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User Guide

How to use the analysis GUI

In this section you will learn how to use the graphical user interface. Please visit the youtube tutorial for
more informations: https:/ /www.youtube.com/watch?v=McKy hNy7cg&feature=plcp

80n OpenMNanopore-Analysis
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Choose variazie : . “ “ ‘ 1 "‘h b H ’ 7
2) Enter Ingut Parameters £ 02 ’ | | I ' i
Dt |24} 0z ), B , ' ) I ) 7
Sigma [s4} 00387 s i ‘ 1
02 1 A A A L 1
Samping Frequency PH2) 100 0 10 20 30 40 50 60 0
e )
Folsar name for msum Resuts_fom_anwyss
4) Browsa through results Event §
ExpermuniDala mat = 33
Provous ? Next
3) Start Analysis ’
ANALYSE Ooen Ths Evon T
The cument avon é
Show detecd avents The aroa of e even E*
mu l. hos a msm-. of 0
FECOLE POILYTECHNIQUE 3
FEDERALF DFE LALISANNE

OpenNanopore 1



0) Open GUI.m and click on "run"

MATLAB R2011b

File Edit View Debug Parallel Desktop Window Help

/NG 4§ @9 o & o B @ CurentFolder: ~E®

7 Shortcuts 2] Howto Add (&] What's New

x a w O Current Folder | _x a = 0/~ Editor - /Users/camilleraillon/Documents/MATLAB/1206 GUI/GULm . xa=p Workspace
E«1206lites..r ~P@# x 2 DG H B9 0D e fp)R:] 70 ¢ BHE B  Dsdada

& Name & % N Name & Value Min
» [ Scripts '8 -0+ =+ |11 x M O
|+ Changelog.rtf 1 o function varargout = GUI(varargin) =
[ demo signal.mat 2 4 % GUI MATLAB code for GUI.fig
aGUI fig 3 % GUI, by itself, creates a new GUI or raises the existing
o <Ol n Y singleton*.
1) 5 3 =
ﬁmaln‘m 6 % H = GUI returns the handle to a new GUI or the handle to —
7 Y the existing singleton*.
8 %
9 % GUI('CALLBACK', hObject,eventData,handles,...) calls the local
10 % function named CALLBACK in GUI.M with the given input arguments.
11 %
12 % GUI('Property','Value',...) creates a new GUI or raises the
13 % existing singleton*. Starting from the left, property value pairs
14 % applied to the GUI before GUI_OpeningFcn gets called. An
15 % unrecognized property name or invalid value makes property applicat
°| 16 % stop. All inputs are passed to GUI_OpeningFcn via varargin.
17 %
18 % *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only or
19 % instance to run (singleton)".
20 %
21 % See also: GUIDE, GUIDATA, GUIHANDLES
GUL.m (MATLAB Function) v 22
N 23 % Edit the above text to modify the response to help GUI
MATLAB code for GUI.fig 24
€ GuI(varargin) 25 % Last Modified by GUIDE v2.5 06-Jun-2012 17:48:02
. . 26
@] GUI_OpeningFen(hObject, even... 27 % Beqin initialization code - DO NOT EDIT
€] GUI_OutputFcn(hObject, event...
@) pushbuttonl_Callback(hObject... O
€3] FileMenu_Callback(hObject, ev... eI NN =) Command Window
€) OpenMenultem_Callback(hOb; (@) New to MATLAB? Watch this Video, see Demos, or read Getting Started. x
€3 PrintMenultem_Callback(hObje. - our
€) CloseMenultem_Callback(hObj... fo>>
@) popupmenul_Callback(hObjec... N
o
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1) Load your signal and start the analysis

800

OpenNanopore

File Tools Help
» H®RSE O
1) Load Input Siga

LOAD

Choose variable

Delta [nA]: 0.2
Sigma [nA]: 0.0387
Sampling Frequency [kHz): 100

Folder name for results: Results_from_analysis

New Analysis =

3) Start Analysis
ANALYSE

Show detected events

I\

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Prepare your signal in a .mat file.

input signal.

