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TECHNICAL SUPPORT

For help and technical advice, please contact the Technical Support Department at Stilla Technologies.
The Technical Support Department:

For European Customers:
Monday to Friday, 9:30 AM - 6:30 PM Central European Time (CET)
Closed on French bank holidays.
Phone: (+33) 9 82 27 47 47
Email:

For North American Customers:
Monday to Friday, 8:00 AM i 6:00 PM, EST
Closed on American bank holidays.
Phone: 1-833-888-0150 ext. 1
Email:

Online Technical Support is also available at:
LEGAL NOTICES

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopy, recording, or any information storage or retrieval system, without
permission in writing from Stilla Technologies.

Stilla Technologies reserves the right to modify its products and services at any time. Information
contained in this user manual is subject to change without notice. Stilla Technologies assumes no
liability for errors or any damage resulting from the use of this information.

The naica® system and/or its uses are covered by US and corresponding non-US patents owned by or
under license to Stilla Technologies.

The naica® system and/or its use is licensed under U.S. and/or non-U.S. patents, and/or pending U.S.
and non-U.S. patent applications owned by or under license to Bio-Rad Laboratories, Inc., including,
but not limited to, U.S. Patent Nos. 9,968,933; 9,127,310; RE41,780; and 8,871,444.

Details available at:

Purchase of the naica® system includes a limited, non-transferable right under such intellectual property
for use of the products for research and applied applications, including commercial services, but
excluding any commercial NIPT services. The exclusion of commercial NIPT services applies only in
the United States and the European Union.

No rights are granted for diagnostic uses.

Further information on purchasing licenses may be obtained by contacting Stilla Technologies, 1 Malil
du Professeur Georges Mathé, 94800 Villejuif, France. It is the responsibility of the purchaser/end user
to acquire any additional intellectual property rights that may be required from Bio-Rad Laboratories,
Inc.

It is the responsibility of the purchaser/end-user to acquire any additional intellectual property rights that
may be required.


mailto:support@stilla.fr
http://www.stillatechnologies.com/technical-support/
http://www.stillatechnologies.com/patents
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TRADEMARKS

Crystal Digital PCRE , naica® and Stilla® are trademarks of Stilla Technologies. All other trademarks
are the sole property of their respective owners.

COPYRIGHT & INTENDED USE
Copyright 2018-2022, Stilla Technologies. All rights reserved.

For Research Use Only. Not for use in diagnostic procedures
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1. Introduction
1.1 Purpose of the document

This document provides detailed information for the use of the Crystal Miner software
application. The Crystal Miner software is the data analysis software application of the naica®
system. It is essential to read the User Manual carefully and pay attention to the safety
information provided. The instructions and safety information in the User Manual must be
followed to ensure the safe operation of the instrument and to maintain the instrument in a safe
condition.

All  documents referenced in this User Manual can be accessed here:

1.2 Intended use of the Crystal Miner software

The naica® system for Crystal Digital PCR™ is composed of two instruments: the Geode,
which performs droplet generation and amplification, and the Prism3 / Prism6, which enables
imaging of the Droplet Crystal in up to 3 or 6 detection channels. The Crystal Reader software
is used to control and set up Crystal Digital PCRE experiments on the Prism3 / Prism6
instrument.

The Crystal Miner software is used to extract data from the images acquired using the Prism3
/ Prism6 instrument and to calculate the absolute concentrations of the targeted nucleic acids.

Crystal Reader and Crystal Miner software is pre-installed on the Prism3 / Prism6 instrument
and delivered as part of the naica® system.

The naica® system performs Crystal Digital PCRE within microfluidic chips (Sapphire Chip &
Ruby Chip). The naica® PCR MIX reagents are recommended to achieve optimal Crystal
Digital PCRE performance on the naica® system.

For detailed instructions for the Geode, Prism3 / Prism6 and Crystal Reader software, please
refer to the respective User Manual. For detailed instructions for Sapphire Chip, Ruby Chip,
naica® PCR MIX, and naica® multiplex PCR MIX refer to the respective Instruction for Use
(IFU)

The naica® system is a laboratory instrument to be used by qualified personnel in a controlled
environment. Before using the naica® system, the user must be trained by a Stilla
Technologies representative.

In general, Crystal Digital PCRE can be performed with all types of DNA sample types on the
naica® system. However, individual sample-type compatibility for digital PCR applications may
require a dedicated assay validation by the end-user. Please note that the extraction method
used, and sample purity can also influence sample compatibility for digital PCR applications.

The Crystal Miner software is intended for use by professional users trained in molecular
biological techniques and in the operation of the Prism6 instrument and Crystal Reader
software.

The Crystal Miner software is part of the naica® system.

The naica® system is intended for Research Use Only. Not for use in diagnostic procedures.


https://www.stillatechnologies.com/digital-pcr/naica-system-support/technical-resources/
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1.3 Citing the naica® system in scientific publications, presentations, seminars, etc

To cite the use of the naica® system:
Crystal Digital PCRE (Stilla Technologies, France)

naica® system (Stilla Technologies, France)
naica® system component hames:
1 Geode
Prism3
Prism6
Sapphire Chip
Ruby Chip
Crystal Reader software
91 Crystal Miner software
naica® PCR MIX reagents:
1 naica® PCR MIX (Stilla Technologies, France)
1 naica® multiplex PCR MIX (Stilla Technologies, France).

= =4 4 A A
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2. Context & Prerequisite s
2.1 Definition of an experiment

An experiment is defined as a set of samples processed during an individual Crystal Digital
PCRE workflow on the naica® system:

9 The samples of the respective experiment were all processed on the same respective
model of Stilla® chip consumables (Sapphire Chip or Ruby Chip). Chip types cannot
be mixed in a single experiment for image acquisition on the Prism3 / Prism6
instrument

9 The samples of the individual experiment were prepared using the same PCR
mastermix

9 The same scanning parameters, embedded files and experimental details will be
applied to all samples for an individual experiment during a Prism3 / Prism6 run, i.e.,:

9 the same exposure times (in ms) for each of the 3 or 6 LEDs;
i the same focus value (in mm)
Fluorophores and target names
Image Analysis Configuration
Optional:
A Spillover compensation matrix
A Plots configuration

= =4 =

Once an experiment is scanned by the Prism3 / Prism6 instrument, the Crystal Reader
software automatically records the data in a |
generated A.ncxo file contains all the ehamber
analysis data.

The indicative sizesof an i ndi fikeiisd u a | Ai. ncxo
Sapphire Chip 57 +/-1 MB
Ruby Chip 24 +/- 0 MB
Sapphire Chip 237 +/- 12 MB
Ruby Chip 111 +/- 2 MB
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2.2 Prerequisites for using Crystal Miner software

The experiment analysis step can be performed either directly on the naica® system or on any
other PC which fulfills the following specifications for optimal Crystal Miner software
performance:

Operating System: Windows 10 in 64 bits

RAM: at least 16 GB

Processors: Intel Core i5 or higher, at least 2 cores of 2 GHz or higher

Graphical Card: recommended (equivalent to NVIDIA GeForce GT 1030 or higher)

Screen resolution: at least 1920 x 1080; aspect ratio 16:9

To download the latest version of the Crystal Miner software to install it on another PC, visit
the Technical Resources webpage.

Note: 2 GB of storage is required for software installation.
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3. Workflow of Experiment Analysis

Double-click on the desktop icon to launch the Crystal Miner software application (Figure 1)
or launch Crystal Miner directly from Crystal Reader after a scan has completed (Figure 2).

-)'(_/

Figure 1: The launch icon for the Crystal Miner software

%)

OPEN IN
CRYSTALMINER

Figure 2: The launch icon for the Crystal Miner software available in the Crystal Reader software
after a scan is compete.

The different menus on the Crystal Miner software home screen are illustrated in Figure 3
below. Depending on the naica® system configuration (3-color naica® system or 6-color
naica® system) the visual user interface of the Crystal Miner software will look different.

Note! The figures presented in this User Manual only displays the 6-color version of Crystal
Miner software. Overall, all described functionalities are identical for 3-color and 6-color Crystal
Miner software, with the exception for the number of detection channels available for
experimental analysis. The color specific software version can be identified by the different
detection channel logos in the upper left corner with the experiment file name.

3-color Crystal Miner software logo 6-color Crystal Miner software logo

S &

Image saving Hels weiiii
File menu /O menu Quality control menu Setup menu View results menu Export menu menu P

33000

Experiment name &  BIS0TAL Somples
chamber list | R Seled

4
EEEEEEREEEEN

GREEN (pUC18 )

|

(Cormen o h rurers

Figure 3: Crystal Miner software menus displayed on the home screen.
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3.1 Menus
The purpose of each menu is as follows:

311, The AFILEO menu

This menu can be used to open and save experiments, access the Home, About and Help
menus, and to exit the software.

# “Dermeuta - Crystl Miews )

Open
Save
Save as : L
: u now]
Help i B -
Home i L
 OSISONE Sampled L]
About o so! u
 AIS0102 Samlet | o
Exit R Semel L
| CESIERI Samplet L]
O Somel) Ll
U701 Somplel2 a e
4 - 4
e Rervemna rets S
- Ll 150.
3 T
& > . yeor B
2 o
i o .
7 ]
- Pretigtte o ;
n o s —
g . 7
™ ;m = L - @ Y

Figure 4 Expanded view of the AFILEO menu.
312. The Al / O0 menu:

This menu can be used to import the diff@&npent
used by the Crystal Miner software.

