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By : Thomas Rutten
Ref.nr :TRP 2025.030

Determining cyanos from flow cytometry data using EasyClus

Introduction

There are various methods in EasyClus to filter blue-green algae or cyanobacteria from the
data and to determine their numbers, biomass or other characteristics.

Cyano’s module via ratio

Database - via lasso-methode

Database - via rules (but not only cyano's but also other species in database)
Database - via hybrid (but not only cyanos but also other species in database)
FIX-zone — draw ratio lines or lassos yourself

Clustering DESIGN via ratio’s in clustering process

A

1. Cyano’s module via ratio

The simplest method works via the Cyano module. The Total FL Orange/ Total FL Red ratio is
used to recognize the cyanos and possibly supplemented with a second criterion. The
phycocyanin, which is characteristic of cyanos, gives orange fluorescence, which other
algae do not or different in intensity. Cryptophytes also give orange and especially yellow
fluorescence due to their phycoerytrin pigment, but at a different level than the
phycocyanin. The blue laser is actually not optimal for phycocyanin (and phycoeritrin)
excitation, but it is sufficient to distinguish it from other types.

@ Specific groups

O PicoNanoMicroOth ¢
O Suspended matter

O Single cells calc.
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A menu will appear where you can define a project name (e.g. a location). This project
name is used to put multiple files together, for example.

We choose afile to set and test the definition of the settings. This only needs to be done
once as long as the instrument detectors and levels are not adjusted. Later, more files can
be added to the menu and executed in one go, with all results being saved in the 'project’
name.

Cyano by ratio

Version and user

Import CY ANOdata file PrOjECt Start new by copy Start new empty

C\Easyclusv12Zresultz\datafiles\Project_CY ANOdata.mat
Clear all data

Impart FCM files(s)

0 data rows

DADATAND B

fiv@fir 2023-09-14 15h32.cyz

A DADATAIBuwalg wilab\S25WS1_1uls 2 fly2fir 2023-09-14 15h32.cvz

Settings Cyano clustering

Settings used groups & figures

Plot CY' ANOdata now Close SCAT-figs
Delete CY ANCdata now Cloze CYANO-figs
. Cancel Run
Save 8% . 4. Cyano ratio settings - X

We set up via Cyano Variables

'Settings Cyano

clustering', the W—_

Project

H > 0.3 <= 0.85
fOllOWIng menu Total FLRed HS
appears: 0 Cutoff y-axis

. import FCM-file
The ratio of lower [ se extra criterium
and upper ground

i Trtai rL Orange HS [ Total FL Red HS <= 0.3
can be adJUSted' ntaIL Oge HS!TtI FL Red HS = 0.3 & Total FL Orange H Cyano
. Total FL O HS / Total FL Red HS = 0.85 Crypt
Check with the ‘ S Tnee T P
'"Test' button
whether the Cyano
cluster is correctly Other
defined.
Plot settings test close figs cyano Cancel Ok
2
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Consider using photos of particles within the clusters to determine the accuracy of the
classification.

Cyano vs other
10° v

# Other=2501 Cnts| 60.7 % w7
i 7 Cyano=1235 Cnts| 30.0 %
107 F Crypto=386 Cnts| 9.4 %

102

102

10"

Total FL Orange HS

1‘:'0 L

102 104 108
Total FL Red HS

The (purple) cyano cluster contains cyano particles, but also aggregate-silt cloud particles.
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If necessary, a second criterion may be set and used.

Project
Total FL Orange HS
> 0.3 AND <= 0.85
Total FL Red HS
Cutoff y-axis

0
import FCM-file
Length FL Yellow HS
Length FL Orange HS > (Total FL Red HS 1005
O I |W v
Total SWS HS

Total FL Yellow HS
Total FL Orange HS O
'otal FL Red HS

Maximum FW3s
Maximum SWS HS

Plot settings test close figs cyano Cancel Ok

All particles with Total FL Red values <= 100 are called 'Cyano_NOT' and all particles >100
'‘Cyano_Y' We test the additional criterion setting.

Cyano vs other
10° ; '
# Dther-NOT=938 Cnts| 22.8 %
< Other-Y=1563 Cnts| 37.9 %

Cyano-NOT=673 Cnts| 16.3 % + ug% |
o Cyano-Y=562 Cnits| 13.6 % "
2 Crypto-NOT=377 Crts| 9.1 %
+ Crypto-Y=0 Cnts| 0.2 %

<

104}

103}

Total FL Orange HS
=
[§=]

1071 ' -
102 104 10°
Total FL Red HS

Show Img.

The result looks better, even if we look at the photos within the clusters.
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The method is now set (press Ok button to confirm this and close the menu) and cyano's
can be calculated in this and in other files (via Run).

You will be asked (once) which figures need to be made (click on 'AUTOset' the first time).
This can then be adjusted via the 'settings used groups & figures' button.

%108 107
7000 14 6 Cvpioy
Crypto-NOT
6000 , — 5 [ Cyano-Y
- I cyano-NOT
N other-Y
I Other-NOT
5
1000 L
0 0 0
g 8 8 g § 8 8 8 8 8 ¢8 8 8 8§ &8 §
5 &5 & & @ 5 08 & & B 5 05 3 3 3 3
G & & ol «© & & & S
Sa Sar Sep 14, 2023
5
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2. Database - via lasso-methode

Lassos or selection sets are drawn around the cyano-particles in EasyClus or in CytoClus.
The selection is used to cluster by the LASSO-method. The selection can also be used to
store the selected particles in the database.