OpenNanopore

Plot 1

Current h A]

4) Browse through results

Previous

Jump to event
1

Delete This Event

Next

Current [n A)

R " A4 . AN

0 200 400 600 800 1000
Time [ms]

See User Guide scripts if you have any problem with the



2) Enter Input Parameters

e 00O OpenNanopore

File Tools Help
» H®RSE O

1) Load Input Sianal Plot 1

LOAD T

Mirrent [ A

Delta [nA]: 0.2

Sigma [nA]: 0.0387

Bampling Frequency [kHz]: 100

Time [ms]
glder name for results: Results_from_analysis
%) Browse through results Plot2
flew Anaivis 2 Jump to event
Previous 1 Next
3) Start Analysis T
ANALYSE Delete This Event 3
- £
Show detected events g
-( I)f‘- 8
= AN

ECOLE POLYTECHNIQUE

- 2 0 20‘0 400 560 860 1000
FEDERALE DE LAUSANNE

Time [ms]

a) input the value of delta: most likely current drop in nA that you want to detect in an

efficient manner (in the demo case 0.2 nA is a typical current blockage value for [ DNA
translocation)

b) input the value of sigma: RMS current noise value, can be calculated using std() function
of MATLAB on 1000 points of baseline or more

c¢) input the sampling frequency used when recording the signal in Hz

e) give a name to the folder in which your results will be stored
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3) Validate Results

6 00

OpenNanopore
File Tools Help
» HRRAIEGH
—1) Load Input Sianal Concatenated Events
LOAD 2
| Choose variable 3 v
—2) Enter Input Parameters z o2 bl R e L
=
[
Delta [nA]: 02 8‘ 0411
Sigma [nAL: 0.0367 11 0 S SO U S S
. -08
Sampling Frequency [kHz]: 100
Time [ms]
Folder name for results: Demo |
4) Browse through results Event 14
| ExpermentData.mat 3
‘ 14136 09 : ‘
| Previous | 14 ( Next | H ;
— 3) Start Analysis e 0 : :
| ANALYSE | ‘ [ Delete This Event | = :
= :
The current event contains 2 levels. - :
|| Show detected events The area of the event is: 3.105e-13 C. 5 02 :
) Level 1 has a length of 0.680 ms and a current drop of 0.435 nA 3 04 b E O
Level 2 has a length of 0.050 ms and a current drop of 0.189 nA ’
-~ ~ 06 i ; ;
ECOLE POLYTECHNIQUE 0 05 1 15 2
FEDERALE DE LAUSANNE Time [ms]

Look at the fitted events using the "previous" and "next" buttons, check that the recursive
filter found all events and that the CUSUM algorithm fitted all events correctly.

Alternatively to the buttons you can use the left and right arrow key of your keyboard.
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4) Delete unwanted events

68 .00 OpenNanopore
File Tools Help
» &R E W
—1) Load Input Sianal Concatenated Events
LOAD 0.2 ! ! ! ! : !
| Choose variable s] 0 R ‘ ........................ -
— 2) Enter Input Parameters z 02 W R .. - f A0 ) O L O 0 O O 07 O ey .
5 {n ‘ ’ _
Delta [nAl: 02 8 PRI Y N O ORI | Y 1 UOURS | IOt SURUUY S SRS oo ffeee RS B 2 SREEH | T P AP -
Sigma [nA: 0.0367 -3 L SOUUOUOROPIPOPOPE 0 e OO SUPOPOPOPUE SOUOPOPOPOROPOROPOPOPE OO JOUPRY ISP S
-08 I i i i i
Sampling Frequency [kHz]: 100 20 30 40 50 60 70

Time [ms]

Event 14

01

Folder name for re; g a |
9 4) Browse throuah results
_tempDB.mat A

—3) Start Analysis
-

‘ ANALYSE ‘ ‘

T
= 04 b
(] Show detected events The aroa of e eventis: 3b6ee TC! § .,
-( I)f l- Level 1 has a length of 1.500 ms and a current drop of 0.240 nA 3
03 R
ECOLE POLYTECHNIQUE M5 1 15 2 25
FEDERALE DE LAUSANNE Time [ms]

If you want to delete an event from the database you can do so by using the delete button or

the backspace button of your keyboard. A new temporary database is created. It will be
deleted when the program is closed.
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5) Remove multiple events (1)

800

m Help

- Time-Units >
Refresh Display E Concatenated Events

1L

GClobal Information
Remaowve Events... G Y T
Remave Events Threshold. b
Save EventDatabase ‘ H i‘ﬁ' H ' 1
Remave Doubles... | '
J 1i Jl

2) Elv z
l'
Daits =4} 0z A 04 T
8 o0 Remave Maltiple Events
Sigma a4} 00387 Mexe Mnou«tu LA ey vt Lo remres rom | he dladee ) 7
£g129 ‘AN
123421018 2 | ! ! |
Sampiing Frequancy pH2j 100 0 50 60 0
(ox ) ((Caveni)
Folsar name foe masum: Resuits
4) Browsa through results Event 1
EmermeniDalamat & 18 )
Prordous 1 Newt |
3) Start Analvsis ; g

