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Impedance Flow Cytometry (IFC)

- Electrical Impedance is opposition to The cells are suspended in a
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From Sample to Result
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IFC Data Analysis
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What do we see in a scatterplot?
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Data Analysis — Visualization

= Changing the position / scaling of the plot ’:‘q —
- Moving: Left-click and drag Phase [120.00 3] [180.00 3]
. Zoom: Move mouse wheel in the plot e :”'”” ® o :
- Define axis limits Reset

= Changing the dot size

- Press Ctrl and move the mouse wheel in
the plot

= Changing the density plot coloring

- Press Alt and move the mouse wheel in
the plot
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Data Analysis — Gating

= Horizontal line gate : :
What is the meaning of the gate labels?
= Vertical line gate _ R N e (e agte | R:31438 | 91.18%
= Cross gate — 31438: Number of points inside the gate
. Polygon gate — 91.18 %: Percentage of points in the gate, with

» Hide cells respect to all points in the plot

» Advanced statistics

Horizontal Line Vertical Line Croés
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Data Analysis — Gating

= Gating is a process used to quantify
different subpopulations of cells. In the
case of viability analysis, gates are used
to quantify viable and dead cells, from
which the percentage of viable cells is . N
calculated. L Py U

Case 1: No Debris

V(%) = Gl X 100 %
o0 = %viable + %nonviable 0

= The most important parameter for the
viability analysis is the impedance phase
(x-axis). Viable cells appear at higher
phase angles than dead cells. Nonviable Cells Viable Cells

» For many samples, a simple vertical line
gate is already sufficient to obtain the
viability information.
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Data Analysis — Gating with other particles

» Depending on the type of sample, other types of particles than pollen cells
can be present. In that case, polygon or cross gates are used to correctly
quantify viable and nonviable cells.

Case 2: Debris Case 3: :_Il\llalzena

| Viable Cells

__| Viable Cells -

Nonviable == Nonviable | A '
%' ) Il
Cells \ 50.13 % 422// Cells \ P20 | S .-___/

— Debris

Maizeﬁa
V(%) = 427 % X 100 % = 45.2 % V(%) = 231% X 100 % = 17.2 %
%~ 41.27 % + 50.13% 0T Ea T 231%+ 11.14 % o e
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Hide Cells (coming soon)

= Hide Cells to exclude debris from the analysis
= Hide polygon gate content or everything around the polygon
= Apply Hide Cells gate to other measurements as usual

Viability before correction Viability after correction
24.1 % 39.4 %

N ~\

Debris Hidden
Debris
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Advanced Gate Statistics (coming soon)

= Mean, Median, Standard Deviation and Mode of amplitudes and phases of all

points in a polygon gate

Gating 4 Copy
Aodis b Paste
Point Size 4 Applyto *

Cverlay... Select cells
Save as Image.. Hide e

Un-Hide *

Statistics

.

Vighle: 14945  093.09%;
Mean: 0,295 217.9a0
Std: 0.134  3.064
Median: 0.251 Z217.672
Mode: 0,208 217.883

Viable: 18391  93.77%
Mean: 0.380 213.702
Std: 0.242  2.167
Median: 0.504 213.332
Mode: 0.419  212.508
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Pollen ploidy based on pollen size differences

2n Genotypes 4n Genotypes
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Plot Overlay (coming soon)

= Visualize processes or differences (e.g. Maturation, heat treatment, ploidy)

= Use the same axis settings for all plots to overlay, then highlight the desired
measurements > right-click in plot > Overlay

Maturation of Wheat Pollen Heat - Treatment of Yeast Ploidy of Cyclamen Pollen
“éﬂ‘\_ﬁ : = ‘ "
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Phase @ 12.00 hHz Phase @ 6.02 MHz Phase @ 12.00 MHz
Developmental Stage 1 Untreated I 4n Genotype
Developmental Stage 2 120 sec at 70°C 2n Genotype
Developmental Stage 3 600 sec at 70°C
Developmental Stage 4
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Data Export (coming soon)