S23WS1_1uls_2fly2fr 2023-09-14 15h32.cyz OJ
X A
1ze
v
Clustering @ Data sums B After clustering
@ Unsupervised
@ Supervised
@ Hvbrid
* Manual
@ Find my beads
@ Cluster by X-tool
asyClus MANUAL selection & (optional) database matching
stering settings Scatterplots selection
1d by you. Choose X-axis Choose Y-axis
atthe right to select clusters.
Length FWS Length FWS
Length SWS HS Length SWS HS
ng any key Length FL Yellow HS Length FL ellow HS
ter by left button mouse Length FL Orange HS Length FL Orange HS
i Length FL Red HS Length FL Red HS
on mause Total FWS Total FWS
Total SWS HS Total SWS HS
Total FL Yellow HS Total FL Yellow HS

. . Edit Text Edit Text
Istering settings

= clusters 1000 () Ratio Add below () Ratio

ﬂ hardly fusing

200 Import scatiecsdks

Browse plots

er of clusters - 200 DEFAULT plots

ﬂ max Up
100 R
] ] . Down
:hing species settings
Explore

Browse dbs

Edit Text Edit Text Save as

odatabaseDES. bd
t should match (100%=all)

| pl most critical

47
atch index - 1000 W ots
Jiﬂ most critical ~ log ic B linear

» Save and Use latest settings auto
~ Save idnrs & clusters _txt

Save as
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Start (manual) clustering, use at least three different scatterplot combinations and save

manual cluster results.

MANUAL-S2SWS1_1uls_2fly2flr 2023-09-14 15h32
nr.clus all 8 [Shown in plot 100.00%

Total FL Red HS
=
%

6

- 1:2083{unrecogn) 10
- 2:836(unrecogn)
3: 484(unrecogn)

4: 272(unrecogn) 10°

- 5:270(unrecogn)
- 6 53(unracogn)
- 7:17(unracogn) He|

1

8 7(unracogn)
2

Total FL Red HS
=
%

MANUAL-S2SWS1_1uls_2fly2fir 2023-09-14 15h32
nr.clus all 8 [Shown in plot 100.00%

- 1:2083(unrecogn)
+ 2:936(unrecodn)

s 31 4B4(unrecogn)

41 272{unrecogn)

- 5:270(unrecogn)
- 6 53(unracogn)
- 7:17(unracogn)
- 8: T{umacogn)
* imag

2
10° Bn | g 103
= |
107 s 4 10°
112
=
10° H 10!
10° g 10°
a
107 107
10° 102 104 108 F= i Pm 0 10° 102 104 108
T stat Stae Histxy Expont | Allind Total FWS Imghtos. Show | Cn [ stat | Stas | Histxy Export| Allin i Tolal SWS HS Imghias. Shaw
{ Figure 7: AiTotal FL Red HS-Total FL Orange HS - O X [# [ Figure &: ATotal FL Red HS-Total FL Yellow HS -
e Edit View Insert Tools Desktop Window Help ~ B Fil File Edit View Inset Tools Desktop Window Help
Sd% A 08 b= A0Ede |3 08 &E
MANUAL-S2SWS1_1uls_2fly2flr 2023-09-14 15h32 MANUAL-S2SWS1_1uls_2fly2fir 2023-09-14 15h32
i nr.clus all 8 [Shown in plot 100.00% o5 nr.clus all 8 [Shown in plot 100.00%
1 1
+ 1:2083({unracogn) + 1:2083(unracogn)
- 2:93(unrecogn) - 2:936(unrecogn)
3: 484 {unrecagn) 3: 488 (unrecagn)
o 4: 272 (unrecagn) 0 4: 272(unresagn)
B - 5:270{unrecogn) I 10 “ 5:270(unrecogn)
3 + B:53{unrecogn) g + & 53(unracogn)
2 - - 7:17{unreconn) =2 - 7:17(unracogn)
5 - B:T{unrecogn) a 2 - 8 7(unmecogn)
i O L3 I o ® imag:
m
g 3z
z 3
= sa 2~
-
w
s
=
=
107 1071
10° 10° 10* 10° - m o 10° 107 10* 10°
T e v ksl et | aams ) TOWAIFL Red HS e W W T (e | arns (it | Gomnr | anin s TO1AIFL Red HS —— W
Jresults > selectionsets * manual Zoeken in manual Q
Tl sorteren - = Weergeven ~ e B Details
Fa
Maam Gewijzigd op Type

| D selectionmanual_29-Oct-2025_15u47_Cyano.bd

29-10-2025 15:47

Tekstdocun

Use LASSO
clustering for
. Clustering
automatic
clustering on

basis of

® Unsupervised
* Supervised
freshly made

® Hybnid

selection sets ® Manual
® Find my beads

® Cluster by X-tool

in many files

www.thomasruttenprojects.nl

B8 Data sums

® RULES

* LASSO

@ FlXed zones
@ FlXed grids RB

B Atfter clustering
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{4 menusettings_supervised — ] X

EasyClus semi supervised lasso clustering
Selectionsets/lasso's ip be ysed for clusiering

Only unigus—= C_‘r_;c_s_u_is_\s‘rileﬂiunsets\manu ahselectionmanual_29-0ct-2025_1 SUEE_EEM__D Up

Choose selection sets/lasso’s

Rmy one
SELECT NEW LASSO's Down

Rmw All Import file

cyz-xml Cancel last Add Save as

Clustering settings Scatterplots for visualization

Choose X-axis Choose Y-axis
=z<gmaller=< /&ggmm»lasso s become larger===
- . Length FWS
original size A’J \j larger Length SWS HS

100 % Length FL ellow HS Length FL Yellow HS
|l ennth Fl Oranoe HS | ennth Fl Oranne HS

==<less cfitical< Mrof lasso's to use ore critical=== Edit Text Edit Text

larger () Ratio Add below () Ratio
Browse plots

smaller
Import scatterplot combinaticn
Scatter plots for visualization: DEFALLT plots.
. — . Total SWS HS vs Total FL Red HS Up
Matching criteria for overlapping clusters Total FL Red HS v Total FL Orange HS
[ lasso's based on database... @ lasso's based on select sets Total FL Red HS v Total FL Yellow HS

Ry

Down
Database usedfile: use selspecies Sel Browse

Explore
C\Easyclusvi22results\databases\phytodatabased_25-0ct-2025_15u33. mat Edit Text Save as

% FCM parameters that should match ™ Do Biovol | =
” . o Biovol -Img. relation s
less critical 4 ¥ most critical
J —[J B Show S
[JUse ignore dbs d... a9 % 48 |Nrofcol ~ Show Sc.
500 - Similarity match index - 1000
less critical ﬂ ﬂ most critical

O use weighing 500 (O use labels | Sett

: prep sing W

load settings Save as | Cluster

LASS0O-S25WS1_1uls_2fly2flr 2023-09-14 15h32
nr.clus all 2 |[Shown in plot 100.00%

10°
w
T 10
Q
(=]
=
jud
o]
2100
w
m
=
10?
10!
d e
107
3 10° 102 10* 108
[ | stat | Stat+ || Histxy|| Export || Allin 1 Total FL Red HS
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And/or add cluster (nr 3) to a new database as well by:

4| menu_afterclustenng — LJ Ps

Report

Table ?