ANALYSE
_ ) The curment
Show datezwd aventi The aroa of

ont I ,

FECOLE POLYTECHNIQUE
FEDERALFE DF LALUSANNE

Currenl p Al

Time fms]

You can remove multiple unwanted events by specifying their event numbers. Click on
Remove Events in the Tools menu. The specify the event numbers you want to remove in

the pop-up window, e.g. 123451015
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6) Remove multiple events (2)

6 00

File [RETTY Help

L] Time-Units >
T)Lt Refresh Display
Global Information
Remove Events... 02 T T

T T T T T T
Remove Events Threshold... ; ; : j
Save EventDatabase il YETEIFIA M HARA- RN R il (8

———  Remove Doubles... -
—2)Et o E—

OpenNanopore

———— Concatenated Events

Current h A
5
2

Delta [nA}: 02

J 8 00 Remove Multiple Events : : :
Sigma [nAL ! R B
guelloaf 0.0387 Please give alengththreshold (inthe specified time units) toremove events : :
e

longer thar g

Sampling Frequency [kHz): 100 2 ‘ 2) ) 40 50 60 70
oK Cancel | §]
Folder name for results: L
[~ 4) Browse through results Event 1
| ExperimentData.mat 5| 1136
0.2
{ Previous J 1 Next
—3) Start Analysis .
ANALYSE

— The current event contains 1 level. 02

|| Show detected events The area of the event is: 5.448e-14 C. :

Current [n A]

Level 1 has a length of 0.140 ms and a current drop of 0.400 nA 04

(Gl

E(_:O_I_E POLYTECHNIQUE
FEDERALE DE LAUSANNE

06 ; ;
0 05 1 15
Time [ms]

Alternatively you can use a time threshold deleting all events longer than the specified
threshold. In this case the threshold has to be specified in the used units, e.g. ms. Click on
Remove Events Threshold in the Tools menu and specify the length threshold, e.g. 2 for
2ms.
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7) Save a database

8 .00 OpenNanopore
File [RCKTEY Help
£ Time-Units >
—1)L¢ Elefresh Display ~— Concatenated Events
oh
ove Events...
Remove Events Threshold...
Save EventDatabase
Remove Doubles... =
B —— £
=
(4
Delta [nA]: 0.2 8 h
Sigma [nA]: 0.0387
Sampling Frequency [kHz: 100
Time [ms]
Folder name for results: Demo -
4) Browse through results Event 14
| _tempDB.mat sl 14135
| Previous | 14 ( Next |
—3) Start Analysis —
| ANALYSE | ‘ [ Delete This Event | =
—_ = -
The current event contains 1 level. =
|| Show detected events The area of the event is: 3.589e-13 C. T
Level 1 has a length of 1.500 ms and a current drop of 0.240 nA 3

ECOLE POILYTECHNIQUE
FEDERALE DE LAUSANNE

0 05 1 15 2 25
| Time [ms]

If you want to save a modified database use the menu item Save EventDatabase in the menu

Tools. A pop up window will ask you to specify the name of this new database. It is then
stored inside your analysis-folder.
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How to use the statistics GUI

In this section the statistics GUI is introduced.

800 OperNanopore-Statistics
*» gEdNS
1) Choose Database Scaner Pio1 and Histograms, Event 1 from database varf.mal is selecled.

Load datavase.. |

I e

2) Fiter Optons
|| imgulsons
|| Al evenis sxcepl Impuisons
|| Suspopulasons
. 4 4
“3)Pekyourcolar
EEE R
Q [0
| B | —
B [ o
el |
~4) Fiter List
mwm»nmuj

weritmat: Standard Events & A
verii mat: Standsrd Events & =
veriimat: Standard Events & m v
verilmat: Standard Events & i
verii mat: Standard Cvents &