= For advanced data analysis with custom algorithms - -
Viable 1 _Vi‘able“z

» Phase, amplitude and corresponding gate of each particle
in .csv format

= Export of all data
» Right-click on Measurements > Export All Cells ‘

= Export of single-measurement data
» Right-click on measurement > Export Cells

Export of all data Export of single measurement data Phase / Amplitude / Gate Data
Ere——prermrE—m
e AmphaSoft 2.0 - AS2 Example Workspace S 30 - insect ce Cells [ A B C
Workspace Tools Window Help S_31 - insect ce ul [] 1 | 247.485_| 0.059732 Viable 2
DB 4+ — | a S_32 - insect ce min:sec [0 2 | 235.866 0.078129 Viable 2
533 - insect ce 3 221.102 0.07715 Viable 1
Navigation ~ | Measurement : 4 | 210.053 0.031917 Viable 1
Export Cells .
Instrument Control Settings P | 5 | 206.661 0.024568 Viable 1
v Me S_36 - yeast 60 . [ 6 238.14 0.053583 Viable 2
Fxpand req
S_1 - Kiw 537 - yeast 90 7 | 189.229 0.071557 Dead
Wi Collapse Phase E .
5.2 - Kiw S_38 - yeast 12( 8 | 231.657 0.022509 Viable 2
S3-oil * ExportAll Cells = S_39 - yeast 18( Ampl [0 9 | 243.51 0.030326 Viable 2
5.4 - oil parrmn S_40 - yeast 30( shift | 10 | 223.015 0.049962 Viable 2
55-oilpalmr I € A4 aimmet £ 11| 9752 A28 N NSNA14 Viahle 2
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F1 Amplitude

Amplitude Opacity

Example of offline data analysis
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Reporting and Plot Export

= .csvreport

AmphaSoft 2.0 Measurement Report

= _html report

SW Version: 2030
Workspace:  C:/Users/Silvan/Desktop/AS2 Example Workspace
Date/Time Mittwoch 08-Mar-2017 14:41

S e I eCt Wh iC h m e aS u re m e N tS yo u Setings Resuls Gating Starisics Gatin \~..c“v5
want in the report!

Stop  Stop  Stop Stop

. Pump
Buffer Chip Freql Freq2 Cond Cond Cond Cond :
14 Sample Name Id Id [0.01-30MHz] [0.1-30MHz] Cells ul min  sec [s"':: Nets¥Dese:Rigert
[0-10M] [0-10K] [0-99] [0-59] '™P
| P | Ot eXpO rt S1 Kiwisamplel AF6 2 12 0 0 o 0 % 1
< 2
5.2 'Kiwi saimple2 ARG A ) c o E F G H 1 ] K Lo oM i}
83 oilpaln visble AF6 | [Amphasoft Messurement Report
2 SW Version:2.1.1.0
S_4  oil palm mactivated AF6 3 | workspace: C:/Users/Silvan/Deskton/AS2 Example Workspace
1 Time: Soan s
S5 oil e AF6 = Date/Time: Sonntag 20-Aug-2017 15:17
S 6 sunflower dehydrated AF6 6 Sertings
i 7 i Sample NeBuffer |d Chipld  Freq 1[0.1Freq 2 [0.15top Cond Stop Cond Stap Cond Stop Cond Pump Spee Note Done  Report
Measurements L - Settlngs +j|'_ S_7 sunflower 45 min rehydrated AF6 g s 1 Kiwi sampl AF6. 2 12 o 0 o 0 80 1 1
918! LS e ey i VT ARG 252 Kiwl sampl AFG 2 12 o o a ° B0 1 1
- >3 oy 1053 il palm vi AFG. 2 24 [} 0 0 0 80 1 1
S 9 sunflower 30 min suspended in buffer AF6 154 ollpaiminars 2 ] o ] a 0 50 1 1
1255 @il palm m AF6 2 24 o '] o 0 80 1 1
S 10 sweet pepper sample 1 AF6 13ls 6 sunflower AFG 0s 12 o 0 a 0 80 1 1
1457 sunflower AF6 0.5 12 o 0 o o 80 1 1
1558 sunflower AF6 05 12 o o a o B0 1 1
16/58  sunflower AFG s 2 o o o o 80 1 1
170530 swestpep ARG 05 12 0 0 o o 50 1 1
. Set... ? * 18511 sweetpep AF6 05 12 o [ a [} &0 1 1
195 12 swest pep AFG 05 12 a
2015 13 sweet pep AF6 2 12 [ e
~ 238 sweetpepArs 2 1 0 y
D Trig Dir - 22[5.15 swieet pep AFG 2 12 o T = e
23516 swest pep AFG 2 12 o
24/5 17 sweetpep ARG 2 12 o
[ Trig Frame 35538 e v i T
26 519 wheat dev AFG. 2 12 ]
[ Trig Hyst 75320 whestdewFs 2 12 o
28521 wheat dev RS 2 12 o )
Done T
Flush
Note H
1
Done
Report
P ~ \
1 < >
1 [ select All 18l
Cancel
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Manual Instrument Controls

