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1. Introduction

This manual describes the software applicatitasyClus2.17, which is versio2.17
(ThomasRutten Projects2024) for the automated processing of datderived fromflow
cytometryand especiallyCytoSenseThe softwaras written withinthe Matlal®
environment. Several upgrades have been msidee 2009leading to thslatest
version2.17 EasyClfs

The basic version ®MATLAB(2023a and newer)is required torun the application
EasyClusruns in principlén Windows, OSPApple) and.inux, because Matlab and
thus EasyClusan run under these systemdoweverthe CytoBuoy softwarenly runs
under Windowswhich is necessary to open theiyzfiles.

EasyCluprovides a lot of dat@rocessingpossibilitiesof particular phytoplankton data
ranges from manual to automated clustering, storing results tables and Cytogramme
(scatter plots) and the use of a database for the identification of phytoplankton species.
The software application consists of smaller software programs (algorithms) that are
invoked through a menu selection windo&asyClus Specific knowledge of Matléls

not required. This user manual describes how to installtandge theEasyClus

software.

Some specifications:

v There arethree unsupervised anthree supervisealustering methodand one
hybrid clustering method
Unsupervised dza Sa WI GndYdf ddisi2i SONRSYE) o8 XpR y 3
which puts events together into clusters on basis of the offered data and used
clustering settings, without any prior knowledge.
Supervised uses apriori knowledge by ASSO or RULES or FIX .grats file
formatsthat can be read are listmodeyz,csvfiles (CytoSense outpydr the
FCS 2.0 and 3.0 fornsat. mat format.
HYBRIDnodel to create selections sets on basis of unsupervised clusters.
Manualclustering: uses manual selections, and selections can be compared to
database stored species.

v A database can easily be created for recognition of species

v Unique clustering principles are used to recognize which events belong to each
other and which events do not.

v Clustering and recognition of species by the database is performed fast within
seconds.

v More files can be processed automatically

There arealsoother generic informatiormodulesprovided
1 EasyClukIVE for the full automatic real time online flowcytometric analysis, data
analysis and reportage of interesting facts and figures to a wefmmily available with
a LIVE license).

1 New modules (images to clusters) will be released in a future version soon.

MOM 2 K| (i BasyCls®2i17 A Y

There is a release note documednt each new version of EasyClus.



2. Installation’ upgradingof EasyClus

2.1Installation
Note 1: Make sure that you have MatlaB{18 or higher) working on your computer
Note 2: MATLAB uses a dot as decimal separator stabbingsfdigd bechanged by
'‘Country settings' of the Configuration menu.

Step 1:
Copy all (unzipped) new versi@asyClusles including directories ta new directory
onyour computer.

v || EasyClusi217 S

v cytov217
CytoML
CytoMMblwas
defaults
extended
live

manuals

Step 2:

Make a copy of existing Matlab shortcut to your desk screen.

Change the properties of the newly created (Matlab) shortcut (see figure).

Click on the Desktop "shortcut matlab.exe 'icon with the right mouse button. Click the
right mouse button on the menu 'Properties’.

Change the text under "Start in" in the directory where the Matlab application
EasyClualgorithms are available(in this exampledhEasyClug17\cytov217.

In this case, it is assumed that the flow cytomeiigsyClualgorithms are placed in

the in C\EasyClug17\cytov217 folder.

B4 R2024b ECV217 Properties *

Terminal Compatibility Security Details Previous Versions
General Shortcut Options Font Layout Colars

ﬁ R2024b ECv217

Target type: Application

Target location: bin

Change directoryn
short cut (Start in:jo

- directory where new
Start in: |C:'-.EasyCIusv21a'-cytov21;'-] <—’—-‘ version EasyCIus is

Target: |ngram Files\MATLAB\R2024b"bin‘matlab exe" |

Shorteut key: |N0ne | |Ocated
Run: Minimized b
Comment: |Start MATLAB - The Language of Technical C0m||

Open File Location Change lcon... Advanced...

\ not necessary, but nicer:

Change icon in EasyClus ico
(in this example in
EasyClug1Acytov217
directory)

Concsl | [ i




¢CKFGiQa Ald 52dz0ft S Of AO] @&2dzNJ FNBakKfe YIRS

EasyClus

”

R2024b ECv217

* (If no menu appearEasyClusan always bstartedby (i @ LIA y 3 24e6teninghe f dza
main Matlab window



3. The applicatiorEasyClus

After starting up Matlaj the EasyClumenu appears on the screeRrocessing commands are
executed using the buttons.

Always start by importing at least one flowcytometric file.

This is the main menu of EasyCldaach button color combination contains options to process
@2dzNJ Fft2608G2YSGNRO RFEGF® C2NJ SEIF YLX& WOt A0 A\
clustering processes that can be used.

4] > EasyClus Dashboard - preduct by Thomas Rutten Projects <

LIVE EasyClus Dashboard

v2 15-TRP 03-2024

L
[

Import file(s)

[ use importmenu Recall last

B Check Instr. Clustering B After clustering [ Specific groups

® Unsupervised

@ Supervised

@ Hybrid

@ Manual

@ Find my beads

@ Cluster by X-tool

B My Database B Data convert B Plot module

B Settings EC

Close figures Exit

Before doing that, we start with the import at least one file. In this example we start with
three filesby the Yhiport file(sO utton:

DADATA_RWS\RWS-Eijsden data 2023\ElJ2_SW3515_FLRed10_auto_uls_phyto_600s 2024-01-10 20h02.cyz

|
ElJ2_SWS15_FLRed10_auto_uls_phyto_500s 2024-01-10 21h02.cyz
= |ElJ2_SWS15_FLRed10_auto_uls_phyta_600s 2024-01-10 22h02.cyz X| | A | solentes
[ use importmenu Recalllast | [EI2_SWS15_FLRed10_auto_uls_phyto_600s 2024-01-10 23h02.cyz sele

—
Read sel.




3.1 Checking the Instrument & Analyses

B Check Instr.

The instrument and analyses can be checked by this button. Pressing this button gives several
options :

% Checklnstr.

@ Traffic lights check

@ Recommendations

@ Check pump

® Images sharpness
@ Diagnosis menu

@ Export meta daia

3.1.1. Traffic lights check

I £t AO1TAY 3 Wi NI 3hevitie cdnditBrkof sever@l f&rOrmetal @ndl &nélyses
conditions for each oftte selected files in the main menvdau can also chase more than one
file and more traffidights figures will be processe@ihe meaning of each traffic light is
explained in appendix 1.

Analysis volume Total 10-01 -2024-20:(}4

Tatal FWSR

Temp.Sh.Flow

%FL Orange HS5flat sign. Laser

=
(o]
c
=
=

Laser2 Curr.

=
o



3.1.2 Recommendations

The recommendationbutton gives you recommendations by Thomas Rutten Projects about
your instrumental and analysis settings. It is recommended to evaluate these recommendations
time by timein order to evaluate the status of the instrument and settings.

EasyClus Recommendations

ElJ2_SWS15_FLRed10_auto_uls_phyto_600s 2024-01-10 20n02.cyz
Instrument information

1. The cytometric analysis is perfformed on machine Lobith

2. The CytoBuay instrument serial-nris C3-2021-106

3. The CytoUSB software used is CytoUSB Version: 5.11.3.1

4. LASER : OBIS LS 488-60 : Used at 50 mw

5. LASER : OBIS LS 552-60 : Used at 50 mW

6. The filename is EIJ2_SW315_FLRed10_auto_uls_phyto_600s 2024-01-10 20h02.cyz

7. The analysis is perfformed on 10-01-2024 time 20:04:46

8. The number of measured paricles is 13691

9. The total concentration found (e.g. only SWS trigg.) is 4728 paricles/microliter

10. The concentration found (all used triggers) is 39 particles/imicroliter

11. The preconcentration (before analysis) found (all used triggers) is 39 paricles/microliter
12. The flush time found (between samples)is 130 seconds

13. The effective analysis volume is 350.4318 microliter

14. The pumped volume is 354 microliter Y]

EasyClus recommendations

1.07 Warning: Analysis with high particle rate (2796), meaning you have higher chance of coincidence
1.07.1 Solution - Decrease, use lower sample rate
1.07 .2 Solution - |s threshold in noise level? Increase threshold and find out of particle rate is suddenly lower and quite stable
1.07.3 Solution - |5 the sheath fluid clean enough?
1.21 Warning: Last calibration of sample pump towards analysis date was more than 90 days. (12-Jul-2023)
1.21.1 Solution - Check if the pumped analysis volume is the real volume by weighing
1.24 Warning: SWS LS Maximum is 3008 mV if HS is around 4500 mV and too high.
1.24 1 Solution - Put LS PMT lower. Maximum LS around 50 mV (if HS is around 4500 mV).
1.24 Warning: SWS LS: HS-LS ratio is 69 and too low.
1.24.1 Solution - Put LS PMT lower. Ratio HSILS should be around 100.
1.24 Warning: FL Yellow LS: HS-LS ratio is 4 and too low.
1.24.1 Solution - Put LS PMT lower. Ratio HSILS should be around 100.
1.24 Warning: FL Red LS: HS-LS ratio is 60 and too low.
1.24.1 Solution - Put LS PMT lower. Ratio HS/LS should be around 100.
1.28 Warning: FL Orange HS: A relative large amount of particles are (rather) block shaped (5%)

A0 A Comlidi Tt ehinl L FYS oo A Lol m ey ki | i i L

Cancel

3.1.3 Check pump
There is aeparate manual for the check pumipol in the EasyClusvyoytovxxXxmanuab\
Pump_check_TRP2022.025.pdf

One or more file can be selectedd pump characteristics are drawn in graphs.
EE'IJ&@WS15I_FLRed10|_aulo_uIs_lphy10_600|s 2024-01 '.10 23h02.cyz

1.5

Particle Counts per second

0.5

PARE 23:16
Jan 10, 2024

[
';_.}Q
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In the blue aredgreen encircled) thearticle counts are stable. This is the transportation of

fluid by pump wheelsThis blue area shoukhow almost similar observations (together
horizontal) i.e. no increasing or decreasing counts per second during the measurements. High
irregularityin these blue observations might indicate pump problems (ageing, old tubing, bad
wheels)

In thegreyarea(red encircled) the particle counts aaémost zero, when the pump wheels are

lift off from the tubing

The light blue area (dark red), just before the measurement is the preotnatien phase.
Correction for the pump speed takes place to porevent too high counts per second
(coincidence).

3.1.4Images sharpness
There is aeparate manual for the check pumgpol EasyClusvxkgytovxxXmanual$
Images_sharpness_check _TRP2022.016.pdf

Method to give asharpness number to images and classify how many images are in focus or
not. In the figure belowthe sharpness criterium is 190, meaning that sharpnesses higher than
this value arek. In this example only 15 of 200 are higher than 190, meaningtheiative

low percentage of the images are in focus. The action eete better align the camera focal
point towards the core or vice versa.

mlallghest nr y-axis = sharpestimage: Sorted plot I::'lcllgh&at nr y-axis = sharpest image: Not Sorted plot

250 250
@ @
0 £
E 200 E on0f
| = = L] O .
o N 7] . LI i . .
§ median = 98 § be s e 15 above red line of Used 200 images
S50} perc>190 =7.5% (150 200) S 150} )
£z oy
7] 7]

100f T A Y 7 LR

LR LT TR P
50 50
0 50 100 150 200 0 50 100 150 200
190 nr of images sorted nr of images unsorted

3.15 Diagnosis menu

The diagnosis mengivesthe options in the menu figure below:
@ Images sharpness

© Diagnosis menu

@ Export meta data

12



3.1.5.1 DC level
There is aeparate manual for the check pumgpol EasyClusvxxsytovxxXmanual$
DClevels_manual.pdivhich can be found by the button ? in thigodule

Check menu instrumerftuidics- background noise : DC restore level check e.g. check clean
sheath/ flow cell + manualarge changes in the B€store background level in each detector
might indicate that the sheath is not clean anymore or sudden changes in the backround occur.

EC

It is possible to extract and visualize these data using this new tool.

LIVE

Import file(s)

D use importmenu

@ Traffic lights check
® Recommendations
@ Check pump

® Images sharpness
O Diagnosis menu

@ Export meta data

EasyClus Dashboard

4| menu_DClevels

Recall last

DC Levels cyz-files

select all rmy 100.0 %

= Import cyz-files
Check Instr. W Clustering Import DC-file
Nr. of files =9

FWs R ~
SWS HS
sWs LS

4\ Figure 2: DC-Levels

ELZ2_SWS15_FLRed10_sauto_uls_phyte_800s 2024-01-11 00h02.cyz
ELZ2_SWS315_FLRed10_auto_uls_phyto_§00s 2024-01-11 01h02.cyz
EL2_SWS15_FLRed10_suto_uls_phyte_800s 2024-01-11 02h02.cyz
ELZ2_SWS15_FLRed10_suto_uls_phyte_800s 2024-01-11 03h02.cyz
EL2_SW315_FLRed10_sauto_uls_phyto_800s 2024-01-11 04h02.cyz
EL2_SWS15_FLRed10_suto_uls_phyte_800s 2024-01-11 05h02.cyz
ELZ2_SWS15_FLRed10_auto_uls_phyto_600s 2024-01-11 06h02.cyz
ELIZ SW515 FLRed10_auto_uls_phyto 6008 2024-01-11 12h02.cyz

phyto &00s 2024-01-11 13h02.cyz

File Edit View Inset Tools Desktop Window Help

NEakde 2|08 % E /

OOOOOOO

. —=—SWS HS
B Settings EC 600 SWS LS i
FL Yellow HS hd
590 FLYellowls|
Fl Crange | =
530 FL Red HS - |
—=—FL Red LS
. 570 | —
560
Z 550 —
540 5
B30 o s
520
510
HLIVE 500 . :
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00
Jan 11, 2024

3.1.5.2 Median level of max.

There is aeparate manual for the check pumgpol EasyClusvxxsytovxxxmanual$
medianLevelsParticles_manual.pdfich can be found by the button ? in this module

Check menu instrumerftuidics : Median level of Maximum signals value per sample + manual
Another new method which indicates sudden changes in your data or background can be used
if the offered samples do not differ too much from each other. The median values of data of
the samples measured in each detector is extracted and visualized in a plot. From data
evaluation it appeared that the median values changed suddenly after cleaning the inner tubing
with chlorine, which took some time or flushed volume after some samples have been
measured, to get rid of the effect of chlorine.

13



EC LIVE EasyClus Dashboard

v2.15-TRP 4

4| menu_medians_of_Max

Medians of all Maxima cyz-files

[ use importmenu Recalllast select al rmv 100.0 %
EN2_SWS15_FLRed10_auto_uls_phyto_600s 2024-01-11 00h02.cyz A
Import cyz-files EUZ_SWS515_FLRed10_auto_uls_phyto_800s 2024-01-11 01h02.cyz
EN2_SWS15_FLRed10_auto_uls_phyto_600s 2024-01-11 02h02.cyz 0
. Import Med file EL2_SW515_FLRed10_auto_uls_phyto_800s 2024-01-11 03h02.cy=z
Check Instr. B Clustering EL2_SWS15_FLRed10_auto_uls_phyto_600s 2024-01-11 04h02.cyz S
. Nr. of files = 9 EN2_SWS15_FLRed10_auto_uls_phyto_600s 2024-01-11 05h02.cyz

ELZ_SWS15_FLRed10_auto_uls_phyto_600s 2024-01-11 06h02.cyz L
. EL2_SWS15 FLRed10_auto_uls_phyto_500s 2024-01-11 12h02.cyz
® Traffic lights check ; -

FLRed10_suto_uls_phyto 600! 4-01-11 13h0;

® Recommendations

@ Check pump

® Imanes sharpness [4] Figure 2: MED-Levels - [} x
O Diagnosis menu File Edit View Inset Tools Desktop Window Help u
® Export meta data EEHQ|E|DE|%E N l

=T i

Sz
] 18 T T

B Settings EC [Jak v
E | - | SN

Maximum SWS LS
ar Maximum FL Yellow HS
Maximum FL Yellow LS

my

6 Maximum FL Crange HS
Maximum FL Red HS

4 —=— Maximum FL Red LS

2

0
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00
o0 1, 2024

3.1.5.3 Signals heighdistribution

Thesignal height distribution tells you how the particles maxima sigma&gslistributed over
the detectors dynamic rangedm low to higher signal heightl.is recommaded to avoid that
all particles areonly in onepart of the distributionF 2 NJ Bedetidz f a & Y LI Sa

Maxi FWS: distributi Maxis SWS HS: distributi '1'0“ FL Yellow HS: distrik

Maximum FL Orange HS: distributi i FL Red HS:counts distribution i SWS LS:i distribution
G e 10" 1o

Maxii FL Yellow LS: distribution 13! i FL Red LS: distributi
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3.1.5.4 Signallength distribution
Same as height distributiomut here for the length of particles.

3.1.5.5 Signal attributes of all particles
Tool to visualizehte distribution of alkignal attributesover counts

EC attrib. detector plot tool

ElJ2_SWS515_FLRed6_auto_uls_phyto_600s 2021-03-19 08h02.cyz

?i- Figure 4: Max — O *
Attributes Detector(s) Fill Edi Vie Inse Too Deskt Wind: Hel %
Length ~ | |[FWS ~ i
Total SWS HS Dade |@|/0H| E
Maximum FL Yellow HS Maximum FL Red HS
Average FL Orange HS 5000
Inertia FLRedHs o o
Center of gravity SWS LS . '
Fill factor FL Yellow LS oo - .
Asymmetry FLRedLS . " . - :
Mumber of cells Curvature "

3000 ¢ ' . B
Sample Length . - .
Time of Arrival . ST .
First 2000 . .
Last . Lo
Minimum -7 - .
SWS covariance v v 1000 . c o

- - e n .o .
Close these figures Cancel R e ————
0 5000 10000

3.1.5.6 Detector High Sensitivity vs Low Sensitivity
Tool to evaluatehe detector High Sensitivity vs Low Sensitiiigr an optimal dynamic range
the highestvalues of HS should match in the lowest of LS

3.1.5.7 Values vs counts

The average or mean value of attributes shoemd in a horizontal line in case the samplbys
represented by enough counts. In the example betbis is not the case, the sample counts
should have been higher (>10,000).

EC mean data vs counts

2001

Data headers Total FL Red HS
Length SWS HS 800 | N
Length FL Red HS 700 ~_.
Length FL Red LS 600 [ J\ r\\\
2
Total FL Orange HS
Total FL Yellow LS \
Maximum SWS HS
Maximum FL Red HS 100t
Maximum FL Red LS 0

ElJ2_SWS15_FLRed6_auto_uls_phyto_600s 2021-03-19 08h02.cyz
TOF ~| S00
Length FW3S
Length FL Yellow HS S
Length FL Orange HS '\\
Length SWS LS k
Length FL Yellow LS II'*

\

Total FWS \ I\
Total SWS HS 500 b \
Total FL Yellow HS \\J
Total FL Red HS 400
Total SWS LS |
Total FL Red LS 300
Maximum FWS
Maximum FL Yellow HS
Maximum FL Orange HS
Maximum SWS LS
Maximum FL Yellow LS
Average FWS 0 2000 4000 6000 8000 10000 120
X SIS He

Cancel

15



3.1.6 Export Meta Data

Tool toexport meta dateof cyzfilesof one or more filedirectly into a .txt file

Z Selection parameters & Export menu

Parameters Parameters which will be saved
path fname
fname triggersmartevents
triggersmartevents triggerievents
triggertevents datumstr
datumstr timestr
timestr concentration
concentration preconcentration
preconcentration flushtime
flushtime analyzedvolume
analyzedvolume pumpedvolume
pumpedvolume flowrate
flowrate actualmeasuretime
Iretime lsetmeasuretime
'setmeasuretime particlerate
particlerate blocksize
blocksize triggerpar
triggerpar triggerparlevel
triggerparlevel triggersmartpar
triggersmartpar triggersmartievel
triggersmartlevel P Ttemp
PMTtemp \ShFtemp
\ShFtema hd LASERtemn hd

Parameters to be exported and saved

- O

x

Move up - Move down will determine the
sequence of column headers in the
output file

[ tab

[ space

[ comma
dot-comma ;

I:‘ self defined column separator

|import parameters to be saved

| | Browse & Import seftings to be saved ‘ ‘

16



3.2 Clustering B Clustering

Theclustering of flow cytometric data is dommder this button. Unsupervised as well as
supervised methods are available:

Clustering

O Unsupervised
® Supervised

® Hybrid

® Manual

® Find my beads
® Cluster by X-tool

E = Unsupervised clustering (no trained data set)

() = Supervised clustering (no trained data set)

Unsupervised methods

1. DESIGN 2 uses scatterplots & densi some FCM vars
2. DESIGNM uses scatterplots & density & all FCM vars
3. GO method uses Principal Component Analysis

Supervised methods

1. RULES usesmodel setup based on database andRIM vars
2. LASSO usesautomated selections sets/lassos using=M vars
3. FIXed zones usesself selected criterias a basis for clustering

4. FIXed grids RB usesRainbow beads criteria as a basis for clustering

Unsupervised AND supervised method
1. HYBRID uses DESIGN2 and RULES to cluster and toanak@atically a
database and/or model

17



3.2.1Unsupervised Clustering
3.2.11 DESIGN [Tlustering(unsupervised)

Unsupervised clustering is clustering on basis of the offered datavahdut using prior
information or databases etcetera. There are three meth@d3 DESIGN1DESIGN2
DESIGN2 is threcommended method.

The (selectediile(s) in the listboxn the EasyClus merin the upper parwill be processed.

Therefore for one testfile it is recommended to use menus before and after clustering to

readjust settings for example. In case more than onédditdosen and clustering should &k

place according to the lastest settings, chodisg 2 YSy dzaQ (2 | @2ARaGKS Lk2L
and thewaitinguntil a Okclick is done.

Clustering B Data sums B Adter clustering
QO Unsupervised O DESIGN I ——

® Supervised

® Hybrid ® DESIGN |

® Manual ® GO T

® Find my beads < 'i"
® Cluster by X-tool

default menu with clustering setting

|4 menusettings_unsupervised - O X

Clustering settings
Grid-Resolution

ﬂ J j more clusters

55
|:| neighb linked to grid Length FL Yellow HS Length FL Y¥ellow HS

Neighbouring distance Length FL Orange HS Length FL Orange HS
Length FL Red HS

1 ¥l less clusters Length SWS LS
| [

3 Length FL Yellow LS

|:| always separate clusters if white space in between

O Ratio () Ratio
Import scatterplot combination Browse plots
Used Scatter plot combinations : DEFAULT plots
Database & Matching species settings Total SWS HS ve Total FL Red HS

Total FL Red HS vs Total FL Orange HS
Total FL Red HS vs Total FL Yellow HS

Up

|:| match with refer-clusterfie OR with database Rmv

Database usedfile: New empty dbs Browse dbs

C: il :12-Oct-2021_09u56u33.r

% FCM parameters that should match (100%=all) []Do Biovol Jmg. relation |s
ﬂ _[j most critical - -

29 90 | Nrof col.
%

500 - Similarity match index - 1000
j J j most critical

[J use weighing 700 ot

itmi

[ use FIX criteria | Sett. [ use labels | sett. Save idnrs & clu

18



Cluster are being identified on basis of density distributions in two dimensscater

plots combined with the allocation of neighbouripgrticlesaccording to the best fit
similarity indexing principle.

For this, only comparison of single grids with each other instead of the whole cluster
grids, are taken into account. Assignment to earlier recognized clusters is done on basis

of the highest similarity index.