Cluster again

Manually changel add clustering

Cluster again (new cluster setup)

Show profiles of particles within cluster

Show images of particles within cluster

Visualisation of results in other plots?

Show 3D plots

C_E to imagedatabase (phyto. mat) rectm_}

Temp. imagedatabase (phyto_f.mat) all

Process selections sets of cluster(s)

Save SINGLE cluster raw cav-file

Save WHOLE file as .cev & added clusters

[ dbs.txt

Close scatterplots Continuel Exit menu
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3. Database -via rules (but not only cyano's but also other species in dbs)

This supervised cluster method uses a database with multiple species (e.g. >15) that
represent a large proportion of the particles in the scatterplots and not just cyano particles.
Using the UNsupervised method, we need a database which we have previously filled with
different species.

DESIGN2-S2SWS1_1uls_2fly2flr 2023-09-14 15h32 DESIGN2-S2SWS1_1uls_2fly2flr 2023-09-14 15h32
5 nr.clus all 80 |Shown in plot 100.00% 5 nr.clus all 80 |Shown in plot 100.00%

10 i # 1:552{0mNano-unrecogn) O 4T:
T 2. 404(CyanoNano-unracogn) I 48
3: 345(0ra TNane-unrecagn) & 49
n < a 0 o 4 335(0m1Nano-unrecogn) 50:
T 10* % +0 I A 5. 324{CyanaNano-unrecagn) 51:
o H + 6: 288{RedNano-unresogn) 52
= = © 7:261{RedNano-unrecagn) 5%
2 g # B 212(CyanoNano-unrecoqn) O 5d:
] I € 9:200(0@TNano-unrecagn) £ 55
i w <] 10: 125(0ral Nano-unecogn) 56:
= = o 11: 120{CyanoMano-unrecogn) & 5T
B 9 12: 81{Oma1Pico-unracogn) + 58
= 13: 76{0ra3Nano-unreca & 5@
14: m::jﬂcaahlma—unama; < &0
£ 15 B6(0ma3Nane-unrecogn) * 61
+ 16 4T(Om3Nano-umrecogn) v 62
17: 46{RedMicro-unracogn) 63
# 18 44{RedNano-unrecogn) o B4
& 19: 38(0ra1Mano-unrecogn) L g5
<] 20 37(Om3Nano-unrecogn)  + 66:
# 21: 26(CyanoMano-unracogn) 6T:
:l D W 22: 25(RedNano-unrecogn) 68
[> 23 24(0Om3noisal-unrecogn) ¢ 69:

1 O 24: 24{CyanoMicro-urrecagn) < 70:
A 25 21({Ora3Pico-unrecogn) wih

q + 26: 20{CyanoMicro-unrecogn) T2

107 10 Q 27 19(CyanoMicro-urrecagn) [ 73

3 10° 102 10* 10° | 10° 102 10* 108 28 19{RedNano-umecogn)
29: 19(CyanoMicro-unreco: U

(o [ e e g | sy [ =P Total FL Red HS 1 rar [ erars | Hize wael| Fwrner | a0 1 Total FL Red HS < an mggvs Imattne W T..]m. e

And added to a database or created a new database.

After EasyCluster This is still done in the UNsupervised DES2 method
EasyClus Cluster(s) to Database

Report

— Clusters result filenaam C:\Easyclusvi22results\databases\phytodatabase_04-Mov-2025_16u03u26.mat

Clusters found Selected to putto Database fypes found in datab.

non-species Listbox
OralNano~CH0001

Cluster again
Import database

CyancMNano~Cl-0002
Ora1Nano~CH-0003 New empty database
OralNano~CH0004
CyanoNano~C1-0005 Counts stored in database
RedMano~Cl-0006
»»g|| |RedNano~C0007 p o add % of found
CyanoMano~Cl-0008 ® counts of each
§r31 MNano~CH0009

Manually change/ add clustering

Rename merge clusters by list

Show profiles of particles within cluster

200 but at least minimum nr

Show images of particles within cluster of counts per cluster

raiNano~CH0010
yanoNano~C-0011

x g;:g:';ﬁéfg;% (] only data WITH images
Ora3Nano~CH0014
Ora3Nano~CH0015 [0 use sharpness
Ora3Nano~CH0016
RedMicro~CH0017 B smart largest selection on
RedMano~Cl-0018
OralMano~CH0019
Ora3MNano~CH0020
CyanoNano~CH0021 ’ use VIRTUAL images
RedNano~CH0022
Ora3noise1~CH0023

Visualisation of results in other plots?

Show 3D plots

@magaﬂmaha&e (phyte..mat) recomm.

Temp. imagedatabase (phyto_f..mat) all

Process selections sets of cluster(s) CyanoMicro~CL0024

Ora3Pico~CH0025
CyanoMicro~Cl-0026
CyanoMicro~Cl-0027

Save SINGLE cluster raw csv-file

Save WHOLE file as .cev & added clusters 1 OralNano~CH0001 Edit-Rename < ||Database name i
Cancel Ok & Do
C Oz Osn3 do nothing v
Close scatterplots Continues Exit menu
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Only clusters with more than 10 counts (up to and including Cl-38) have been added to the
database. Now that there is a database, we can use it for the supervised RULES clustering

Clustering

@ Unsupervised

* Supervised

@ Hybrid

@ Manual

@ Find my beads
@ Cluster by X-toal

B Data sums B After clustering

* RULES

® LASSO

@ FlXed zones
® FliXed grids RB

We import the datatabase containing previously defined cyano clusters and start clustering

with the database

use database(on) model(off () use zel.sp.