Compensation (.ncm)
Plots Config (.ncp)
Analysis Config (.nca)

Save as a template (.ncx)

GREEN (pucis )

|
i
[l

Figure 5: Expanded view of the I/O menu.
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31.3. The AQUALITY CONTROLO menu:

This menu contains the tools required for the detailed inspection of the Droplet Crystal.

OSISTTSEAY Samplet

Channel
selection

_Contrast
" adjustment

Droplet
exclusion

| e— Legend

Experiment name &
chamber list

3 Quality
| flags

Re-Analyze

Figure 6: Expanded view of the Quality Control menu.

The display of the « Channel Selection » menu will depent on naica® system configuration (3-
color or 6-color display respectively).

11
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314, The ASETUPO menu:

This menu is composed of two submenus-t he A Edi t Experi mento menu, a
Spilloverodo menu. T he 0 ERgure 7)previdesrthie oetailstabout sha b me n u
experiment that have already been entered in the Crystal Reader software and this submenu

offers the option to add further details to the experiment. Additionally, this submenu can be

used to APool 06 or AUnpool 6 chambers for hi gher
Spil | over &iguseup theusan cal edit the spillover compensation manually.

QUALITY CONTROL Edit Campensate AMALYZE DATA VIEW RESULTS EXPORT

Experiment Spillover

= * G P S EOT sexhone: e il P,
A Move U E:g Podt + Add Chamber(s) ] R 125 R Name: Dema Kt
* s Entersbacter s com  CwTs Template Name
~ Move Down o ool — Remave Chasber(s) » s e . mom SemvngTempiste_ema
Chamber Name chip 0 Chamber ID Chip Position Sampl name  Chamber Cantext | Nb Droplets Type _ref stock (cp/u. Dition Type
| USISTISE-AY Samplel n gz o 1 i 0 u = 1 v = i u
0535775581 Seenpled | | 05357758 ] 1 Samplel 24347 u - 1 v 1 u
S3STTSE-CI_Sampled n 05357758 ¢ 1 Somple3 24008 i v 1 u
0535775801 Sampled n os3s7Ts8 o 1 Samples 557 u ' u 1 u
0535450-A2_Samples | | 05354801 a2 2 Samples. 26062 u 1 v 1 u
U5354801-62_Samples n os352801 8 2 Samples 5007 v 1 v 1 u
US354801-C2_Sample? [ os352m1 a 2 Sample? 619 v ' v | u
[ | 05354801 02 2 Semphes 25063 u 1 v 1 u
n 05363674 & 3 Sompied 24005 I v 1 u
n 05363674 8 3 Sampield amr u 1 u | u
11, 05363674-C3_Sample11 [ | 05363674 [=] 3 Sample11 23956 u 1 v 1 u
US363674-03_Sample1Z n 05363674 o 3 Sample12 20455 u 1 v 1 u
Chamber navigation, pooling/funpooling of Experimental Scanning Comments
chambers & addition/deletion of chambers details parameters

Figure 72 Expanded view of the AEdit Experimento subm

L]
[] o0
L] 0w
L] 5. .
= a8 o <.
[] g
W g - -
m Z i
LI} H
L] < om
s B g
L]
wom
T T wwe s awme s mo P T T T L ™ I
BUE { LamibdaP ) GREEN [ pUCIB )
B0 y
M g
= 3
£ o g
i @
,- . =~ o =
Reset
e et 5 et e s e mabs @1
" T T !
P su0 10000 50 mio 25000 38000 2500 ™ ) .
YELLOW { pbRaZ2 ) Spillover compensation menu

Figure 8: Expanded view of the ACompensate nequi |l over o s
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315, The AANALYZE DATAO menu

This menu is also composed of two submenus-t he APl ots & Popul ationso
AExplore Crystal o submenu.

The APl ots & Popul ationso submenu:

The APl ot s & Popul ationso s u
. " — Dot plot per channel Dot plot in 2D Dot plot in 3D Custom population
Experiment name & chamber list Intensity histogram (current plot) (showing 2 Is) frowing 3 ch Is) Saifion ment

+ 2 | ] S—
® 5 H a2
. - s o=
— = e
™ o
B .
——— f—= i8]
Navigate through Show/edit Change color view
plots fluorescence

thresholds

Figure 9) contains a wide range of tools for editing the experimental data and visualization.

Dot plot per channel Dot plot in 2D Dot plot in 3D Custom population

Experiment name & chamber list Intensity histogram (current plot) (showing 2 ) 93 \ SAlEn M

— ——
+ -
® . ot ]
-
) e oo (e
S = O
™ oo
e f—= =
Navigate through Show/edit Change color view
plots fluorescence

thresholds

Figure 9 Expanded view of the APlots & Populationsod subme

The plot navigation widget allows one to easily navigate between more than 3 dot plots. By
addingapageusi ng the Pl ot s ,&l'page" witht3 additionafiptots with ¢theim

13
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settings is created. For a 6-plex experiment, for example, it will allow navigating between two
pages, each displaying one channel.

Note: The dot plot settings (displayed channel, axis min/max values) are reloaded when
navigating between pages.

Please refer to the I/O menu (section 111.2) to see how to save/load a dot plot configuration file
( A . nto lpe@ble to use it throughout different experiment files.

Plots Mavigation

Figure 10: Plot navigation between several pages.

The « Explore Crystals » submenu :

This submenu allows users to explore the Droplet Crystal images using several different
widgets such as Color Mode, Channel Selection, Contrast Adjustment, and it allows users to
ma»nngalrl‘y select and exclude droplets, if necessary.

-
-
L]
-
2 gv‘v
= ’
" 3
s 2 3t
. ’ B
AN
-
: _
) e g
o
é“ v
- @ee |00 H“

vaow ( paraz2 )

Manual contrast

Droplet exclusion menu
adjustment P

Change color mode Change channel

Figure 11: Expanded view of the AExplore Crystalsodo subme
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316. The AVI EW RESULTSO menu

This menu also consists of two submenus-t he A Results Tabl ed submenu,
Grapbhasbmenu. The fResul Figure I2a domtaéns all sha éxpeemental (

details as well as the experiment result details including the target concentration. On the other

hand the AAdvanced graphsdo submenu provthees adv
AConcentration Graphso

ol - Co e

¥
L]
L]
L]
L]
]
L]
WG SarieT L]
L]
-
L]
L]
L]

Blue: Channel € (cpful. - lear)
Feal Charned € (ep - ivear )
-

Green Channel C (epful - inear)
——
—
N
— N
v . ] =
.
R N
e
il
g
i

¢

Figure 13)andth e A Uncer t a iFigurefl4)Cur ves o (

Experimental Scanning
details parameters

Add comments

Figure 122 Expanded view of the AResults Tabled submen
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o &
| OSETREAT Sampl { ]
. OSITISE Y Samplel L
- (]
- e simpes L] |
st O ™
0SS0 Sempled Ll 1
QLT m ow] o *
] )
st m ] H
SETAS St - 1
p———— . i 3. |
TG Samel] m - | o 4 1
e simp n E,,A: 5
i 3
2

Green Channel C (cpjul. - inear)
.

Figure 13: Expanded view of the AAdvanced Graphso> fiConce

¥
L]
L]
L]
L]
L]
L]
WG SarieT L]
L]
L
L]
L]
L]

-

M W o wa w f o Yo
Chamber Concentration {cpful. - log) Chamber Concentration {cp/ul - log)
su]
] U
® cxcem
@ e Ol C
Select channels and Graphs legend
change x-axis scale
" w

m w0 1m0
Chamber Concentration {cp/ul - log)

Figure 14:Expand ed vi ew of the AAdvanced Graphso> fAUncert ai
AVI EW RESULTSO menu.
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317 The AEXPORTO menu

Figure 15: Expanded view of the AEXPORTO menu.

This menu allows the export of the experimental data and the selection of the elements
required to be exported ( Figure 15).

17
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318 The @Al mage Savingod menu

This menu allows users to save or copy images or plots from any menu/submenu of the Crystal
Miner software (Figure 16).

‘\“ Save Image

Save Vector Image

Copy Image

Figure 16:Expanded view of the filmage Savingo m

319 The fAHel pd menu

This menu provides helpinnavi gati ng various submenus such as
menu; the ACompensate Spilloverd subfeureuly), t he fP
t he fiPopul ati arhe EdiEtxprl or e Crystalso submenu; i

submenu.