. Dalow Yom lst. |

"~ 8) Change number of bins

= Bins

3 2
Dol bene [

25
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Run statistics.m

MATLAB R2012a,
File Edit Debug Desktop Window Help
I8 % M9 ¢ @ B @ CurentFolder: | - — ~— DE
7 Shortcuts 2] Howto Add (2] What's New
x 2 w0 CurrentFolder, x a w0 71 Editor - /Users/migraf/Documents/EPFL-Maste -EPFL/RC3/OpenNanoporeLatestWorkingUntouched/statistics.m | [ x a»o  Workspace |
@<o.r-[pl@# x NG E $RAYC L e f P YRR R B E BB stack:| Base | f (B0 B8 sl &%E8% Esda. -
& Name & | Name & Value
> £ Results iam - i x B8 0 ) ‘
» [ Scripts, 1 0 (=l
[ Changelog.rtf 2 function varargout = statistics(varargin)
ﬁg;'l“;’l signal.mat 3 § STATISTICS MATLAB code for statistics.fig
fﬂcul.mg 4 % STATISTICS, by itself, creates a new STATISTICS or raises the existing —|
" 5 $ singleton*. |
” 6 % =
7 % H = STATISTICS returns the handle to a new STATISTICS or the handle to B
8 % the existing singleton*.
9 %
o 10 % STATISTICS('CALLBACK',hObject,eventData,handles,...) calls the local
11 % function named CALLBACK in STATISTICS.M with the given input arguments.
12 %
13 % STATISTICS( 'Property','Value',...) creates a new STATISTICS or raises the
14 % existing singleton*. Starting from the left, property value pairs are
15 % applied to the GUI before statistics_OpeningFcn gets called. An
16 % unrecognized property name or invalid value makes property application
17 % stop. All inputs are passed to statistics_OpeningFcn via varargin.
18 %
19 % *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one
‘| 20 % instance to run (singleton)".
21 %
22 % See also: GUIDE, GUIDATA, GUIHANDLES
23
24 % Edit the above text to modify the response to help statistics
25
26 % Last Modified by GUIDE v2.5 30-Jul-2012 17:14:04
27
28 % Begin initialization code - DO NOT EDIT —|
29 - gui_Singleton = 1;
x a0 Command Window
fe>> |

statistics.m (MATLAB Funct A

Open statistics.m and click run.
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Start Screen

8 O O OpenNanopore-Statistics

J =" BENECR

—1) Choose Database Plots

’

Load database...

—2) Filter Optons—————————————/
[ | Impulsions

[ Events except impulsions
|| Subpopulation
1 1

L i S —
3) Pick your color OElCobrCote

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

[ | . R 1]
G M1
mEm | °C
current color D
—4) Filter List

[ Add your selection to the filter list J

A )
Open a database to begin|

| ECOLE POLYTECHNIQUE
(Delte fomts.. ) FEDERALE DE LAUSANN E

— 5) Change number of bins

Bins

This is the start screen of the statistics gui. The idea of the statistics gui is to visualize and
inspect different combinations of subpopulations of your events. Panel 1 to 3 allows you to
choose different combinations of databases, subpopulations and colors. Lets go through the
different options.
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1) Choose Database

0.0.6 Select File to Open

(«]» ][22 m i || == v || £ OpenNanoporeLat...or... 3| (Q
FAVORITES Name 4| Date Modified Size
. Changelog.rtf 18.07.12 11:46 4 KB
e % demo signal.mat 21.05.12 14:01 10.1 MB
|- Macintosh HD “ GULfig Heute 15:24 26 KB
e “] GULm Heute 15:24 41 KB
. “ main.m Heute 08:50 4 KB
3 Music v ([ Results Heute 15:58 —
&) Photos & ExperimentData.mat Vorgestern 21:50 49 KB
B Movies Global_Informations.txt Vorgestern 21:50 187 bytes
» [ Scripts Heute 15:09 -
statistics.fig Heute 15:36 24 KB
© | statistics.m Heute 15:36 35 KB

Enable: | MATfiles (*.mat) 3

| Cancel | | Open |

In this panel you can load different event databases generated by the analysis GUI. Just
click on Load database and choose the desired event database. Only event databases created
by the analysis GUI or the scripts can be read.

2) Filter Options

— 2) Filter Options
|| Impulsions

|| Events except impulsions

|| Subpopulation
1 1

The second panel lets you decide which subpopulations you want to visualize:

Events that have been detected as being impulsions

OpenNanopore 13



All events except impulsions

Subpopulations based on their number of levels

3) Color Picker

S i ]
3) Pick your color RGB Color Code-

EEE | -
EEE | ¢ 5

B

0

current color .

The third panel lets you assign a color to the previously chosen settings. Just pick one of the
predefined colors or enter an RGB code in the fields on the right hand. Please note that the
values have to been between 0 and 1.The current color square shows you the currently
selected color.