EasyClus RULES supervised clustering using phytodatabase_xx.mat
Database & Matching species settings

Scatterplots selection

Choose X-axis Choose Y-axis

Sel

Length FL Yellow HS
Length FL Orange HS

Length FL ellow HS
Length FL Orange HS

less critical ﬂ

Length FL Red HS Length FL Red HS

Jj default critical

100 %
Increase parameters level

Total FWS
Total SWS HS
Total FL Yellow HS

Total FWS
Total SWS HS
Total FL Yellow HS

100

0|

Total FL Orange HS Total FL Orange HS

4

most critical

[CJuseignore dbs data

We use both labels :

The label 1b (before ~) and the
label 2 (after ~) in the database

www.thomasruttenprojects.nl

Edit Text Edit Text

CJuse labels = sett.

() Ratio

Import scatterplot combination

Scatter plots used for visualization

() Ratio

Browse plots

DEFAULT plots

Add below

Total SWS HS vs Total FL Red HS

Up
Total FL Red HS v= Total FL Orange HS
Total FL Red HS vs Total FL Yellow HS Rmy
Down
Explore
Edit Text Edit Text oy

(] Do Biovol -Img. relation

+ logarit
B Show Sc_plot
-+ Show Sc_plots merged clus
+ Show label box

Size of symbol |

‘ 3 0E I O
' @ Use label1b~
..h—

B Use ~label2
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The supervised cluster results RULES with both labels

RULESS2SWS1_1uls_2fly2fir 2023-09-14 15h32
nr.clus all 39 |Shown in plot 100.00%

&
10 1:533(0ra1Nana-C1-0001) =] 21. 38(0Ora3Nano-C1-0020)
2 404(CyanoNano~CHD002) 4 22 26(CyanoMano~C1-0021)
3 353 (0ra 1M ano-C1-0003) 23 28(CyanoMicro-CHIO24)
4: 346(Ora 1Nano~-C1-D004) 24: 25(RedMano~C1-0022)
10* M 5321 (CyanaMano~C-0005) 25 25(0ra3noisal-CHI023)
+ B: 287 (RadNana~Cl-0006) A 26 21(0ra3Pico~CHI025)
W 7: 261(RadNano~C1-0007) + 27 20(CyanoMicra-CHIO2E)
8:217(CyanoNano~CI-D0DB) O 28 19(CyanoMicro~CHI02T7)

b

202(0ra1Mana~-C1-0009) 29; 19{RedNano-C1-0028)
10 125(OralNano~CHI010) ¢ 30 19(CyanoMicro~CH029)
11: 120({CyanoMano~CHO011) <] 31: 18({0ra 1Micro~CHI030)
12: 93(not rmcognized ) [> 32 17(0raInoise1-CHI033)
13 84{Ora3Nano~-C1-0013) # 33 18(0ra IMicro~CHI031)
: 81{0ra 1Pico~-CHI012) 34 16({0ra3naisel~CHI032)
15 73{0Ora3Nano~-C1-0015) 0 35 16(CyanoPico-CHO34)
16: 72{Ora3Nana~-C1-0014) £ 36 14{Ora IMicro~CHI035)
17: 48{0ra3Mano~-C1-0016) + 37 13({CyanoMano-CH-0D36)
18; 48(RadMicro~CH0017) 38 12{RedMicro~ClH0038)
19: 45{RadNano~-C1-0018) O 39 11{OraINano~C1-0037)
20; 40(Ora1Nano~C1-0014) O

Total FL Orange HS

O+obdVx Ao
=

10¢ 102 10* 108
= = = = — Total FL Red HS

The supervised cluster results RULES with only
label1b (before ~) in the same database
RULESS2SWS1_1uls_2fly2fir 2023-09-14 15h32

o5 nr.clus all 13 [Shown in plot 100.00%
1

« logaritmic

&: B4 CyanaMicra)
7:81(0OralPico)

8: 60[RedMicra)

1 9: 48(0r a1 Micra)
10: 41(Ora3noizal)
11: 21{0ra3Pico)
12: 17 (Orainaoizal)
13 16({CyanoPica)

=
s
e
4
At oow

Total FL Orange HS

Q< % <

107
3 10¢ 102 10* 108

[_] Stat || Stat+ | Histxy | Export | Allin 1 Total FL Red HS Imughdos S

If desired, the database can also be adapted and expanded with more species/types of
algae.

12
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4. Database - via hybrid (but not only cyanos but also other species in dbs)

This method is mainly used when a database must be built up in a large series of samples,
which contains species from the entire measurement series.

The hybrid method collects unique clusters and automatically adds them to the database.
After the database and/or the model has been filled (last sample has been measured), the
names of the clusters found are given by a specialist for each cluster/group, including the
cyano species.

One can also use an existing database (such as in RULES), where itis expected that more
particles will be assigned to a species from the database.

Then the HYBRID method is used with the database

Clustering @ Daia sums

B After clustering

@ Unsupervised o
@ Supervised ()
* Hybrid

- o
@ Manual * HYBRID
® Find my beads ()
@ Cluster by X-tool ()

In the example below, we use a database (the same as in RULES), which is not auto-filled
(see the settings below) but is used for the HYBRID clustering matching method.

First, there will be unsupervised clustering with combinations Total SWS-Total FL Red, Total FL
Red- Total FL Orange, Total FL Red-Total FL Yellow at grid 55 and neighbouring distance 3.
Particles within the clusters are matched with the database and clusters are assigned to the
best matching species from the database.

Label1b~label2 are used in combination (according to the setting).

13
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EasyClus HYBRID un- & supervised clustering using phytodatabase_xx.mat

Clustering settings Scatterplots selection

Crid o

Choose Y-axis

Choose X-axis

Lation

lusters

I

[:] neighp linked to grid

I

ﬂ more

Length FWS |
Length SWS HS

Length FL ellow HS

Length FL Orange HS

Length FL Red HS

55

Meighbouring distance

Length FL Orange HS
Length FL Red HS
Total FWS

Total SWS HS

Total FL Yelow HS
Total FL Orange HS

less cjusters

+
3 Total SWS HS

5 separale CIUSIErs T WHIE Space In DETWEen Total FL Yellow HS
Total FL Orange HS

Edit Text

[:I alwa

Autosdd clusters to parsset rules and/or databaze

Edit Text

() Ratio

Browse plots

[:] AutoAdd clusters to model
D Autoldd clusters to database
[:] Save background data on