Advanced Tab

Basic Advanced Admin

3 -

Amplitude [v]

-3L ! ! ' '
o 2.5 5 75 10
Length [ms]
= (Gain
Modulation I ® Oscilloscope
Amplification .
\_ Demodulation I
Triggerin
O Triggering
Triggering Frame Fump Valves Process Pulse
Frag Length [ms] on [ Left [] Initial Rinsing on [
Level [v] [0.10000 Z] | Amolitude 1] [2.00 ] | speed pm) Right [] Chip Detectio Amplitude [snr] [0.001 =) o _
Source l:l Direction Counter Clockwise = Load Sample Duration [ms]  |0.10 B AutaGain
Flush
DBG: [14:24:11.229 - 8 ] - Instrument: A7 Fw version: "001.3 (23-06-2017 08:33)" ~
DBG: [14: 1.235-6 ]- Instrument: S6 Fw version: "084.1 (23-06-2017 08:46)"
DBG: [14:24:11.603 - 368 ] - Autosampler deactivated with success
3.442 - 1839 ] - Oscilloscope OpenGL version: 3 3
DBG: :14.652 - 1210 ] - Instrument: Measurement started: true
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Triggering Source and Direction

0.5 MHz 1 MHz 2 MHz 4 MHz 6 MHz 9 MHz

4

—— Real Part Impedance Signal (X)
—— Imaginary Part Impedance Signal (Y)
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Design of Experiments

= What cells | want to measure?
» Cell type determines Buffer
» Cell size determines
» Filter size
» Measurement Chip
» Instrument Settings
» Always consult the pollen list!

= What parameter do | want to determine?
» Viability, concentration, ploidy, developmental stages...Design your experiment!
» Prevent sampling bias
» Prevent measurement and data analysis bias
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Preventing Experimental Bias

Do not compare apples with oranges
» Variability within a plant, flower, tassel...
» Variability during the day
» Different developmental stages
» Environmental factors

Know the stability of the cells in the buffer
Properly rehydrate / equilibrate after freeze-storage

Work with standardized protocols
» Pollen source
» Buffer
» Chip Type
» Settings
» Filter Size

Account for debris in the analysis of data
» Mathematically
» Hide Cells feature
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Viability — How many cells to measure?

Viability — Binomial Distribution

Viability = 50 % ‘6?§

(Pmodel = 05)

LD
“ﬂf%

N =10 cells N =100 cells N =1°000 cells N =10°000 cells N =100’000 cells
'/\\ ::: 0025 25}
/ - -
FE] ; o 3 E \ n 1 X 0 o E o ED00 GO0 700 B0 S0m wm 0 o 1 2 3 4 5 &5 7 8 5 1
95 % ClI 95 % CI 95 % ClI 95 % ClI 95 % ClI

[0.190 - 0.810]

Probability Density

Pr(x =) = ()1 -

(&) =

[0.402 - 0.598] [0.469 — 0.531]

Confidence Interval

5 p(1-p)
+ AR
bxz -

[0.490 - 0.510]