4 Figure 3 3D:Total SW5 HS-Total FL Red HS - [m] x

File Edit View Inset Tools Desktop Window Help

LRAUREN- 2| 0EH =D

Dade|hk

Counts
o
3

»

D&5ds |k

4 Figure 10: 3D:Total FL Red HS-Total FL Orange HS

File Edit View Inset Tools Deskiop Windew Help

RARUDEA- S/ 0EH =D

800

700

600

500

400

Counts

300

200

100

D)
10°

102
Total FL Red HS

0
Total FL Red HS 104 10° Total FL Orange HS 10°

10*
Total SWS HS

3D visualisation of a scatterplot and showing the number of events in-theegztion

Clustering:

7 Grid-Resolution The grid or the number of grids irard ydirection that notionally is
laid in a scatter plot. The higher tmamber, the finer the grid.

7 Neighbour recognition layeihe number of surrounding 'lattice layers' which seeks to
events that already form a clustdf.there are #ready defined clusters found within
this neighbouring layers, then events will be assigned to these "neighbeuring
2dzi02YS INRdAzLXE & ¢KS KAIKSNI G§KS @I f dzSs
to a neighbouring cluster. Valig automatically coupled to grid but can be setted
manually by ddick the checkbox.
checkbox: always separate cluster ...: says what it says, but usually not used.

Fuse factofuses clusters that are quite similar up to the lowest allowed similarity
value given here. This option is sometimes us¢ardly used.

1 Maximum clusters that should be definesdhardly used but can decrease the number
of clusters to a setted value here.

Database and fingerprinting

7 Database.txt or .matDatabase is a .txt containing only attributes data (Length, Total,
Maximum etc.) OR phytoxxx.mat made by EasyClus containing attributes data,
profiles data and/or images.

1 Nr columns used for similarity indexinjumber of FCM variables a cluster that
should match (at least) with species in tthatabase Increase makes the matching
process more critical.

1 Similarity Minimum Minimum value used for classificatiofia cluster with species in
the database The assigment to database species will be more critical by increasing
the similarity minimum value

19



Scatterplot combinations that are used as a start for the clustering process
a0 GGSNLX 20aQ 02
t 9w 2 (

a dzl

tte
ol

2y

aia
Ot dAGSNAYy3IDd W9

LINE a a

27

W 59C!![¢
82dNJ 26y WO -
t[ hwoQ OFYy

08

dza SR

Used Scatter combination&djust left (x) and right (y). Storing and/or browse to

earlier stored combinations is possible. Ratio is possible too, use /" in between

parameters.

Explore scatterplot combinations: If you want to change the used axes of the
scatterplot combinations or the number of scatterplots, you can change it here by

choosing one of the relative discriminating combinations shown here.

Lowest limit of cluster siz&he minimum number of events that will Besualized in a

scatter plot i.e. only clusters > value will be shown

Example of clustering DESIGN2

Export button :

nr.clus all 24 |Shown in plot 100.00%

105_

=]
th

=]
FS

Total FL Red HS

=)
W

D 102_

105_

Total FL Crange HS
=)
[53

10’
O 10°

[ | Export || Allin 1|| Stat

Allin 1

Stat

Total SWS HS

10° o 10
]| Export || Alin 1

.txisaveexport of clusterns, %data, Ydata of scatterplot

nr.clus all 24 |[Shown in plet 100.00%

10"

10° 10*

Total FL Red HS

10° 10°

O+ o

o

1: B289(unracogn)
2. 1529(unrcogn)
3 37(unracogn)
4. 22(unracogn)
5: 19(unracogn)
6. 18{unracogn)
7. 16(unracogn)
8: 15(unracogn)
a: 11(unracogn)
10: 11 {unracogn)
11: S{unracogn)
12: S{unracogn)
13: 3{unracogn)
14: 3lunracogn)
15: Z{unracogn)
16: 2{unracogn)
17 2(unracogn)
18: Zfunracogn)
19: 2(unracogn)
20: Y{unracogn)
21 Yunracogn)
22: Y(unracogn)
23 Yunracogn)
24: Y(unracogn)

: Opens a new figure, without clusters, e.g. to do statistics on whole
sample data

: saves (as .xlIsx) clusterdataall FCM variables per cluster (below not
complete)

N

min
max
mean
median
std
relstd%

N

min
max
mean
median
std
relstd%

Cl:1: 8289(unrecogn)

Cl=2: 1529(unrecogn)

TOF

8289

7.150000095
83.05000305
14.70351505
14.85000038
4.128332615
28.07718086

1529

17.05000114
179.8500061
26.84569931
23.64999962
9.121117592
33.97608566

Length FWS
8289

0.200000003
80.95053101
5.741937637
3.652603149
4.407429218
76.75856781

1529

1.883723378
106.6474609
6.750657082
5.493811607
5.405973911
80.08071136

Length SWS HS Length FL Yellow HS

8289

0.200000003
80.32419586
3.901895523
3.520667553
2.273804188
58.27434921

1529
2.752990723
101.649559
6.277819157
5.467790604
3.969646692
63.23289108

8289

0.200000003
74.37097168
13.01107407
12.61947536
4.541453838
34.90452576

1529

3.255370617
163.7604675
20.61137962
20.48190117
9.302704811
45.13383102
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Newsincev217A & (G KS dzaS 2 F WRi6thelsyaBeRplodefidiliod thend S LIJ- NI G 2 N
Clusters are further separated according to the given separators with the possibility to assign
(automatically)your given names to the different groupehese names could be helpfulgive

extra information on eackluster

How thesetting ofDESIGN 2 ¢ YBRID clustering with extra labell~ criteria (pico, nano, micro,
Oral ..)s done

It is now possible to automatically add a label based on the size and/orctaiacteristics of

specific variables, e.g. very useful to force particles into specific criteria and to have already
information of a cluster by the labell~ name of the mentioned cluster, when using the autoADD
model ¢ database functiofHYBRID)

These criteria are not only used for the labell~option, but also during the clustering process
itself! The given size criterium for Length FWS of 3 and 20 um distinguishes particles lower than
3 (pico), between 3 and 20 (nano) and larger than 20 um (micro). The unsupervised formed
clusters are further splitted up into the given criteria @m individual particlédasis, which is

different from the average cluster value basis.

Thus, all particles in a cluster pico are smaller than 3 pm (if this criterium is used as a separator)

DE

Used Scatter plots:

Total SWS HS ws Total FL Red HS Y Up
Total FL Red HS vs Total FL Yellow HS R
otal FL Orange HS / Total FL Red HS vs .25 .5 Red Oral Ora2
Length FWS v 3,20, pico,nano, micro Dow
W D
Total FL Orange HS / Total FL Red HS 25,5 Red, Oratl,0ra2

L T g SR R SR - -

HYBRID label extra settings ratio + label names, length + label names

The setting up of criteria is explained:

2SS A0INI ¢AGK GKS YSydzZ FyR KI@gS OK2aSy we22dal f
¢c24GFf C[ wSRQX a GKS aOFGdSNLX 20az 6KAOK | NB
We want to add extra criteria and we use the ratio Total FL Orange / Total FL Red to distinguish
between only Red fluorescing particles, light Orange fluorescing particles (oral), strong Orange
fluorescing particles (ora2). More options are possible too.

28 taz2 dzasS aAil Sa WLAO2QI Wyly2Q yR WYAONROQX
2T AYOSNBaGzT Fa aSLINIYGI2NAR® W[ Sy3adK C2{Q Aa dz
which usually covers the real size definition of each particle pretty well.
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Choose X-axis

Scatterplots selection

Choose Y-axis

Total FWS

Total SWS HS
Total SWS LS

Total FL Yellow HS
Total FL Yellow LS
Total FL Orange HS

TOF kY
Length FWsS

Length SWS HS

Length SWS LS

Length FL Yellow HS

Length FL Yellow LS

Total FL Red HS Length FL Orange HS
Total FL Red LS Length FL Red HS
Maximum FWS Length FL Red LS
Maximum SWS HS Total FWS
Maximum SWSs LS Total SWS HS
IMaimum Fl_Yelnw HS Total SWS | 5 =
Tetal FL Orange HS TOF
© Rato Add below O Ratio
Browse plots
Import scatterplot combination
Used Scatter plots: DEFAULT piots
Total SWS HS ws Total FL Red HS ~ Up Expl.
Total FL Red HS vs Total FL Yellow HS
Ry
Down
W DEFALULT img
Total FL Orange HS § Total FL Red HS TOF Save as
C2NJ 6KS N}iGA2 6S a NI 6AGK GKS WNXGA2 od#Z £ S
Total FL Yellow LS Length FL Yellow HS
Total FL Orange HS Length FL Yellow LS
Total FL Red HS Length FL Orange HS
Total FL Red LS Length FL Red HS
Maximum FWS Length FL Red LS
Maximum SWS HS Total FWS
Maximum SWSs LS Total SWS HS
[Maximum Fl_¥elnw HS Total SWS | 5 M
Total FL Crange HS TOF
@© Ratio I Add below O Ratio
Rrnw=e nintz
GKSYy 6S OK22aS (KS RSYdzYSNI G2NJ we22datt C[ wSRQ
: anos Length FL Yellow Ls
| FL Red Length FL Orange HS
—
ots FEn Length FL Red HS
Maximum FWS Length FL Red LS
Maximum SWS HS Total FWS
Maximum SWS LS Total S5WS HS
M el HS Y| Totalsws 1 s =
al FL Orange HS / Total FL Red HS 5 Edit Text
@ Ratio Add below O Ratio
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We choosethéd SO2y R QI NAIFo6ofS Fd GKS NAIKGEZ | dSYLRNI

0St26Q odziizy

PR A et

(®) Ratio

¢tKS We¢hCcQ FTASER aKz2dzZ R 6S OKFy3aSR Ay GKS RS&aAl
¢t2 R2 (KAaxz OfA0O] GKS Y2dza$S odzid2y Ay GKAA Wel
O02YYlF &aSLINY¥GSRe® !aS | R2G a I RSOAYFE &aSLI NI

here. If one of the names not needed, leave it empty, but still use the comma as a separator (for
instance Red, Oral, Ora2 becomes ,,Oral, Ora2 if Red is not needed or ,,,Ora2 if only the name

Ora?2 is needed.

Used Scatter plots:

Total SWS HS vs Total FL Red HS s
Total FL Red HS vs Total FL Yellow HS
Total FL Orange HS [/ Total FL Red HS vs TOF

Total FL Orange HS / Total FL Red HS 0.25, 0.5

uuuuuuuuuuu [ b

Total SWS HS vs Total FL Red HS ~ ]

Total FL Red HS v= Total FL Yellow HS

Total FL Orange HS f Total FL Red HS vs 0.25, 0.5, Red,Oral,0ra2 Rn
Don

Total FL Orange HS / Total FL Red HS 0.25, 0.5,Red,Orat,0ra2

And we go on

Then we add the second criterium. The sequence of the criteria is the sequence of the names.
2SS OK22asS WiSy3aldk c2{Q +ta FTANRIG OFENARI0oftS YR o«
forgettodedi A O] GKS NYGA2HOZ FyR LINBaa (GKS W RR 0dzil

Scatterplots selection

Choose Y-axis
L)
Length FWS
Length SWS HS

W | LA

Choose X-axis

TOF ~
Length FWS
Length SWS HS

Length FWS
odzi ¢S gAftf OKIy3aS (GKAA WehCQ AYYSRAFGSt& Ayi:

23



just by typing the desired criterium values and names, with comma in between, (and dot as a

decimal separator)

Total W5 HS vs Total FL Red HS
Total FL Red HS v= Total FL Yellow HS

Length FWS vs 3, 20, pico, nano, micro

Total FL Orange HS / Total FL Red HS vs 0.25, 0.5,Red,Ora1, Ora2

Length FWS

3, 20, pico, nano, micro

The criteria are defined! Now we want to define how to use the criteria names.

Used Scatter plots:

Total SWS HS ws Total FL Red HS
Total FL Red HS vs Total FL Yellow HS

Length FWS ws 3 20, pico, nano, micro

Total FL Orange HS / Total FL Red HS ve 0.25, 0.5,Red,Orat,0ra2

[ Do Bioval -Img. relation Label options

sualize graphs Use label above for

ualize graphs

Merge how :
Show label box g

] Unrecogn
Unrecogn
[1Ynrecogn

logaritmic
Save idnrs & clusters txt

[1 other: Use label1~
other: Use label1~label2
[] other: Use ~label2

3,20, pico, nano, micro

not recognized’

T other
.1Use label1~
.2Use label1~label2 &
.. Use label2

—

UEFAULL OIS
Up Expl.
Ry
Down
DEFAULT img

Save as

N

Cancel

I Cluster

If that is done we can start the clustering processibf( S W/ f dzZA G SNX odziG 2y
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This labell~label2 addition can also be added afterwards via the model editor and/or database

editor.
nr.clus all 49 |[Shown in plot 100.00%
1: 10475(CraZnana~CHI001) 26 T0{nat racagrized)
5 2: 2709(Ora2nano~CH0002) -+ 27 57 (Oranano~CHIO26)
10°F 3:1907(OraZpico-CI-0003) ¢ 28 54{Radpica-CHO0249)
tn £ 4: 1261 Redpico-CI-0005) 29: 49{0ra1pico~CHI032)
T 5: 1125(0ralnano-CHOD04) 30: 44 {Radmicro-CHO041)
o + 6:1004({Rednano~CI-0008) O 31 35{Radnano~CHI02T)
= & 7:543{0rapico~CH009) 32: 34{Ora2nano~CHID42)
| [ &: 519{Rednano~CHI013) 33 34{Radnana-CHI028)
© 10 7 9 477 (Rednana-CHI012) 34: 31{OraImicro-CHI040)
i # 10: 447(Rednano~C1-0011) O 35 30{Radnano~CHI034)
= £ 11: 432(Orat pico-CI-0015) 36 27(0raInana~GHI043)
= 12: 410(Rednano~C1-0007) <] 37 26(Radpica-CHI030)
- % 13 306(Oralnanc-CHOO0) O 38 25(Rednano-CH044)
3 <] 14: 383(OraZpico-C1-0010)  [= 38 23(Radnano~CHI033)
107F 15: 350{Oratnano~CH0014) & 40: 21(Ora2nano~CHI035)
+ 16 317(Rednano-CI-0016)  # 41: 19(Orainano~CHID31)
17: 310{Redmicro-CLO018)  ® 42 18{Orainano-CHO038)
18: 228(CraZnanc-CHOD18) T 43: 17{Radpico~CHIDIT)
<1 19: 223(Ora2pico-CI-0020)  + 44 15(0rainana~CHIO36)
9 20: 208(Rednano-CI-0022) O 45 13(0maZpica-CHID4T)
10°f 0 21: 205(Cratnano~CHOD1T) & 46 13{Ora2pico~CHID48)
# 22 133(Rednanc~CI-0021) & 47: 11{Orainano~CHI045)
1 23 108(OraZnano-CH0023) 48: 10{Ora2nana~CHID46)
0 24: B0{Rednano-CHI024) & 48 T{Redmicro-C1-0038)
A 25 76(Ora2micro-CHI025)
101}
1 107 10* 108 =
1| Export || &in 1 || Stat || Hist.sz Total FL Red HS Show | | Cn

Example of clustering and configured HYBRID groups with labell~label2 combined

If we only want labell, the result will look like

V\I

nr.clus all 10 |Shown in plot_‘lﬂﬂ__ﬁﬂ% -

Label options
Use label above for

(AN

'not recognized
other —

Merge how 6
Unrecogn. - Use label1~ ; 10 :; ;;ﬁ?&:ﬂ?ﬂj
[1Unrecogn. : Use label1~label? : o 3;2539(c.agp'm:|
[Junrecogn. : Use label2 % 105+ + ;:?i?{gﬂ:‘lﬂanm
other: Use label1~ e_—- & o g 1024}&;::3)
[ other : Use label1~label2 = £ 7:361(Radmicra)
[ other: Use ~label2 E— S;Ezfﬁ;;d]
™ 10 31{Ora1micro)
o
]
(hay

10°
1 10°
[ =

10* 108

Total FL Red HS

amz_ a

Example of clustering and formed HYBRID groups with label only1

LT I ONARGSNRADZY aK2dz R 6S A3IJYy2NBR |yR &2dz R2y Qi
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Import scatterplot combination

Brow:

Used Scatter plots: .
Total SWS HS v Total FL Red HS M Up
Total FL Red HS v= Total FL Yellow HS
#Total FL Orange HS / Total FL Red HS vs 0.25, 0.5 Red Oral, Oraz R
Length FWS ws 3, 20, pico, nano, micro
Down
W DEFAI
#TotaW L Orange HS / Total FL Red HS 0.25, 0.5,Red,Cratl, Ora2 San

After clustering theBasyCluster Merf@appears

After EasyCluster

Report

Table

Cluster again

Manually change/ add clustering

Fuse clusters manually

Show profiles of particles within cluster

Show images of particles within cluster

Vizualization of rezults in other plota?

Show 3D plots

Add to imagedatabase (phyto..mat) recomm.

Temp. imagedatabase (phyto_f..mat) all

Process selections sets of cluster(s)

Save SINGLE cluster raw csv-file

Save WHOLE file as .csv & added clusters

Close scatterplots

3.2.1.1.1 Report

[] dbs.tet

Continue/ Exit menu

Useonly with images
To Cluster again (e.g. other settings)
Show profiles of particle within clusters

Show images of particle within clusters
Draw other scatter plots

Draw 3D plots (e.g. density)
Add data to a .mat database
Make quick a temporalatabase with all

particles with an image
t NpOSaa flaazQa 2%
Export data as .csv

Export clusters & data as .csv

Option to make a pdf report from cluster results (including) images

3.2.1.12Table

Tomake an interactive table to show imagesadd clusters to a database, see alsoutton

26
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3.2.1.13 Cluster again
To cluster again with other settings for example

3.2.1.1.4 Showprofiles of particles within clusters
To show the signals of eaphrticle within a cluster

3.2.11.5 Show images of partickewithin clusters

Imageswithin clusters can be selected and visualized by the menu show images tool. This menu
has several options tshow images within one cluster only within more than one cluster.

In the same menu, profiles can be activated.tBe aware that there are sn@usters= raw
clusterswithout merging the same namend sn3 clusters unique clusters with uniqgue names

e.g. after database matching

Select cluster with images

Select cluster with images
1, nrimgs=450 : 1, counts=50052 :unrecogn s

[ all in one figure

2,nrimgs=86 : 2, counts=55380 :unrecogn [ One figure per cluster
3, nrimgs=40 : 3, counts=648 :unrecogn . infi
4, nrimgs=89 : 4, counts=342 :unrecogn ma"'mages nhg.

[ use maximages
per cluster or total

164 images selected

[JUse sharp img first
[ Selectall clusters

[ use virtual images 1
[JUsevirtual images 2

20, nrimgs=8 :20, counts=15 :unrecogn
121, nr.imgs=5 :21, counts=15 ‘unrecogn

22, nrimgs=1:22, counts=13 :unrecogn Semgsmmmg-mg“
123, nrimgs=4 :23, counts=11 :unrecogn

124, nr.imgs=2 :24, counts=11 :unrecogn

|25, nrimgs=4 :25, counts=10 :unrecogn
126, nrimgs=1:26, counts=10 ‘unrecaogn

27, nrimgs=4 :27, counts=10 :unrecogn

28, nrimgs=3 :28, counts=9 :unrecogn

129, nrimgs=1:29, counts=8 :unrecogn

130, nrimgs=2 :30, counts=8 :unrecogn

131, nrimgs=2 :31, counts=7 ‘unrecogn
132, nr.imgs=3 :32, counts=7 :unrecogn

133, nrimgs=4 :33, counts=7 :unrecogn

134, nrimgs=2 :34, counts=7 ‘unrecogn

135, nrimas=1:35. counts=6 :unrecoan ¥
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3.2.11.6 Visualisation of results in other plots

) 4 nr.clus all 46 [shown in plot TU0.UU%
4 select_from_listbox — Y 10% ¢ i
B 0 o b
A N
EC Select 10%F
Select X-axis Select Y-axis 2 ¢
ToF ~| [ToF " T 10 #
Length FWs 3
Length SWS HS Length SWS HS ; VA
Length FL Yellow HS Length FL Yellow HS i 10
Length FL Orange HS Length FL Orange HS E 10
Length FL Red HS Length FL Red HS = +
Total FWS Total FWS E
Total SWS HS Total SWS HS é o
Total FL Yellow HS Total FL Yellow HS = 10° ¢
Total FL Orange HS Total FL Orange HS
Total FL Red HS Total FL Red HS
Maximum FWS Maximum FW3
Maximum SWS HS Maximum SWS HS D 10—1 L
Maximum FL Yellow HS Maximum FL Wellow HS
Maximum FL Orange HS Maximum FL Orangs HS D
Maximum FL Red HS [T —
Average FIWS Average FWS = . . .
Average SWS HS Average SWS HS ‘ 10 1 fil 1 2 q
Average FL Yellow HS Average FL Yellow HS 10 10 10 10 10
Awerage FL Orange HS Average FL Orange HS E Stat Leng‘th FWS
Average FL Red HS Average FL Red HS { I:l
Inertia FWS Inertia FWS |
Inertia SWS HS Inertia SWS HS
Inertia FL ellow HS Inertia FL *ellow HS ! H H
Inertia FL Qrange HS Inertia FL Orange HS | SeIeCt Xand ¥aX|S by FCM Vanables and
Inertia FL Red HS v Inertia FL Red HS v press OK
' > < > |
() ratio X (D) ratio Y
Xeax | Length FWS |
VETSUS |
Yax | Maximum FL Red HS |I
[ canel || o |
3.2.11.7 Show 3D
Density plot for used scatterplots
- 1600
107
1400
W
T 104 1200
18]
2
© 1000
= o]
O 10
i 800
g
IE 102 600
400
10"
200
10° A 0
10

Total FL Red HS
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3.2.11.8 Add to imagedatabase (phyto..mat) recomm.

Recommendedmethods to addarticles to database with or without real images
This database can be used fecognition of clusters in unsupervised clustering &ord
recognition of individual particles supervised clustering

1 @ menu_addtodatabasemat - O x

EasyClus Cluster(s) to Database

C\Easyclusvi22results\databases\phytodatabase_08-Mov-2021_17u34u24 mat

Clusters result filenaam

Clusters found Selected to put to Database Speciesftypes found in database
[CET | import database
CHozZ
ClLo3
Chod New empty database
CL05
CH8 Counts stored in database
CLO7
==all [cH08 of found counts of

0,
10 % each cluster

Cog
CH10

200 but at least max nr of
counts per cluster

only data WITH images
smart largest selection on

|:| use VIRTUAL images

1:CkM

Cancel Ok & Do |

®snz2  (ODsn3

3.2.11.9 Temp.imagedatabase (phyto..mat) in clusténame\

To create a temporal database.maith only combined datand images in the clustdolder of
EasyClusresulta clusteh

After ticking thedbstxt checkbox old features of EasyClus appear, working with an .txt
database, based on the average values and standard deviation of clugstech could also be
used for classification. This database.txt do®t contain images or species signals. The new
phytodatabase.mat can also be used here in stead of .txt

3.2.11.10Add to phytodatabase.txt rename selset
Older EasyClus tool and not recommendeymore

3.2.11.11 Autodatabasing

Immediately createor add unique clusters indatabase.txt file.txt databases contain@NLY

the averaged values of clusteaad thusNOTindividual particles datand images

Only database.txt thus only attributes and NOT recommended anyn@pgbn to addunique
cluster fingerprints automatically to a new database. Give minimum nr of events that a cluster
should have to store it in the databae this example=15Clusters are matched firstly
according to given matching criteria, the fusimgrge factor (in this example = 925). When the
criteria are 'heaviemore critical' (closer to 1000) more separate clusters will be stored. If a
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match is found, only the cluster will be stored in the databa$est€rs containing events less

than given minimum numbewill not be addedo the databaseThe software can be forced to
fuse clusters to a number of given clusters. If this value (Nr of max clusters = 100 in example) is

lower than the found clusters, this option will be used. If the number of cluster is not reached,

decrease the merge cluster value. It is recommended not to use this fixed nr of clusters, but to

leave the calculation to the EasyClus on basis of the similarity index (=default option).