Start New empty O Ratio

Add below
Start New empty

Impost scatterplot combination

Lload Caott ko DEFAULT plots
S-St R Ptots
Total SWS HS vs Total FL Red HS up Expl.
o
Total FL Red HS vs Total FL Yellow HS
#Length FWS vs 26,3, 20, n0ISe, pICo, Nano, micro Down
#l annathNOLY FIAS e 2N micrn
. . . DEFAULT img
Cratalrast o WaltiTmyg spetics scitmgs
Edit Text Edit Text Save as

8 use database(on) model (offf () use sel.sp. Sel. Browse dbs

C\Easyclusv12Zresults\databases\phytodatabase_04-Nov-2025_150u58u49. mat ) Do Biovol -Img. relatior

Label options
[ Use label above for

not recognized

[JUseignore dbs data other

less critical 4

% Critical level (100%=default)

J | default critical

) Merge more

100 % 100
O Use simil after rules
_I_ Increase parameters level J
4 » most critical
J (D) other: Use label1~
[ use weighing 1 Juse labels | Sett. @ other: Use label1~label

other : Use ~label2

load settings Save as Cancel

The HYBRID cluster results are shown in the scatterplots

HYBRID-S2SWS1_1uls_2fly2flr 2023-09-14 15h32
nr.clus all 39 |Shown in plot 100.00%

HYBRID-S2SWS1_1uls_2fly2flr 2023-09-14 15h32
nr.clus all 39 |Shown in plot 100.00%

1: 534 (0ra1Nano-C1-0001)
2. 409(CyanoMano-CI-0002)
3: 360(0ra1Mano-C1-0003)
4: 347 (Ora1Nano-C1-0004)
5: 323 (CyanoNano~CI-0005)
6: 280 {RadNano-C1-0008)
7: 262 (RadMana~-C1-0007)
8. 220(CyanoMano-CI1-0008)
211{0raNana~-C1-D008)
10: 127 CyanoMano-CH011)
11: 126{Ora1Nano-CHI010)
12 86{0ra1Pico-CHID12)
13: 85(0ra3Nano-C1-0013)
14: T6(0Ora3Mano-C1-0015)
15: 72(0ra3Nano-C1-0014)
16: 48{RedMicro-CI-0017)
AT: 48(0ra1MNano-C1-0019)
18: 48(0ra3Nano-C1-0016)
19: 45(RadMano-CI-0018)
20: 35(0ra3Nano-C1-0020)

bkcOodAs B
©

Total FL Yellow HS
ooV EAD

]

O
O

-1 ;

10*

U Total FL Red HS

— - Total FL Red HS 71 &=t | State | Mzt Fanoet | Allin 1

The HYBRID cluster results can be put together in a table with the 'After clustering' module.

21
22,
23
24;
25
26
T
28
A o2g
30
ERH
32
33
34
o 35

36
u 3T
o3&
+ 3@

Ad %

Imakdos

To import the HYBRID cluster results, choose the option 'filename_D2C_idnrs.mat' files.
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27 (CyanoMano-C-0021)
26(CyanoMicro-CHIO24)
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22(CyanoMicro-CHIO2T)
21(0ra3Pico~CHI025)
20{CyanoMicro-CHIO2E)
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[#] menu_dataClustersOrganizerSumTotal_ID

Data Clusters Organizer Sum Total by

*i~lversion and user : e
+ETSIET e @ Calc. bioindic

After clustering

@ Relabel clusters

: - + -
D2C_idnrs.mat (HYBRID) |~ | [Recall last J 0 J | ] L.ompare clus.res

‘ Import file(s)

| selected Selectal @ Auto-databasing [ txt)
* Export cluster result
@ Export cluster result
X
@ Export clusters BioVol
@ Plot module
1
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5. FIXed zone method - define zones yourself by ratio lines and/or lassos

The FIXed zone method is a very fast method in which (once) zones are defined in the
scatter plots. Each zone per scatter plotis given a name. The composite zones from

Clustering B Data sums B After clustering

@ Unsupervised

* Supervised ® RULES
@ Hybrid ® LASSO
® Manual

@ Find my beads
® Cluster by X-tool

+ FlXed zones
® FlXed grids RB

different criteria/zones together form unique clusters and names per zone. The 'Show FIX
settings' is used to define the zones, usually this is done once and is only adjusted
afterwards.

EasyClus FIXed zones clustering

Fl¥ed zones cluster Settings

Scatterplots selection for visualization

Ch H-axi Ch Y-axi
C\Easyclusv122\cytovi22\defaults\settings_usedparsFlX.mat oose --axs oose L-axs

) - Length FWS | | [Length Fwis |
B FIX sett Show FIX sett
rowse FA setings Length SWS HS Length SWS HS

Length FL Yellow HS Length FL Yellow HS
Length FL Orange HS Length FL Orange HS

) use grouping by FIX2 Sett. B use labels | Sett. Length FL Red HS Length FL Red HS

B Use database - Edit Text Edit Text

ato i
Add below O Ratio

Import scatterplot combination Browse plots

- DEFAULT plots
Used Scatter plot combinations:

Up

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

Down

Explore

Edit Text Edit Text Save as

(] Do Bioval -Iimg. relation

e gra

Cluster

load settings Save as
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The zones are defined by hand (from bottom to top). All particles below, between, above

4122 2859 3121

10° T :

Total FL Crange HS
=
[

the lines per plot are
in a separate zone.

L Red HS - Total FL Orange HS = [m]
10! ¢ Tools Desktop Window Help
B & E
4122
10%F E
All: 4122
:| * Gri: 2859
T - Gr2: 262
101 L . . . ! ! i | - e a7
107! 100 10! 102 102 104 105 o134
Tl il T Total FL Red HS
. g
Lassos can also be defined, for example for reference S
[TH
spheres, which are more difficult to define by a line g
2
zone.
{4 menu_settingsFiXcellclustering_FIX3L
Settings for FIXed zones Clustering el 102 ot e

Total FL Red HS

Length FWS | L1 muttiine: Total FL Red HS_vs_Tota

Length SWS HS
Length FL ¥ellow HS
Length FL Orange HS
Length FL Red HS A
Total FWS
Total SWS HS >
Total FL Yellow HS
Total FL Orange HS
Total FL Red HS @)
Maximum FWs
Maximum SWS HS
Maximum FL Yellow HS
Maximum FL Orange HS
Maximum FL Red HS
Average FWS

Average SWS HS
Average FL Yellow HS
Average FL Orange HS
Average FL Red HS

import FCM file Delete Edit above

Test

Add multiing

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

Theoret. nr of clusters: 16

Copyright Thomags Rutten Projects

Cancel

Add lasso

clusnrs explain

Save & Exit

The multiline zones can be fine-tuned if necessary, via the ‘edit above’ button (see above).
Lines may be almost on top of each other, but the highest line must always be just above
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the next other line(s). This applies to every line. A multiline may never cross another
multiline. The lines are extrapolated at the front and back automatically by the software.