4) Filter List

—4) Filter List

t Add your selection to the filter list J

I — | A
A 4

| Delete from list... |

Clicking on the Add your selection to the filter list button adds the combination of panels
1 to 3 to your filter list. If you want to delete an item from the list use the Delete from list
button. The up-and down arrows allow reordering of the list and consequently change the
look of the plots.

OpenNanopore 14



Visualization

8 00 OpenNanopore-Statistics
» S dRK
—1) Choose Database——— Scatter Plot and Histograms, Event 2 from database ExperimentData.mat is selected.

ExperimentData.mat

0.6 q
Load database...
055 bbb 4
—2) Filter Options—————————————/ oS
|| Impulsions g. : =
- = =
|| Events exceptimpulsions % 0.45 SR, 2
el
(™ Subpopulation 5 5
I 04 3
Select [ 2 | to [ 2 ] Levels o b =
= {3
g 8
=8) Pick your color——— -~ 3 B G
- . R 0] b
| B i
B [0

current color .

—4) Filter List

t Add your selection to the filter list J

Exﬁerimembatama!: Standard A

A A
=
=
&
6 -

Delete from list...
—5) Change number of bins ‘ 02 04 06 08 1 12 14 16 18
Bins Time [ms] Dwell Time [ms]

In this example two settings have been chosen. The pink color corresponds to one-level
events and the green color to two-level events. You can click on points of the scatter plot to
visualize (1) the corresponding event. Selected dots are circled in red (2), whereas dots
corresponding to other levels of the same event are circled in yellow (3).

Histogram settings

5) Change number of bins
Bins

You can change the number of bins used to plot the histograms with the help of this slider.
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Using the Scripts

In this section you will learn how to run an analysis using the scripts.

r«mruumvmmmmm

e v |OCE AN G U-ANGel B-DOARAF B0 b B A o6
|o@ -0+ +[1]= ot @
1 W OpesNaserore 1.3 <
2 A% Mais, where the fus beginas!
2 A\ lapst Paraseters - To chaagellll
‘.
S - ExperimeatTitles~ Tust'; % Chcose & title for your experimest B
.- Ravdignal=kaukigral; |  ¥ame of the variable ccataining the signal to analyze
7. deltas0.2: b most Llikely and seallest current drop
.- nigma=0.04; § standard devistioz of tie Daselize (caz use the MATLAD foactio=z wtd)
- Samplingfrequeacy=10del; . ln-pun! frequencing of signal to azalyse
18- BeS; VB Coefficlent for recursive loew pass filters> tareshold S*sigsa
11 - E=d; A E Coefficiext for recursive low pams filter
12 s
13 -« IspulsicaLinit=10; N Every event ssaller thas thls ascunt of sasples ls comsidered to e an impelsion
- Izclededlaselize~100; A Nember of baseline pointa ifncluded for the CUGLM 2it
18- Ircledediasalineblota=52) A Nomber of baselire points inlcuded for plotting events
18 - TooMechlevels=10; b You can turs off the asall while losp by putting & zero derel
17- cime unite='=s ; \ chcose from: o, -, "
8- osrveat_unite= nh ) A chooss froms pA,
19 - Morsalipesl; b Norsaliees the bnoum o 0 for the plots, Chotee from Yesel, Nos0
20
n
n
22 "
"
23 - fefilesep:
26 - peefilesase( fullpath’);
- um-nu.-ru”u
L eddpath(|direct ‘sexipas’ 1)g
0
- fprints( The sigral Bas a lorgth of Vi saeples, beglralng calovlating...hold ca...\=',length(Rmwdignal})
n
n A\ Detecticn of start and exd polnts of an eveat:
»n \kooghkventliocasions: x(i,i)=asarspaint of event 4, x(1,2)*Endpoist of event &, x(i,3)*lexgts of event 1
34 ele
as % Recuraive lowpass filter sethod:
" MArgements in recursive_low _passiav: (Aaviigaal, dtartCoeff, EnaCoeff, FlltarCoeff))
37 - (moughEventlocations)erecursive_lov_pase(davsigeal 5,%,0.999);
- tizaFilteriag=toc;
3 - fprimtf( Recursive LowPass event detectios done!l Needed ¥f seccods'\n ,timePiltering)
“
4 A% Precise Event Detectica sad Segmentation of levels
Rl Sinitializatica
41 - Cesusraraseterss(delta sigma Sormalize mulmmz Itclodedtaselize Toomuchlevels Iscludedbaselinerlots 1):
- i loza);
45 - timekventDetectica=tod) :
o fpriestf( The event detection and segeentation part has takes A seconds to complete.\n ,timeEvestDetestica)
i i Wi W
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1) Load your signal in the workspace

X a2 v Workspace
B ! % &3 W, Stack: [ Selectdatatoplot ~
Name & Value Min Max

FH signal  <2174003x1 double> <To... <To...