Possible settings for autodatabasing of found clusters.

u Autcdatabase settings-

Fusing: Merge clusters on basis of best similarity (<1000}

525

Fusing: Nr of maximum clusters
100

15|

= | B || |

Database storage: Lowest limit of cluster events to store in the database

[ o] [cancel

3.2.11.12 Compare clusters with database

Tool to compare the relative (dis)similarity betweaveraged cluster values and stored
database species

200
*

150

50

0

E 12, counts=46 :Clustemr_12
Database-Clustarnr_11

ST ]

i
Hoed
Hoed
e
Heet
* bl

& 5 EURE W

T %

E R
A
et

TOF
Length WS
Length SWS HS

Length FL Yelow HS
Length FL Crange HS
Length FL Red HE
Tatal FWS
Total SWS HS
Tatal FL Yellow HS
Total FL Crange HS
Tetal FL Red HS
Maximum FWS
Maximum SWS HE
Maximum FL Yellow HS
Maximum FL Crange HS
Maximum FL Red HS
Average PVS
Average SWS HE
Average FL Yellow HS
Awverage FL Crange HS

Average FL Red HS

Ineria PAS
Ineria SWS HS

3.2.11.13 Process selections sets oluster(s)

¢22¢

Inertia FL Yellow HS

Inertia FL Crange HS
Inertia FL Red HS

Center of gravity FWS

Genter of grvity SWS HS

Center of gravity FL Yellow HS—

Center of gravity FL Orange HS—

Center of gravity FL Red HE  —

Fill factor FWS
Fill factor WS HS

Fill factor FL Yellw HS
Fill factor FL Orange HS
Fil facter FL Red HS

Asymmaetry FWS

Asymmaetry SWS HS
Number of cells FWS

Mumber of cells WS HS
MNumber of cells FL Yellow HS —

Asymmatry FL Yelow HS
Asymmetry FL Orange HS
Agymmetry FL Red HS
Number of cells FL Orange HE —
Mumber of cells FL Red HS

G2 ONXBI U Ssets of duster@hich éaNbe aséd irStisuperysed lasso
Of dZaSNJ YSiK2R® L ¥
databasemat individuals.

3.2.11.14 Save single cluster RA¥#$\ile

Save cytometric data of a specific clusasr.csv. This also done by buttons in the scatterplots

itself

3.2.11.15 Save whole file as .csv
Save cytometric data ofvahole file as .csv. This is also done by buttons irstiaterplots

itself.
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3.2.1.2 DESIGN 1 Clustering (unsupervised)

The principal of clustering of DESIGN2 and DESIGNL1 is clades dmain difference ighat in
DESIGN1 all particleseach scatterploare assigned tany of the found clustersausing more
different clusters especially for particles between clustérk S&S WAYy 0SSt gSSy Q
DESIGNare assigned afterwargdsvhen the main clusters are known by each of the
scatterplotsand leading to less clusters in DESIGN2 compared to DESIGNL1.

¢tKS YSydzQa NP ARSYy(GAOlIt (2 59{LDbH®
3.2.1.3 GO Clustering (unsupervised)
The GO method is a principal componantlysis (factor analysis) clustering technique

combining thedensities and neighbouring distance to assign clusters in scatterplath ate
found on basis of the PCA technique.
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3.2.2Supervised Clustering

Clustering B Data sums B After clustering

@ Unsupervised

O Supervised O RULES

@ Hybrid

@ Manual

@ Find my beads
@ Cluster by X-tool

® LASS0
® FlXed zones
® FlXed grids RB

Supervised clustering is based apriori informationof how o cluster specific particles, which

are stored in gphytodatabase.mafor asselection sets (LASSO)).

The RULES methods sets up RULES on basis of the database spdsgytdhem as optimal

as possible towards each othiey using all available flow cytometric data.

¢CKS [!'{{h YSGK2R dza S ascditérpoticBndbimatiénhtlidariff Ba@iidg2 y a S
particles within all chosen sets.

The FIX grid methogises setup criteria by the operator to identify functional) groups with

specific properties e.g. particledgth a length lower than 3 (pico), betweer2® (hano) and

higher than 20 um (micro) in combination with fluorescence properties.

3.2.2.1RULES clustering (supervised)

|4 menusettings_supervised_RULES - O X

EasyClus RULES supervised clustering using phytoXX.mat

Database & Matching species settings

use database [ use sel.species | Sel. Browse dbs

c: 1 . 08-Now-2021_10u28u29.mat

% Critical level (100%=default) Length FL Yellow HS Length FL Yellow HS
- 4 Length FL Crange HS Length FL Orange HS
less critical j Jj default critical Length FL Red HS Length FL Red HS
Total FWS
Total SWS HS

100 % 100
Increase parameters level Total FL Yelow HS

Ll—J j most critical Total FL Orange HS

[Juse ignore dbs data O Ratio () Ratio

Browse plots.
DEFAULT plots

Impart scatterplot combination

Scatter plots used for visualization
Total SWS HS vs Total FL Red HS

Total FL Red HS vs Total FL Orange HS
Total FL Red HS vs Total FL Yellow HS

[ Do Bioval. relation
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max algas 2020-01-22 11h38
nr.clus all 38 |Shown in plot 100.00%

Total FL Crange HS

(BT228(C1-01)
: 4B0EI(CI-02Z)
S 1126{CHI3)
C1ES(CI1-04)

. 160{C1-05)

. 160{C1-D8)

L B3(CHOT)
(81 CH10)

9: 80(C1H09)

10: 57{C1-08)
11: 52{C1-11)

: 50(C1-12)
13 45(C1-13)
14: 41{C1-15)
158 40{C1-14)
16 18{C1-186)

L 14(CI1T)
18: 13{C1-18)
19: 13(nat racog
20: 12{C1-19)

: 12(C1-20)
22 11{C1-21)
23 10{C1-22)
24: 9(C123)

25 T(Cl24)

26: T(Cl25)

: T(Ck286)

O+o VAol [
- - B =l B R
= P

# f
e

O+ bo
[ %]
=i

10" ; : s
= 102 10° 10? 104
[] | Export | Al 1] Stat Total FL Red HS

3.2.2.2 LASSO clustering (supervised)

|4 menusettings_supervised

28 T{CH2T)

& 8 29: 6{C128)
10 10 30: 5{C129)
41 5(CH30)

e Ao

EasyClus semi supervised lasso clustering

Choose selection sets/ lasso's Only unigue-=

Rmv one
SELECT NEW LASSO's
Rmv All

Cancel last Add

Clustering settings

===smaller==

original size jJ j larger
100 %

Nroflasso’s to use ==more critical===

smaller 4 | j larger
10

«<<lgss criticale<

Selectionsets/lasso's to be used for clustering

Expand % lasso  =+lasso’s become largers==

Matching criteria for overlapping clusters
lasso's based on database (IMG/IAP) in stead of sel.sets
[ use selspecies | Sel,

Database usedfile: Browse dbs

(= 1

. 09-Nov-2021_10u39u39.mat
% FCM parameters that should match (100%=all)

less critical ﬂ _[ﬂ
[JUse ignore dbs data ag | % 25
500 - Similarity match index - 1000

less critical ﬂ J

[Juse weighing

Nrof col.

load settings Save as

most critical

j most critical

Up
Down
Import file

Save as

Scatterplots for visualization
Choose X-axis

O Ratio

Impaort scatterplot combination

Scatter plots for visualization:
Total SWS HS vs Total FL Red HS
Total FL Red HS vs Total FL Orange HS
Total FL Red HS vs Total FL Yellow HS

Add below

Edit Text

[1 Do Biovol -img. relation |5

M linear

Choose Y-axis

() Ratio
Browse plots
DEFAULT plots
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max algas 2020-01-22 11h38
nr.clus all 38 |Shown in plot 100.00%

61197(C1-02)
53839(C1-01)
B54(C1-03)
H53{nat racogn
187(C1-04)
150(C1-08)
148{C1-05)
71(CHOE)
B3(CHIT)
10: G2{C1-10)
11: 52(C1-09)
12 52{131-'1'1)
13 51(C1-12)
: 49{C1-15)
15: 45(C1-13)
16 37(C1-14)
17: 20{C1-16)
18: 15(C1-17)
18 13{C1-18)
20: 13(C1-20)
21 12{C1-19)
22.12(C1-22)
: 11(C1-21)
: 8[CH23)
25: T(C124)
107 * ; - . 2 : 7(CL25)
102 10° 10° 10 108 108 27: 7(CH26)

& 28 B/CH28)
[ [ Export |[AUin 1 |[ st |  Total FL Red HS 28 5(CH27)

105 L

% [+

1otk

e T T

107t

102 L

Total FL Orange HS

101 L

A+ o7 Dd$o s
=

.“:ll]_

*
[
w

O
O

W
L]
'y

t+ Bow
[
=

e
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3.2.2.3 FIXedones clustering (supervised)

o menusettings_FIX - O X

FIX cluster Settings Scatterplots selection for visualization

Choose X-axis Choose Y-axis

C\Easyclusv122\cytov122\defaults\Markermeer_PMNM_s Browse FIX settin..

Menu settings

Length FL Yellow HS
Length FL Orange HS
Length FL Red HS Y]

Length FL Y¥ellow HS
Length FL Orange HS
Length FL Red HS v

Edit Text Edit Text
O Ratio O Ratio

Add below

Import scatterplot combinaticn Browse plots.

: DEFAULT plots
Used Scatter plot combinations

Total SWS HS vs Total FL Red HS
Total FL Red HS we Total FL Orange HS
Total FL Red HS vs Total FL Yellow HS

load settings Save as

Add criteria by hand or add a multiline

| TOF ~ Length FWS ~ 3,20 ~
Length FWS

Length SWS HS
Length SWS LS
Length FL Yellow HS
Length FL Yellow LS A
Length FL Orange HS
Length FL Red HS >
Length FL Red LS v
Total FWVS
Total SWS HS O
Total SWS LS

Total FL ellow HS
Total FL Yellow LS
Total FL Orange HS
Total FL Red HS
Total FL Red LS
Maximum FWS
Maximum SWS3 HS
Maximum SWs3 LS

Maximum FL Yellow HS W v W
| —
import FCM file Edit above ' Add muttiine dd las=so
Test
Import settings Save settings as Show clusters & def. labels || clusnrs explain
Theoret. nr of clusters: 3

Copyright Thomas Rutten Projects Save & Exit




Multilines aredrawn by hangon the contrary o# ratio such as Total FL Orange HS/ Total FL

Red HS 0.6, 1.0, which are lines. The advantage of multilines is that they mandxactly

straightlines.

Forthe multilines setup we start with the buttoddddY dzf GAf Ay SQ> F2tf26SR o8&
whichshould represent the multiline in:

Total FL Yellow HS
Total FL Yellow LS
Total FL Crange HS

Maximum SWS HS
Maximum SWSs LS
Maximum FL Yellow HS
Maximum FL ellow LS
Maximum FL Orange HS
Maximum FL Red HS
Maximum FL Red LS

Average FL Yellow HS
Ayeraos FL Yelow LS

f-ax

Total FL Yellow HS
Total FL Yellow LS
Total FL Orange HS

Total FL Red HS Total FL Red HS
Total FL Red LS Total FL Red LS
Maximum FWSs Maximum FWS

Maximum SWS HS
Maximum SWS LS
Maximum FL ¥elow HS
Maximum FL vellow LS
Maximum FL Crange HS
Maximum FL Red HS
Maximum FL Red LS

Average FWS Average FWS
Average SWS HS Average SWS HS
Average SWS LS Average SWS LS

Average FL Yellow HS
Averaos FL Yelow LS

Total FL Red HS

VErsus

Total FL Orange HS

36

Cancel Ok
{OGFNI tAYS gAGK Waldl NI fAySQ
9333
106 T T T T T T
@ o4 -~ |
d
N
[y
E .
D L .:._"
| i
(T gt
T.g 102 3}' 1
I_
100 1
O 10 . 104 10° 108 107
O ((startine Total FL Red HS Return




Make that multiline and confirm

Jocas 2 08 & E

4\ menu_ok — O X

833391689 & SEI0@QAQ

10° ]
O 10° 102 103 104 10° 108 107
(]« [ +| Pressrightbuttonto tal FL Red HS

Make another if wanted

108
2 10*
4]
o
|
B
(o)
i 258 & S{E0QQq
S 10? '
=]
I_
10° ]
O 10! 0 03 10* 10° 108 107 . LS
O : Total FL Red HS o
ey B L B e
T 102 g
g 10
I_
1Gﬂ : ]
O 10! 102 103 104 10° 108 107
LI« [ | Pressrightbuttonto stal FL Red HS
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Finish more multilineslrawing

10° 10* 10° 108 i
| Total FL Red HS Return )

and the result are added to the FIXed zone settings

Settings for FIXed zones Clustering

TOF A
Length FWS L1 multiine: Total FL Red HS ws Tota
Length SWS HS
Length SWS LS
Length FL Yellow HS
Length FL Yellow LS
Length FL Orange HS

Length FL Red H3
Length FL Red LS
Total FWS

Total SWS HS @]
Total SWS LS

Total FL Yellow HS
Total FL Yellow LS
Total FL Orange HS

[<1[=]

Total FL Red LS
Maximum FWS

Maximum SWS HS
Maximum SWS LS N
Maximum FL Yellow HS w < * v

| mportFCMfie | Delete | Editabove | Addmutine | Addlasso |

Test

‘ Import settings | ‘ Save settings as | ‘ Show clusters & def. labels

clusnrz explain

Theoret. nr of clusters: g

A result could look like below (this is another file)
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FIX-max algas 2020-01-22 11h38
nr.clus all 36 [Shown in plot 100.00%

Total FL Orange HS

10°

O
O

1
2
3
4: 6288(cluster_3)
+  5:4621{clustar_26)
O §:4352(clstar_37)
7: 4090(cluster_2)
8: 2829(cluster_8)
9: 522(clustar_1)
: 496 clustar_40)
11: 473 cluster_29)
: 315(clustar_30)
: 238(clustar_50)
< 17 1{clustar_47)
: 93(cluster_64)
: T9{cluster_71)
. 58(cluster_58)
: 45(chuster_25)
: 39(cluster_48)
: 33(cluster_55)
21: 32(clustar_18)
: 28(cluster_31)
: 24 (cluster_8)
24: 18(cluster_32)
: 15{clustar_61)

oOhAAS
&

¥+ D>
ra
=]

107
O 107
[] | Export || Allin 1

10°
Stat

102 10* 108

Total FL Red HS

26: 6clustar_53)
27: 4{clustar_23)
28: 4(clustar_41)
A 28 3cluster_B5)

10®

FIX cluster Settings

CAEasyclusviZ2cytovi22\defaults\Markermeer_PMM_s [Browse FIX settin...

Menu settings

| 51456 (cluster_10)
: 29031 (cluster_13)
- 12200(cluster_34)

| 4 menu_name_changer

Length FWS:<4 & Total FL Orange HS / Total FL Red HS:==0.3 & <1 & Total FL Red HS / Total SWS HS:==0.2 & Maximum FL Red HS5:>=100 & Maximum FWS:==10

pico CYART
Full criteria name

latest & used labels

new labels names

pico Aggr Floce noise ~
pico Aggr Flocc

pico Agagr noise

pico Aggr

pice Flocc noise

pico Flocc

pico noise

ico
ico CYA Aggr Flocc noise
ico CYA Agar Floco

Length FWS:<4 & Total FL Orange HS / Total FL Red A | |pico Aggr Flocc noise ~
Length FWS:<4 & Total FL Orange HS / Total FL Red pico Aggr Flocc
Length FWS:<4 & Total FL Orange HS / Tetal FL Red pico Aggr noise
I Length FWS:<4 & Total FL Orange HS / Total FL Red pico Aggr
Length FWS:«4 & Total FL Orange HS / Total FL Red pico Flocc noise
Length FWS:<4 & Total FL Orange HS / Total FL Red pico Flocc
Length FWS:<4 & Total FL Orange HS / Total FL Red pico noise
Length FWS:<4 & Total FL Orange HS / Tetal FL Red pico
Length FWS:<4 & Total FL Orange HS / Total FL Red pico CYA Aggr Floco noise
Length FWS:<4 & Total FL Orange HS / Total FL Red pico CYA Agar Floce
Length FWS:<4 & Total FL Orange HS / Total FL Red pico CYA Aggr noise
Length FWS:<4 & Total FL Orange HS / Total FL Red pico CYA Aggr
Length FWS:<4 & Total FL Orange HS / Total FL Red pico CY"A Floce noise
Length FWS:<4 & Total FL Orange HS / Total FL Red pico CYA Flocc
Length FWS:<4 & Total FL Orange HS / Tetal FL Red ico Cv'A noise
| |Length FWS:<4 & Total FL Orange HS / Total FL Red Y —
' |Length FW5:=4 & Total FL Orange HS / Total FL Red pico CRYP Agar Flocc noise
! |Length FWS:<4 & Total FL Orange HS / Total FL Red pico CRY'P Aggr Flocc
Length FWS:<4 & Total FL Orange HS / Total FL Red pico CRY'P Aggr noise
Length FWS:<4 & Total FL Orange HS / Tetal FL Red pico CRY'P Aggr
Length FWS:<4 & Total FL Orange HS / Total FL Red pico CRY'P Flocc noise
Length FWS:«4 & Total FL Orange HS / Total FL Red pico CRYP Floce
Length FWS:<4 & Total FL Orange HS / Total FL Red pico CRYP noise
| ennth FIAR <4 & Total FI Nranne HE (Total FI Rad ¥ pico CRYP
i 2 nano Anar Floce noise hd
Change FIX criteria Import oth.FIX criteria [ sort
Import oth.labels Example label names Undo

Mumber of names: 72

Mr of names: 72 (uniq:72)

39

ico C'YA noise
>

>>

pico CYA Aggr noise
pico CYA Aggr
pico CYA Floce noise
pico CYA Flocc

pice CRYP Aggr Flocc noise
pico CRYP Aggr Flocc

pico CRYP Aggr noise

pico CRYP Aggr

picoe CRYP Flocc noise

pice CRYP Floce

pice CRYP noise

pico CRYP
nano Agor Flocc noise ~
pico CYA

label helper ‘ Undo

Nr of names: 72 (unig:72)

change name(g) from:

p
nano
micro

red

cyano
crypto
aggregate
red redXL
lowSWS
redxL
vellowXL

Ll

Orange
Orange

redxL

change name(s) to :

~

Edit Text

save as

Edit Text

Do

cancel

save & leave




FIX-max algas 2020-01-22 11h38
. nr.clus all 36 |Shown in plot 100.00%
10%F < 1: 514 56(pico CYA Aggr Floce)
2: 29031 (pico CRYP Aggr Floce)
=] 3:12200(nano CYA Aggr Flocs)
4: 6288(pico Aggr Flocc)
+ 5:4621(nano Aggr Floce)
6: 4352(nana CRYP Aggr Flocs)
& T:4080{pico CYA Aggr Floce nais
O B:2B29{pico CRYP Aggr Floce na
9: 522 (pico Aggr Floce naisa)
10: 486(nana)
[ 11 47 3(nano CY A Aggr Flooco noi
12: 315(nana CRYF Aggr Floct nd
13 238(micra Aggr Flocs)
14: 17 1(nano CYA)
15: 93(micro)
16: T9(micra CYA)
17: BB(micro CYA Aggr Flooc)
18: 45(nana Aggr Floce noisa)
189 38 (nana CRYP)
20: 33(micra Agar)
21: 32(pica)
22 28(nana Aggr)
23: 24(pico Floce)
24: 1B(nano Flooc)
25: 15(micro CRYP Aggr Floce)
1071 2 -O '2 14 Js JEQE: B(micro CYA Aggr Floce naisa
= 2T dpico CYA)
] 1o 10 10 10 10 ho® 27 p e Lo
|:| Export || Allin 1 || Stat Total FL Red HS <] 29 3(micro CY A Agar)

AR Alalas AR s as)

1[]5 L

1[]4_

A

Total FL Orange HS
o+

5w

+ &

The Lasso method has been introduced in the FIXed zone method, which overrules other FIXed
clustering groups. The contours of the 'séfw lassos' are used with a preference to define
this in more than one plot, in order to establish a more accurate definition.

% Figure 1: Total FL Red HS - Total FL Orange HS - o x I——
5 ~
File Edit View Inset Tools Desktop Window Help El iine: Total SWS HS_vs_Total F 0.027, 0.15
" L2 muttiine: Total FL Red HS_vs_Tota 0.18,1
Dede 2|08 | & E L3 mutiinz: Total FL Red HS_vs_Tota 066
125003 of 25003 A
6
10
v
10° 2t

Total FL Orange HS
=
o

< > e
Delete: Edit above Add muttiine @

Test
Show clusters & def. labels | clusnrs explain
Theoret. nr of clusters: 54
10°
O 10’ 1 10 10° 108 107 Cancel Sove & Exi
0« Start Lasso tal FL Red HS Copyright Thomas Rutten Projects ELEs 3

The lasso overrules any other clustering. With more than one defined lasso, the last lasso is
overruling over the preceding lassos if they overlap.
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beads 26

Ngde |2 08| :E bettings for FIXed zones Clustering
H
P, - |

1‘]5 - g VS 3.20 ~
¥ | |L1 muttiline: Total SWS HS_vs_Total F 0.027, 015
L2 muttiline: Total FL Red HS_vs_Tota 0.18, 1
. I Fead HS vs_Tota 066
. 51 lassoxy: beads 190_494_91_1383
0% L } : ) A
R . -
W " .
I
z 10°
°
}
=
w
Tl 2
% 10
=
1 ’ v
10°F ? - < > )
. Delete Edit above Add multiing Add lasso
10° ; B 3 B B n 7 Test
O 10 10 10 10 10 o 10 ) Show clusters & def. labels || clusnrs explain
D_'J:J:;I Total FL Red HS Theoret. nr of clusters: 54
0
O 10! 10° 10° 10* 10° 10° 107 . . concel Save & Ext
> C O L'_ l_LI Total FL Red HS Copyright Thomas Rufnfrj:{ec_l.s..ﬂ e

This addition makes it useful to highlight specific clusters from the data, for exdmats, air
bubbles and/or noise.

3.2.3Hybrid Clustering (unsupervised AND supervised)

Clustering B Data sums

® Unsupervised

® Supervised

O Hybrid

® iianual | O HYBRID
® Find my beads

@ Cluster by X-tool

Combination of DESIGNA2d RULE$he best of two world. The clustering starts with

unsupervised clustering and finding clustersbasis of the data itself. After that, clusters are
assigned to the matching species within each of the clustsirsy the RULES method. If there is

a unigue match with one species within a cluster, the whole cluster is assigned to this species. If
there are more than one matchethe cluster will be split umto the number of groups find by

the matchingthe found speciedt is an ideal option for automatic building a database and/or a
model, adding new unique clusters to your database with every sample.