Editing multi-lines to make them even more precise in relation to each other is possible by
adjusting the number values via the table but make sure that the top line always remains
the top line.

|:\- multiline: Total FL Red HS_vs_Total FL Orange HS = m] *

Linel_X Linel Y Line2_X Line2 ¥ Line3_X Line3 Y s 5 E@ @\e\ﬁ

1 25 1 25.0010 1 25.0020 10
— 300 —» 40 50 35 50 7
£.7006e<03|  311.2796 200 30| 357.8039|  213.1901

26342e+05| 1.1042e04| 54494e+03| 130450+03| 3.50030+03 2000

6.0110e=05| 32563e=04| ©5207e+04| 21128e<04| 10851e+04| 1 1345e-04

NaN NaN| 29406e+05| 7.5286e<04| 9.5207e+04| 5.7451e-04

10°

10° 102 10° 108

E ac h zone [4.] menu_settingsFiXcellclustering_FIX3L = [m] b4

corresponds to a Settings for FIXed zones Clustering

given name, which Length FWS 26320

Length FWS L1 multiine: Total FL Red HS_wvs_Tota

Length SWS HS
can be Length FL Yellow HS
Length FL Orange HS
1 H 1 Length FL Red HS
viewed/defined via i A
' Total SWS HS >
the button 'Show Total FL Vellow HS v
Total FL Orange HS
. Total FL Red HS

Cluster & def(|ne) Maximum FWS o
Maximum SWS HS

! i FL ¥ellow HS
lables‘ Maximum FL Qrange HS
Maximum FL Red HS
Average FWS
Average SWS HS
Average FL Yellow HS
Average FL Orange HS
Average FL Red HS

import FCH file Delete Edit above Add muttiling Add lasso

Test
Import settings Save seftings as 4' Show clusters & def. labels lusnrs explain
Theoret. nr of clusters: 16

Copyright Thomas Rutten Projects Cancel Save & Exit
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In the green square the names used.

4 Menu_name_cnanger Tor FIAZONES CIUSTEning

Names after clustering - criteria based names Latest & labels that will be used Change labels field for making new labels
0.26 & mutiine: Total FL Red HS s Tolal FL O [ . | oser __________Ji
ength FWS:<0.26 & multiine: Total FL Red HS_vs_Total FL Or noise1 noisel
ength FWS:<0.26 & multiine: Total FL Red HS_vs_Total FL Or noisel noisel
—ength FWS:<0 28 & muttiing: Total FL Red HS_vs_Total FL Or noisel noisel
-ength PWS:>=0.28 & <3 & multiine: Total FL Red HS_vs_Tota pico_Red pico_Red
Import FL-ength FWS:>=0.26 & <3 & multiine: Total FL Red HS_vs_Tota pico_Orat pico_Ora1
—ength FWS: 28 & <3 & multiine: Total FL Red HS_vs_Tota pico_Cyano < | |pico_Cyano >
_ength FWS:==0 26 & <3 & multiine: Total FL Red HS_vs_Tota pico_0ra3 pico_Ora3
-ength FWS:>=3 & <20 & multiine: Total FL Red HS_vs_Total F nano_Red nano_Red
_ength FWS:>=3 & <20 & multiine: Total FL Red HS_vs_Total F nanc_Oral << |nano_Oral
||T||J'|J rl_eng1h FWS:==3 & <20 & multiine: Total FL Red HS_vs_Total nano_Cyano nano_Cyano
ength FWS:==3 & <20 & muttiine: Total FL Red HS_vs_Total F nano_Ora3 nano_Ora3
& muttiine: Total FL Red HS_vs_Total FL Ori micro_Red micro_Red
ength FWS:==20 & muttiine: Total FL Red HS_vs_Total FL Or: >3 |micro_Orat micro_Oral
Length FYYS: = ength FiS»=20 & mutiine: Total FL Red HS_vs_Total FL O micro_Cyano micro_Cyano
_ength FWS:==20 & multiline: Total FL Red HS_vs_Total FL Or: micro_Oral micro_Ora2
Length FWS:=""" Vs X |- 3 -
Length FWS:>
multiline: Total
- >
multiline: Total
multiline: Total
multiline: Total
Change FIX criteria Import oth.FIX criteria D sort abc sortby  |pico
Import oth.labels Example label names Undo Rmv " I ( label helper ) ] Unde
Number of names: 16 Nr of names: 16 (unig:13 E T
(unig:13) N e TSHRED Tool to define labels from
Save as Edit Text Edit Text

By

Example lable names [:] =zort

be defined via the 'label helper'

The FIX EasyClus FIXed zones clustering
. FlXed zones cluster Settings

settings are

ready,

Scatterplots selection for visualization

Choose X-axis Choose Y-axis

Ci\Easyclusv122\cytovi22\defaults\settings_usedparsFiX.mat

: " Length FWS | | |Length Fws |
Browse FIX settings Show FIX settings Length SWS HS Length SWS HS
. Length FL Yellow HS Length FL Yellow HS
ClUSterIng can Length FL Orange HS Length FL Orange HS
(] use grouping by FIX2  sett B use Iabels Length FL Red HS. Length FL Red HS
take place, Edit Text Edit Text
] () Ratio T ) Ratio
Specify that
Import scatterplot combination Browse plots.

the labels
should be
used.

! DEFALLT plots
Used Scatter plot combinations g

Up

Total SWS HS vs Total FL Red HS.
Total FL Red HS vs Total FL Orange HS Rmv
Total FL Red HS vs Total FL Yellow HS

Down

Explore

Edit Text Edit Text Save as

@ linear
ettings auto

load settings Save as
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After pressing the 'Cluster' button, clustering is done according to the FIXed zone method
(see below)

The cluster results in a scatterplot.

