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Helios Software Data Processing

Processing

‘ FCS Processing ‘ ‘ IMD Processing ‘ ‘ Debarcoder ‘ ‘ Conwvert FCS to Text ‘




Time (13 psec pushes)

Raw Data: Pre FCS Files

 IMD files

— Integrated Mass Data = Per Push Data Across all selected channels
— Includes data from cells and non-cells
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IMD to TXT
(behind the scenes)

* Only “events™ will be recorded into a temporary TXT files
which will be embedded in FCS files.

 The parameters necessary to define “events” are in
Experiment Manager> Template> Advanced

Collection mode: @ Evert

Advanced

Lower Convolution Threshold
Signal Subtraction {per channel)
Min Event Duration

Max Event Duration

Sigma

Solution

Dual Count Start

Plat Settings
400 m Fushes to show
1] Refresh (zec)
10
150
3

Signal to Process |Dual - |
400 Processing |Heal-time - |
| Moise Reduction
10
/| Bandomization
Preserve IMD File
Custom Theshold Fittering

| Gaussian Discrimination
Test Expression



Event Definition

What is an event?
Collection mode: @ Event Salution

When the total ion current (from all selected veness

channels) exceeds the lower convolution

threshold continuously for at least 10 pushes Lower Convolution Threshold 400 —
(minimum event duration) but no more than Signal Subtraction per channel) 0

150 pushes (maximum event duration), it will Min Evert Duration 10

be registered as an event. Max Event Duration 150

Sigma 2



Events
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Events - continued

The software tries to fit each event that comes through into a Gaussian
graph (3 sigma)

If the signals are continuous for over 150 pushes software will raise the
threshold to try to resolve the Gaussian signal within 150 pushes.



TXT Fliles

.TXT files contain non-randomized dual count data for each
successfully resolved event in each channel selected.

Dual counts are recorded as whole numbers (integers)

In software versions 6.0 and above, the creation of a .txt
file 1s behind the scenes and the final FCS file contains a
segment of raw txt data that can be converted to a .txt file
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.FCS Files

 FCS 3.0 files that are readable by many FCS readers:
— FlowJo and Cytobank are amongst the most popular tools for
cytometrists in single cell studies
« Software (6.0 versions and above) generates a two-data-
segment FCS file:

— Randomized and presented: When the FCS reader opens the
.FCS file, the randomized segment of data is displayed by

d efau |t o Converting FCS to Text =R =R
— Non-randomized and hidden: SoeFCste —
... suppots d) —
The nonrandomized data - -
Segment can be Obtalned 7] Original DVS data {f available)

by converting the FCS file
iInto a . TXT file.




Randomization of FCS files

Why is data randomized?

» Helios (and other CyTOF instruments) records “counts” as whole numbers.
Display of whole numbers near zero causes a binning effect.

« Whole numbers are therefore randomized to be fractions for better data
display in log or bioexponential scales.

« Randomization can be turned on and off in Helios software for templates

Collection mode: @ Event Solution

Advanced

Lower Convolution Threshold 400
Signal Subtraction {per channel) 0
Min Event Duration 10
Max Evert Duration 150

Sigma 3

Dual Court Start

Flot Settings
Autoscale Pushes to show
Refresh (sec)

Signal to Process | Dual -
400 Processing | Realtime -

| Moise Reduction
10

[ /| Randomization ]

Pregerve IMD File
Custom Theshold Fitering

| Gaussian Discrimination
Test Expression




Post acquisition

Randomization

rocessing:

Input file format: .FCS or .TXT

7

! FCS Processing

Files
Source file (batch mode is supported) Original data (if available)

Randomization

@ Uniform Megative Distrbution
Gaussian Distribution Sigma

[ Concatenate

Target FC5 file
Output Val Auto Scali i
put Values @ Linear o Scaling ) Global [ Clustering
Ancsinh @ Per-Parameter
Log10 Minimal Scaling 0
Conversion

Compatible with FlowJo

[ Gaussian Negative Half-Zero Randomization (@pplies only to zero values)

Half-Zero Randomization Sigma

Half-Zero Randomization Power Paramater

Data Type
@ Foat

Results

View in PlotViewer

Offget Comection (o substract from values)

FCS Linear Amplifier Coefficient

[] Mormalization

Double

N

= ) |
()
()




Resulting files
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Other Post-acquisition
FCS processing options

a5l FCS Processing

SRS X
Files
Source file (batch mode is supported) Criginal data (f available) [7] Concatenate E
Target FCSfie L]
Randomization Output Values Auto Scaling _ [ Clustering
@ Linear () Global
) Arcsinh @ Per-Parameter
@ Uniform Negative Distribution © Log10 Minimal Scaling 0
() Gaussian Distribution Sigma
Conversion
Compatible with FlowJo
[T Gaussian Negative Half-Zero Randomization (applies only to zeno values)
PR e e S Offset Comection fo substract from values) 0
Half-Zero Randomization Power Parameter FCS Linear Amplfier Coefficiert 1
Data Type ﬁ‘ Nomalization \
@ Float ) Double
Results
View in PlotViewer 00
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Normalization: Global Standard

« The Helios Normalizer is based on the concept of a “Bead
Passport”

 The Bead Passport is a global standard generated by the
manufacturer for a specific lot of EQ beads.