+ Help for Dotplot1d - Crystal Miner x

Maove in the graph using left mouse button,

Zoom in the graph or the axis with the mouse wheel,

Reset the default view with double-click,

Double-click on any axis to edit bound values,

To move a line threshold, left-click on it and drag & drop it, then click Apply to
validate it (otherwise click on Cancel).

oK

Figure 172 The AHel pd menu provides detailed help and inf
submenu.
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4. Summary of workflow

The 5 main steps of the experiment analysis workflow, using Crystal Miner software, are as
follows:

1. Load an experiment (if not directly loaded from the Crystal Reader software after a scan).

2. Check the fluorescence spillover compensation.
3. Check the fluorescence thresholds.

4. Get the concentration results.

5. Export the data.

4.1 Step (1) - Load an experiment

At the launch of the Crystal Miner software, a welcome pop-up with two options appears:
1. AEXPERI MENTSO: use this menu to open a new ex
data analysis.

2. AiBT STARTEDO: this is the resource menu for t
user s. lt includes the #ATutorial so, AiDownl oad
ADi splay Hel pd o pThispop-sp appearssory whentthe €rysalriviner
software is launched using the icon. Please contact Technical Support if more information
or help is needed.

To proceed with the AEXPERI MENTSO menu and to |
button and select the experiment file to load. ltisalsopossibl e t o drag & drop a i
A.ncro file in the Crystal Mi ner softwar‘e_ applic

Ty
s s
Pemsasens.

1D dot plt

oo
e
-

i

) EXPERIMENTS

g aT—
@ STILLA o
@E{ygta} Miner e
(mEele

Figure 18: Load an experiment.

Once the experiment is |l oaded, the AANALYZE DAT
displayed. By default, the 1D dot plots, concatenated for all the chambers of the experiment,
are shown:

19
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Figure 19: Default view: concatenated 1D dot plots of all the chambers of a 6-plex experiment
(sequential view).

4.1.1. Input fi le format options

The input file format can be either a fi.ncxo, i .

The i . n dornoat:

The fANaica Crystal EX¥pernismdarhted ofrdrgmaental ( &.idncex ger
Reader software. The f. nc>ualitfimabesrequioedforgheimaget he or
analysis process.

The indicative sizesf or i ndi vi dual A.ncxo files are:

Chip type (3 -plex data) .ncx file size / chamber

Sapphire Chip 57 +/- 1 MB

Ruby Chip 24 +/- 0 MB

Sapphire Chip 237 +/- 12 MB

Ruby Chip 111 +/- 2 MB

For. an experiment that is analyzed for the firs
experiment.

20
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Thed . ncr o f or mat :

The fANaica Crystal R e spodt-analysi$ foergenarated pyithenCeystal ) i s t

Mi ner software from the original o0.ncxo file. #f.
The indicative sizesf or t he individual A.ncro files are:
Sapphire Chip 12 +/- 0 MB
Ruby Chip 5+/-0MB
Sapphire Chip 44 +/- 4 MB
Ruby Chip 18 +/- 1 MB

For an experiment that was already previously ar

load an experiment as an alternativetoaf . xdc f i | e
Optionalfile i mport/ export formats in the fAl/ 00 menu:
TA.ncpo Tther mantasi ca Crystal Plot Configurationc

the Histogram, 1D, and 2D dot plot configurations.

T A.ncao format: The fAnaica CrystthdinfoAmatioh y si s 0O
for all data analysis parameters:

I manual or automated thresholding strategy

i thresholding mode and scope

i list of the populations (default or custom) with their name, color, and zones
1

coordinates defining each zone (i.e., threshold values for lines or vertex
coordinates for polygons).

4.1.2. Additional file formats
A.ncmo for mat: The #ANaica Compens adontanimg tiat r i x 0

translation and rotation parameters applied to the signal of each channel. This file is specific
to the assay and is independent of exposure time.

21
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4.1.3. Experiment status

The name of the loaded experiment is displayed on the top left side of the application window.
The displayed experiment name corresponds to the name which has been previously entered
in the Crystal Reader software during the experimental set-up for the image scanning and data
acquisition step.

There are 3 experiment statuses displayed next to the experiment name:

Modification status:if t he 6* 6 character is displayed |
it means that the experiment has been modified without being saved.

In absence of the 60*6 character, the experim
modification has been saved.

Compensation status: i f an Viiodisplayed usvafterg a A v e
the experiment name, it means that a fluorescence spillover compensation has been

applied (if a compensation file has been loaded in the Crystal Reader software),

otherwise, it means that the current experiment is not compensated for fluorescence

spillover.

4.1.4. Chamber list

All the chambers of the experiment are listed in the left side panel. The chamber name details

should be entered in the Crystal Reader software. However, if the Sample name needs to be

edited in the Crystal Mi ner sofewarefiEdtitcBERrRpbeEI
submenu and by double-clicking on the respective sample name field. Each chamber is named

using the following convention:

< Chip ID >_< Chamber ID >_< Chip Position>_< Sample Name >_< Chamber Context >

where:

fi Ch i psthe najue ID of the chip to which the chamber belongs. This information
should have been previously entered in the Crystal Reader software.

fi Ch a mb eig thelp@sibtion of the chamber in the chip (A, B, C, etc. from top to
bottom) followed by the index of the slot receiving this chip on the chip holder (1, 2, 3
from left to right on the chip holder). This information is automatically defined by the

software (e.g., AA1l0 or AD30) .

AChip Positiono is the position of the chip
ASampl e Na me @ofthessample & the chamber.

AChamber Contexto is a piece of optional adoc

data unique (useful if scanning a single chamber multiple times). This contextual
information is set in Crystal Reader software and cannot be edited in Crystal Miner
software.
Note: All the chambers of an experiment should share the same conditions, otherwise the
experiment should be divided into smaller experiments including subsets of chambers (for this
purpose,t he fASave as®OFbUEOomenn aheée t he -ghbavather r emo
chamber | ist in the 0 Exdbetuse®x peri mentod submenu
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4.1.5. Chamber Quality Flag
A chamber quality flag is displayed next to each chamber name on the top left side of the
application window. This chamber quality flag provides visual feedback for chamber quality
control. Chamber level: the chamber flag corresponds to the lowest quality flag, among the
criteria computed for the chamber.

There are two types of chamber quality flag:

ﬂ.ﬁGreenc‘) guality flag indicates that the ¢

i AYell owd quality flag indicates that the
analyzed chamber quality parameters. Visual inspection of the Droplet Crystal is
required to determine if the experiment may have to be repeated.

? ;G *DemoData \/
12 Chambers
A\ Move Up ;'I} Pool + Add Chamber(s)
v Move Down —r_l’ Unpool — Remove Chamber(s)
Chamber Name Chip ID Chamber ID
I. 05354801-A2_Sample5 . 05354801 A2
2. 05354801-B2_Sample6 - 05354801 B2
3. 05354801-C2_Sample? - 05354801 c2
4, 05354801-D2_Sampled . 05354801 D2
5. 05357758-A1_Samplel - 05357758 Al
6. 05357758-B1_Sample2 . 05357758 B1
7. 05357758-C1_Sample3 - 05357758 (@]
2. 05357758-D1_Sampled - 05357758 D1
9. 05363674-A3_SampleS . 05363674 A3
10. 05363674-B3_Samplel0 - 05363674 B3
11. 05363674-C3_Samplell - 05363674 c3
12, 05363674-D3_Samplel2 - 05363674 D3
I

Chamber Quality Flag

Figure 20: Example of chamber quality flag displays in Crystal Miner software.

For more details about Quality Control, see the sectioni How t o per form qual ity
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4.1.6. Data visualization and interpretation

To visualize the graphs generated by Crystal Mi n
APl ots & Populations®dneulrhenth,e twhalmedlsi:ckildn dot
or A3D dot ploto.

The unit of the fluorescence axis in the dot plots is RFU (Relative Fluorescence Unit). Each
point in the dot plot graph represents a particular droplet in the selected crystal. If the
fluorescence of the droplet in each channel is higher than the fluorescence threshold defined
for this channel, then the dropletis considerediposi t i v e 0, comsideneed i we gat i v ed s

Depending on the naica® system configuration Crystal Miner software supports experiments
using the following detection channels.

The available channels are displayed in

Figure 21B: The Channel Selection available for 3-color naica® system (Blue, Green, Red) and 6-
color naica® system (Blue, Teal, Green, Yellow, Red, Infra-Red) in Crystal Miner software.

As each droplet may be negative or positive in e
AfnYell owo, ifRBddAdO ahdnnié h$6) 84 podsible classes foe a Gystal
Droplet.

3-color naica® system

« Channel Selection
® 00

Figure 20A: The Channel Selection available for 3-color naica® system (Blue, Green, Red) and 6-
color naica® system (Blue, Teal, Green, Yellow, Red, Infra-Red) in Crystal Miner software.

As each droplet may be negativeorposi ti ve in each of the 3 chann
iRedo channel %8, possibteelasses for aeCryal Droplet. The Crystal Miner

software application uses the below described 8 color codes for each droplet class. To support

3-color experiments with an easy-to-understand multiplex mode, the Crystal Miner software

uses the following rosace (Figure 22) with specific color codes that help the user to understand

the classes (of positivity combinations) of the droplets. This mode only works for the Red-Blue-

Green combination.
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6-color naica® system

» Channel Selection

Figure 21B: The Channel Selection available for 3-color naica® system (Blue, Green, Red) and 6-
color naica® system (Blue, Teal, Green, Yellow, Red, Infra-Red) in Crystal Miner software.