There is aseparatemanualin more detaih Y k 9 a &/ f dzi O XXBR®DI 2 GO DK Y I y dzl |
autodatabasinga_new_method_TRP2022.008.pHfYBRID clusteringgome research with new

v217 options_TRP 2025.048dsetting up criteria and labelsl in HYBRID_DESIGN2_TRP

2025.014

3.2.4 Manual Clustering

Manual selection (and storage) of clustbieundariesvhich can be used in other samples too.
However this method is still time consuming, subjective and not recommended.
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3.2.5 Find my beads
Beads finding tool in your samplasd option to make calibration charts

EasyClus beads selection

Beads of interest should lay in between :

Minimum Maximum

Length SWS (HS) = 2 S Ll
Maximum FL Red (HS) = 25 = 100 Test
Maximum FL Orange (HS) = 100 = 300
Maximum FL Yellow (HS) = 120 = 400
Maximum SWs (HES) = | 500 = | 1000
Ratio Total Orangef Total Red =| 25 = 45
Ratio Total Yellows Total Red = 4 = G
Minimum required counts in Cluster = 5
Use smallest size after criteria
Use max. counts in Cluster after criteria

3 um CytoCal Orange Sawve settings CytoC Or

1 um CB beads Yellow Sawve settings CB Yel

own beads Save seftings own beads
Latest used beads Close figures Cancel Ok & Exit

TheAUTGQGbeads algdthm usesabovesettings to define the cluster with beads averages
which should lay between the lowest and highest given values befferent beads types can
be used (butonly one type is used for AUTObeads). Preset gettings and¥esDo not take
the lowestand highestvalue too closeotherwise the beads cluster will hbe recogized.

You can savand loadthe settings for beads types separateljhe latest shown settings will be
used for the AUTO beaoption.

3.2.6 Clustering by the-Xool
Kind ofhelpful extra tool to clustedata of files, more visualized based.
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3.3 DataSums(& Fractiong B Data sums

Thesumof flow cytometric data is done under this buttohhe total sums of eadiles and
variables as well as the total sums of files &gration of particles size classase available:

¥ Data sums

® Sums

@ Sums by fraction

3.3.1 Sumgall data)

CAEasyclusv122results\datafiles\WEW _totalsALL. mat

O Sums

<108 NEW_totalsALL Total FL Red HS/ml

1_3 T T T T T T
121
11
1 .
09
08

Il Il Il 1 1 1

U'_'I'::: (=] (=] =] (=] =] =]

= = = =] = =] =]

o] o] o] =1 o] = =

= ] = ] = ] =

o © =2} =] = =] ~

=1 = = =] =i — —

> > > > it > i

= = = =1 = =1 =1

. . . = . = =

N
w



3.3.2 Sums by fraction

Sse

TrEeTEs ults\datafiles\NEW _fractionsdata.mat

B Clustering ® Data sums

@® Sums

O Sums by fraction

M use preproc data

Select Fractions Variables

Set NEW fraction Variables
Variables Length based on : Location id (optional)
TOF ~ E Length FWS INEW |
Length FW3s
Length 3WS H3 Used trigger (optional
Length FL Yellow HS | gger (op )
XXX
Length FL Orange HS otal IWS HS
Length FL Red HS tas
Total FL Yellow HS
Length 3Ws3 LS b b
Total FL Orange HS ar abs.
Length FL Yellow LS Total FL Red HS (®) harrel %
Length FL Red LS )
(") area abs.
() arearel. %
() line abs.
~ line rel. %
Total SWS LS Size fractions :_-__-‘\“‘ N
Total FL Yellow LS 4,10, 20, 50, 100,500 7 |
Total FL Red LS
Max@mum FWs Ok means that
Maximum S\WS HS W | you will starta
: NEW empty
fraction zeries.
| defaultsetings | Browse & import earfier fraction fie ‘ Cancel | | Ok
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%107

14

127

-
=]

Algal Total FL Red HS/ml

Option to preprocessn Sums and Sumisy fraction

I 500-5000

[ 100-500
50-100
20-50

I 10-20

I 10

| DX

Relative % Algal Total FL Red HS/ml

| | 500-5000
[ 100-500

] 50-100

20-50

{ [ 10-20

I - 10

1 (.14

There is an option to preprocedatafor the Sums and Sums by fractioperation.The button
S are the settingsf which preprocessing operation(s) is us&tie preprocessing is activated by

Lz GAy3a GKS OKSO1062E wdza$s

LINSLINE OSaaAay3a REGEQ

There are several options to filter data out of ttev data. You can find that in the settings.

Data sums

® Sums

® Sums by fraction

' B use preproc data
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3.4 After clustering B After clustering

Clustering results adt clusteringwith one of the clustering methodsan be further analyses or
processed by this option:

After clustering

@ Calc. bioindices

® Relabel clusters

@ Compare clus.results
@ Auto-databasing ( txt)
® Export cluster results 1

@ Export cluster results 2

@ Export clusters BioVol

3.4.1Calculate bioindices

O Calc. bioindices

Bioindicescan be calculated on basis of found clusters, species or groups in each sample.

@ Add latest

® Open file

® New empty

@ Settings bioindices
@ Plot

® mat to .t or v
® Merge
@ Delete

Several bioindices are possible :

Shannon Wiener index

Simpson index

EasyClus (Rutten) inderr of clusters totag nr most dominantclusters98%.
Euclidean distances indexaveraged (mean or mean) mutual clusters index
Jaccard index (upcoming)

cror oot o

The requestedioindices are set in the settings menn.the settings menthere are choices
for two types of clusters sn2 or sn3. Sn2 are all unique clusters fem3dare all unique
clusters foundand merged for thos&ith the same species or type name afteatchingwith a
database or label
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EasyClus Bio Indices

v2.02-TRP 11-2021

Process which Bio Indices ?

cluster without clusters after
matching database matching database
{sn2) (sn3)

Biodiversity Shannon-Wiener-Simpson

Biodiversity Rutten

|:| |:| mean Euclidean distances indicators.

median
Appearance plots & frequency

Cluster plots

Default settings
save latest settings

Copyright Themas Rutten Projects

3.4.2 RelLabel clusters

O Relabel clusters

Option to reproces$ound clusters to label or match them with another database.

Post-processing to new clusters

Select cluster results.txt files Recall earlier files
|:| path on database folder
SWS15 FLRedS auto uls phyto 600s 2021-03-17 12h02 designZ 55-4-3-0-JF8 databaze used
ELIZ_SW315_FLRed6_auto_uls_phyta_800s 2021-03-17 15h02_autolasso_0-10-70
ElZ_SWS15_FLRed6_auto_uls_phyto_600s 2021-03-17 14h02_autolasso_0-10-70 [ Use (other) database Import other database
ENZ_SWS15_FLRedS_auto_uls_phyto_600s 2021-03-17 13h02_autolasso_0-10-70
ENZ_SWS15_FLRedS_auto_uls_phyto_600s 2021-03-17 12h02_autolasso_0-10-70 10
980 : Fuse/merge clusters with mutual similarity (==1000)
100 : Perc.(%) of fitting FCM variables with database (50-100)
650 : Minimum similarity used (=1000)
[] use FIX criteria Seftings
[ use labels Settings
PROC1
A
< >

Cancel oK

3.4.3Compareclusterresults

O Compare clus.resulis

Clusteringesults or groupsre producedby severatlusteringmethods (in EasyCluahd the
degree of matchingvith each othercan be comparetiere.
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Found idnra-files:

fresh 2019-10-23 03h559_2020_09_03-145531_uselMG_LC3_idnrs.mat
fresh 2019-10-23 03h59_2020 09 _03-145931_uselMG_RUL_idnrs.mat
fresh 2019-10-23 03h50_2020_12_03-180302_u=selMG_DEZ_idnr=.mat
fresh 2019-10-23 03h59_2020_12_03-180302_u=elMG_RUL_idnr=.mat
fresh 20159-10-23 03h58_DEZ_idnrs.mat
fresh 20 == .
fresh 20 # Select ID-files - X
fresh 2019-10-23
fresh 20159-1 D—ZS]

fresh 2018-10-23 03h50 2020 09 03-145931 uselMG LC3 idnrs.mat
fresh 2019-10-23 03h38_2020_09_03-145531_uselMG_RUL_idnrs.mat
fresh 2019-10-23 03h538_2020_12_03-180302_uselMG_DEZ_idnrs. mat
fresh 2019-10-23 03h55_2020_12_03-180302_uselMG_RUL_idnrs.mat

Add m|:||

Add more fresh 2019-10-23 03h55_DEZ_idnr=.mat
frezh 2019-10-23 03h59_FI¥_idnrs.mat
. fresh 2019-10-23 03h58_LC3_idnrs.mat bl
Add nothing

| Choose first ID file to compare Cancel

3.4.4 Auto-databasing (.txt)

O Auto-databasing (.

Unsupervised clustering results or groups are produced by semeeabf the unsupervised
clustering methods in EasyCluis LIVE as well as here, there is the option to automatically add
unique found clusters in a database. This database is however a .txt database working with the
averaged values of clusters in FCM variables and thuittoindividual stored particles which

Ad R2yS Ay LKel2XYFrd RFGFolFaSo

Fusing: Merge clusters on basis of best similarity(< 1000}

Fusing: Nr of maximum clusters
1000

Database recognifion: Nr of columns/FCM parameters to use for similarity index
a7

Database recognifion: Similanity minimum (=500, <1000}
700

Database storage: Lowest limit of cluster events to store in the database

20

3.4.5Export total Clusters (save as .txt)

@ Export cluster results 1
The organizatioand exportof the clustered results
is performed hereAll chosen clustered results of
samples are processed into a table sorted by fograipsand date and stored as .mat and
Axt. Bxp..results®  dz& $lénanie id&s.mat files (fasteEC 2.14 and highete
W9 E LIX NB & dz filedam® metrand fileshibti i§ the\..resultdclusten folder.

@ Export cluster results 2
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Data Clusters Organizer Sum Total

Wersion and user

Ready: J 0 j

Import file(s) 3 selected
P ! Recalllast Select al

siclustenElJ2_SWS15_FLRed6_auto_uls_phyto 600s 2021-03-17 15h02_rules_100-2_supeni 35 ]
siclustenEl)2_SW3S15 FLRed6_auto_uls_phyto_600s 2021-03-17 14h02_rules_100-2_supenvi:
siclustenElJ2_SWS15 FLRed6 _auto_uls_phyto 600s 2021-03-17 13h02_rules_100-2_supenvi X
L
< >

t et auto merge select. files
use export ag . L Run Back
Merge & Save VAL*

3.4.6 Export BioVolum€lusters (save as .txt)

O Export BioVol clusters

The organization of thealculated biovolumes per cluster performed hereAll chosen
clustered results of samples are processed into a table sorted by found gtuopslumeand
date and stored as .mat and .txt.

Data Clusters Organizer BioVolume

“ersion and user

Ready :

~Jo+]
Select all

reports\CS2019-91 MW prot2 2021-04-20 12h03_design2_50—-1-3-0-72-650_unsupenised repg ]
Wreports\CS_2019_92_ prot_3 2021-05-18 09h09_designZ2_50-1-3-0-72-650_unsupe _|
reports\CS_2019_92_prot_3 2021-05-18 08h09_design?_50-1-3-0-72-650_unsupenised_repd
Areports\CS_2019_92_prot_3 2021-05-18 09h09_d nZ_35-1-3-0-72-650_unsupenised_repd X
reports\CS_2019 92 prot 3 2021-05-18 09h09_design2_55—-1-3-0-72-650_unsupenised_repg

Import file(s) i| 5 selected

auto merge select. fies
use export as et ~ H : Run Back
Merge & Save VAL®
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3.5 Specific groups [ Specific groups

The clustering ofinding of specific groupis done by this option

Specific groups

O Cyano
O PicoNanoMicroOth
O Suspended matter

O Single cells calc.

3.5.1 Cyano groups

After pressing the setting buttonAdjust the right ratio values for the assignment of the Cyano
group. The counts, all Totals (FWS, SWS, FL Red etc.) median and mean length are automatically
determined and saved in a separate file. One or more graphs will be drawn according to the

right figure (here absolute bars are chosen). Default figures of counts/ml, Total FWS/ml and FL
Red/ml are drawn. The file can also be saved as a. txt file.

|4\ Cyano ratie settings — *

Cyano Variables
Total FL Orange HS Plotas
> 03 AND <= 1 (®) bar abs.
Total FL Red HS ) barrel. %
() area abs.
0.0 | Cutoff y-axis (O arearel. %
() line abs.
) line rel. %

import FCW-file
c! Cancel Ok

Osee 2|08 LE
Cyanovl?gtprlloctlj(R >0.3 & <=1)

10* - Other %Cnls 71.3 2
+ Cyano %ents28.7 b};" N

Total FL Orange H

-
=]
ra

10! . : :
10! 102 108 104 105 |
Total FL Red HS
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3.5.2Picanano-micro-synechococcusrypto-cyano groups

This (new) methodetermines the international standardized groups of pi@mo-micro
plankton by size class and typical fluorescent properties (high orange=crypto) specific orange to
red ration (=cyano).

[4\| Pico-nano-micro-ete settings - O d

Pico-Nano-Micro-Syne-Crypto-etc.

Cluster by pico-nano-micro-crypto-cyano-other by 7

(®) DES2 + FIX () FIX Grid () Lass0 () RULES

zeftings

test

import FCM-file

groups & plot settings!

close figs pico-na... Cancel Ok

Choose which (clustering) method should be used to determine the specific groups :

Pico : < & micrometer
Nano : 4¢ 20 um
Micro : > 20 um

Crypto : Particles (FL Orange/FL Red) > x2 value

Cyano : Particles (FL Orange/FL Red) > x1 valupahiides (FL Orange/FL Red) <= x2 value

A. DESIGN 2 + FIX : The sample is unsupervised clustered and the clusters gvasitiess
are assigned to the specific groups. All individual particles within this cluster are assigned to
this matching group. This methods prevents that a cluster is split into two pieces due to one
of the criteria. Each unique criteria combination defines a specific group, which can be
flroStSR (2 2yS 2F (GKS AYyUSNYyFGA2y Il f 3INRdzLIA Y
and the naming of the groups is done by using FIX and LABELing checkboxes in the settings
menu.

B. FIX Grid : This clustering method uses direct criteria for each individual particle, to assign it
(directly) into one of the groups. Each unique criteria combination defines a specific group,
GKAOK OlFly 06S t1F0StSR (2 2yS 2F (GKS AYyGSNYIF GA
with the previous method is that previous method assigns a whole cluster, and this method
FaaAdya SIFEOK AYRAGARIzZ-f LI NLGAOE S LYy (GKAAa YS
split into two or more groups.

C. LASSO : The grouping is done on basis of previously defined (supervised) training sets

containing the information for the assignment of the different groups. This information is
Lidzi Ay I RIFEGFolFASOYFd 2NIJFa aStS80GA2yasaa of
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D. RULES : The grouping is done on basis of previously defined (supervised) training sets
containing the information for the assignment of the different groups. This information is

put in a database.mat.

A. DESIGN 2 + FIX:

" 4] Pico-nano-micro-ete settings

Pico-Nano-Micro-Syne-Crypto-etc.

Cluster by pico-nano-micro-crypto-cyano-other by ?

(®) DES2 + FIX () FIX Grid i) LassO
settings
import FCM-file
groups & plot settings!
cloze fige pico-na... Cancel

Settings up the cluster assigned critdniaclicking the use FIX criteria checkbox
ONXR G SNX |

AndtheassHYy Y Sy (i

4 menusettings_unsupervised

2¥ YCL-

() RULES

Ok

yIYsaQ

EasyClus DESIGN unsupervised clustering & database matching

Clustering settings
Grid-Resolution

4 |
[ neight linked to grid

Meighbouring distance
I
3

|:| always separate clusters if white space in between

55

’l more clusters

j less clusters

Optional clustering settings

[ fuse on 100 Fuse clusters 1000

ﬂ j more clusters

930
1 - Fix number of clusters - 1000

[ |

1000

Dfixnn

Database & Matching species settings
Database usedfile: Browse dbs
C\EasyClusLIVE\database\Markermeer_phytodatabaseDESPNM. bt

% FCM parameters that should match (100%=all}

New empty dbs

j _[ﬂ most critical

a9 72
%

500 - Similarity match index - 1000
[ |

[Juse weighing 700

| & use FIX criteria | Sett.

Nr of col.

ﬂ most critical

use labels | seif

52

Choose X-axis

Length WS

Length SWS HS
Length FL Yellow HS
Length FL Orange HS
Length FL Red HS
Length SWS LS
Length FL Yellow LS
Length FL Red LS
Total FWS

Total SWS HS

Scatterplots selection

Tntal Fl Wallnwae HS

Choose Y-axis

Length FWS

Length SWS HS
Length FL Yellow HS
Length FL Orange HS
Length FL Red HS
Length SWS LS
Length FL Yellow LS
Length FL Red LS
Total FWS

Total SWS HS

Total Fl Wallnue HE

[Edit Text
() Ratio
Import scatterplot combination
Used Scatter plot combinations :
Total SWS HS vs Total FL Red HS

Add below

Edit Text
() Ratio
Browse plots
DEFAULT plots

tterplot

M linear

ettings auto

prep

ing W



4] menu_settingsFlXcellclustering — O X

Settings for FIXed Cell Clustering

TOF g
+ |Length PWS Total FL Orange HS / Total FL Red HS 03,1
Length SWS HS Total FL Red HS / Total SWS HS 0.2
Length FL Yellow HS Maximum FL Red HS
Length FL Orange HS Maximum FWS

Length FL Red HS \

Length SWS LS

Length FL Yelow LS >
Length FL Red LS

' |Total FWS

- [Total SWS HS )

Total FL Yellow HS |
Total FL Orange HS |
. [Total FL Red HS
Total SWS LS

| [Total FL Yelow LS
Total FL Red LS |
Maximum FWS |
Maximum S¥W3 HS
Maximum FL Y'ellow HS

Maximum FL Orangs HS w w ¥ |
; import FCM file Delete Edit
Test
Import settings Save settings as Show clusters & def. labels | clusnrs explain
Theoret. nr of clusters: 72

Copyright Thomas Rutten Projects Save & Exit

¢KS Wf2y3a ONRXUGISNAIZY FKYSI WA 200025 @QK [y SR S 23 Al

|4 menu_selectspecies_from_dbsmat_label — O >

EasyClus EXTRA labeling species Database

Import labeled species Import FCM criteria Import database
nath FWS:=4 & Total FL Orange HS / Total FL Red HS:=0.3 & Total FL Red HS / Total SWS HS:=0.2 & Maximum FL Red HS:=100 & Maximum FWS:==10 —>

[ sort by name [ sort by name labels acc. match list 1 &2

Le ; o m ~ Length FWS:<4 & Total FL Orange HS / TIlneise. Y

Floculate-gilt Length FWS <4 & Total FL Orange HS/ T Floculate-gilt
Length on & T FEmE=odaLlEL B i Length FWS:<4 & Total FL Orange HS/Ti noise
Length FWS:<4 & Total FL Orange HS / Total FL R Redpico Orgpico-cyano Length FWS5:<4 & Total FL Orange HS /T Redpico
Length FWS:=4 & Total FL Orange HS / Total FL R noise Orgpico-crypto Length FWS:<4 & Total FL Orange HS / Ti noise
Length FWS:=4 & Total FL Orange HS / Total FL R Redpico Floculate Length FWS:=4 & Total FL Orange HS /T Redpico
Length FWS:<4 & Total FL Orange HS / Total FL R noise Rednano-aggregate Length FWS:<4 & Total FL Orange HS/ T noise
Length FWS:«4 & Total FL Orange HS / Total FL R Redpico Rednano Length FWS:<4 & Total FL Orange HS /T Redpico
Length FVWS:<4 & Total FL Orange HS / Total FL R noise: < ||Oranano-aggregate << Add selected |-EN9th FWS:<4 & Total FL Orange H3/ T | /noise
Length FWS:«4 & Total FL Orange HS / Total FL R Floculate-silt Orgnano-cyano Length FWS <4 & Total FL Orange HS/ T Floculate-gilt
Length FWS:=4 & Total FL Orange HS / Total FL R noise Orgnano-crypto Length FWS:<4 & Total FL Orange HS /T noise
Length FWS:«4 & Total FL Orange HS / Total FL R Orgpico-cyano Orgmicro-aggregate << Add all Length FWS:«4 & Total FL Orange HS/ T Orgpico-cyano
Length FWS:<4 & Total FL Orange HS / Total FL R noise Redmicro Length FWS:<4 & Total FL Orange HS/ Ti noise
Length FWS:=4 & Total FL Orange HS / Total FL R Orgpico-cyano Orgmicro-cyano Length FWS:=4 & Total FL Orange HS /T Orgpico-cyano
Length FWS:<4 & Total FL Orange HS / Total FL R noise Orgmicro-crypto Length FWS:<4 & Total FL Orange HS/ T noise
Length FWS:«4 & Total FL Orange HS / Total FL R Orgpico-cyano Auto label > Length FWS:<4 & Total FL Orange HS /T Orgpico-cyano
Length FWS:<4 & Total FL Orange HS / Total FL R noise Length FWS:=4 & Total FL Orange HS /T noise
Length FWS:«4 & Total FL Orange HS / Total FL R Floculate-gilt Length FWS:«4 & Total FL Orange HS /T Floculate-gilt
Length FWS:=4 & Total FL Orange HS / Total FL R noise Length FWS:=4 & Total FL Orange HS /T noise
Length FWS:«4 & Total FL Orange HS / Total FL R Orgpico-crypto Length FWS:=4 & Total FL Orange HS /T Orgpico-crypto
Length FWS:<4 & Total FL Orange HS / Total FL R noise Length FWS:<4 & Total FL Orange HS /T noise
Length FWS:=4 & Total FL Orange HS / Total FL R Orgpico-crypto v Length FWS:=4 & Total FL Orange HS /T Orgpico-crypto
Length FWS:<4 & Total FL Orange HS / Total FL R noise Length FWS:<4 & Total FL Orange HS /T noise
Length FWS:«4 & Total FL Orange HS / Total FL R Orgpico-crypto Edit Text Length FWS:<4 & Total FL Orange HS /T Orgpico-crypto
Length FWS:»=4 & <20 & Total FL Crange HS / To noise Length FWS:»=4 & <20 & Total FL Orange noise
Length FWS:==4 & =20 & Total FL Orange HS / To Floculate Add Label to list Length FWS:==4 & <20 & Total FL Orange Floculate
Length FWS:»=4 & =20 & Total FL Orange HS / To noise § Length FWS:»=4 & <20 & Total FL Orange noise
Length FVWS:==4 & <20 & Total FL Orange HS / To Rednano-aggregate Delete Label from list Length FWS:»=4 & <20 & Total FL Orange ., ||Rednano-aggregat .,
Length FWS:»=4 & =20 & Total FL Orange HS / To v | [noise CEEEE T 7T, < >
< > Rednano-aggregate ., Import labels

Delete species & label Save as Copy Paste
Cancel Ok & Exit
1 0

After that we need to define what to put into the graphs
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" [4 Pico-nano-micro-etc settings — d >

Pico-Nano-Micro-Syne-Crypto-etc.