FIX-S25WS1_1uls_2fly2flr 2023-09-14 15h32

5 nr.clus all 12 |Shown in plot 100.00%

10 -+ 1:3015(nana_Rad)
*r 2. 544(nanao_Cyana)
3: 135 (pico_Rad)

<] 4: 107 {micro_Rad)

< 5:96(nano_Ora3)

7 8. 96(micro_Cyana)
T 44 nana_Oral)
8:62(noisal)

# 8 15(micro_Oral)

[= 10: 5{micro_Ora3)
11: 2 pico_Cyana)

A 12 1{pica_Ora3)

o

Total FL Orange HS
] ]
[ L

—
=
%]

-
[=]
-

10* 108
Total FL Red HS

[ Cimts it e || Carert || AW e

[P c

Via the 'After clustering' option, all cluster results 'filename_FIX_idnrs.mat' of a series of
files can be put together in one table.

Data Clusters Organizer Sum Total by

*i Al vyersion and user

m DEZ_idnrs.mat (DESIG... ~ | Recall last J 0 j O
DEZ_idnrs.mat (DESIGHZ) Select all X A

DE2_B_idnrs.mat (DESIGNZ +)

RUL_idnrs.mat (RULES) O

D2C_idnrs.mat (HY'BRID)

D2C_B_idnrs.mat (HYBRID +) X
LC3_idnrs.mat (LASSO)

T m.glnl.l_iullla.lllm TILAED Hl;l.l nuilluuw;
MC1_idnrs.mat (MANUAL)

ACZ idnrs.mat (DESIGN1)
GO4_idnrs.mat (GO) B
REF_idnrs.mat (REFERENCE})
PSA_idnrs.mat (PULSE SHAPE)
_idnrs.mat (OTHER}

@ Auto-databasing ( txt)

® Export cluster result
erge salect fi @ Export cluster results
B use export as Run Back .
Merge & Save VAL @ Export clusters BioVol
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6. Clustering DESIGN via ratio’s in clustering process

This method is quick and easy to set up and has the advantage that it can be used in
combination with a database (based on cluster averages), so also species outside the
cyanos. A second advantage is that a distinction can be made/added between cyano
groups, for example based on length. A third advantage is that biodiversity information also
remains available because the unsupervised clustering classifies all particles with the
same optical properties into clusters.

All particles are assigned a (pre)name, from which the main group (e.g. cyano)
classification becomes clear.

The disadvantage of the method, but this also happens with the other methods, is that the
settings must be re-adjusted when ratios change, although this can be set relatively quickly
and easily in this method.

@ Data sums B After clustering

Clustering

* Unsupervised

@ Supervised

* DESIGN Il

@ DESIGN |

@ Hybrid

® Manual ® GO

® Find my beads
® Cluster by X-tool »

In the example below, in addition to unsupervised clustering in scatterplots, Total SWS vs
Total FL Red and Total FL Red vs Total FL Orange (#Total FL Red vs Total FL Yellow becomes
inactive here by applying #) some extra criteria are introduced. The strict boundaries are
defined on the ratio of Total FL Orange/ Total FL Red (left) with the addition of 0.03, 0.3,
0.85, Red, Ora1, Cyano, Ora3. This means that the O/R ratio <0.03 becomes 'Red’, >=0.03 &
<0.3 becomes 'Ora1’, >=0.3 & < 0.85 becomes 'Cyano' and everything >=0.85 is called
'Ora3', whereby clusters from the unsupervised clustering are split up based on these
criteria.

In addition, there is another length particle distinction by the application of Length FWS, 0.26,
3, 20, noise, pico, nano, micro. For example, particles >= 3 & < 20 are called 'nano'. This is
done based on individual particles (and not on the basis of a cluster average) so that all
particles in the cluster 'nano' have a length between 3 and 20 um.
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() Ratio Add below () Ratio

Import scatterplot combination Brow=e plots

Used Scatter plot combinations DEFALLT plots
Total SWS HS vs Total FL Red HS Up Expl.
Total FL Red HS = Total FL Orange HS |
#Total FL Red HS v= Total FL Yelow HS / \ Ry
Total FL Orange HS / Total FL Red HS ws 0.03,0.3,0.85 Red, Ora1,Cyan Down
Length FWS ws .26 3,20, noise 1, Pico, Nano, Micro

DEFALULT img
Edit Text Edit Text Save as

[ Do Biovol -Img. relation | Labelaptions ~
B Use label above for: @ not recognized

-~ Show Sc_plots all cluste @ other

-+ Show Sc_plots merged cEMERI

< Show label box B Unrecogn. : Use label1~
e e ) Unrecogn. : Use label1~label2
e [ Unrecogn. : Use label?
MEW : Fuse clu

[ Merge mare ;

[ other: Use label1~
[ other: Use label1~label2
B other: Use ~label?

- logaritmic
» Save idnrs & clusters _tx

The window (above) in white is used to indicate whether the 'label1' names ('Red’, 'Ora1’
etc. 'pico’, 'nano’ etc.) should be given to clusters that are not recognized by the database
or to all clusters or to use both names at the same time. A sample (with cyano particles)
was processed with these settings and that led to the scatter plot below. The (sn2) clusters
are all clusters that have arisen from unsupervised clustering and splitting according to the
specified criteria and producing clusters with the same name.
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DESIGN2-S25WS1_1uls_2fly2flr 2023-09-14 15h32