As each droplet may be negative or positive in e
AfYell owo, ARBddp ahdnhnéh ) B4 poskilder classes foea Coystal
Droplet.

Figure 22: The 8-color diagram used for 3D data visualization in Crystal Miner software
(the background of this diagram corresponds to the black/dark grey color).

The number of classes is 23=8 possibilities, each represented by the following colors:

1. Bl ack/ dark gray: negative in fiBlueo, negative
2. Blue: positive in ABluedo, negative in AGreeno,
3. Green: negative iinn AfGBleleen®,, megiattiiwe i n ARedo.
4. Red: negative in ABlued, negative in AGreeno,
5. Cyan: posi tpowd tiinvefiBlnueicdGr eenodo, negative in AR
6. Yell ow: negative in ABlueodo, positive in AGreen
7. Magent a: pBolsuietoi,veneignatii ve i n AGreeno, positive

8. White/Light grey: positiwesinifiBl upofiRpdéitive
Along with the dot plots, the following color modes are available and will affect the color used
to draw the droplets in the dot plots:
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O & @

Figure 23: The col or modes available in the APl ots &
To visualize in simplified color mode, go to the
Theiconrepresentingasingleci rcl e i nptbeointl®dbdot

O

Figure 24: Icon for visualization mode in 2 colors.
This color mode displays the droplets, in the color of the considered channel, if their
fluorescence value is higher than the channel threshold, or in grey otherwise. No information

is given about the droplet positivity in the other channels. This color mode is available for all
experiments from 3 to 6 colors.

Theiconr epresenting two overlapping circles in

a

Figure 25: Icon for visualization mode in 4 colors.

This 2D dot plot color mode is the same as for the 1D dot plots.

Note: For 3-color (RGB) experiments, the double-positive droplets are displayed in the color
of the intersection on the rosace diagram. For experiments using other color combinations, the
double positives appear in light grey; the double negative droplets are displayed in dark grey.

Tovisualizein8color-mode, <click on the icon representin
viewo widget. This col or -colordRéBexperimemislt y avail ab

&

Figure 26: Icon for visualization mode in 8 colors for a triplex experiment.

g 3
| e

RGB mode provides the different colors for single-, double-, or triple-positive droplets,
according to the corresponding color code in the rosace diagram.

To visualize the droplets that are included in a population, in either a 1D or 2D dot plot, you

can use the Color view widget in the bottom right-hand corner and click on Population
Selection.
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1

L]

Figure 27:1 con f or wvisualization mode fAPopul ati or

By default, the 1D or 2D dot plots,i n t he APopul ati on,p®edeacotoi ono c O
mode for each channel, to help visualize the negative and positive droplets for the populations

defined in the specific channel. This mode allows the user to distinguish between different

populations or combinations of populations. For example, if the user is viewing the Yellow

channel, all positive droplets are displayed in yellow within the Yellow channel dot plots. All

the other populations of droplets that are not positive in Yellow will be grey.

BLUE (LambdsP )

TEAL (PhiXI74 )

YELLOW ( peR322 )
.
EE EEN

™ <o
Droplet Index

Figure 28: Positive droplets displayediny el | ow in the 1D dot plot wusing the
mode.
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Figure 29:Posi tive droplets displayed in yellow in the 2D
mode.

9 In any given 1D graph, the vertical axis shows the fluorescence value of the droplets
in the detection channel of liowwde,r elsRe d-i,Bl auredd
Redo channel) and the horizont al apfiody shows
one chamber is selected, or the chamber names, if multiple chambers are selected. If
more than three channels havewsigoals, imsé¢ htel
Navigationd panel to navigate between the di

. “Dumabts - Copt M a

E

TEAL (PHX174)

> =
+) -

A ) @ . - ™1
g . B - "
z i @ e
E » = [ ] et

. 1359

S BRI
¢

Figure 30: 1D dot plots in simplified colors for analysis of a 4-6 plex experiment.
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o x
®0

|

zzzzz

RED { Enterobacter )

INFR

BLUE ( LambdaP ) GREEN ( pUCIS )

TEAL (PhX174 )

moo  mem  ae
YELLOW ( pBRI22 )

Figure 31: 2D dot plots in simplified colors.

9 Inany given 2D graph, the vertical axis displays the fluorescence value of the droplets
in one channel of interest and the horizontal axis displays the fluorescence value of
the droplets in another channel of interest.

9 Customizing a graph:
1 Scroll mouse to zoom in or out in the graph.
9 Use left-click to move the graph.
9 Double left-click inside the graph to reset the view.
1

When applicable, double-click on any axis to edit the graph settings (for
example min and max limits, dot size, or dot opacity).

X
Vertical Axis Horizontal Axis
Population Axis ‘ FPopulation Axis mﬂ
Lower bound Lower bound
Dot size
Dot opacity
Display heatmap O Heatmap color scale .

Figure 32: Editing graph axis parameters.
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4.2 Step (2) - Check the fluorescence spillover compensation

When using different types of fluorophores on the naica® system, absorption/emission spectra

can overlap between two or more color detection channels. For example, if using two probes,

one labeled with the FAM fluorophore and the other labeled with the HEX fluorophore, the HEX

signal will be detected partially in the FAM signal, altering the FAM image result. This
phenomenonofspectral overl ap is called fluorescence Aspi
signal spills over to the FAM signal.

To compensate for a spillover signal to obtain the final results, users must create and then
apply a compensation matrix for any given assay.

A compensation matrix can be automatically or manually created using the Crystal Miner
software. A compensation matrix corresponds to a specific multiplex assay composed of
oligonucleotides (probes and primers) and targets. If any change to primers, probes or targets
is made (for example, a change in primer or probe sequence or concentration), a new matrix
should be created. If no changes are made to an assay, the same compensation matrix can
be saved and repeatedly applied.

To save a compensation matrix, u s e t he AEXPORTO menu to save it a
the Al / OO0 menu.

Once the compensation matrix is applied to the data, the separability between each cluster
should be improved.

To compensate the fluorescence spil> ow@amp emlsiaal
Spillovero.

Depending on the assay and the number of color detection channels, the Crystal Miner
software will display 2D dot plots, similarly for a 3-plex or a 6-plex detection assay (Figure 34
for 6-plex):

» "D rystal Mines - 0 X

® re 10 IR aioan viwssars

€ oo comprtn s . s00

| 05838806-A1 NTC
05838506-81 Mono FAM
05838806-C1_Mono Y¥
105838806-D1Mono ATTOSS
03607348-42_Mono ROX
05007265-82 Mono Y5
05007359-C2. Mono ATTOT00
03807348-D2 6Plex

30 000

25000

20 000

Infra-Red

15000

10000

5000

Figure 33: Non-compensated data in the Crystal Mineri Compensate Spillover o subn
plex detection.
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The compensation matrix includes:
ANO col or channels to BBl usedGfeent hRBeddpsay
ANO fluorophores cor r es @moagativefluprescemtclastecoh ¢ hann
droplets,def i ned as negative by the threshold 1
R e d oFigure33)

A 3-plex compensation matrix has 3 color channel indications, 3 fluorophore indications and 1

negative indication; a 6-plex matrix has 6 color channels, 6 fluorophores and 1 negative
indication.

If changing the fluorophore or channel indication labels of the matrix is required, this can be
performed in the ASETUPO > AEdI't Ebow éreditinie nt 0 s u

)

Spilover Compensation

Blue Teal Green Yellow Red Infra-Red

Negative

| ¢
<l <o
¢l <
< <>

FAM 10000000 < | |o.0o00000 3| |o.ooooo0o 2| | o.o000000

Y

Atto550

<3| <o <>
<3 <o <>

ROX

CY5

<> <> <> <> <>
< <2 <2 <2 <>

<> (<
INES

ATTO700 |0.0

<> L2 <> <> <> <> <>
<> <2 <2 <2 <2 <> <>

Load Save Edit Compute

Filename used for edited matrix:
Filename used for applied matrix:

Figure 34: Examples of default compensation matrices for 6-plex assays. Indicated are the negative
fluorescentclustersi n | ine 1 (fANegativeo), and the excitation r
the fluorophores are associated with their channels.

By default, the original experiment is not compensated, which means that:
The negative fluorescent cluster (ANegativebo

the excitation matrices are equadentityandt he i d
A0o6 for others).

To compensate the spillover of an assay, 3 methods are available:
the automated method

the manual method (not recommended)
the template-based method.

4.2.1 a) Automated method
This method is recommended to create a compensation matrix for a multiplex assay.

For a specific assay, a fimonocol or control o run
control run is to have only one fluorescent signal per channel per chamber. These controls are
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composed of all the reagents of the PCR reaction, for any given assay, while varying the
presence of each target individually (see below). To achieve only one fluorescent signal per
chamber, the preferred technique is to remove all but one target from the mix to have only the
target of the fluorescence of interest in any given chamber. By doing this systematically for
each color channel, only a signal target will be amplified and will produce a fluorescence signal
higher than the background signal coming from the probes.