Cluster by pico-nano-micro-crypto-cyano-other by ?
(®) DES2 + FIX () FIxX Grid () Lass0 i) RULES

| import FCM-file ‘

Gﬂu ps & plot mh@

| close figs pico-na... | Cancel Ok

We select (from the earlier defined labels) which labels are putinagradib3I & Wl £ f QX KS1
SEOSLIi Wy2AaSQud !'yR S RSTAYS (2 dza$S | 3N LK
of sample time. The file can also be saved as a. txt file.

4 menu_SPEC_settings — >
Species-groups to be drawn
' | LIVElocation |
< labels dbs

V

Species-groups names these are drawn —— Plotas

noise ... Fedrzuc_cu o (@) bar absolute
Qrgpico-cyano () bar relative %

Orgpico-crypto
Floculate
Rednano-aggregate
Rednano
Crgnano-aggregate
Orgnano-cyano
Orgnano-crypto

Orgmicro-agagre gate :5—'5&(“ files)
5 g Redmicro .
< . by time
Orgmicro-cyano < ® oy

Crgmicro-crypto O byfiles

() area absolute
(") area relative %
() line absolute

() line relative %

[« (]

| | Cancel Ok
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3.5.3 Suspended matter

Works the same as fractions but hesaly for suspended matter .cyz file(LINR G MQ Ay FAE S
2 NJ Wa dza DJwhich aregnly[SWS tBiggeresamples (so all particles are measured, not
only algae).

Mew fraction OR CHG plot

Mew fraction

Other plot type

You can change the fractions (and start new) settings itself or only change the graphs type
GKAOK NS YIFIRS® [ 2dz Oy OKIFIy3aS SOSNEBOIKAY3I GKA
R2SayQi OKFIy3aS lyedKAy3d>s Al Aa 2dzad dAaSR a v
software.

|4\ Select parameters menu — a X

Select Fractions Variables

Set NEW fraction Variables

TOF

Length FWS

Length SW3 HS
Length FL Yellow HS
Length FL Orange HS
Length FL Red HS
Length SW3 L3
Length FL Yellow LS
Length FLRed LS
Total FWa

Total SWS HS

Total FL Yellow HS
Total FL Grange HS
Total FL Red HS
Total SWS LS

Total FL Yellow LS
Total FL Red LS
Maximum FWS
Maximum SWs HS

import FCM file

default zettings

Variables Length based on :

> Length FWS

Selected variables

Total FW3
Total SWS HS

Size fractions :
3, 20, 50

Maximum Size:
5000

Browse & import earlier fraction file

Location id (optional)
LIVElocationspm

Used trigger (optional)
XXX

Plot as
(® bar abs.
() barrel. %
(") area abs.
(yarearel. %
() line abs.
() line rel. %

Ok means that
you will start a
MEW empty
fraction series.

Cancel Ok

Counts/ml , Total FWS/ml and Total SWS/rﬁI 'are default variables which _élre stored.

3.5.4 Single species

Thismoduleigizda SR Ay O2Y0oAYylFGA2Y 6AGK

RIFGFolasS 2NJ

extractsdesired species data, which are or will be clustered by EasyClus, and produces
COUNTS/ml or FLUORESCENCE/mI of more data separate files and draws graphs of it.
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It is also possible to calculate (estimate) single cells counts from colonies or chains by using the
definition of the ratio: (species total VAR1) / (single cell VAR1)

It also gives a mean, median or maximum value of species variables such as counts, in case
more than one method is used in EasyClus.

Example:
Anabaena are found as single cells or chains of 2, 3, 50 or more cells

Two supervised methods are used to cluster and find Anabaena patrticles by using a database :
- LASSO clustering
- RULES clustering
Two variables are used to estimate the single cells counts:
- Total FL Red
- Total FL Orange
Single cell counts are averaged (mean) over used methods and variables : Black line

Anabaena Single Particles/ml

4500
Last value=1696/ml
4000 - 04-Sep-2018 15:07:22
3500 | LASSO Single Particles Total FL Red HS/ml
\ LASSO Single Particles Total FL Orange HS/ml
3000 - RULES Single Particles Total FL Red HS/ml
RULES Single Particles Total FL Orange HS/ml
3 —t— mean of all graphs in plot

2500 N EEEEEEEEEN Standard deviation of mean

2000

1500

1000

500 1 1 1 1 1 ]

o o o o o o o
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Figure 1 : Example of single cell species counts based on to classifying methods
(LASSO, RULES) and based on two variables (FL Red, FL Orange).
Black line is average single cell Anabaena cell counts/ml
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Approaches
There are several approaches to start the gathering and drawing of species data

1. Clustering the FCM data lnging a database, followed by the collection of data of
species of interest and drawing graphs of chosen variables

2. Collecting data of earlier clustering, because clustering has already taken place before,
followed by the collection of data of species of interest and drawing graphs of chosen
variables

3. Collecting earlier made species specific files (made by this module) followed by the
drawing of graphs of chosen variables

4. Changing existing settings or adding new speciessattihgs for the LIVE operation

|4 menu_specifycluster - O X
DE e - D PITOCEe
2 3 4
I'wantto — —
() after cluster & Add & Draw () Draw only () settings only
Import fom .cyz mar— ==Tmport earlier settings
Settings for species Anabaena Selected species
Use cluster methods Edit Text m
Microcystis
() Cluster GO T Add >
(O Cluster DESIGN T T
(®) Cluster LASSO T F—
(®) Cluster RULES T
O Cluster FXgrid T last X using: o
() Cluster HYBRID T () Mean
show figs ] (®) Median
preproc enfoff (][5 databs Possible variables for plotting
Total FL Red HS A
Alzo Single Cells Conc. last 7 - Total FL Orange HS Import pars
Single Cells calculated on basis of: Total FL vellow HS
Total FL Red HS S Use Total SWS HS
Total FL Orange HS Total FWS
Remove Total FL Red LS
" Taotal FL Orange LS
Total FL Yelow LS Clear all species datafiles
Make concentration plots of (par/ml): Total SWS LS
1012 2L Rec s
article:
Total FL Red HS Use for plot Total 2 FL Red LS
Total FWS Remove plot o
[] Edit plot Cancel Ok
W
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Clustering & Add & Draw

4] menu_specifycluster

Specify species to process

(® Cluster & Add & Draw

I'wantto
O After cluster & Add & Draw

O Draw onhy

O Settings only

() Cluster GO

() Cluster DESIGN
(®) Cluster LASSO
(@) Cluster RULES
() Cluster Flgrid
() Cluster HYBRID

show figs D
preproc onfoff D S

T
T

< Import focm .cyz .mat >

Settings for species put species here
Use cluster methods

databs I

Alzo Single Cells Conc.

Total FL Red HS
Total FL Orange HS

Single Cells calculated on basis of:

-

W

Particles
Total FL Red HS
Total FWS

Make concentration plots of (pariml):

~

Edit Text

last X uzing

O Mean

Default

(®) Median

last 7

Use

Remowve

Usze for plot

Remowve plot

[] Edit plot

Selected species

put Epecies here

Poszible variables for plotting

Total FL Red HS
Total FL Orange HS
Total FL Yellow HS
Total SWS HS
Total FWS

Total FL Red LS
Total FL Orange LS
Total FL Yellow LS
Total SWS LS
Total 2 FL Red HS
Total 2 FL Red LS

Import earlier settings.

Import pars

Clear all species datafiles

Cancel Ok

1.1

1.2 —p

Choose (raw) fcm data files (.cyz or .mat)
Select method(s) you want to use for clustering species and used for species

identification in your sample. More than one method is allowed.

1.3 O
1.4
and

Optional: Test each chosen clustering method
Select a database to be used (and find out which species are in the database)

select clustering methods to use this database

Import fom .cyz .mat

Settings for species put species hefe

() Cluster GO

() Cluster DESIGN
(®) Cluster LASSO
(® Cluster RULES
O Cluster FlXgrid
() Cluster HYBRID

show figs D
preproc onfoff |:| s

T
T
T
T
T
T

Use cluster methods

58 OO®®00

Edit Text

Add =

Remove <

last X u=ing:

() Mean
(®) Median

Default
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Selected species

put species here

Possible variables for plotting

ort earlier settings

<= Add

Found species

ovaal diatom 1Y
Anabasna gingle

Anabaena

Microcystis

Microcystis2

Microcystis3

cylinder diatom

Microcystis single




Import fom .cyz .mat Import earlier settings

Settings for species put species here selected species Found _‘ pecles
Use cluster methods Edit Text L=l A ivaaldlatnm_ A
Anabaena
() Cluster GO T Add = g N e
() Cluster DESIGN T Remove < Microcystis2?
(®) Cluster LASS0 T Wicrocystis3
Defautt cylinder diatom
(®) Cluster RULES T Microcystis single
() Cluster FiXgrid T last X using: v
() Cluster HYBRID T () Mean
show figs [] (® Median v
preproc onioff D 3 databs Foszible variables for plotting
1
1.5 CO Select species to be further extracted from cluster results and to be drawn.
Here Anabaena.
16 O 'RR 02 U0UKS W{SftSOUSR alLISOASaAaQ 02E
1.7 WSLISFU FT2NJ 20KSNJ aLISOASa O0KSNBE aAONROE
required
Settings for speci Selected species Found .sp-ecles
Use cluster metods —— FLELLELL & A D ey A
Microcystia I nabaena single
O Cluster GO T = Add [T S
Microcystis
() Cluster DESIGN / Merocysts
(® Cluster LASSO Wicrocystis3
cylinder diatom
® Cluster RULES T Microcystis single
() Cluster Fi<grid T v v
() Cluster HYBRID T
show figs D
preproc onfoff D 5 abs Possible variables for plotting
] 7 4 Total FL Red HS ~
Alzo Single Cells Conc. Total FL Orange HS Import pars
Single Cells calculated on basis of: / Total FL Yellow HS
Total FL Red HS - . Total SWS HS
Total FL Orange HS Total FWS
Remove Total FL Red LS
W Total FL Orange LS
Total FL ellow LS Clear all species datafiles
Make concentration plots of (pariml); Total SWS LS
Parficles - Total 2 FL Red HS
[ CIE:
Total FL Red HS Use for |J|'Dt Total 2 FL Red LS
Total FWS Hemave piot w
[] Edit plot Cancel ok
W

1.8 — Each species has its own settings (clustering method to be used, use calculation
to
single cells and on basis of what variable(s) (here Total FL Red HS & Total FL
Orange
HS) or not, plots which should be drawn
1.99 Ly OFasS wrftaz {Ay3aftsS /SttaQ_Aa
wheth L
GKS YSIyYy 2NJ YSRAlLY @FfdzS 2F TKS™ FZdzyR
ary3atsa
should be defined in the database.
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1.10 ¢KS 2LIA2y wirad t7Q YSIya

be
dza SR

used

g2

z

GKFG GKS f

a

OF £ Odzt  6S GKS | @SNF3IS @I tdsS 27
changed to other values (last 1,2,3..,48) or a fixed value. This single cell value is

for the calculation to single cell counts from aggregates and are based on the

total

sum of all found particles of the specific species, divided by the average of one

single

cell of the same species.

Microcystis example

Settings for specie
Use cluster methods

() Cluster GO
() Cluster DESIGN

(® Cluster RULES
O Cluster Flxgrid
() Cluster HYBRID

T
T
@) Cluster LASSO %
T
T
T

show figs D
preproc onfoff |:| s da

Also Single Cells Conc. r'e
Single Cells calculated on basis of:

Total FL Red HS ~
Total FWS

W

Make concentration plots of (pariml

Particles ~
Total FL Red HS

)

L
Plot settings
() Cluster Fixgrid T
() Cluster HYBRID T
show figs D
databs

preproc on/off I:| 5

Also Single Cells Conc.

Single Cells calculated on basis of:

Total FL Red HS
Total FL Orange HS

~

W

Make concentration plots of (pariml):

Particles
Total FL Red HS
Total FWS

~

Use for plot

Remove plot

[] Edit plot

last X using:

O Mean

(®) Median
last 7 w
Uze

Remove

Use for plot

Remove plot

Selected species

Anabaena
wicrocystis

Possible variables for plotting

= Add

Total FL Red HS
Total FL Orange HS
Total FL Yellow HS
Total SWS HS
Total FWS

Total FL Red LS
Total FL Orange LS
Total FL Yellow LS
Total SWS LS
Total 2 FL Red HS
Total 2 FL Red LS

plot settings

Line width 1 i
Symbol size 1 ~

Legend size |7 N

mean or median or max:

Line width |2 g
Symbol zize 1 ~

Colour Black A4

All data in plot merged using:

Found species

cvaal diatom ~
Anabaena single
Anabaena

Microcystis

Microcystis2

Microcystis3

cylinder diatom

Microcystis single

Import pars

Clear all species datafiles

Cancel Ok

Import pars

Clear all epecies datafiles

Cancel

1.11 o The plots which will be drawn for each species can be edited. The green menu

will
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appear when the Edit checkbox is on

1.120 Ly OFas Y2NB Of dAGSNAY3 YSGK2RA +F NB dzas
values are averaged (mean or median) or the maximum value is taken, for the

result value.
1.13 O Press Ok to start the procedure

After cluster & Add & Draw

Specify species to process

— | want to
O Cluster & Add & Draw @ After cluster & Add & Draw Cl Draw only O Settings onby

Import after clustering txt Import earlier settings

This option is meant for further data processing of species information on basis of datafiles
(filename_clusmethod.txt files from foldekelusteh ) from EasyClus AFTER earlier clustering
with a database. Clusters are assigned to species.

21 T The selection of files (.txt) in the menu, which appears, can be done

4 menu_specifycluster — d x

Specify species to process

| want to
() Cluster & Add & Draw (@) After cluster & Add & Draw () Draw only () settings only
Import after clustering .txt Import earlier settings
Edit Text &
Add =
Remove =
Default
last X using: "
O Mean
(®) Median
Possible variables for plotting
Total FL Red HS ~
Alzso Single Cells Conc. last 7 > Total FL Orange HS Import pars
Single Cells calculated on basis of: Total FL vellow HS
Total FL Red HS ”~ Use Total SWS HS
Total FL Orange HS Total FWS
Remove Total FL Red LS
" Taotal FL Orange LS
Total FL Yellow LS Clear all species datafiles
Make concentration plots of (par/ml): Total SWS LS
Parficles - Total 2 FL Red HS
f: I
- Total 2 FL Red LS
Total FL Red HS Use for plot o
Total FWS Remove plot o
|:| Edit plot Cancel Ok
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2.2 Cluster methods cannot be selected, because it is determined by the clustering
results file you have chosen under 2.1

23 Species names (in results files) to be further processed are not given yet
24D Write species name exactly similar as in the results files
258D l RR aLlSOASa yIrYS o02yS o0& 2ySuv G2 (GKS

2.6 Further process is exactly similar as 1.8 to 1.13

Drawonly

Specify species to process

lwant to

O Cluster & Add & Draw O After cluster & Add & Draw @ Dra O Settings only

Import species data file Import earlier settings

This drawing option is meant for specita figures plotting AFTER earlier using this module
and thus having (saved) species files. These files are stored in the\ddafiled and look like
WOt dza G SNWWa9¢!l pallSOASayl YSoYl (Q

A

cluster_LASS0_Anabaena MATLAE Data
1 cluster_LASSO0_Microcystis MATLAE Data
1 cluster RULES_Anabaena MATLAB Data
1 cluster_RULES_Microcystis MATLAE Data

21 O The selection of files (cluster_METH_speciesname.mat) can be done here

4 menu_specifycluster — d x

Specify species to process

| want to
USTEr raw &l ClIUSIer raw raw on ETNgs on
() Cluster & Add & D () after cluster & Add & Dy @D Iy () Setti Iy
Import species data file Import earlier settings
Auto filled with species
names der importing =
species data files LETEREE
Remove =
last X using: "
O Mean
(®) Median
Possible variables for plotting
Alzso Single Cells Conc. last 7 > Import pars
TOF
Single Cells calculated on basis of: Length FWS
Total FL Red HS ~ Use Length SWS HS
Total FL Orange HS Length SWS LS
Remove Length FL Orange HS
" Length FL Red HS
Length FL ellow HS Clear all species datafiles
Make concentration plots of (pariml): Length FL ellow LS
r— " Length FL Red LS -
Total FL Red HS Use for piot IE}(:: ?,:.::2 ue
Total FWS Remove plot Total SWS LS hd
[ Edit plot Cancel Ok
L3
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Further process is exactly similar as 1.8 to 1.13
4 | Settings only

Specify species to process

|'want to
O Cluster & Add & Draw CI After cluster & Add & Draw D Draw only @ Settings onhy

< Import earlier settings >

This settings option is meant for the LIVE mode to specify which specielgiaés should be

made AFTER earlier clustering in LIVE. The latest settings file is always automatically stored and
opened when opening this menu. Older settings can be found in the folder

Wo | & & /\defimiltd (L +9y R fsettthdsaIVENANIESustdtspecifio Y 6§ Qd o6[ L+9b! a
your location name)

41 €  Select earlier settings

4 menu_specifycluster — d x

Specify species to process

| want to
O Cluster & Add & Draw O After cluster & Add & Draw O Draw onhy @ Settings only

Import earlier settings

Settings for species Anabaena

Use cluster methods
() Cluster GO T
() Cluster DESIGN T
el | (@) Cluster LASS0 T F—
- | (@) Cluster RULES T
O Cluster FI¥grid T last X using: -
(O) Cluster HYBRID T (O Mean
show figs ] | (®) Wedian
preproc on/off D S databs | Poszible variables for plotting
Alzso Single Cells Conc. last 7 > TOF Import pars
Single Cells calculated on basis of: Length FWS
: Length SWS HS
58
Total FL Orange HS te"m; ?t'“g LS "
— engt range
W Length FL Red HS
Length FL Yellow HS Clear all species datafiles
Make concentration plots of (pariml): Length FL Yellow LS
Length FL Red LS
Use for plot Iﬂiﬂ: :\Té .
o1al
Total FWWS Hemove piot Total SWS LS v
[ Edit plot Cancel ok
L3

4.2 =——> Select the cluster method(s) for the recognition Qf species as mentioned in the
W{St SOGSR aLISOASE QO02E® Ly G(KS YARRfSO®
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Be aware that in the LIVE mode, the results of the clustering method(s) are

dza SRZ ¢gKAOK I NB FOGAGlIISR Ay GKS [L+9

method is not activated in the LIVE mode, nothing will happen here.

43 Species names (in results files) to be further processed are not given yet
44D Write species name exactly similar as in the results files
45D |l RR aLlSoasSa yrLyYS o02yS o6& 2ySuv G2 GKS
4.6 Further process is exactly similar as 1.8 to 1.13
Anabaena Single Particles/ml Anabaena Particles/ml
4500 2000
Last value=1543/ml Last value=1180/ml .
4000 | 04-Sep-2018 15:07:22 04-Sep-2018 15:07:22| .~
3500 ' p
1500
3000
2500
20007 1000 |
1500
1000
<2 = = = = = o < = = = = o o
=] = = = = = = = = = = = = =
=] = = = = = = = = = = =] =] =]
g — LASS0 Single Partclea Total FL Red HS/mi g g 2 g z g z g
=] —— LASS0 Single Pancles Total FL Orangs HS/m! = = — (=] ol = — (=]
= RULES Single Paricles Total FL Red HS/m 0 2 e ———— LASS0 Partides/m @ @
ch RULES Single Paricles Total FL Orange HSim o o o RULES Partides'm s s
3 —— mean of all graphs n piot =] =] =] e— mean of all grapha in plot =] (=]
o B s Standard devaton of mean =) =] = IS Standard deviaton of mean b3 9
=107 Anabaena Total FL Red HS/ml =107 Anabaena Total FWS/ml
a5y .
Last value=13357011/ml A Last value=122467 37 /ml
at . 04-Sep-2018 15:07:22 ar N 04-Sep-2018 15:07:22
25
3r \
5t
151 27
1t
1
0.5
0 . . . . ' 0 . . .
=] [ ] =] =] =] [ o [ [ ] =] =] =]
= 2 = = = = 2 2 2 2 = = 2 2
=] = = =] =] =] = o = = = =] =] =]
=] = = =] =] =] 2 = = = =] =] =] =]
3 8 3 e 3 4 3 3 8 3 = 3 4 3
gg EE LASSO Totsl FL Red HS/mi gg Eg E EE ——— LASS0 Total FWSm gg gg
& s RULES Total FL Red HS/mi & =y =y s RULES Total FWSim| & &
2 9 s 2305 of 3 grapha i plot 2 =] 2 9 et (115200 of & Qra NS W plot 2 =
g g """""" Standard deviaton of mean g g g g """""" Standard dewaton of mean g g

Example ofesults
Tip :

The using of a database (Phyto_XXX.mat ) can be time consuming if they are large and used in
LASSO and/or RULES and/or HYBRID clustering, because there are several calculations in the

Wi

Mean value line

oF O]l ANRBdzyR FT2NJ OFfOdzAf FiAy3a f1aa2Q4 YR &ALISOATF]
LT GKAa GF1S8Sa G22 t2y3ds AdG Aa FlLaagSNI G2 2y 0S8
Of dzaGSNJ aSGidAy3aa o[!{{h0 o6& daAAy3d (4KS ¢o06Sado

database field in the RULES cluster method after the first test with the databasename in this
field. Everytime the RULES method is used with a databasename in the database field, all latest

Nbzt S& GKIFG FNB dzaASR F2NJ GKS ALISOASAa NBO23AyAlA

the same field after running it one time will give the same clustering results, but with

WEFGSAadYL NEASHOYH Qs yS6 NHzZ Sa sAftf y2d 08

has changed, new rules should be calculated again.
-
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3.6 Settings (EasyClus software)

B Settings EC

There are several settings EasyClus software, which can be changed and found: here

% Setlings EC

@ Ignore data hdr

@ Image cropping

@ Preprocessing data
@ Instrument check
@ FIX grids

® Euclidean distances
@ VWeighing variables
@ Black screen solut.
@ Length % Max

3.6.1Ignore data headers

I

‘ O Ignore data hdr

There are many pulse shape derived variabl@®matically calculated by the CytoSense
software, but not all variableare usefliand some cadisturb good clustering because they do
not offer real meaningfubliscriminating power to data. One example is fime of Arrival, the
GAYS (GKFd GKS LI NIAOES Aa YSpgiveddyBBrmatiazed y 3
the particle itself. Therefore, EasyClus uses some charactehigtisfault and ignores other.
This option adds the possibility to add or leave own chosen variables.

(] Show saved

z

0 KS

Detectors Attributes FCM variables NOT
~
SWS HS Time of Arrival
FL ¥ellow HS Maximum Time of Arrival FL Yellow HS
FL Orange HS Average = R T
FL Red HS Inertia Sort
Curvature Center of gravity W}z = en -
;ﬂ;;ﬂw FCM variables NOT
Number of cells - Time of Arrival FWS
Sample Length Length FWS Time of Arrival SWS HS
Time of Arrival Length SWS HS Time of Arrival FL Yellow HS
First Length FL Y ellow HS Time of Arrival FL Orange HS
Last Length FL Orange HS Time of Arrival FL Red HS
WMinimum Length FL Red HS Time of Arrival SWS 24
- N
SWS covanance Total FWVS Time of Arr!'.ral SWS 2B
Total SWS HS Time of Arrival SocketOnly
Total FL Yelow HS Time of Arrival GrabberCnhy
Total FL Orange HS Time of Arrival Curvature
Total FL Red HS < First FWS
Maximum FWS First SWS HS
Maximum SWS HS First FL Yellow HS
i s Maximum FL ¥elow HS First FL Orange HS
Waximum FL Orange HS First FL Red HS
WMaximum FL Red HS First SWS 24
Average PWS First SWS 2B
Average SWS HS First SocketOnhy
Average FL Yelow HS First GrabberOnly
Average FL Orange HS First Curvature v
Average FL Red HS v < >

‘ Cancel ‘ | Ok




3.6.2 Image cropping

O Image cropping

EasyClus uses the CytoSense software algorithm eimegesby default, because this is a fast
and effective method to crop=cutout of the object of interest from the whole imagipm

the wholeimage In case there are two images inside the whole image, this algorithm chooses
the biggesiparticle.