« The Passport contains a profile of mean Di counts of all the masses of
the particular lot of the beads as determined by multiple measurements
during manufacturing

« This Passport is universal across all instruments of the same type and
cannot be changed by individual users.

« Using a global standard allows normalization of data within and
across experiments as well as across instruments

« The software is pre-loaded with passports for all the manufactured
bead lots
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Helios Normalizer is a two-step
pProcess:

1. Bead identification

By selecting five of the most abundant isotopes of the elements used in
the EQ beads, (Cel40, Eul51, Eul53, Hol65, Lul75), bead events
are identified from cell events. The identified bead population is then
employed as the internal standard for normalization.



Helios Normalizer is a two-step
pProcess:

2. Normalization

The normalization factor is the ratio of Passport median Di values to Bead
population (previously identified) median Di values of the encoding isotopes.

Isotopes in the EQ beads cover an extensive portion of the mass range measurable
on the Helios instrument. The normalization factors for mass channels between the

encoding isotopes are linearly interpolated.

All mass channel values for all events are then multiplied by these normalization
factors to obtain the normalized values and data is written to the normalized file.

Note that an external standard (such as a separately run bead sample) cannot be
utilized by the algorithm for the normalization procedure.


ustc
高亮


Time Iinterval Normalization

« The Helios Normalizer can also correct for signal drift over time with
Time interval normalization.

* File is normalized by the medians of a minimum number of beads
across time segments or the entire file
Minimum number of beads and time interval are user defined
« Werecommendnormalizing every 100 seconds (interval), 50 beads per
interval

« Signal adjusted to global standard

X sec segment with
X bead min.
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Alternative: the MATLAB ® method

« This method normalizes data using median bead intensity calculated
from across the experimental data files instead of a global
predetermined standard (Finck et al. 2013. Cytometry A 83:483).

« Note: the MATLAB method (but not the Fluidigm (DVS) method)
requires collection of the iridium channel, even if the sample is not
stained with iridium.

« Available through freeware offered by Stanford University.



Raw vs Normalized Data

Sample Raw Helios (100 Seconds) Helios (50 beads) MATLAB
1 305.07 416.06 41822 262.74
2 304.64 412.55 4144 261.93
. . 3 303.47 415,73 416.08 262.68
D”ft CorreCtlon 4 285,93 401.73 402 .32 253.72
600 5 237.26 407.23 409.04 2581
— & 264.99 390.09 380.75 241.17
© 500
a 7 273.73 395.73 395.34 250.41
N
§A4oo — —_ 2 258,01 391.25 380,48 241.23
=2 ] 265.87 406.79 405.9 256.42
© £300 .
€3 10 25463 390.49 38947 245.4
—~—0
S 2200 11 25169 395.43 395 .44 250.21
S 12 246.99 391.61 389.76 247.36
@
s 100 13 247.94 356.35 396.32 250.65
0 14 23617 358.08 385.74 24435
15 235.59 391.51 3922 248.44
01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
16 228,25 I79.9 376.38 2397
Sample # 17 23155 392.11 393.67 247.93
e R AW Helios (100 Seconds) Helios (50 beads) e=—MATLAB
18 226.05 389.73 387 .45 24528
139 2037 378.61 373.68 237.52
20 212.02 374.92 370.64 2341
Mean 257.3615 394,378 393,687 248967
Stodew 25399514 12.46037 13.98276 8347561

v 1127 3.16% 3.55% 3.35%



Concatenation

Concatenation is used when it is necessary to combine multiple sample
runs into one FCS file

Files are added sequentially by the order of file input

The concatenated FCS file is named according to the first file input and
designated as concatenated by a suffix © 0"

Note: if concatenation and normalization are both required, normalize
before concatenating.



Resulting files
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Debarcoder

For barcoded samples — available for download on the portal.

[ Debarcoder @M‘
File r | & &
FREEEE Separation | Evert | Single Bia | Al Biax|
Barcode Key  1:\2_PAS“Debarcodingkey_cel4id_20-plex_pd csv Barcode Manager 20000
Barcoded File Open
15000
=
(S 10000
> Debarcode Save debarcoded files E
la]
5000
Fitters
Minimum Barcode Separation = 000 = 0
Maximum Mahalanobis Distance = |10.00 = 0 o1 02 0.3 04 Barcod D:e ) 0.6 07 0.8 039 |
arcode Separation
16000
14000
|
12000
I
g 10000 |
z |
g 8000+ I
=
4 6000+ (]
=
4000
N
\
2000 AN
AN
| 0-F . . . -~ — : : |
0 0.1 02 03 0.5 0.6 0.7 0.8 09
Barcode Separation

ll Conversion completed successfuly! - Algorithm time : 00:00:03.8934236




IMD Processing

« Enabling “Preserve IMD” makes the following reprocessing options
available:

* Reprocess the data based on different event definitions after acquisition

 Remove channels that have high background (cannot add channels that
were not activated during acquisition)

« Add Gaussian discrimination parameters

* Post-processing with a custom expression



Simplify the complex
guest to understand
and apply biology.
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