Compensation matrix computation for 6 channels experiments 7 chambers are needed :

A 6-plex negative control (NNNNNN) with no positive signal (no target)

A mono-color control positive only for fluorophore 1 (PNNNNN) (target for
fluorophorel and none of the 5 other targets)

A monocolor control positive only for fluorophore 2 (NPNNNN) (target for fluorophore2
and none of the 5 other targets)

A monocolor control positive only for fluorophore 3 (NNPNNN) (target for fluorophore3
and none of the 5 other targets)

A monocolor control positive only for fluorophore 4 (NNNPNN) (target for fluorophore4
and none of the 5 other targets).

A monocolor control positive only for fluorophore 5 (NNNNPN) (target for fluorophore5s
and none of the 5 other targets)

A monocolor control positive only for fluorophore 6 (NNNNNP) (target for fluorophore6
and none of the 5 other targets).

Once the data are generated as described previously, the automated method can be used by
clicking on t he nGpilloyeuComapensdiienttab:on i n t he

Gt te

Figure 35: Compute button in the Spillover Compensation tab to generate a compensation matrix for a
6-plex assay.

Then, match the appropriate monocolor controls to the right chambers in the pop-up window
by clicking in the boxes:
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Select control samples for spillaver compensation calibration:

rrer =} a

o

a
o
a
a

o

Figure 36: Pop-up window to indicate monocolor and negative controls for a 6-plex assay.

Now, click on ANext o, and the Crystal Mi ner S0
between two clusters in the channel selected (these can be adjusted by editing their value or

by right-clicking in the dot plots to drag and drop the threshold lines), t hen <c¢cl i ck on A
compensationo. The threshold is used to indicate
below it is considered negative and everything above is positive.

Blue

. ST e

10000

LALLM A [rTprITTErT T R
& 0 50080 0085 OGD OGS OGD 000 050030 0085 OGD OW5 O 000 & 0 50000 0005 O OG5 0GHD 000 & O 5000100005 0020 0085 000
Droplet Index Droplet Index Droplet Index Droplet Index
Threshold: 17972 Threshold: 16345 Threshold: 14731 Threshold: 15476

Infra-Red

Compute compensation

[rrpreprrperrr (e

& 0 500010 0025 00RO 00®S 000 & 0 500010 0025 00®0 00@S 00O
Droplet Index Droplet Index

Threshold: 18757 Threshold: 14865

Figure 37: Checking of the matrix automated computation to generate the compensation matrix in a 6-
plex assay.

T Click on ACompute compensationo

9 The compensation matrix will be applied to the data and the software will show you
the difference, between the uncompensated data (in light gray) and the compensated
data (in dark grey), as a preview.

33



STILLA

User Manual 6 -color naica® system

Crystal Miner software v 4.0 / Sapphire Chip & Ruby Chip

If the cluster positions are correct (orthogonal to each other),c | i ck on AAppl yo

the compensation matrix to all the chambers.

® re 10 PRl vz OATA ViEw ResuTs

| om0l NIC
05828806 B1_Meno FAM.
TSEIB0E-C1_Mono YV

032020601 Mano ATIONO.
0560716 A2 Mano ROX

© ETIONR Mono CY3
0587I63-C2 Mono ATTOND.

Infra-Red

Teal

Figure 38: Example of a compensation matrix applied to a 6-plex assay.
Compensated and non-compensated data are in dark and light grey respectively.

The Compensation matrix is now created and c
of the ASpillover compensationd matrix. This
and can be used for another experiment using the same assay (please see the section
Atempl ate based met hodod) .

4.2.2 b) Manual method

This method can be applied if neither the template-based method (see below) nor the
automated method (above) can be applied.

CAUTION!
The manual spillover compensation method is not recommended as it assumes there
are no non -specificity issues.

To use the manual spillover compensation
ACompensate Spi |Flgue)and éditthacbeffieemtwalues individually
in the compensation matrix.
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QUALITY CONTROL Compewsat VIEW RESULTS
a sou

| A I L ] 3500 s
| TALIHEB1 Mome FAM ]
" 3000 .
| BT Mera VY [ ] 5000
| BSAMEEDI Mons ATTOSN ] 00
" 2 0 00
| SSATIE A, Man AOK m 3 3
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o
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Yedow

Figure 39: Example of a non-compensated 6-plex experiment.

9 The compensation matrix representation is divided in columns, each column
corresponds to a specific color channel and each line to a specific fluorophore.

9 By default, all values are set to zero, except for the diagonal, which corresponds to
the matching fluorophore of a given color channel (for example, the FAM row in the
Blue column).

9 The goal of manual compensation is the same as the automated compensation
method: i.e. to place the clusters in positions that are orthogonal to each other.

Spillover Compensation

Blue Teal Green Yellow Red Infra-Red
Negative |D.'II'II C| |-3.-3-3 C| |-3.-3-3 C| |-3.n-3 C| |-1-3-3 C| ‘mn C‘
FAM | 10000000 o | | 0.0000000 o | | 0.0000000 o | | 0.0000000 o | | 0.0000000 o | ‘ 0.0000000 o
YY | 0.0000000 ‘ | Looooooo O | | 0.0000000 | | 0.0000000 | | 0.0000000 O | ‘ 0.0000000 O

Atto550 |n.-3-3-3-3-3-3:| C‘ |-J.-:|-:|-3-3-3-3-3 C| |1.-:|-:|-:|-:|-J-J-J C| |-3.n-3-3-3-3-3-3 C| |-1-:|-:|-:|-:|-J-J-J C| ‘D.DDDDGDG o

ROX | D.ooooooD o ‘ | 00000000 o | | o.0000000 O | | Looo0000 | | 00000000 O | ‘ 00000000
CY5 |n.-3-3-3-3-3-3:| C‘ |-J.-:|-:|-3-3-3-3-3 C| |-J.-:|-:|-:|-:|-J-J-J C| |-3.n-3-3-3-3-3-3 C| | 1,0000000 C| ‘D.DDDDGDG °

Atto700 | v.oo00000 O ‘ | o.0000000 O | | o.0000000  J | | o.oo00000 O | | o.0000000 G | ‘ 1oo00000 ‘

| Load | ‘ Save | | Edit | | Compute |

Reset Apply

Filename used for edited matrix:
Filename used for applied matrix:

Figure 40: Default display of the Spillover Compensation tool.

9 Set the negative value by entering the RFU mean value in this box, for each channel
of the negative cluster. Indicate also the corresponding axis of the plot graphs.
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If a cluster is not correctly placed, change the value of the corresponding box to move
it& position in the plot graphs. For example, to compensate the spillover from the
Atto®550 fluorophore in the Yellow channel, the value of the box located at the
intersection of the Atto®550 and the Yellow column has to be manually modified.

Its value can be either increased or decreased by clicking the up or down arrow in the
box, or by changing the value in the box manually by clicking on the value in the box
and entering a desired value.

Once the compensation matrix has been modified manually, the compensated droplet
populations then overlap in the graphs where they appear darker (dark grey) than the non-
co_mpensated droplet populations (light grey).

o compnesson iple: - 0 X

EEEEEEREN
Red

Figure 41: Modification of the fluorescence spillover coefficients, with the non-compensated
populations in light grey and the compensated populations in dark grey.

To apply the spillover compensation to
Cl i c k tdic¥néirsx the update of the automated fluorescence thresholds.

Do you want to re-compute the
automated fluorescence thresholds?
This is recommended after spilover

compensation.

Yes No

Figure 42: Automated fluorescence thresholds should be updated after spillover compensation.
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Figure 43: Dot plot graphs correctly compensated for a 6-plex experiment.

9 To reset the spillover compensation and return to a non-compensated experiment,
click on the fAiResetodo button.

Below are examples of 1D fluorescence graphs in 8-color mode, before and after spillover
compensation:

® rfe 10 cuay conror Pris Bl viEw rsswrs oxvorr
Populatons Crystals
§9 om0 compensason toiex Hstogram 1D dot plot 2D dot plot 3D dot plot. Popuiation Editor
05838506-A1,NTC [ ]
05838806-B1_Mone FAM | | 40000 -
05638806-C1_ Mono YY [ ]
25000 o
05838905-D1_Mono ATTOSS0 1 <
] 3 30000 -
n 20000 -
- 5
" &
L} 20000 -
15000 . ¢
wo0- R TTE . 10000 + o
T T
& aa & 1320
Droplet Index Droplet Index
40 000
Pots sgaten Fuerescerce Thesnoes Colo view
s . ] .
30000 - (+) | | Blue Channel
(Z )1 (D ° o ] Teal Channel
- n Green Channel
bt we Yellow Ch |
& wooo ellow Channel
= e " e Channel
[ T .
@ w5s
10000 <
. s ; _—
Ao

&
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Figure 44: Example of non-compensated 1D dot plots in 8-color mode.
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Figure 45: Example of compensated 1D dot plots in 8-color mode.
Below are examples of 2D fluorescence graphs in 8-color mode, before and after spillover
compensation:
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Figure 46: Example of a non-compensated 2D dot plot in 8-color mode.
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Figure 47:. Example of a compensated 2D dot plot in 8-color mode.

4.2.3 c¢) Template -based method:

The template-based method can be applied if the fluorescence spillover compensation has
already been performed on a previous experiment using the same conditions as the current
experiment, i.e., the same fluorophores and targets for example.