It is also possible to use the EasyClus cropfoingyzimages as well as other images format
such as.jpg. This choice and its settings can be chosen here.

Settings Images Handling

(C) Use EasyClus image cropping  (® Use CytoSense image cropping () Use CytoSense whole image

Settings Im

seftings cropping
25 | marge around in px show crop settings

0.1 | marge x size

(® Use EasyClus image cropping () Use CytoSens: | & | threshold

|:| show scalebar

|:| show IDnr
1 | crop var 4
) ) Use bright field correction
settings cropping
. Use extended object detection
50 | marge around in px
back to default

1.5 | =ensitivity Cancel oK
3 | part.criterium Copyright Thomas Rutten Projects

200 | px outside focus=coinc

back to defaul

Copyright Th

3.6.3 Preprocessing data

O Preprocessing data

Preprocessing data meansathraw flow cytometric data can be preprocessed to improve the

guality of the data. An example is the use of profiling, whedonstructs the flattened signals

of particles whickare bigger than the dynam|c _upper range of the detector(s) These flattened
signalswill lead tounderestimatd)R @ f dzSa Ay (GKS We¢2GlFfQ @I f dzSa

Settings for preprocessing data

[] show Settings

Model flattened peaks HS Settings

Mllea anhe HS
I
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Settings for Maximum Heights

Defined maximum values Maximum found

for maximum height: values in FCM-data
Use FCM data DynamietRoming on file:

Fs ~ N - | (ETN | R
SWS HS SWS LS 7000 7000
FL Yellow HS FL Yelow LS 8000 8000

FL Orange HS 3000 3000
FL RgﬁgD FL (ed LS 3000 < | (2000

W W W W
inred =LS notavailable

Edit max. height

in green = LS available
Auto maxPMT on

Cancel

Copyright Thomag Rutten Projectz

For nstrumentshaving a combination of lo@.S)yas well as high sensitivifiHS) detectors, it is
recommended to usand definethis combination

For nstrumentshaving only high sensitivity (HS) detectors, it is recommended téheseption
WRea Yyl YA O LINE T ArotAflsitBned®sigials witkin thekdetetzdparticle to
reconstruct the flattened signal. For example flegtened Orange is reconstructed by the not
saturated Yellow signal.

Use only HS

Only HS means that the-d&ta is ignored in used derived attribute daliis for example only
used for the reconstructing of the flattened HS signd@tsis option is added to avoid to have
redundant data in your final data.

Use calibration by beads

It is possible to recalculate each variableusing a referencggiven)average value of beads

For this it is required to have a calibration beads filechtis updated regularly by measured
beads of your system.g. each day. If the instrument is shifting to consequent higher or lower
values due to foulingemperatureor other reasonsall data can beorrectedby using these
latest beads values against the beads reference values.

Use formulas to calculate to new vars

New data can be added to the existing data (sgtributes)automaticallyby defining formulas
on basis of attributes data. E.g. the calculatingldbrophyl out of FL Red by an own found
validated relationship ofFL Red and chlorophyll.

] Use remove noise - filter data
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Option to remove specific dafar example big air bubble data.

3.6.4 Instrument check

@ Instrument check

The instrumenperformancechecksettings have default critical valuset by Thomas Rutten
projects. These values can be changed by the openatibre following menu.

EasyClus Instrument Check Settings

Analysis Wolume in microliters

smaller than NOT OK : 20 = 0K 100 RATIO PWS IR (theureti_calry =1): 1
Alignment 1
Number of Total Measured Particles R %, events around mean ratio FWSLR
smaller than NOT OK : 1000 2L 5000 + this value (10%;0.1}: 01
. X . Rel Events within Mean % %-band 70%=0.7)
Particle Rate lower than OK : 5000 =NOTOK: 8000 and lower that is NOT OK 0.3 ( >0KI: 07
(30%=0.3) :
Highest PMT Temperature in Celcius % Flat =ignals and lower that is OK : (10%=0.1)
thatis OK: | 2% =NOTOK:| 40 f1%=0.01) | °%"  |.noToK: o1
Highest Sheath Fluid Temperature in
Celcius that is 0K - 25 > NOT 0K - 40 External Battery Volt and lower iz
NOT QK : 13 = 0K 16

Highest Laser Temperature in -
Celcius that is OK : 25 =NOTOK: 40

Lazer1 Current m& and lower is 0K : 1200 = NOT OK 1800
Highest System Temperature in

Celcius thatis OK: | 2° EUZIORS 40
Lazer2 Current ma and lower is OK 1200 = NOT OK 1800
: Pressure difference towards inlet 300 = NOT 0K - 500
mBar between 0 - Value OK :
: Absolute System Pressure mBar 300 = NOT 0K 500

between 0 - Value OK :

Default values
Cancel Ok

az2zaild 2F GKS aSiiAy3da . medignyedtiseyp@ite® (2 0SS SELIX I )
RATIO FWS L/Ran be used as an alignment check. Optical forward scatter is detected by two
separate detectors and it is expected that the values in the left and right detector are about

similar (= ratio=1.)If not, it means that the core mighbot be perfectly centered towards the L

and R detector. This is immediy seen ircase an air bubble is within the injector.

Events around means ratio FWS L/R : The core transport particles and their position in the core
is gaussian distributed with the top in the middle of the core. Most of the partariesn the

middle of the coresome particles at the edgeSo we expect thadround the mean FWSLR

ratio value- 10 % and mean + 1Q%e will finda relative high part othe particles This
bandwidth-10 and +10 is given as 0.1 (15%=0.15).

Relative events within Meah%band The number of found eventsithin this band is expected
to be high. Lower than 30% (0i8)expected not to be ofbecause we expect more particles
here), within 30-70%,might be ok buthere should be awareness if it is really oRD% (0.7) is
ok. We expect most of the particles around the mean value.
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3.6.5 FIXzones

O FIX grids

This settings is usually set under the cluster FIX grid methddcan be changed here too, but
it is recommended to change this in the cluster method option.

3.6.6 Euclideardistances

O Euclidean distances

The bioindices optiomhave the opportunity to calculatehole group or cluster relatederived
characteristicsuch as biodiversity indices. One of these toolsielidean distances

between groups or clustergor using the Euclidean distances between groups it is neceesary
define the lowest and highest value for eadriable. These values are set here.

3.6.7 Weighing variables

O Weighing variables

The weighing of variablés only used in the unsupervised clustgy methods and can give
more weight to specific variables. In the example below the highest weight is assigned to all
Totalvariables.

EasyClus Weighing Database

-TRP 11

Set weighing on/off - Set weighing numbers

These are the used weighing parameters:

[ use weighing TOF 11 ~

Length FWS 41 Assign weighing nr
Length SWS HS5 V1
Length FL Yellow H5\ 1 D
Length FL Orange HS\ 1

Length FL Red HS V1 0

Total FWS v 4
Use data variables Total SWE HS 1 4
Total FL Yellow HS\ 4 Allrezet to 1
Total FL Orange HS \ 4
Total FL Red HS 1 4
Maximum FW3 4 1
Maximum SW5 H3\ 1
Maximum FL “ellow HS %1 Import weighing file
Maximum FL Orange HS\ 1
Maximum FL Red HS \ 1
Awverage FWS\ 1

PR AT ]

Copyright Themas Rutten Projects

Save as
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3.6.8 Black screen problem and solution

Black screen problem &
graphic driver

M Settings EC

N
d

Show status

Setto Software

@ lgnore data hdr

@ Image cropping

l

® Prepro L ETE
f

i
\

® Instrument check Set & Save to Software

@ FIX grids

Setto Hardware
@ Euclidean distances
@ Weighing variables Set & Save lo Hardware
i_ Blac een solut.

@ Length % Max

Black screens sometimes occur in MatdsyClus softwarghen a lot of figures are open
together, for example when showing a lot of images (mosaicghen making a report after
clustering. The problem occur according to Matlab duthgraphical driver of your

hardware. The default setting is to use your computer hardware drivers (use the Status button
to show that). The usual fix for this (if it happens often), is to set your Matlab system to

W{ 2 F by $et&SaAve to Software.

3.6.9 Extra length calculation

The usual particle lengtis represented by the Length FWS variable, which is the length of the
signal at 50% of the maximum heighteféis an extra FWS Length available at another
(adjustable)maximum height, for example at 20%, which can be set here.

|4 menu_length...  — L A

Set Length at % Max Height

Length at % of Max Height
@ Black screen solut. (1,5,10,15, .. 90)

O Length % Max

@ FIX grids

@ Euclidean distances

@ Weighing variables

20
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3.7 My Database ] MV Database

Many tools are available tedit or use he (image) databaselMPORT database first before
doingactions

% My Database

® Make idnrs.mat dbs ® Make dbs by img

@ Database editor @ Mosaic dbs tool ® Make dbs & CytoClusd
@ Update database ® Add images to dbs ® Mismatch img vs signal

® Make new database @ Extract images cyz ® llodel editor

@ Make folders dbs ® Make lasso's
® Copy/rename dbs ® BioVolume tool

@ Merge databases @ Menu database

3.7.1 Database Editor

QO Database Editor

To edit your databasé’ou can changeenamenamesin the database. You can remove species
from the databaseYou can have an overview of species in the databgdke images as well
as the signals by choosing the mosaic images tool

3.7.2 Update Database

® Update database

The chosen database is scanmedmissing species, removed species, shifted species (one to
another)or added species. After the scan you can choosgtiate and save the refreshed
database. Species can be added by adding images spéuges foldemames Added species

by the image needignals and attributes data from the original file too, which should be in the
\datafiles folder.

3.7.3Make new database

® Make new database
A new empty database.mat is made.

3.7.4 Make folders database

® Make folders dbs

Folders in the database image foldee made. These folders have folder names ddfzdicies
names in the databasand can be helpful to add new species to the database.
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3.7.5 Copy database

@ Copy database

A copy including the images is made of the imported datab@kes can be useful case big
changes to the database will be made and to ensure that there is a copy of the original
database.

3.7.6 Merge databases

@ Merge databases

Tool to mergegwo or more databasgwith each otherinto one bigger databas®nly
recommendedo do this for one instrument used at the same settibgprevent that settings
and configuration wilinix up species data due to other reasons tispecies types.

Select & Merge phyto...mat

Select phyto-file.mat [] path on

phytodatabaseldP_23-Apr-2021_15u41.mat
phytodatabaseldP 23-Apr-2021_11u31.mat

ING found = 1200 ~

Remove

Save to
CAEasvclusviZZresulis\databases\phytodatabaselaP 23-Apr-2021_N E'l.l'ndmat

Nr of events : 1200
Cancel OK merge

3.7.7 Makeidnrs.mat database

® Make idnrs.mat dbs

The making adatabase(cluster)idnrs.mat filecan be very useful to estimate tlegree of right
classification of one of the cluster tools. T¢gecies in the database are the ideal and thus

reference clustersThe produced file herean be used to compare the cluster efficiernéyany

cluster method by the cluster comparison tapl¥/ 2 Y LI NBE Of dza 4§ SNJ NBadzZ GaQ
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3.7.8 Mosaic database tool

O Mosaic dbs tool

Tool to import and cluster a database with data by EasyClus clustering tools and ostion
visualize the data in scatter plots asdow the clustered images and their particle signals.

EasyClus Cluster & Sort Images

3. Results Update after IMG rename @ an2 O
76 sn3
1. Import file 2. Cluster asto U (click below) 4.Makedbs | [] .
L auto Upd Edt database [ sort

7 ;
[ Use preprocassing | [] show names [CLnr | Counts | Length FWS | Max Red | Max-Orange | nr imgs.

Number of clusters = 40

| Update | | Show default Sc.plots |
O |TOF v| |TOF v|O
| Save my defaut phts | | close Scatterplots |

only img
[nen]
D 1 fig p.cluster

748 images selected all*cl. in 1 fig Close Images
use max

3.7.9 Add images to database

® Add images to dbs Add images from one database to another

Add Images file/oth.dbs to phytodatabase.mat

o

‘ Select phytodatabase. mat |

Save to

|C:\Easyclusv1 Z2resulis\databases\phytodatabaselsP_18-Nov-2020_15uSE mat |

‘ Select img-files.jpg | [] path on

Listhox

Nr of events : 0 Cancel OK add
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3.7.10Extract images from .cyz

O Extract images cyz

Immediately extractusually croppedimages from theselected cyile(s) in the above listbox
to a separate foldeimages are stored in de folder /imagestive folder where the cyile

exist.
. #‘
IERE B RIEE l‘ == | k] | [0 S l W
|
C5_ 201992 _prot_ C5_2019_92_prot_ C5_2019_92_prot_ C5_2019 92 _prot_ C5 2019 92 _prot_
3 2021-04-09 3 2021-04-09 3 2021-04-09 3 2021-04-09 3 2021-04-09
10h532_i80.jpg 10h32_i81.jpg 10h32_i82,jpg 10h32_i83.jpg 10h32_i85.jpg

S #] ey o]

C5.2019.92_prot_  C5.2019.92 prot.  C5.2019.92 prot_ (5201992 prot_  C5.2019.92_prot_
32021-04-02 32021-04-09 32021-04-09 32021-04-09 3 2021-04-02
10h52_i28.jpg 10h52_i8%.jpg 10h52_i90,jpg 10h52_i91,jpg 10h52_i92,jpg

odTdmm al 1S flraazqQa O6FNRY RIGlFIolrasS aLISOASao
O Make lasso's

I
LJ

P

tRe@dtadbasgT hlacSruba usaruNEBhEN uamg]S OASa
GKS [ L= YSGK2R 6S®3d KI NJ

tlaa
AFTAO

Oy

D¢ D
w—

3.7.12 BioVolume tool

O BioVolume tool

The Biovolume Tool (seext page) is a tool to estimate and define the biovolume of particles
by the imageand/or to check the automatic biovolume with the formula biovolume or own
defined biovolume.
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EasyClus BioVolume tool

Import file

<Back | 4| |

1 2
Import database [ Image 2 id 2

|| Next>

O an [Joapx

L: Length Particle um
- 7229 | [+]
h : Height Particle
= 34.00 +|

~ z Depth Particle um
= 34.00 +|

AESD volume
41166

AESD corrvolume
26748

Rotate volume um3  Uservolume um3
53627 0

[ Contourt visibility calc. formula

[ Contour2 visibility
[] Bounding box visibility

import values back
D auto calculate
store this Y /N

0 (of 381) selected to change permanently

All Yes

3.7.13 Menu databasé¢previous EasyClus)

O Menu database

Older(previous version) menu of EasyClus

Image & Database Editor

Measure by hand

Draw own contour

ipg contour (EC) || s

Close figs Var1 vs 2

plot Vart vs Var2  |[]

Cancel Ok

Make a NEW EMPTY database

New empty database

SWIPE IMG injout FOLDER You have changed names, removed copy []
images, add new images in the dbs_image FOLDER directly.  jiapase Update DBS
Update is database is only DONE by pressing this button! befare upt

COPY the chosen database

Copy database
Make species subfolders
Merge databases
Add Images to database
Image Editor
Database Editor
Proposal mosaic
Import.txt editor
Cluster file
File to Images
Make database idnrs.mat

MAKE species SUBFOLDERS deeper than \dbasname_imagesi folder
to swipe or copy images of.mat converted files to

MERGE DATABASES TOGETHER You want to phyto-.mat files with
images together to create one big phytodata_..mat file
IMAGES SELECTION to be ADDED to a database

IMAGES SELECTION You want to use the IMAGE EDITOR to edit
images names andlor add to existing or other database:

IMPORT PHYTO e mat You want to use the DATABASE EDITOR
to edit events, which are in a stored database

FILE IMGMOSAIC You want to use the PROPOSAL IMAGE MOSAIC
tool to editin a FCM-file events for adding them to a database:

TABLE.TXT IMPORT You want to the INPORT.TXT EDITOR to edit
events, which are in a stored database

PRECLUSTER You want to use a PRECLUSTER tool to produce
jpg-images in a folder with clusterimages names :

GET IMAGES FROM CYZ-file
You want to produce jpg-images of a FCH-file in a folder :

MAKE DATABASE ID nrs
DBS idnrs.mat file is used to compare with dbs cluster results :
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3.7.14Making a datalase by using images and images analysis

O Make dbs

Very useful tool tanake a database by using image analysis characteristics for sorting images,
and rename thento real species names.

menu_sort_images_by_imgattr2 — O *
4 ges_by_imgatt

Images sort

Seawater_sample 2022-08-25 10h19.cyz

@ Use earlier images data

IMGan ~ high to low LH-IMG_nr ~
Maximum_Length_Feret

.cyz or .mat file needed! Sort by :

Height_Feret HL-

Ferat_Angle low to high

Circularity

Compactness LH-

Edge_roughness

Maximum_Intensity_dark

Maximum_Intensity_white rmy 580 14356069
Transparency T84 14188887
Area_lmg 142 14.078523
Particle_L ength_Orig 689 13475122
Particle_Height_Orig 562  13.097312
Aspect_Ratio_Orig 220 12.8
Area_Eq_Spher_Diameter v 488  12.Y65569

AESD_Volume 257 "
LH_correction S0ORT | 12 12.481878
AESD_Volume_LH_corrected 40 1215

Volume_rot_horiz

Area_lmg_Convhull 268 11.814815

Circle_ F'r?_ STy SEnE || ” < || 3¢ 11797618
-~ v

D 293 11.74537

& i

935 11.518518

C:\Easyclusvi 22results\databases\phytodatabaselAP_22-Mar-2024_15u58. mat 991 11.482328

485 11.192307

| MNew dbs | | Import dbs | Nitzzchia ~ 855 11.189359

558 11121084

444 10.585286
| saveabs | s .
settings images contour | 0 ‘ Enskle ” i ‘ | FEring | ‘ShowProﬁles

RmvfromList, | Rename | |Nitzschia v
no dbs Import dbs Nitzschia
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Inthe exampleémages are sorted on basis of the aspect r&@vetLength/Fereiwidth and
after that selected images are renamedNdzschia

This tool has a separate manuaBEasyClusucytov.\manual§image_sorting_for
dbs_making_TRP2022.021.pdf

3.7.15 Making a database by using selectiafspecies in CytoClus (of CytoBuoy bv)

O Make dbs & CytoClusd

Usersof the CytoBuoynstruments and CytoClus software are ofexperienced in the making
of the manual selections of species in this softwafkese selections of data ohique species
or groups can be imported easily in the EasyClus database by using either :

- Storeddata of acyzfile of these selectionm another cy4ile format

- Stored listmode (c9wdata of these selections of one species or group

Species isolated .cyz or Listmode.csv to EC database.mat

@ purified single species .cyz-file
Import purified (species) file (gz) | ===

spe-l:iesn ame

(O Use original species .cyz-file AND species Listmode..cav files

Species isolated .cyz or Listmode.csv to EC database.mat

O purified single species .cyz-file ?

(®) Use original species .cyz-file AND species Listmode..cav files

oyz-file
Import original file (.cvz) =

Import listmode file(s) (.csv) Pulzes ignore files with this Tag

Listbox Y |spccisname LISV I

C\Easyclus

Import di Max. particles to database

per each group :

1000

speciesname
CAEasyclusviZZresults\databazes\phytodatabazelaP_22-Mar-2024_15u58 mat

Import database.mat Mew database Back Make-Add database

This tool has a separate manual in EasyClagtov.\manual$ Dbs_making_by cyz_listmode
files_ TRP2022.023.pdf
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3.7.16Mismatch between FCM data and corresponding images lengths in database

O Mismatch img vs signal

It is known that the Length Forward Scattetich is usually chosen as an estimator for the real

particle length, can deviate from the lengtieasured in the corresponding image €ldata

and imagesre stored in the databasandcan be checked these different lengths (from data,

from image) are deviating from each othéf so, the operator can decide to remove these

particles from thedatabase

There are several reasons for thisviation

- The image and data do not correspond, which can happen with coincid€heesoftware
has chosen the biggest image, but the data belongs to another pgrigtibefore or after
the image

- The Forward Scatter signal at 50% signal height is much smaller than at e.g. 20% height,
due to opticalproperties and thus for this specific case a wrong estimate for size.

- The image cropping not well performed and thus a wrong estimator of size fromithage

67.8(Limg) | 135.3(Lsignal) | 125.2(LFWS) | 0.25um per px

1o
FWS

200 SWS HS

1000 | SWS LS
FL Yellow HS

800 - FL Yellow LS

E FL Orange HS L

600 [ FLRedHS L

FLRedLS

200
0 1 1 1 |
0 20 40 60 80 100 120 140
um L
C:\Easyclusv122results\databases\phytodatabaselAP_22-Mar-2024_15u58.mat
12 j j j j 250 T T T T icro_CyanoZ_image_280.jpg =
Micro_CyanoZ_image_281.jpg
Micro_CyanoZ2_image_282.jpg
- Micro_Cyano2_image_283.jpg
107 Micro_CyanoZ2_image_284.jpg
200 Micro_Cyano2_image_285.jpg
Micro_CyanoZ2_image_285.jpg
X 67.8333 Micro_Cyano2_image_287 jpg
8r Y 1353 Micro_Cyano2_image_288.jpg

Length Image / Length signal
=)

0 ESA
0 500
) [ LsignalLFws

jpg Micro_Cyan

1000

Length s

| Closeimg |

| New Crop |

01_image_3.jpg

Rl

100 150 200

Length Image

250

Micro_Cyano2_image_229.jpg
Micro_Cyano2_image_290.jpg
Micro_CyanoZ2_image_291.jpg
Micro_Cyano2_image_292.jpg
Micro_CyanoZ2_image_293.jpg
Micro_Cyano2_image_294.jpg
Micro_CyanoZ2_image_295.jpg
Micro_Cyano2_image_295.jpg
Micro_CyanoZ2_image_297.jpg
Micro_Cyano2_image_298.jpg
Micro_CyanoZ2_image_299.jpg
Micro_Cyano2_image_300.jpg
Micro_Cyano1_image_1.jpg
Micro_Cyano1_image 2 j

In this example the vague image of the adlised an underestimation of the size in the image.
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3.7.17 Model editor

O Model editor

This is a very useful tool in combination with the autombfBRIRIusteringand automatic
modekbuildingand databasebuilding. Tle tool is used tdoad, visualize and rename groups
stored in the model (used for RULES or HYBRHKDering)and in combination with the
database, which is built in the background. It gives the opportunitgpoocess stored data
into real species names afterwards (for examyéng the optiorof the automatic model
building and database building after measuring many sanpl@sdreds)n the field

4\ menu_maodel_rename — O *

Model editor

Eiisden_model HYBRID_20240301_12u40uS4.mat

ELoy nTiEls i CEasyclusvi22resulis\databases\Ejjsden_phytodatabaseby_modelHvBRID_20240301_12u40uS4. mat

Import model Save model changes
summ. || simil. | | sim.graph
=imil. =simil.2 3im_grap|‘| L-FWS Max-5WS Max-FLR Max-FLO Max-FLY" Box database from maodel
CL1 A 36 46 11 TH -
Ck2 Ck2 a1 1218 15 18 Ck2
Ck3 Ck3 [ 576 12 16 Ck3
Cl-4 Clk4 45 224 12 15 Clk4
CL5 Cks 2.1 230 12 16 Cks
Cks Cks 432 10 13 15 Cks
CL7 CLT 4 35 104 14 CLT
CL2 CLa 51 22 40 17 CLa
ClL9 CLa 15.2 2524 33 25 CLa
CH10 CH10 58 308 7 16 CH10
Ck11 Ck11 35 22 48 13 Ck11
Ck12 CH12 66 28 54 18 CH12
CH13 CH13 4.8 254 138 16 CH13
CL14 CL14 51 125 BED 16 CL14
CH15 CH15 19.6 3136 57 32 CH15
CL18 CHL18 57 154 1272 20 CHL18
CH7 CH17 5.1 51 645 15 CH17
CL1a cL1a 77 1032 170 a3 cCL1a
CH19 CH159 82 676 192 17 o CH159
CL20 CL2o e ant rran e CL2o
L2 | o bl v L2 9
[WE
Show ScatPL. ] Al Show SeatPL. | [] Al
Ck1 ~ Show Img. || Show Sign. Cloze figs

This tool has a separate manuaBEasyClusucytov.\manual§Model_rename_look_manual.pdf
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3.8 Data convert B Data convert

There are severalptionsin EasyClus softwate convert files to other filesor to combine one
file to one file or produce images of efjies.