+ 1:560(CyanoMano—unracogn) 33 14({RedMicro-unracogn)
= nr.clus all 95 |Shown in plot 100.00% T 2 4T0{0OraINano-unracogn) 34: 13(CyanoMicro-unracogn)
107 ¢ 3. 419{CyanoMano-unrecogn) A 35 12(0raIMicro-unracogn)
O 4:413(0Ora1Nano-unracogn) + 36 12(CyanoMicro-unracogn)
# A5 342(0ra1Nano-unrecagn) O 37 12{CyanoPico-unracagn )
- A 1’% + 6: 278(RedMano-unracogn) © 38 12(0ra1Pico-unracogn)
T 104 | O 7: 254 (RedMano-unrecogn) < 38 10({CyanoMana-unracogn)
@  B: 181(0ra1Nano-unracogn) <] 40: 9{Ora1Micro-unracogn)
=y fv # & 9:137(0raiNano-unrecagn) % 41: 9(Oradnoisa 1-unrecogn)
m Ly <] 10: 134{Ora3Nano-unracogn) 42: B[ RadNano-unracogn)
(=] sy @? 11: 85(0ra3Nano-unracogn) [> 43: 8(Ora3naisa 1-unracagn)
] i 12: T2(CyanoMNano-unracogn) O 44: T[RedMano-unracogn)
E ’ 13: 68(0ra1Pico-unracogn) A a5 7(0ralMicra-unracagn )
o 14: 58(Ora3Nano-unrecogn) + 46: 7(Ora3Pico-unrecogn )
|2 A 15 34(CyanoMicro-unrecogn) O 47: 6CyanaPico-unracogn)
+ 16: 33(Ora1Mano-unracogn) ¥ 48: 6[0ral Micra~unrecagn)
17: 30(CyanoMNano-unracogn) & 49: 6(OradPico-unracagn )
w18 2B(RadMano-unracogn) 50 & OradMNano-unracogn)
& 18: 28{RedNano-unracogn) 51: 5[ OradMNano-unracogn)
<] 20: 27 {RadMicro-unracogn) 52 4 OralMNano-unracogn)
# 21: Z7{CyanoMicro-unracogn) 53: 4{ RadPico-unracagn)
W 22 24(Oradnaisal-unracogn) 0 54: 4 Cyananoisal~unracogn)
[» 23: 20{0OraiNano-unrecogn) A 55 4(0ralMano~-unracogn)
24: 20(RadMicro-unracogn) 56: 4 OralMicra-unracagn)
A 25 20(0ra3Mano-unracagn) & BT: 3(OralMano-unrmacogn)
+ 26 18(CyanoMana-unracogn) @ 58: 3{CyanaMano-unrecogn)
O 2T 18{RadNano-unracogn ) < 58 3(Ora3Mano-unracagn)
28: 16(0raINano-unracagn) <] 80: 2(RedMicro-unracogn)
1 . | 29: 16(0ra IMicro-unracogn) # 61: 2[CyanaNano-unracogn)
10 0 2 4 g =] 30: 16{RedMano-unracogn W 62 2 CyanoMicro-unracogn)
10 10 10 10° 4 31: 15(0ratnaisal-unrascogn) 63 2{RedNano~unracogn)
Total FL Red HS 32: 14(Ora3Pico-unmacogn) 0 &4: 2(0OralPico-unresaant

Chmb || Dambs | Llimd ama || Caerees || Al e £

+ [=no

<

5 O+ [0y

[

o

(B TR

84:
B6:
[:TH
68:
89:
T0:
T
T2
Ta
T4
Th:
T
T
T8
e
BO:
B1:
B2
Ba:
B4:
BE:
Bi:
BT
Ba:
Ba:
a0:
g1:
a2
a3
a4:
85

2(Ora3Pico-unrecogn)
2 RedPico-unracogn)

2 CyanaMano-unracogn )
2(0Oral1Micro-unrecagn )
2 CyanaMano-unracogn )
2 CyanaNano-unracogn )
2(Ora1Micro-unrecogn )
2(OralMicro-unrecogn
1(Read Micro-unrecogn )
1(Fesd Miicr o-unrecogn )
1(Ora3Mana-unracogn)
1(Ora3Micro-unrecagn
1(Rad Micro-unrecogn )
1(Ora1Micro-unrecogn
1(0ra1Mana-unracogn)
1(Oradnoisa 1-unrecagn)
1 OradMicro-unracagn )
1(0Ora1Mano-unracogn)
1(Oral1Micro-unrecagn )
A CyanaMicro-unracogn)
1(Ora3Mano-unracogn)
1(CyanaPico-unracogn)
A(CyanaMano-unracagn )
1(Read Micro-unrecogn )

A CyanaMicro-unracogn)
1(Ora1Micro-unracagn )
A CyanaMicro-unracogn)
1(Radnaisa 1-unracogn )
1(RadPico-unrecagn )
1(0ra1Mana-unracogn)
1(OralPico-u, = 0 =+

Charvar Cn

After merging the clusters with the same name (the sn3 clusters), there are 16 clusters with
a unique name. The total counts of the sn3 clusters below are equal to the total number of

particles of the 95 sn2 clusters (top).

DESIGNZ2-525WS1_1uls_2fly2flr 2023-09-14 15h32

nr.clus all 16 |Shown in

—
[ |
e

plot 100.00%

| 1: 1121 CyanaMana) |

Faa)

O 2:1626(0ra1Mana)
3: 638 (RadNana)

: 313(0ra3Nana)

I G: 91 CyanaMicra ) I

T 7. 67| RedNicra)
B:42(Cradnoisal)

Total FL Crange HS
=
[5]

-
[ ]
(5]

101 L

#8863 OralMicra)
A010: 15(0rainoisal)

[ 12 1aicyancrics) |

10*

Total FL Red HS

Stat | Stat+ | Histxy Export | Allin 1

T 13 7{RedPico)

& 14 4 Cyanonoisal)
+ 185 2(Ora3Micra)
4 16 1(Rednaisal)
[#)

Imeghdos.

Show

5| |5+

Cn
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The cluster results per file can be collected with the 'filename_DE2_idnrs.mat' files from
the EasyClusvxxxresults\cluster folder and put together by in a file, for example, a .txt or
Xlsx file via the 'After clustering' tool of EasyClus (see below).

|4 menu_dataClustersOrganizersumTotal_ID — O X

Data Clusters Organizer Sum Total

Aifter clustering

I- - - %2 -Verzion and user

@ Calc. bioindices
@ Relabel c

. . o4 -~
(alseyg ki - DE2 idnre.mat (D... | Recalll.. @ Compare clu
1 selected Select all N
@ Auto-databasing [ txt)
O * Export cluster resul
X @ Export cluster results (>txt)
@ Export clusters BioVol
@ Plot module
O
B [:I auto merge sele...
uZe EXpO... [t v
Merge & Save V... Run R
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