Note: For a given assay, if scanned using different scanning times between two experiments,
the same compensation matrix can be used on both experiments, as the compensation matrix
is normalized by the exposure time.

Tousethetemplate-based spill over compensation method, cl
thecorrespondi ng A. ncmo fil e.

Apply the Compensation matrix to the data.

A modification on the existing matrix can be done by editing it and the modified matrix can then

be saved as a new A.ncmo file, as previously exp
Note: The spillover compensation flecan al so be exported in the AEX
st ebpporfithe datad f or more detail s)

Note: Once the spillover compensation is done, the spillover signal is removed from the dot

plot. As the crystal image displayed is the one acquired by the instrument, this correction is

not done on the image. This means that a droplet can be seen as positive in one channel (red

in this example, due to spillover) butitwo n 6t be pr es e n tasthecompknsationed do't
will remove this spillover signal from it.
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4.3 Step (3) - Check the fluorescence thresholds:

Automated thresholding is done by default at experiment load. The fluorescence threshold

values are automatically estimated by the Crystal Miners o f t war e, in the ALIne:s
mode, by taking into account all the samples of the experiment and the current spillover
compensation val uedswio@eecusidneopsiaiaddi drmril mor e det ai

the alternative thresholding mode fAPolygonso.

The automated estimation is performed such that the fluorescence thresholds best
discriminate between the positive and negative droplet populations in each channel and for
the whole experiment. Specifically, the automated threshold maximizes the inter-class
variance and minimizes the intra-class variance by considering the fluorescence points
aggregated from all chambers.

The default automated threshold estimation is more accurate if both negative and positive
droplet populations are represented in the experiment and in each channel, which is, for
example, the case if the experiment includes at least one negative control chamber and one
positive control chamber for each of the 6 channels.

To get automated estimation of the fluorescence

menu, then click on any of the dot plot tabs (Al
on the ftAunt ooon btuhte AFl uorescenced48lhreshol dingo wi

Fluorescence Thresholds

[ 18502
@ 14304
o] 15842

16333
[ 17362
(o 13680

(o] ooy

Figure 48: Check the fluorescence thresholds.

For an efficient adjustment of the fluorescence thresholds, it is recommended to

inspect the sequential view of the 1D fluorescence graphs including all the chambers,

by clicking on the A1D dot plotod and sel ecti
left panel (Shift+Click or Ctrl+A).
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EE EER

@
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Figure 49: Sequential view of all the experiment test chambers in the 1D dot plots,
for efficient verification of the 6 fluorescence thresholds.

To manually adjust the fluorescence thresholds, left-click on the dot plot thresholds to drag &
drop the lines, or edit the val ue of the fluorescence thresil
Thresholdingo widget (unit: RFU standing for Rel

40 000 —

30 000 —

GREEN ( pUC18 )

20 000 —

10 000 o

°0

T T T T | T T T
10 11 1z

Figure 50: Manually adjust the fluorescence threshold if desired using left-click to drag & drop.

T
1 2z 2 4 5 13 7 g ]

9 To apply the modified val ues to the whole experiment, ¢
97 To recover the threshold values set before e
clicked), click on ACancel 0.
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9 To restore the automated fluorescence thres
menu,then c¢cl i ck on any of the dot plot tabs (A1l
and click on the AAutoodo button in the fAFluor

9" The fluorescence separability between Aposit
automatically computed for each population of interest and exported as an advanced
guality control file. For more details about separability scores, see the section iHow
to quantify fluorescence separability for the evaluation of amplification efficiency?din
the Advanced Functionalities.

4.3.1 How to adjust thresholds at chamber level?

By default, the fluorescence thresholds automatically computed by Crystal Miner software, for
each detection channel , are 1D fiLined threshol ds
experiment.

Any manual adjustment of these thresholds is, by default, also applied commonly to all
chambers. This ensures both objectivity and repeatability in the quantification results,
assuming that all the chambers of the experiment share the same conditions.

If common thresholds are not relevant, due to observed chamber-to-chamber variability, it is
possible to adjust the fluorescence thresholds for individual chambers.

T For this purpose, go to AANALYZE DATAO > dAPI .
go to the AThresholding Modeo awmbe¢ge&t (amdteald
ACommon for al/l chamberso) in the fADefinitio

i Thereafter, it is possible to manually adjust the thresholds at the level of each
chamber (click on AApplyo6o to validate any ad

Note: The easiest way to viewt he ALi ned thresholds of al | t h

concatenated view in the 1D dot plots by selecting all the chambers in the left panel:

BLUE ( Lambdep )

GREEN (pUCIS )

¢

1 7 1

Figure 51: Visualization of all the individual thresholds in the 1D dot plots.
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4.4 Step (4) - Obtain the concentration of the targets:

To get the concentration results, click on the

If the dilution factor of the samples in the PCR mix has been specified, the estimated
concentrations are the concentrations of the target molecule in the initial stock in copies/pL.

CAUTION!
| f the dilution factor has not been specified,
means that the estima ted concentration is not the stock concentration but the
concentration in the loaded mix (i.e., the concentration of the target molecule in the
chamber).

The absolute nucleic acid concentrations are computed based on the standard Poisson
statistics that are commonly used in digital PCR.

Note: The total number of chambers belonging to the experiment is indicated above the
chamber list in the left panel.

Click on t he AResult Tabl eo submenu t o
The colors of the column titles indicate the color of the corresponding channel:

In blue color: the results for the fluorophore-t ar get coupl e associated
LED.

In teal color: the results for the fluorophore-t ar get coupl e associated
LED

In green color: the results for the fluorophore-target couple associated with the
AGreenodo LED.

In yellow color: the results for the fluorophore-target couple associated with the
AYell owd LED

In red color: the results for the fluorophore-t ar get coupl e associated
LED.

In infra-red color: the results for the fluorophore-target couple associated with the
il nRedhd LED

Note: If the sample has been diluted 10-f ol d i n t he PCR mi x, then the
been entered for the dilution factor, and the stock concentration is equal to the chamber
concentration multiplied by 10.
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Figure 52: View the concentration results in a table representation; scroll right using the bar at the
bottom of the page to view results for all the populations.

Click on the elocgiea abdve the anamber list in the left panel to see more
detailed results, including the number of negative droplets, the confidence intervals, and the
relative uncertainties at 95% confidence level.
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Figure 53: Expanded view of the result table: for each population, the additional columns highlighted
in the orange box show-up. Scroll right using the bar at the bottom of the page to view results for all
the populations.
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Note: Itis possibletocopy-past e t he result table shown in AVIE
by selecting the chamber rows and using Ctrl+C/Ctrl+V (for example, to copy the results into
an Excel document).

Click on the AAdvanced Graphsodo submenu, and the
graphs of concentrations (use the checkboxes to

£ o i Concemermen Gogrs Uncertarey Cirves
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L |
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Figure 55: Graph view of the concentrations (log view).

4.5 Step (5) - Export the data:

To export the dat a, click on the AEXPORTO menu,
output director yxparntddo cdutctkom.n t he AE
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Please select the file type you wish to export to:
O .C5v Xlsx

Please select the elements you wish to export:
Experiment details (.csv | .xlsx)
Chamber details (.cov | .xlsx)
Results (.csv /[ .xdsx)
Zoning And Population Data (.csv [/ .xlsx)
@ Spillover compensation file (.ncm)
@ QC indicators (.csv | .xlsx)
O Droplet-Level Data

O Crystal Images (.png)

O Dot Plots (.png)

O Analysis Configuration File (.yaml)
O Plot Settings File (.ncp)

O Populations Analbysis Result (.nca)

Chamber choice 05357758-41_Samplel ¥

Fcreenshots1-,5creen5hots‘n,Reader_PrismG_Sapphire‘n,badcup |

Export

Figure 56: Export the data.

Upon data export completion, the output folder will be automatically opened in a pop-up
window.

Exporting data consists of obligatory and optional extra steps.

The following are all obligatory:
1. experimental details

2. chamber details
3. results

4. zone details

5. population details
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Optional included data includes :

© N s WDNE

QC indicators,
droplet data files
spillover

crystal images

dot plots

analysis configuration
plots configurations
analysis templates

4.5.1 Mandatory data exports

Experiment details (A.csvo file/ AExperi ment _

T
T
T

Fluorophore and target names.
User comments.

Scanning parameters: focus value (in mm), and exposure times (in ms) in each
channel.

1 Spillover compensation status (compensated or not).

1 The Crystal Miner software version used to export.

i Timestamp of data export.

T Thresholding type (ALined vs. APolygond 2z
for al | chamberso vs. Ai ndi vi dual per ch
secti on 0 Haeustom pppuldterfs?2one n t he Advanced Func

Chamber detfaiilles/ i(Qih acnsbvedr Det ai |l sd0 sheet of @A.
chamber:

T Chip I'D chamber position (fAAO0, iBo, inco, |

1 Pooling ID (empty if not applicable).

T For each detection channel: s arefigpelnoe t ype
concentration (in copies/ OL, applicable o

= =4 4 48 8 4

Original experiment name.

The software version of the Crystal Reader software used to scan.
Scanning timestamp.