Data convert

® cyzto mat

® Random to 1 file

® CytoS to images
@® Synchronizer f1 & f2

® mat EC-data to txt

3.8.1 From .cyz to .mat file(s)

® cyzto mat

Convert .cyz files & images to .mat file and images. Can be useletitease the filesize and
have the (cropped) images in a separate folder.

3.8.2 Randomfrom more files to one file (Random to 1 file)

® Random to 1 file

Merge a part or alparticles of theselected files in the above listbox into one fiehich can be
used to have an overall sample of several files or to creéite with particles with only an
image (1:1).

This can be useful tduster thismerged file as a blueprint file and cluster the individual file
according this blueprint clustering.

3.8.3 CytoS to images

@® CytoS to images

Immediately extractusually croppedimages from the selected c¥ite(s) in the above listbox
to a separate foldeimages are stored in de folder /images/ in the folder where thefitgz
exist
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3.8.4 Synchronizefl & 2

@ Synchronizer f1 & f2

Helpful tool to synchronize files with date and time with each other to add GPS and data to
each other This synchronizer help tool can be used together iehGoogle plot tool to
visualize data into Google maps

EasyClus Date & Time synchronizer

Busy ...
Import file A (.txt or .csv) [ show path .y Import file B (.txt or .csv)
File A with Date-Time (-gps) File B with Date-Time
knmi.tet last file ALL_Fijsden_totalsFCM-2014-2018_norow b
Awvailable variables Date & Time Available variables Date & Time
YYYYMMOD:S || >date ? Select Variable w || >date
™: dd-mmm-yyyy Chg dd-mm-yyyy Chg
TNH
T >time ? use >time use
TXH HH:MM:SS Chg HH:MM:55 Chg
30 Chosen variables (date time, lat,lon,other) [ time shift
%P Chosen variables also to be saved
DR "
A
RH > = A [A
RHX < v
RHXH < v
v v "]
dd-mm-yyyy HH:MM:SS || Chg [ Config. date-time file A dd-mmm-yyyy HH:MM:SS || €hg
s [ Closest time: file Ain B
v failed . o
Interpolate-t: file Ain B Save on
Cancel Ok

3.8.5 Export the EasyClus.mat data to .txt data

O mat EC-data to

Toolto export .mat saved results of EasyClus (Calibration Shewart charf ctams file, sum
Fractions file Instrument meta data file, Bioindices jilato .txt files

EasyClus files save to .ixt

Save shewart files.mat to .t
Save totals files.matto b
Save fractions files.mat to .bd
Save Instrument files.mat to .ba
Save Bioindicesdata files. mat to tet

Back

Coovriaht Thomas Rutten Proiects
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3.9 Plot module B Plot module

The plot module does what it says. Plotting figures out of data produced by EasyClus.

Plot module

® FPlot module

@ Plot clusters & export
@ Scat plot video & label
@® Google maps plot

3.9.1 Plot module

O Plot module

Universal tool tovisualizeseveralEasyClus procesd dataoptions into figures.

Plot module

*fraction®.bet or *fraction® mat e | C\Easyclusvi2Zresults\datafies\Waternet_Algae_fractionsdata. bxt

events 'Size 0.1-4um Particle-Concentratior - | xapel each n
concentration/mi Size 4-Sum Particle-Concentration/t Line width samples
wolume(ul} Size 8-10um Particle-Concentration ‘ ] ‘ ‘ ] ‘
All sizes Particle-Concentration/ml > | |Size 10-15um Particle-Concentratio
Size 15-20um Particle-Concentratio Size xaxis
< Size 20-30um Particle-Concentratio lahel
Size 30-40um Particle-Concentratio
Size 40-50um Particle-Concentratio
O Size 50-100um Particle-Concentrati
Size 100-200um Particle-Concentra ¥ Size Title

< >

Use timescale |:| Use filenames xaxis |:| Time integrated

All zizes Total PWS/ml . .
o o

Size 0.1-4um Total FWS/mI Allin one plot Use title |:| Sort by years
Size 4-Bum Total FWS/ml [1L0G y-axis Use legends Stacked
Size 8-10um Total FW/S/mi 19-Aug-2020 20-Aug-2020
Size 10-15um Total FWS/ml |:| Area plot
Size 15-20um Total FWSJ/ml | | | | 18-08-2020 15:23:31
Size 20-30um Total FWSiml Deselect data Reset all data —
Size 30-40um Total FWS/mi 20-08-2020 20:51:31
Size 40-50um Total FWS/mi v
£ > f

O ®O | Close figures | | Back | | Ok

Copyright Thomas Rutten Projects
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3.9.2 Plot clusters & export or save

O Plot clusters & export

Tool to visualize as well as sort and save results ofaftda clustering specifically

EasyClus AFTER Clustering

Select result files
Nr of files: &

15_FLRed&_auto_uls_phyto &S00 1-03-17 12h02_autclasso_1EY not recognized Events measured ~
15_FLRed&_auto_uls_phyto 600 1-03-17 13h02_autolasso_[ testspec Counts Particles/ml
15_FLRed6_auto_uls_phyto 600 TOF/ml
15_FLRed&_auto_uls_phyto 600 1 A7 15 2 | Length FWSiml

i 2021 i Length SWS HS/mi
Length FL ellow HS/ml
Length FL Orangs HS/ml
Length FL Red HS/ml
Length SWS LS/ml
Length FL “ellow LS/ml
Length FL Red LS/ml
Total FVWS/ml

Total SWS HS/ml

Total FL Yellow HS/ml
Total FL Orange HS/ml
Total FL Red HS/ml

Total SWS LS/ml o
v| € o
Symbol si
[ Line plot Area plot ymbotsize
Line width 1
Stacked [ reative
Y Xlabel each
< > Use time scale [ use filenames n samples
LOG y-axis Sort by date Klabel size
[ o detail Save as txt Title size
Import result file(s) |
O @ Close figures ‘ ‘ Cancel ‘ ‘ Ok ‘

3.9.3 Scatter plot video & label

O Scat plot video & label

Already clustered data performed by one of the EasyClus clustering metterdbe
subclustered ofabeled andvisualizedn scatterplots. Scatterplots will be put behind each
other in a small video club to vidlize clustergroupchanges betweescatterplots.

The user interface is given below.
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Reprocess scatterplots

Select FCM fies Update idnrs & fles | [DEZ | oo Foider files_idnrs
Recall sarlier files
il Lot CAEasyclusv1ZZresults\cluster’

prot_3 2021-04-08 10n52.c ok I ‘

|:| show path

Use default scatterplots |

|TOF V| |TOF Vl Add

Total SWS HS v Total FL Red HS
Total FL Red HS vs Total FL Orange HS
Total FL Red HS vs Total FL Yellow HS IZI

plot
O sn2
@ sn3

|:| Save new ID*mat & results® bt I:l

|:| Usze preprocessing | Setti

|:| News figure each Sc.plot

Makeizave video

0of 1 =0k

[ use FIX criteria [Juse Iahels

‘ Show latest videos | Cancel oK

3.9.4 Google maps plot (data in mapsAPI required)

® Google maps plot

Select latitude and longitude, variable and settings to draw a fignteGoogle map

Import file Recall latest Copy earlier

Your data including GPS file(s) [ show path
easyclusGoogleMark_bew txt ~

C\Easyclusvi22results\datafiles\easyclusGoogle

Remove all

<

Available variables Coordinates

ddttnum - & d

i 1

x-coord y-coord 503359
"~
W

v

y-coord

Turbidity (ntu) O

ChiaYsl Variables to be d

conc.1 Total SWS=15 mv ariables to be drawn d ;

— raw Google maps settings Google maps
concA trigger . Turoidity (tu) = glemaps [ ]setiings Google map
conc.2 Total SWS=15 mv [ draw track
conc.2 smart trigger .
conc. fyto2 trigge draw locations [] settings location

conc.aggregate2

con. Fluor parts2

conc.sit1

conc.sediment1 W

draw variables [ settings variables chosen

draw legends label [ settings legends

Cancel | | Plot |
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To enable thelownload of (free) Google maps, it is required that you are registered at Google
to get an API keywhich should be set in the API key window which appears after clicking
WwaSiaAy3a .Goagk giveStheMitsti@ao0?)thousands maps for free.

Maps are projected 2Bhowing the last (in time) result. If more than one observation is
availableat the same location it will not be visible, because bahkind the last resultThis can
be made visible by the 3D rotate option ftating the figure a little bit (see below).

Turbidity (1.2, & En::-g@@\ﬁ

Turbidity (ntu) tat& an
13.6
52.75 12.36
52.7 11.12
52.65 9.88
52.6 8.64
2
5255 S [ 74
?
>
52 5 6.16
14.92
52.45
1368
52.4
5 1244
52.35
0 —

4.8 4.9 5 5.1 5.2 5.3 5.4 5.5
x-coord
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3.10 Image analysis

M Image analyis

Thelmage analysis modufgoduces data out of images (.cyz) or .jpg images. There is also a
biovolumetool to calculate the biovolume from the image contour

% Image analyis

@ Make img analysis file cyz
@ Make img analysis file jpg

@® BioVolume tool

® Setlings img analysis

All kind of image analysis variables can be calculated from the im&@lgessinformation can be
used for the clustering of image data or the combination of image #dNzytometric data.

Image Analysis Variables Settings

Version and user

-1. Basic Shape Variables
[] select all deselect al

[ Area image

[ Particle length in image

[ Particle height in image

[ iaspect ratio Length/Height

[+] Length Feret Max

@ Height Feret at maximum length

E Aspect ratio Feret Length/Height (0-1)
@ Feret Angle dgr

E Area Equivalent Spherical Diameter
[~] AESD Volume

@ Length:Height (LH) Correction factor
@ Volume AESD corrected LH

[ volume object by x-axis rotation

@ Area image convhull

r2. Advanced Morphological Variables
[ select all deselect al

[~ circle Fit

E Circularity

] compactness

E Convex Perimeter

[~] Edge roughness
Elongation
Fiber Curl
Fiber straightness
Geodesic Aspect ratio
Geodesic Length
Gendesic Thickness

[ perimeter
Roughness
Symmetry Horiz.
Symmetry Vertic.

-3. Grey scale Color measurement
[ select all deselect al

[] Higest black value

E Highest white value

E Median intensity value

E Sum Intensity dark

[+] sum Intensity white

E Transparancy

[~] Reflectance

E Color Grey variation

[+] Color Grey MaxMin variation

E Relative Color Grey variation

-4. EasyClus Surplus Shape Variables
[ select alf deselect al
E Number of separate areas
@ Nr of separate areas median area based
[+] Maximum area of all areas
@ Maximum perimeter of all areas
[+] Median area of all areas
@ Use FWS like data from image
[] Use SWS like data from image
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3.10.1 Make images analysis file from .cyz

(]

This option is used focyzfilesonly. Images are extracted from the effle and their cropped
images Images characteristiqsvhich are set active at the settings) are calculated for each
image =the image analysidResults are stored in a separdilename added with flow
cytometric data or not (own choice).

The clustering of datan this generated image analysis filan be done by one of the clustering
methods in EasyClus software e.g. by building a image data based database

3.10.2 Make images analysis file fronjpg
CJ

This option is used fojpg-files only.In principal already cropped images are expected here
Images characteristics (which are set active at the settings) are calculated for each image = the
image analysis. Results are stored in a separate filename.

The clustering of data in this generated image analysis file can be done by one of the clustering
methods in EasyClus software e.g. by building a image data based database.

3.10.3 BioVolume tool

(o]

Biovolumes can be calculated image by image and compared with the own calculated
biovolume.

EasyClus BioVolume tool

Import file <Back | < m 2| Net»
1 rt dat: i
mport database Image 127 | id 141
4 b D
;J Measure by hand
Draw own contour
ipg contour (EC) || s
Oar oapx J
L: Length Particle um
90.59 +

h: Height Particle
37.02 +

z Depth Particle um

37.02 + Close figs Var1 vs 2

plot Vart vs varz | []

macro store

|
AESD volume AESD corrvolume Rotate volume um3  Uservolume um3
42147 19301 68229 0
Contourt visibility import values back calc. formula
[ Contourz visibiity [] auto calculate

store this Y /N
Bounding box visibility Ve O'Y 1 m
— Cancel Ok

0 (of 381) selected to change permanently
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3.10.4 Settings images analysis

O Settings img analysis

Click ordeclick a variable to be calculated

Image Analysis Variables Settings

Version and user

-1. Basic Shape Variables

select all deselect al
Area image
Particle length in image
Particle height in image

Length Feret Max

Height Feret at maximum length
Aspect ratio Feret Length/Height (0-1)
Feret Angle dgr

Area Equivalent Spherical Diameter
AESD Volume

Length:Height (LH) Correction factor
Volume AESD corrected LH

Volume object by x-axis rotation
Area image convhull

r2. Advanced Morphological Variables
[ select all deselect all
Circle Fit
Circularity
Compactness
Convex Perimeter
Edge roughness
Elongation
Fiber Curl
Fiber straightness
Geodesic Aspect ratio
Geodesic Length
Geodesic Thickness
Perimeter
Roughness
Symmetry Horiz.
Symmetry Vertic.

-3. Grey scale Color
[ select all deselect all
Higest black value
Highest white value
Median intensity value
Sum Intensity dark
Sum Intensity white
Transparancy
Reflectance
Color Grey variation

Color Grey MaxMin variation

Relative Color Grey variation
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r4. EasyClus Surplus Shape Variables
[ select all deselect all
Number of separate areas
Nr of separate areas median area based
Maximum area of all areas
Maximum perimeter of all areas

Median area of all areas

Use FWS like data from image
Use SWS like data from image




3.11 EasyClus LIVE HLIVE

EasyClus LIVE is@plus tool (should be bought separately) to do onkméomateddata
analysis

® EasyClus LIVE
@® Warn outlier
® Download img LIVE

3.11.1 EasyClus LIVE

® EasyClus LIVE

Optional module : LIVE automated data analysis immediately performedaafédysis and

results are put on a websitevivw.phytoplanktonLIVE.comr elsewhere if users want that)

Many options are available from only showing some images and the status of the instrument to
the calculation of specific species in the field.

EasyClus Live 2.0

w2 02-TRP 11-2021

Live-location name: | Cruisev3 ‘D

Protocol available

Live process settings

Totals @ Al
Size fractions @ [s|
Clustering DESIGN 2 @ | s
Change directory | [ use cyz
Process cyz- (or .mat) files from directory:
Bioindices ® DADATA-MareMempcontinuoush

|:| open menu filter flenames

Beads Charts @

E images mosaic on

|:| Preprocess raw FCM data E autodatabasing on
Export all as txt .
b Exp L] autoliiGEdbse on (O results to internet
Clear all data LWE series | Clear dbs(s) LIVE series
() Figures visibilty on C®@0O Close all figures | | Back | Run |
@ Leave figures open until next fie iz imported Copyright Thomas Rutten Projects
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http://www.phytoplanktonlive.com/

3.11.2 Warning outlier

® Warn outlier

Optional module : Outliers in theumtotals data or in the bioindices data are extracted
evaluate possible outliers e.g. causeddwic compounds or sudden natural changes. Kind of
bioalarm, but not a validated tool.

3.11.3 Download images from LIVE

® Download img LIVE

Optional module LIVE madémages can be downloaded here
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3.12 Close figure(s)

N

Close figures ) Exit

Selected open figurg@n blue) are closed immediately, the other (first two heaed not closed

EC Select

Select and press right button

Figure C5_2019_92_prot_3 2021-04-09 10h52 cyz ~
Figure menu_recommendations

Figure Length distribution-CS_2019_92_prot_3 2021-04-0
Figure select_from_listbox

Figure A Total 3W3S HS5-Total FL Red HS

Figure A Total FL Red H3-Total FL Orange HS
Figure ATotal FL Red HS-Total FL Yellow HS
Figure menu_afterclustering

Figure &

< >

Cancel Close selected
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Thomas Rutten Projects

Previous nanual EasyClusv1.31 and earlier

1. Previous manual
This is the manual belonging to the v1.31 Easy@hasunder the Previous button in EasyClus2

2. EasyClus and EasyClus 2.0
EasyClus 2.0 is introduced with a neser menu. The old menu is still available for those who

like to work within this menu.

3. The EasyClus menu v1.31
After starting up Matlaf®) the EasyClumenu appears on the screeRrocessing commandse

executed using the buttong\lways start by importing at least one flowcytometric file.

EasyClus

ﬂ —Process FCM datafiles —— J L ﬂ

Other options ———————— Calibration Chart Quality Control Options after clustering

T EE D 0TS IE Totals of all FCM variables Plot module

Image & Database Editor Fraction FCM variables by e Compare clt

Phytoplankton Database options Auto-Databasing after clustering

Post-processing to new clusters

Monocult fem-iles to lasso's 3. Clusterin
Check CytoSense-Diagn.-Meta 4 Clustering RULES Process Graphics after clustering |

Overall Settings | 5 Clustering RULES & DES Process Biolndices after clustering |

Upload files | Download files |

From datafiles to single file IT

y Cluster SS0O i
6 Clustering LA Synchronize oth. data/Google maps |

7 Clustering MANUAL

8 Clustering MANUAL CSV-import

OTHER EasyClus Tools 123..
oueTone 2 | Camycus X0l |

EasyClus LIVE | 9 Clustering IMAGE Close all figures Exit

Copyright Thomas Rutten Projects

G = Unsupervised clustering (no trained data set)

) = Supervised clustering (no trained data set)




3. Unsupervised clustering methods EasyClus
1. GO-method : PCA based <
2. DESIGN1 : uses scatterplots & density & all FCM vars
3. DESIGN2 : uses scatterplots & density & some FCM vars
4. Supervised clustering methods
1. LASSO : using automated produced selection sets
2. RULES : using rules that characterizes each unique
cluster —
3. FIX : using own virtual FCM species by preset | 12 |14] 15|16
barriers =L EL
5 6 7
4. Hybrid (DES2+RULES) : unsupervised as well as supervised 1123 |4
¢CKSNBE FNB | 280 2F WiNR O] & BuewiSdivi, tfidke aieiodSt 0 dzii G 2 v

processing options: e.g. the plotting of figurekjstering options, which means that you can
further process your data after clustering of FCM datafiles. E.g. the matching of clusters with
another database, or the making of a new database with all unigue clusters found in a dataset
or graphical representations on basis of clustering results.

3.1 In general

The gproachof FCM dataanalysigs based on three stages (actually even more, but
GKFiQa F2NJfFdSNODDO

3.11. Exploration othe instrumental performance duringnalyses
3.12. Exploration of field datg first impression
3.1.3 Detailed data analysis of field data

3.1.1. Exploration of instrumenal performance duringanalyses

52y Qi of AyRfte& GNHzaG &2dz2NJ AyadNdzySyidoe C2NJ 3
has to be checked on a regular basis. 8eck the instrumerdl performanceof your

flowcytometer tooby usingstable(= keep their optical properties similarly during at

least half a yearalibration beadsegularly e.g. at the beginning, in the middle and at

the end of an analyses day. Check the performance of your instrument by using the
CHECIBIAGNOSIS button (purple field) and @&LIBRATION CHART (first button in

green window) moduleBeadghat are found easily by specific fluorescence properties
arevisualized and should lay in between ascertained leveds italledcalibration

charts.

3.1.2. Exploration of field datag first impression

You have a lot of data e.g. sampled at one location during several months or collected
during a field cruise.



Start withgetting a fast impression of your data by having an overall analysis of all data.
Use TOTALS OF ALL FCM PARAMETERS (button 2) and/or FRACTIONATE FCM
PARAMETERS OVER SIZE (button 3) to get a fast answer to some questions like:

- How diverse are my samples?

- Is there relation of my flowcytometric data towards other overall techniques such
as chlorophyth fluorescence, total phytoplankton counts per ml or other
parameters?

- Which samples show obvious behaviour with respect to sudden increase or
decrease of specific parameters or within a specific fraction towards other
samples?

3.1.3 Detailed data analysis of field data

Ever sincgrou have more feeling with your data, you can start wite automatic
clustering techniques to find out if there are specific species or species gimtpsan
be discriminated in the samples, bo¢ aware that a flowytometer cannot distinguish
ALL types afpecies on basis tfie availableoptical variablegtaxonomists sometimes
need an electronic microscope to distinguish between species)

Select some specific datafilesgtart the clustering and to start to fill your database
with found clusters or species. Whelusters are processed (whether after manual or
after automatic clustering)ingerprints,i.e. kind ofmean values of all particles in each
cluster of each of the offered flowcytometric variablase calculated and stored. These
values are compared to a databaga adjustablenumber of FCM variables per cluster
are matched \ith storedfingerprints ofspeciesdata inthe database The maximum is
the number of FCM variables fromF&€M datdile. The more FCM variables should
match, themore critical requirements for matchiraye taken in consideration

The degree of 'matdhgd is expressed in a similaritsgctor. The minimum value of the
similarityfactor is adjustable. The lower this value (<1000), the less stringent
requirementsare usedor similarity.

The number of found clusters is visualized in scatter plots. The number of recognized
species from the database is also visualized in scatter plots.

Start clustering with all datafiles and visualize the clustering results by the PROCESS
SAMPLE INFORMATION AFTER CLUSTERING button.

All results are saved as txt files and / or jpg files in the foldercluster\ cluster\

figure.

After this you can use the autodatabagption for even more precise cluster definition.



3.2 EasyCIuBEADS Calibration charts

Process FCM datafiles

Calibration Chart Quality Contral

Totals of all FCM variables

3. Clustering FIX grid

4 Clustering RULES

5 Clustering RULES & DES

6 Clustering LASS0

T Clustering MAMUAL

8 Clustering MAMUAL CSV-import

Multi files Clustering f1,£2.f3...

9 Clustering IMAGE

The alibration chartsnodule enables the user to process calibration charts of

(robust) references such as beads to validate the short as well as the long term stability
of your instrument, which is usually required in laboratories working in a ISO 17025
environment.