[0.497 - 0.503]

= The

model

predicts that

measurements with > 10°000 acquired
cells give very precise results

Gating is easier for a large number of

measured cells

For rough estimates, 500-1'000 cells
can already be sulfficient
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Concentration — Precision

Concentration

C =10 cells/ml

— Poisson Distribution

C =100 cells/ml

C =1’000 cells/ml

C =10’000 cells/ml C =100°000 cells/ml

95 % ClI
[5-18]
Probability Density

P(k events in interval) = e

7 & @

oot
Foom 5
- < oot
oot
oo \
g e o
i E 20 M0 160 e M0 o o am 6w

95 % ClI
[81 - 121]

Confidence Interval

A
W2

Model does not take particle sedimentation into account

xX*(a/2;2k) < p < 3x°(1— /25 2k +2),

95 % ClI
[938 — 1°064]

95 % CI 95 % CI
[9°805 — 10°198] [99°381 — 100°622]
\ J

Y

=  The model predicts that measurements
with > 10’000 cells/ml give very precise
concentration results

= For rough estimates, 100-1000 cells
can already be sufficient

=  Accuracy depends on the cleanliness of
the flow sensor
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Tips and Tricks

Chip Test
= A Chip Test is a procedure to evaluate the quality of a measurement chip

= Perform Chip Tests on a regular basis to ensure a good quality of the
measurements

= Launch a Chip Test in the Menu under Tools > Chip Test. The Chip Test
requires 2 ml AmphaCalib buffer.

» The Info button reveals the number of measurements performed with a
Chip

@ Chip Test ? x

DO0604 = Info

Flace a Sample tube with AmphaCalib on the sample holder and press Start

Start
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Tips and Tricks

Worklist

@ Amphasoft 20

= Always confirm new configurations (Sample name, Chip name, Buffer ID,
Stop Conditions...) with Enter

Workspace Tools Window Help
B + — | a4

Worklist

Instrument Control
v Measurements

bl
S_1-Sample 1

O-ring at the Sample Holder

= Use a bit of grease if it is hard to attach tubes

Batteries

= Fully charge once per month to ensure durability
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Tips and Tricks

Sample Preparation
» Use a standardized sampling method

Use a filter with a mesh size of 1.5 — 2 times the diameter of the cells

Try to minimize the amount of debris
» If pollen is extracted from anthers, squeeze the anthers gently with a pistil

Hydrophobic pollen: Add 0.05 % Tween20 (detergent)

Seal sample tube with Parafilm and quickly invert before measuring
» Distributes sedimented particles
» Reduces the chance of clogging
» Improves concentration accuracy

Measurement
= Use a chip with a channel of about 2 — 3 times the size of the pollen
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Inertial Focusing — Data Interpretation

Wall-induced lift force

Fn

-—_-—

Fun = CunpUyei 0D,

Viscous drag force

Shear-induced lift force

Foe = CoapUpax@/Dy

80 rpm

a) Fis f b)
Higha.r.
Square
channel
Low a.r.
— FwY ‘_9’ M) ee
G e o ®
Q @

Figure 1. Particle inertial focusing in flow through straight
channels. (a) The shear induced Iift force (Frg) and a wall
induced lift force (Fyw) acting on a particle flowing in a
microchannel. (b) Illustration of the cross-sectional
equilibrium positions of particles flowing through different
channel geometries.

40 rpm 10 rpm

Increasing Flow Rate
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Your Contacts

Grit Schade, PhD

Senior Application Manager
Tel: +41 41 541 91 22
grit.schade@amphasys.com

Silvan Kaufmann

Application Scientist, MSc Biomedical Engineering ETH
Tel: +41 41 541 91 22
silvan.kaufmann@amphasys.com

Support

support@amphasys.com

Amphasys AG
Technopark Lucerne
Platz 4

CH-6039 Root D4
Tel: +41 41 541 91 20
www.amphasys.com

34


mailto:grit.schade@amphasys.com
mailto:silvan.kaufmann@amphasys.com
mailto:support@amphasys.com
http://www.amphasys.com/