The serial number of the Prism6 instrument used to scan.
Scanner resolution (um / pixel) of the Prism6 used to scan.

Profile name in the Crystal Reader software used to scan.

Index of chip position (slot 1, 2, 3) and index of chip holder at the time of the
scan.

Model of the chip (chip type), and droplet diameter (estimated average droplet

di ameter Aim_drop_di ameter i n mi crons, a
analysis configuration file).

The number of manually removed droplets (see the sections "How to explore
the crystal populations?" a n dHowito perform quality control?d6 i n t he Advan:«
Functionalities).

Note: if samples from different experiments (.ncx or .ncr) are merged, the output details may

differ.
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Results (fi.csvo filelAResultso sheet of #A. xlI
Chip ID, chamber position, sample name, and chamber context

Total number of analyzed droplets

For each population:

sample type (only in ALined thresholding
dilution factor (N/A if not applicable)

estimated stock concentration (in copies/uL)

number of positive droplets (i.e., belonging to the population)

number of negative droplets (i.e., not belonging to the population, if not
specifically defined as fAnegativesodo with

i the separability score (see

=A =4 4 8 4 4 5 2

for more details)

1 minimum and maximum limits of the 95% confidence interval for the estimated
stock concentration (in copies/uL)

1 95% relative uncertainty for the estimated stock concentration (equal to the
length of 95% confidence interval divided by 2 times the estimated
concentration)

Zone Details (A.csvo fil e/ finZuingedet@leforeaach so s he
fluorescence zone (see tdwestsoectp oominlthiekHdw nts @
Advanced Functionalities):

1 Chip ID and chamber position, sample name, and chamber context

f Zone | D (note that in ALiI neags8fidoreseendeo! di ng
zones, while in APolygond t hr eshdefineli ng mo
polygon)

1T Zone type (quadrant in ALineo0o mode, pol yag:

1 The x and y channels are used to define the zone, and the z channel (where
fiChandlmdsstf or iBl ueo, AfiChan 20 for Green,

M Listofxxy coordinates of the 2D points defini
thresholding mode there are always 5 points defining a square)

1 Coordinates of the z boundariesofthez one (note that in APol yc¢
mode the z-values for the boundaries are always 0-65535 RFU)

Popul ation Details (fA.csvo filel/APopul ation
details for each population (see the section in
the Advanced Functionalities):

Population name
Population color (RGB values)
List of the ID(s) of the zone(s) from which the populations have been built

If applicable:li st of the |1 D(s) of the zone(s) speEe
for the population.

E N
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4.5.2 Optional data exports

Advanced QC Indicators( i. csvo file |/ AQC_Advancedod shee
each chamber:

1 Chip ID and chamber position, sample name, and chamber context

Automated threshold values for each channel

In ALined thresholding mode only: manual
In ALinedo and fAPolygond thresholding mode:
separability score: please refer to the specific section on this

K1 pos: mean of the fluorescence values of the positive droplet population
computed in 1D, 2D or 3D, depending on the number of channels used to define
the population

1 o neg: mean of the fluorescence values of the negative droplet population,
computed in 1D, 2D or 3D, depending on the number of channels used to define
the population

i std-dev pos: for 1D-defined populations: L1 standard deviation of the positive
droplet fluorescence values in 1D. For 2D- or 3D- defined populations: mean of
the projected distances between the positive droplet fluorescence points and
their center in 2D or 3D along the axis defined by the positive population center
and the negative population center in 2D or 3D

1 std-dev neg: for 1D-defined populations: L1 standard deviation of the negative
droplet fluorescence values in 1D. For 2D- or 3D- defined populations: mean of
the projected distances between the negative droplet fluorescence points and
their center in 2D or 3D along the axis defined by the positive population center
and the negative population center in 2D or 3D

=4 4 4 A A

Droplet-l evel data files (fi.csvo files), for eact
ABIl ue channel 0, AGreen channel 0o and iRed
compensation status (compensated and not compensated):
1 Each file includes one line per droplet and for each droplet the file contains the
following information:
A the x and y coordinates of the droplet center in the chamber
A the fluorescence values (in RFU) of the droplet in each channel
A the numerical index of the droplet
1 For each chamber, there is:
A one general file which contains the information of all the droplets analyzed
in the chamber.
Afor each population ( named-specKiXiless) , t her
A the first file with a fil ename including fAXXX_POSo, W
information of the subset of droplets belonging to the population of
interest.
Athe second file with a filename includi
information of the subset of droplets defined as negative for the
population.
Spill over compensation file (A.ncmo format),

1 the translation vector for the fluorescence background in each channel.

1 the excitation matrix for the degree of excitation of each fluorophore by each
LED.
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Crystal i magnati 8ith),ingludigpgthefimages of each chamber in each
channel.

Dot Pl ots (fA. pngiothdreevantachahinels:i ncl udi ng
the 1D dot plots of each chamber

the 2D dot plots of each chamber

the concatenated 1D graphs with all the chambers in sequential view

the concentration graphs

the uncertainty curves

i the droplet fluorescence histograms

Analysis configuration file (exported in fi.y
parameters.

Pl ots configuration file (exported in fA.ncpo
dot plot configurations.

Analysis template file (exported in A.ncaodo foc
data analysis parameters):

manual or automated thresholding strategy
thresholding mode and scope
list of the populations (default or custom) with their name, color, and zones

coordinates defining each zone. Only the coordinates associated with the first
chamber of the current experiment are saved. These coordinates will apply to
each new chamber of any further experiments.

=4 =4 =4 4 =

= =4 4 A

I f the zoning mode is set to 6l ndividual
specify the chamber for which the zoning configuration will be exported in the
A.ncao file.

Notes:

Exporting all the chamber images or graphs will take more time (they will be exported
in 8 bits PNG format).

The indicative size for the exported chamber images in PNG format is 8 MB/chamber.

From each menu of the application, it is also possible to save a given image view or
graph view by activating one of the following states.

"1
@Save as an image file (A.pngo).
@]Save as a vector file (

A.svgo) .
[@]Copy to clipboard.
And then click on the image or graph of interest.
Finally, to savethee x per i ment , simply click on the AFILEO

aso0 depending on what is needed.
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5. Advanced Functionalities

5.1. How to edit the experiment?

To edit the experiment, click on the ﬁSEﬂTKUPé >

FILE 1/0

Figure 57: Edit the experiment properties, scroll right using the bar at the bottom of the page to view
results for all the fluorophores.

The editable parameters regarding the context of the experiment are:
The fluorophore names (for each fluorescence channel).

The target names (for each fluorescence channel).
The user comments.

The editable parameters regarding the context of each chamber are:
The sample name.

The sample type (U: unknown; N: negative; P: positive; S: standard).
The dilution factor, when 10 means that the mix has been diluted 10 times from the

stock.
The standard concentration, which is the known stock concentration, in the case when
the sample type is ASOo.
Not e: | f the dilution factor i s mo d cohcergrationf r om i

will be multiplied by 10.
Some fields are read-only because their content is used to identify the chambers.

To modify the order of the chambers in the | ist,
chamber list to sort them by name, or click on the title of any column to sort them according to
the column value in increasing or decreasing order.

For example, the chambers can be sorted according to increasing stock concentration values
in the ABlueo channel
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To pool (resp. unpool) a set of chambers in which the same sample has been loaded, simply

select these chambers in the |l eft panel using AC
APool 6 button (resp. AUnpool 6 button) above the
For more details aboutc hamber pool i ng, <slevelotodrrepliaate chdambs=e ct i on

To remove one or several chambers from the current experiment, select the chamber(s) in the

| ef t panel | i s, itcloean adloivek tdre ttheti
To add the chambers of another experiment into t
above the chamber I ist, then select theakoxkperi me

drag & drop the file in the application window.

12 Chambers

A Move Up E Poal =+ add Chamber(s)

“ Mave Down _I'_|’ Unpool = Remove Chamber (s)

Figure 58: The AEDI T EXPERI MENTO submenu contains icons to
experiment chambers.

CAUTION!
To avoid compromising the results t  he experiment to be added should have identical
experiment parameters as the current experiment, i.e.,

Fluorophore names and target names should be the same, otherwise, they will be
erased by those of the current experiment.

Scanning parameters (exposure times and focus value) should be the same,
otherwise, these too will be erased by those of the current experiment.

Image analysis parameters should be the same, otherwise, a warning message will
be displayed; it is recommended to perform image re-analysis after chamber addition.
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5.2 How to n avigate in the 3D graph?

To visualize the 3D graph, click on the AANALYZ
then click on the A3D dot plotodo tab. The 3D grap
fluorescence value of the droplets in any given channel.

FILE 1/0

Figure 59: Navigation in the 3D dot plot.

To navigate in the 3D graph:
Use mouse scroll to zoom into the graph

Use right mouse click and drag to rotate the graph
Use left mouse click and drag to move the graph and the rotation center
Double-click with the left mouse button to reset the view

Icon description:
Reset the view.
x| Project the view on the first and second axis.
Project the view on the second and third axis

Project the view on the first and third axis

i Switch between black and white backgrounds

X Modify the point size, the line width, the grid step or the population axis
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5.3 How to read the droplet fluorescence histograms?