In general when an operator establishes a new analysis method, the performance
characteristics of the analysis method are studied and registered such as the
reproducibility and repeatability. The range of distribution of a method provides us a so
called warning limit and action limits, which are used to check if the method is valid and
ready for analysis. Beads that are stable over a long period, that do not stick, that have
a small size distribution and that fluoresce in all optical channels are usually used as a
reference standard. Their average values should fit within the predefined warning
and/or action limits before further analysis can take place.

It is strongly recommended to validate your instrument every analysis day at least
before and at the end of the day amolrecord the results in a calibration chart during a
long period.

This module helps you to:

- isolate the reference beads,

- determine their average fingerprint in each FCM parameter,

- draw fingerprint results in a calibration chart and give the graphical
representation of your chart including their allowed limits



There are two methods used for the recognition of beads. The AUTOMATIC mode
(unsupervised) and the PREDEFINED mode (lasso) métreathartsshow you which
of the FCM parameters are within or outside the predefined limits at once.

4 MENU — X
Choose one of the options:

AUTO : CREATE or ADD beads results to Shewart chart(s)
LASS0: CREATE or ADD beads results to Shewart chart(s)
SHOW Shewart chart(s)

DELETE results from Shewart chart(s)

Change (default) settings of (zpecific) Shewart chartz
Close all figures

Back to Modules home menu

1) The AUTOMATIC mode uses unsupervised clustering and each cluster is compared
to common bead characteristics to recognize possible beads in your sample. The
smallest sized cluster with beads chosen in case of more than one cluster of beads
is found.

2) ThePREDEFINEibde usesi S € A2y a albsiedngahdiinding & &4 2 Q&
beadsinasamplg¢. KSa S f a20Q0a akKz2dZ R 0SS LINROSa
I dzi 2 LINPOSaaAy3d 2F tlFaaz2Qa .2y olaixa 27F

3) SHOW Shewart charts is what is says. You can visualize the beads results by
selecting the variables from stored calibration charts.

4) DELETE results from Shewart charts gives you the possibility to remogfitlzga
from a Shewart chartAfter selecting a Shewart chart calibration file, you choose
graphs to be used to visualize the data AND to remove certain data by pressing any
key (to activate the figure) and to pointer a daggent, which should be removed.

SO
Fa

4 MENU — X
Vizual reprezentionsd graphs shewart charts (default, add or new)

Show default graph=s
Show default and add extra graphs

Show self selected graphs

'.F
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2
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After cloosing a specifievent, following menu appears in order to confirm the removal
process .

Delete?

ez, delete
No, choose another

Return without deleting

5) Change settings of Shewart charts. Settiofhe lassemethod can be changed
here.The green warning limit is set to 10%, the red action limit to 15% of the mean
of the first 7 files. Recalculation with other numbers can be done here.

4| Default settings for shewart c... — O >

Mr of first calibration char events used for mean value calculation:
=

Replace owerall warning limit (=10} in:
10

Owverall action limit (=15) in:
15

oK Cancel

There is also the settings to visualize more or other graphs as default.

It is obvious that thesystem is stable if the longer term beads averages fluctuate inside
the green and red limit lines. If it is outside during more measurements, there might be
something wrong (air, fouling, other PMT léyjeoldwrong beads, alignment).



3.3 EasyClusSample(s)lotals ¢ concentrations, chlorofyl/ml

Process FCM datafiles

Calibration Chart Quality Control

Totals of all FCM variables

Fraction FCM variables by s

] 2 Clustering DESIGN [ or I

3. Clustering FIX grid
4 Clustering RULES
5 Clustering RULES & DES
6 Clustering LASS0O
T Clustering MAMUAL

8 Clustering MANUAL CSV-import

Multi files Clustering f1,f2,f3._.

9 Clustering IMAGE

«10% Eijsden2015_totalsFCM concentration/ml

28-05-1500:00:00 -
30-05-15 00:00:00 -
01-08-15 00:00:00 -
03-06-15 00:00:00
05-06-15 00:00:00
07-08-15 00:00:00
09-06-15 00:00:00

11-06-15 00:00:00 |
13-06-15 00:00:00 |



4 MENU — X

Choose one of the options:

AMNALYSE & ADD TOTAL FCM results to . totalsFCM. td-files

DELETE results from totalsFCH.tt-files

Change graphs totalsFCH. td-files

SHOW totalsFCH.tt-files

Full autematic process totaleFCH.txt of multiple fies

MERGE and REMOVE duplicates totalsFCM.txt-files

Setting use modelling or not

Close all figures

Back to Modules home menu

7 A

LIy2NBE GKS Wi b![,{9 9 !'55Q odziti2zyz 06SOI dz
l'b![,{9 3 !55Q odzitizy® ¢KAA al![¢L SGOd A

or to add files to an existing totalsdata file. The advantage is that you can use more
than one file.

In FULL automatic processiode you can start a new file or add it to an existing one. In
case of a new file you start with selecting a (6yZM files.

edf 1ule 200001 204502804 11003 cu

E SELECT RAW FCM DATA FILES ((CYZ, FCS, (C5V) — *
File Fiter Reg. Exp. Filter
*.oyz | | | [ show &l Files
[ RE Fitter Dirs
*.cyz CytoSense datafiles ~ |
Current Folder SRS
|D:\R‘WS—Eijsden data 2015\data |
Remove duplicates (as per full path)
|data e |
Y oies = [ show full paths | Recall last used files | [Sort by date-time in filzname|
El_sws15FLredS_1uls_2000ul 2015-08-03 13ul3.cyz ~ Ell_sws15FLredd_1uls_2000ul 2015-08-03 15u03.cyz ~
Open EL_sws15FLred6_1uls_2000ul 2015-08-03 16u03.cyz
EW_sws15FLred6_1uls_2000ul 2015-08-03 17u03.cyz
EL_sws15FLredd_1uls_2000ul 2015-08-03 18u03.cyz
EL_sws15FLred6_1uls_2000ul 2015-08-03 19u03.cyz
EL_sws15FLred6_1uls_2000ul 2015-08-03 20u03.cyz
El_sws15FLred6_1uls_2000ul 2015-08-03 21u03.cyz
EL_sws15FLred6_1uls_2000ul 2015-08-03 22u03.cyz
Remove El_sws15FLred6_1uls_2000ul 2015-08-03 23u03.cyz
EM_sws15FLred6_1uls_2000ul 2015-08-04 00u03.cyz
Move Up | [EU_sws15FLred6_1uls_2000ul 2015-08-04 01uD4.cyz
El_sws15FLred6_1uls_2000ul 2015-08-04 02u03.cyz
Move Down | [EW_sws15FLred6_1uls_2000ul 2015-08-04 03u03.cyz
ElU_sws15FLredS_1uls_2000ul 2015-08-04 04ul3.cyz
EL_sws15FLred6_1uls_2000ul 2015-08-04 05003.cyz
EM_sws15FLred6_1uls_2000ul 2015-08-04 06u03.cyz
EL_sws15FLred8_1uls_2000ul 2015-08-04 07u03.cyz
El_sws15FLred6_1uls_2000ul 2015-08-04 08u03.cyz
-08-04 07ul EW_sws15FLred6_1uls_2000ul 2015-08-04 09u03.cyz
15-08-04 08u0! EL_sws15FLred8_1uls_2000ul 2015-08-04 10u03.cyz
EU_sws15FLred6_1uls_2000ul 2015-08-04 09u03.cyz
EW_sws15FLred6_1uls_2000ul 2015-08-04 10u03.cyz v

a

a

S



Then choose to start a new file OR add these files to an existsmigFCMdatéile. We
choose the NEW button here.

4 MENU — >
Make NEW Totals file or ADD to existing?

Make NEVV file

ADD to existing file

/| K22aS KSNB Qb2Q Ay (GKS YSydz 0St2460d

(In some cases it might be useful to exclude certain events such as beads. For this, you
need to cluster files before. In future releases, this part will be worked out in more

detail together with customers).

4 MENU — >
Usze indexnrs file(s) to manipulate data?

“es, (files available?)

No

The last question is which parameters should be drawn in figures as a default:

4 Select parameters menu — x

Select parameters

Parameters Selected parameters

events A concentration/ml A

concentration/ml hardw conc/ml

volumejul) Total FL Red HS/ml M n d il
hardw conc/ml d50 Length SWS HS Ry T U -7 ove coun
TOF/ml " d90 Length SWS HS determine the sequence of
Length FWS/ml d9%8 Length SWS HS Move down| parameters.

Length WS HS/ml

Length SWS LS/ml -

Length FL Yellow LS/ml
Length FL Red LS/ml
Length FL Yellow HS5/ml

Length FL Orange HS/ml all=
Length FL Red H5/ml

Total FWS/ml

Total WS HS/ml =all
Total SWS LS/ml

Total FL Yellow LS/ml
Total FL Red LS/ml
Total FL Yellow H5/ml
Total FL Orange HS5/ml
Total FL Red HS5/ml
Maxdmum FWS/ml

Maximum SWS HS/ml

Mavimum SWS | S {ml bt b

Impert earlier chosen parameters Browse & import earlier settings Save as

After this, running of all files is started. If you have more than 1000 files, it can take a
while (more than minutes, dependent of the used computer).




An example of an output is given in the figure below. The d50 (=median) is the median
size of the measured particles using all set triggers. The d90 is thevkere, 90% of all
particles is smaller than the given size at d90 and 10% is bigger than this value, d98 is
the size, where 98% of all particles is smaller than the d98 size and only 2% is bigger
than this value. These sizes might be characteristic of the particles at this station.

Length SWS HS d50-d90-d98

40 -
——d98
35 - —
30 -
Il
25 - il
|-'|

20+ . AR
15

10 -

Bt T e it e i

|
o
o
o
3
o
=]
0
)
7]
o2
o
Al

28-05-1500:00:00 -
30-05-15 00:00:00
01-06-15 00:00:00
03-08-15 00:00:00
05-06-15 00:00:00
07-06-15 00:00:00
09-06-15 00:00:00
11-06-15 00:00:00
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3.3 EasyCluSample(sFractions¢ concentrations, chlorphyll/ml over size fractions

Process FCM datafiles

Calibration Chart Quality Control

Totals of all FCM variables

Fraction FCM variables by size

1 Clustering GO

I 2 Clustering DESIGN | or Il

3. Clustenng FIX gnd

4 Clustering RULES

5 Clustering RULES & DES

6 Clustering LASSO
T Clustering MANUAL

& Clustering MANUAL CSV-import

Multi files Clustering f1,f2,f3...
9 Clustering IMAGE

This module enables the user of flowcytometric data to produce general overviews of
typical ecological characteristics. The contribution of all species distributed in several
size fractions as a function of the chloropkg/filuorescence (biomass) or abundance is
given. The results are represented in cumulated stacked histograms. Each size fraction
represents its own color and results are stored axtzor .matfile. The gradient of e.g.

the chlorophylta concentration (per size fraction) changing in time or location gives a
nice overview how samples mutually differ.

In principle all FCM parameters that are available can be processed as a function of size
fractions. The number or sizes of the size fractions can also be chosen by the operator.

This module gives you some dynamic general information on the microorganism
dynamics, how size fractions contribute to the total process or how they change. The
species specific information is ngiven.

The size of particles is based on the input variables given by the flowcytometer. The
parameter that has a (linear) relation with size is given to the software. A calibration
line or information about the relation between the calculated and the real size is
usually needed and given to the software too. In the caggytbSense usually the

W[ SYWSPRNI [ SWIAGKI NF{YySGSNI Aa dzaSRo

The operator should be aware that the F&Me used for the size fractions in this
module, is the size of a particle in elongated direction. This direction is achieved for
each particle by the hydrodynamic focusing principle of flowcytometry. The size of
chain forming cells or colonies is the size of the whole chain or the whole colony that
passes the laser beam as one single (larger) particle.

If a calibration line is used for recalculating the size, a formula should be implemented
in the software by the user or with help of Thomas Rutten Projects.



Following menu appears:
4 MENU — X

Choose one of the options:

ANALYSE & ADD rezults to fractiondata.ti-files
DELETE results from fractiondata. txt-files
Make (a} NEW fractiondata.txt-files
SHOW fractiondata. bxi-files
MULTI ANALYSE & ADD multiple files
Settings modelling/plots
MERGE and REMOVE duplicates fractiondata.txt-files
Close all figures

Back to Modules home menu
Forget¢! b! [ . {9 9 !55Q YR Wal 1S 60 b92 FNI Oi
NBLJX I OSR o6& GKS Wa![¢L !'b!'[.{9 9 !'55Q odzid
create a new fractiondata file or to add files to an existing fractiondata file. The
advantage is that you can use more than one file.
In MULTIANALY SE mode you can start a new file or add it to existing ones. In case of a
new file you start with selecting a (cyECM file, select theCM length parameter,

which is used as an estimation of length of particles.

Select the FCMariables which should be calculated and summed as a function of their
size distribution.

12



4| Select parameters menu — a X

Select Fractions Variables

Set NEW fraction Variables

"' Variables Length based on :
'| R ~l | s | Length FWS

Length FWS

—EifEos Selected variables Location id (optional)
| Length SW3 LS Total FWS S

Length FL Orange HS WIS ~ locationid

Total FL Red HS

Length FL Red HS Total FL Orange HS Used tri i

Length FL Yellow HS - sed trigger (optional)

Length FL Yellow LS XXX

Length FL Red LS
i| [Total FWsS =

Total SWS HS

Total SWS LS

Total FL Crange HS W

Total FL Red HS

Total FL Yellow HS Size fractions :

Total FL Yellow LS 4, 10, 20, 50, 100, 500

Total FL Red LS

Maximum FWS Maximum Size:

Maximum SWs3 HS W 5000

import FCM file
default settings Browse & import earlier fraction file e Ok

Settings can be changed manually by pressing in the box that should be changed and

typing. Be aware that if you change the absolute values of the size fractions, to use a

dash ¢) in between two values.

/| KFyasS 2F GKS W[ Sy3adkK olFaSR C/a LI NF¥YSiGSND
the FCM parameters that should be fractionated can be changed here, but better is to

change them in the next menu to avoid typing errors. The next menu can be found

F FGSNI LINBaaAy3d GKS WhYQ odzid2y o

rn MENU T =(ni=s

Change or leave

No, proceed procedure

Change Length parameter

l Change FCM parameters to be fractioned and cumulated ]
l Leave and go home menu ]

L¥ GKS aSdiday3daa INB ¢Sttt FyR &82dz R2y Qi gl Yy
proceed procedure for saving your new fraction data*.txt file.

Also after using button 2 (new Length parameter) or 3 (change or add FCM parameters
that should be fractionated), the saving procedure should be proceeded by button 1.

13



After button 1: The settings and the new fractiondata*.txt file is stored. A proposal for
0KS walrgS +aQ yrFrYS Aa 60SAy3a R2ySY W[ 20 GA2
t NBaa 2L W{I@SQ Ay 2NRSN)I G2 al gSo

Button 2: Change Length Parameter. If the size parameter needs to be redefined,
choose this button. If so, a representative FCM data file will be imported to read the
used FCM parameter names for your specific FCM instruments. After that you are able
to choose the Length Parameter.

Button 3: Change FCM Parameters to be fractionated/cumulated. Use this button to
redefine the FCM parameters that need to be processed as a function of size fractions.
If so, a representative FCM data file will be imported to read the used FCM parameter
names for your specific FCM instruments. After that you are abledosghthe FCM

parameters
5 1000-5000
e Station10 Total FL Red HS/ml 500-1000
55 l rr 171717 1107 11 17T 1T 17T T T T T T T T T T T T T T T T T T T T T T T T T T 250-500
100-250
5 P s0-100
45 |- [ 20-50
[ 10-20
4l I G-10
35 015

28
35
36
Reli]
33
30

PO MO0 @O =00 c N DOEDRENT OO0 FTONDNENOONHIDHNDDOND=NE®
o e T T I R S e T R o EO e St I I oo Pl DRI e ool n, = A, (0 R e S B e E T e

g e e g i oAb el S e A Bl o e P S e o o T i i g b T e Y e e T N
E-55555085088558655568-050580mbb00Ecmono0bnn5E055555nE80880
oy =R e = T T = o = R = e o T et~ o =l = o I e = = o I = Q= o T = B o = o < = ol = M B I ]
N & N e s T N e R R R r R R R R D
Lo e R s R R o e o R R e e e R R e e R e e R R o R e R R s e o R e e R e R e R e e R R
- - - - - - == = =
L L L L L L L L L L L L L L L L L
B o ol o o g g N N - g g g o o
S5255555050555055580508050050005003535055500550500085650080000
FTHUHOONYN Y O00 000000 REREREREIEDERD P e e O E OO0 @O0 O0 T T T T
=R-N-N-N-N-N-F-N-F-R-E-F-N-R-R-R-N-F-R-R-R-R-R-R-R-R-J- == TR Ll L o e

The other buttons
TheDELETRutton and the CLOSE figures button do what they say and do not need
extra explanation.

TheSHOWbutton starts with a menu:
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4 MENU - x

Choose which graphs to show

Plot fraction graphs

3D graphs per size fraction

Difference plot between ALL samples

Difference plot per size fraction last two zamples

Use settings graphs

Sub =elect samples (x-axis)

Sub select fractions (do not show all fractions)

Use/back to ALL criginal data

Cloze all figures

Back

Plot fraction graphs: Choose one or more of the parameters which available by the

menu and press OK:

4] Select parameters menu

Select parameters

Parameters Selected parameters
Particle-Concentration/ml ~ Particle-Concentration/ml
Total FWS/ml Total FL Red HS/ml

Total SWS HS/ml

Total FL Red HS/ml
Total FL Orange H5/ml
Total FL Yellow H5/ml

all=

=all

~

L

Import earlier chosen parameters

Browse & import earlier settings

Move up Move up - Move down will
determine the sequence of
Move down parameters.

Save as

Ok

Other graphs ar@ossible too (3Ddifference, selection of specific fractions)

MERGE & Remove duplicat&®metimes you have semor ethan one
fractionfile and/or fraction filegontining duplicates. This option puts files

together and filter out duplicates.
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3.5 EasyClusenu Clusterirg

35.1 EASY and SIMPLA&ito-clusteringEasyClus)nsupervisedvViethod GQOand with
similarity database matchingsingle file)-6 dzi G 2y W! dzi2 / f dzA G0 SNJ | y a dzLJS
NBEO23ayoQ
To cluster automatically
Cluster are being identified on basispgincipal component analysigensity distributiongand
neighbouring distances.

Process FCM datafiles
Calibration Chart Quality Control
Totals of all FCM variables

Fraction FCM variables

Il 2 Clustering DESIGN | or Il

3. Clustering FIX grid
4 Clustering RULES
5 Clustering RULES & DES
6 Clustering LASSO
7 Clustering MANUAL
8 Clustering MANUAL CSV-import

Multi files Clustering f1,f2.f3...

9 Clustenng IMAGE

16



[4 menu clustering GO

Clustering

Grid-Resolution
Total SWS HS vs Total FL Red HS

0 JT T [ | moreciusters Total FL Red HS vs Total FL Orange HS
Total FL Red HS vs Total FL Yellow HS

M Change scatterplot(s)

M use Database

Show Sc. plots of all clusters ( in2)

Fus
weighing

of rather similar clusters or

Cance! Cluster

NOWLINBQAY F2NXI GA2Y A& NBI|dANBR® ¢ Ké\ 2yte AyT2N
DEFAULT) that should be used for visualizing the found clusters.

After clustering you can increase or decrease the number of clusters by shifting the left upper

button.

This is nccounts ofclusters to

x 2dz OLy dzadé + RFGlolas oeg |Pemergednacluster (s
OKS8O1062EQ® YhergeQ Setto -1 to ignore
x _2dz Oby dza8 WeSAIKAyYyIQ Ay |Mergingclusters Yl

FOGAGEGAYT (KS Wdzas 6SAIKAY OKSOl02EQO
x . 2dz OFy YSNHS OtdzadSNa o6& |OGAQIGAY3a (GKS W

x  The preprocessing tick box enables the preprocessing of your date3.&del)

Afi SNJ Of A O1 Ay 3 (i KISstedhy $tadvani SélsulbisizislialZzed in $dt@rplots
Here clustering of 8 same sized multifluor rainbow beads are clustered.
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GO-YLAN

Total FL Orange HS
>
'S
T
o
L)

102 ! I

A © % O + p O

0 ~NO®OAWN=

: 222(unrecogn
: 212(unrecogn
: 207 (unrecogn
: 205(unrecogn
: 199(unrecogn
1 192(unrecogn
: 182(unrecogn
: 179(unrecogn
9:

2(unrecogn)

10: 2(unrecogn
11: 1(unrecogn

13: 1(unrecogn

)
)
12: 1(unrecogn)
)
)

14: 1(unrecogn

J

102 10° 104
Total FL Red HS

Press to cluster again with ~——»

other settings

All other buttons are
explained one paragraph
later (Autocluster
DESIGN).

10°

108

4\ menu_afterclustering

Report

Cluster again

Fuse clusters manually

Show pulse profiles of particles within a cluster

Show images (if available) of particles within a cluster

Visualization of results in other plots?

Show 30 plots

Clusters & images to phyto...mat & IMG in . \cluster\fname\folder

Add cluster results to used, other or new database

Rename species in databaze/zelectionset

Auto-databasing

Compare cluster results with database species for all FCM variables (%)

Process selections =ets of cluster(s)

Save SINGLE cluster raw cav-file

Save WHOLE listmode cev-file with added cluster results

Close all figures

Continue/ Exit menu
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3.5.2. QUITE EASXuto-clusteringEasyClus/nsupervisedViethod DESIGNor
DESIGN &nd with similarity database matchingsingle file)-6 dzii G 2y W! dzi2 [/ f dza
' YAdzZLISNIBAASR 9 5FdGlFlorasS NBO23IyoQ
To cluster automatically according to certain specified institutions
Process FCM datafiles

Calibration Chart Quality Control

Totals of all FCM variables

Fraction FCM variables by size

ring GO
Checkbox off = DESIGN |
2 Clustering DESIGN | or Il

" DESIGN I gives more clusters than DESIGN Il

3. Clustering FIX grid

4 Clustering RULES

5 Clustering RULES & DES

6 Clustering LASSO
T Clustering MANUAL

8 Clustering MANUAL CSV-import

Multi files Clustering f1.f2.f3.
Cluster are being identified dmasis of density
distributions in two dimensional dotplots
combined with the allocation of encircling neighbouring events according to the best fit
similarity indexing principle.
For this, only comparison of single grids with each other instead of the whole cluster
grids, are taken into account. Assignment to earlier recognized clusters is done on basis
of the highest similarity index.

{4\ Figure 9: 3D:Total SWS HS-Total FL Red HS — u] e "4 Figure 10: 3D:Total FL Red HS-Total FL Orange HS. - O e
File Edit View Insert Tools Desktop Window Help ~| | Eile Edit View Inset Tools Desktop Window Help ~
DEHS [ HRANBEL- (S 08|=D OSda | k(AR 0BHELL- (S 08D
800
300
700
250
600
g 200 w0
5 éo
3 150 € 400
© =]
100 © 300
50 200
100
4 o)
10°
108
7 o
0 (3 10 10 2
10 10
Total FL Red HS 104 10° 0 Total FL Orange HS 10°
10° Total SWS HS Total FL Red HS

3D visualisation of a scatterplot and showing the number of events in-thieegtion.
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Start

A *.fcm data omther file ischosen andmported

Subsequently, the standard default settings menu appealsstering according to
these settings will take place.
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