
% 3 Fopulation #Events WFarent %Total
Eﬁe—g ._AII Events 2161 s 1000
% 3 . . P 42 149 1,9
] . =3] 1 a0,0 1,0
= i . F3 17 g1,0 08
-l P4 0 0,0 0,0
;. H TTTT | TTTT | TTTT | TTTT | TTTT | T
0 100 150 200 50
For-m e 1.0007
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Reanalysis without FCS

_1 40902-Sorted withTreshold FSC and Al _1 40902-Sorted withTreshold FSC and Al 140902-Sorted withTreshold FSC and Al
< 8 z 2]
2 S P2
ol a =
= = P3
7] 7] e ¢ ; B
73 “ ' L
_IIII|IIII|IIII|IIII|IIII|I _IIII|IIII|IIII|IIII|IIII|I IHIII|IIII|IIII|IIII|IIII|I
a0 100 150 200 250 50 100 150 200 250 a0 100 150 200 250
Fo-p = 1.0007% oo iz 1.0007% For-n e 1.0007
140902-Sorted withTreshold FSC and Al
vﬂé Tube: SoredwithTreshold FSC and Alexad33_001
L =
= E Fopulation #Ewents %Farent %Total
=t
oo ._AII Events 2483 s 100,0
T Il P 184 525 BB
o] ~Epz 183 99,5 62,5
. ~ 3 183 1000 B25
Ll P4 183 100,0 62,5
E. M LU | LI | LI | LU | L | I
a0 100 150 200 250
FSiC-pm e 1.0007
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3. Multiple Thresholds

Thresholds can be set for each parameter separately.

These can be combined multiple thresholds.

45%

SSC

FSC

PE

9%

»

FITC

APC

a

0.1%

»
»

PE-Cy5

by Jochen Barths
Core Facility Flow Cytometry dkfz.

4/21/2016 Marcus Eich, Steffen Schmitt

HI-STEM



3. Multiple Thresholds

Thresholds can be set for each parameter separately.

These can be combined multiple thresholds.

4 90% A 100/0 4 20/0
] ) o . o
(2
7 - <
FSC FITC PE-Cy5

by Jochen Barths
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3. Multiple Thresholds

Thresholds can be set for each parameter separately.

These can be combined multiple thresholds.

90%

SSC

FSC

PE

100%

APC

A

2%

[
»

PE-Cy5

by Jochen Barths
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3. Multiple Thresholds

Thresholds can be set for each parameter separately.

These can be combined multiple thresholds.

90%

SSC

FSC

PE

100%

APC

A

10%

[
»

PE-Cy5

by Jochen Barths
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3. Multiple Thresholds

Advantages
= Analysis only of the cells of interest at a faster rate
= Rare cell populations become better visible on the plots
= High throughput sorting
= [solation of rare cells at high speed with high yield

Disadvantage

= Purity cannot be achieved, because events under the
thresholds are not analysed and evaluated for the sort
decision

4/21/2016 Marcus Eich, Steffen Schmitt HI-STEM Core Facility Flow Cytometry dkfz.




4. Another sort example . . .

“ P2
2
<+
23
d.i 7
i -
& —
wH —
™~
Qs
O 23
o
oo
;#_- _ﬁﬁlﬂl"llml T TTTTI] T T TTTT] T T TTTT T
"y 1070 107 10° 10* 10°
CD4 FITC-A
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Reanalysis: Is it pure ?

'Oa Lol
=3 2'5"
) ) g
3 23
« " 3 <~ 3 P3
w 3 w3
a o
w0 w
i ] & 1
Oﬂs—: One-:
e -
Nc_ NU—
r LRI L) SR I S ) S 21 S -TT‘HIHI LI SRR L S 1
10 10 10 10 107 10 10 10
CD4FITC-A CD4FITC-A
'0—1 .oc
3
v2—=1 vg
« 3 <
w w
a a
w oo w0
g g
™,
8 23 8“9
3 Background
8 3 3
P N LN LR S L B I R L) O o AL L) D B B AL S B R LLL)
T 10° 10° 10 10° e 10° 10 10°
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Index sort

= Sorting of single cells into single wells.

= Detection of the sorted cells on histograms, plots and in
the statistics

& Global Sheet1: Sort Layout_ 0032

Device: Precision: Target Events: Save Sort Feports: Save Conflicts  Index Sorting
a6 Well - Falcon + || Single Cell w 1w |[Ask User L7
1 2 3 4 5 &

& GFP:1 GFP: 1 GFP:1 GFP:1 GFP: 1 GFP:1
E GFP: 1 GFP:1 GFP:1 GFP: 1 GFP: 1 GFP:1
C GFP:1 GFP: 1 GFP:1 GFP:1 GFP: 1 GFP:1
5] GFP:1 GFP: 1 GFP:1 GFP:1 GFP: 1 GFP:1
E GFP 1 GFP: 1 GFP:1 GFP 1 GFP: 1 GFP: 1
F GFP 1 GFP: 1 GFP:1 GFP 1 GFP: 1 GFP:1
;3 GFP:1 GFP: 1 GFP:1 GFP:1 GFP: 1 GFP:1
H GFP:1 GFP: 1 GFP:1 GFP:1 GFP: 1 GFP:1

Sork Rate:

Confl. Cnt:

Confl. Rate:

Efficiency:

’ B sort ] [ Pause [E]
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Index sort

= Sorting of single cells into single wells.

= Detection of the sorted cells on histograms, plots and in
the statistics

A l B | ¢

_1 |Experiment Name Experiment_028
_2 |Specimen Name Tube_001
3 |Tube Name Tube_1000-50
4 |Record Date 3/20/2012 12:39
5 |Operator
& |GUID faBe7412-a681-4dc9-ab98-3094b7bb034d
7 _|Date Analyzed 5/22/2012 10:40
8
_j: Sort Type Index Sort
‘*'{:,; 10 | Sort Setup 100 micron
— 3 11 |Precision Single Cell
= 12 |Device Slide - Frosted End
T 13 Yield Mask 0
14 |Purity Mask 32
== 15 |Phase Mask 16
3 16| Well PE OR FITC FITC.A Mean PE OR FITC PE.A Mean
Lo a7 Al 10,207 39,359
LU o 18 A2 9,511 35.718
oL =2 19| A3 143,557 98
3 20 B1 147,000 91
- 21 B2 9,481 39625
ot 2 83 134,630 88
=—] | 23 c1 9,546 37,958
—_— 24 c2 141,284 83
25 c3 132,301 90
o — 26 D1 11,261 41.732
= TTTTI] T TTT] T T Ty T T T £l 02 9,156 40,026
' ! 1 z 1 4 |5 2% 03 9,684 38,868
I:|1|:I 10 10 0 10 29 E1 10,162 40,435
30 E2 9,384 40,557
FITC-A 31 E3 145,927 88
32 F1 9,670 37,902
33 F2 132,584 99

4 4 » u|\ Experiment_028IS ResultsS /
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