To view the histograms of the droplet fluorescence values, click onthe i ANALYZE DATAO 3
APl ots & Populationso submenu, then click on the

The histograms of the currently selected chamber(s) are displayed for each channel, where
the x-axis shows the fluorescence value (in RFU) and the y-axis shows the number of
associated droplets:

® rfE 10

g
EEEEEESEEEEEN

BLUE { LambdaP | (Linear)
TEAL { PhIRI74 ) {Linear)

20
1 I _IIII- B I 9 .III

BLUE ( LambiaP ) (RFU) N TEAL { Phixi?4 ) {Riu)

GREEN { pUCIS ) (Uneer]

‘l _.|||‘ |
o w0 0w T

Figure 60: Histograms of fluorescence.

This histogram view is useful to appreciate the separability between the negative population
(on the left side of the histogram) and the positive droplet population (on the right side of the
histogram), and thus to check or adjust the fluorescence thresholds.

If multiple chambers are selected, then the number of droplets in each fluorescence bin are
simply added together.

5.4 How to interpret the uncertainty curves?

To visualize the curve of relative uncertainty
RESULTS0 > fiAdvanced Graphso submenu, then click

The 95% relative uncertainty curves are displayed for each channel, where:

The x-axis shows all possible chamber concentrations (in copies/uL)

The y-axis shows the 95% relative uncertainty (in %) of the chamber concentration
(which is based on the total number of droplets analyzed in the currently selected
chamber)

The colored curve corresponds to the relative uncertainty curve of the currently
selected chamber (the higher the total number of droplets in the chamber, the lower
the curve)
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The upper gray curve corresponds to the relative uncertainty curve of the chamber
with the least droplets.

The lower gray curve corresponds to the relative uncertainty curve of the chamber
with the most droplets. Note, the two gray curves can be obscured under the colored
curve of the selected chamber if they are the same.

The filled point(s) located on the curve correspond to the predicted concentrations in
the currently selected chamber(s) on the left panel. Be sure to distinguish between
the chamber concentration and the stock concentration which is equal to the chamber
concentration times the dilution factor.

The white point located on the curve represents the chamber concentration which
minimizes the relative uncertainty. This indicative value may help to estimate to
optimal dilution for the experiment.

Note that whatever the number of droplets and the confidence level, the white point is reached
where ~79.7% of the droplets are positive.
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Figure 61: Relative Uncertainty Curve.

5.5 How to pool replicate chambers for  improved sensitivity and precision?

CAUTION!
The chamber pooling functionality s hould only be used under the assumption that pure
replicates have been loaded in the pooled chambers (e.g., the same sample has been
loaded).

Pooling a set of chambers in which the same sample has been loaded, increases both
detection sensitivity and quantification precision. Indeed, by considering each set of pooled
chambers as one larger chamber, this pooling strategy allows to increase the analyzed volume.

If the pooled chambers have not been previously defined with the Crystal Reader software, it
is still possible to define them with the Crystal Miner software for experiment analysis:

Go to the ASETUPO > AEdit Experimento submen
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Select the chambers required to pool together in the list of the chambers displayed
on the left, using Ctrl + left-click or Shift + left-click. The names of the selected
chambers will be highlighted in blue in the list.

Click on t he fPool © button above the i
representing the parent of the pooled chambers, and named with th
name owi | | be created above them in the | is
results lines of the children chambers on demand.

Al chambers pooled together wildl automati

C ¢

in the AChamber Detaitlksdishéesxoofitbdp, eapom

Asampl e anddmé @ mb e r . Fooeadh eetecton channel, they will also

sharet he same fAsample typeo, ireference concen
To AUnpool 6 the chambers, toanmply click on the AL
12 Chambers
# Move Up E‘F; Pool =+ add Chamber(s)
" Move Down E Unpoal — Remove Chamber(s)
Chamber Mame Chip 1D Chamber ID
053357738-A1_Samplel . 05357758 Al
2. 05357758-B1_Sampled . 05357758 B1
3. 05357758-C1_5ample3 . 05357758 1
4. 05357738-D1_Sampled . 05357758 M
5. 05354301-A2 Samples . 05354201 A2
¥ 0. Sampleb .
05354201-B2_Sampled . 0535420 B2
2. 05354801-C2_Samplet . 05354201 c2

Figure 62: Chamber pooling feature of the Crystal Miner software (SETUP > Edit Experiment).

Once the chambers are pooled, the software automatically computes the concentration of each
target in the pooled chambers represented by
chambers, the higher the total number of analyzed droplets, so the lower the sampling error

and the partitioning error, which means that the quantification certainty increases.

The pre d
of the

o Mo

i cte concent
VI EW RESULTSO menu:
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slue Channel
Chamber Name Chamber Context Nb Droplets Dilution C (cp/ul) Nb Pos Nb Neg Separability Score  C_min (cp/uL) €_max (ep/ul) Re‘a”‘(';‘;!:j”a‘m'
1. 05357752-A1_Samplel [ ] 25302 1 224,1 3300 22002 B 2165 218 3%
2. 05357758-B1_Sample2 . 24547 1 2205 3153 21394 8 2128 2282 3.49%
3. 033577528-C1_Sample3 [ ] 24308 1 2186 3162 21646 9 an 2263 349%
4. 05357758-D1_Sample4 . 25597 1 2332 3465 22132 7 2255 241 333%
5. 05334801-A2_Samples . 26062 1 2154 3278 22786 9 208 2228 343%
v o Samples [ ] 50846 i 2261 622 4158 207 2316 24%
1. 05354801-B2_Sampleb . 25027 1 2298 342 21685 8 22,1 a77 339%
2. 05354801-C2_Samplet . 25819 1 2226 3348 22473 9 215 2301 339%
7. 05354801-D2_Sampled . 25863 1 2225 3351 22512 7 215 2301 339%
2. 05363674-A3_Sampled . 24095 1 2245 3148 20947 9 2167 2324 35%
9. 05363674-B3_Sample10 . 23737 1 2245 3101 20636 10 2166 2324 352%
0. 05363674-C3_Sample11 . 23956 1 2192 3061 20895 10 2115 227 355%
11, 05363674-D3_Sample12 . 24455 1 2126 3037 21418 8 205,1 2202 356%

Figure 63: Example of pooled results (VIEW RESULTS > Result Table), where it can be seen that the
relative uncertainty of the parent pool is lower than those of the individual constituent chambers.

the REBUEWSO > AResult Tabl eo sruhbrmsubofthe one | i
oled fAiparent chamber o apdoltéded fieksiuldr én nelsamle
|l ow. These new | ines are exported in the same
xI'sxo file.

5 6 How to concatenate or aggregate g raphs?
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Figure 64: Concatenated view of 1D dot plots.

To concatenate 1D graphs, select multi-€l ec&bambe
The 1D graphs of the selected chambers are then concatenated in a sequential view (in the

order of the chamber list):

To aggregate 2D graphs, select multi pl-@l icchkaomb.er :
The 2D graphs of the selected chambers are then aggregated.
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Figure 65: 2D dot plots of pooled chambers.

To aggregate 3D graphs,s el ect mul ti pl e chambers i€l thb&odo)eft
The3D graphs of the selected chambers are then aggregated.

Figure 66: 3D dot plots of pooled chambers.
Similarly, the histograms and uncertainty curves can display aggregated chambers.
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Figure 67: Histograms of pools of chambers.
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Figure 68: Uncertainty Curves of pooled chambers.

5.7 How to explore the Droplet C rystal populations?

To explore the <crystal popul ati omBEx plcolriec kCroyns t te

submenu, then select the chamber of interest from the list.

To navigate in the crystal image of a chamber:
9 Use mouse scroll to zoom in and out in the image.

9 Use left mouse click to drag the image.
9 Double-click using the left mouse button to reset the view.
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Click on the LED icons in the fAChannel sel
channel (ABlueodo, ATeal 0, i@®Reade®nd ,EDhYel | owo,
Click on the AAutod button (resp. ifReseto

to automatically adjust image contrast (resp. reset image contrast).

FILE 1/0

EEEEEEEEEEEE
5

ercbactes )
I

RED ( Ent

TEAL ( PHX174 )

YELLOW ( pBR322 )

Figure 69: Explore crystals in 2D simplified-color mode.
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Figure 70: Zoom in to the crystal.

To highlight a specific droplet in the crystal image:

To activate/deactivate the highlighted droplets included in one quadrant of a 2D
graph, left-click on the quadrant of interest.

The activated quadrant will be filled in transparent blue in the graph and the droplets
included in this quadrant will be highlighted in their current color codes in the image.
The APopul ation opacityo cursor can be wused
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Use MAShicflti ctk oL etfot s el e ct nygivent2D grdpleandhighdight ant s i
multiple droplet populations.

Figure 71: Highlighted droplet populations in the selected graph quadrant are revealed in their color
code on the right.

To highlight the droplets belonging to a given population, select the population name in the
drop-down menu above the 2D dot plots.

The associated zones (quadrants or polygons) will be filled in transparent blue in the graph
and the droplets included in these zones will be highlighted with the population color in the
image.

Figure 72: Highlighted droplet populations using graph quadrants.
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