FORMAT of input signal: the input signal need to be in a double of <nx1> ionic current
values in nA.

Your input signal MUST contain baseline information, at least 100 points of baseline before

and after each event.

OpenNanopore 17



2) Check your signal by plotting it

0.5

Current (nA)

-25
-3
-35
0 5 10 15 20 25 30
Time (8)

Note that the baseline shouldn't contain any sudden jump...

If you have a problem loading the signal please email us! See address on website:
http://Iben.epfl.ch/page-79460-en.html

OpenNanopore
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2) Open main.m and fill in the input parameters

©800 MATLAB R2012a
File Edit Text Go Cell Tools Debug Desktop Window Help
IO 8 4 M B9 e Bl B @ CurentFolder e
7 Shortcuts 2] Howto Add 2] What's New
x_a w 0O Current Folder x 2 w0 " Editor - /Users/migraf/Documents/EPFL-Master/ZIVI-EPFL/RC3 /OpenNanoporeLatestWorking/main.m xa =0 Workspace
@«OpenNa.» ~[PEH | x « DS H $ A9 & D-MNeai B -008M0E BB Sack| Bse :| fix (O ¢ @ o & 8 B [Dseecedamaroplor ~
B (Name & - Name & Value
/@ = Mol 8
» G scripts B -0+ =+ (11| x B O [ signal <2174003x1 double>
|5 Changelog.rtf 1 %% OpenNanoPore 1.0 e
E‘j‘d“"‘?s'g""-"“‘ 2 $% Main, where the fun begins!
£ GuLfig 3 $% Input Parameters - To change!!!!
Z16uLm -
‘j:::::~ 5- ExperimentTitle='Results'; % Choose a title for your experiment
6 - RawSignal=signal; % Name of the variable containing the signal to analyze
7/l= delta=0.2; % most likely and smallest current drop
8 - sigma=0.04; % standard deviation of the baseline (can use the MATLAB fonct
Ol= SamplingFrequency=100e3; % Sampling frequencing of signal to analyse
10 - §=5; | % S Coefficient for recursive low pass filter=> threshold S*si
iil|= E=0; % E Coefficient for recursive low pass filter
12 3%%%
13 - ImpulsionLimit=10; % Every event smaller than this amount of samples is considere
14 - IncludedBaseline=100; % Number of baseline points included for the CUSUM fit
15 - IncludedBaselinePlots=50; % Number of baseline points inlcuded for plotting events
1G5|= TooMuchLevels=10; % You can turn off the small while loop by putting a zero here
17 - time_units='ms’; % choose from: us, ms, s
18 - current_units='nA’; % choose from: pA, nA
19 - Normalize=1; % Normalizes the baseline to 0 for the plots. Choose from Yes=
20
21
22
23 33
24
25 -  f=filesep;
26 - p=mfilename( ' fullpath');
27 - direct=fileparts(p);
28 - addpath([direct £ 'Scripts']);
29
30 - fprintf('The signal has a length of %i samples, beginning calculating...hold on...\n',6lenc
31
32 %% Detection of start and end points of an event:
l’i’! %RonaghEventT.ncatinna: x(i.l)=atartnnint nf event i. x(i.2)=Fndnnint of event i. x(i.3=ler
x awn Command Window
Jx>>
main.m (MATLAB Script) ~
4 start | [ script [tn 10 Col 12

line 5: give a name to the folder in which your results will be stored
line 6: input the name of the signal you just loaded in the Workspace

line 7: input the value of delta: most likely current drop in nA that you want to detect in an
efficient manner (in the demo case 0.2 nA is a typical current blockage value for | DNA
translocation)

line 8: input the value of sigma: RMS current noise value, can be calculated using std()
function of MATLAB on 1000 points of baseline or more

line 9: input the sampling frequency used when recording the signal in Hz

3) run the main

3
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You can either press the button shown above or write main in the Command Window.

4) look at the results

800 MATLAB R2012a
File Edit View Debug Desktop Window Help
G 6 2 ®m9 ¢ &2 @ CurentFolder , e
7 Shortcuts 2] Howto Add (2] What's New
x a1 0 Current Folder x 2 w0 I Editor - /Users/migraf/Documents/EPFL-Master/ZIVI-EPFL/RC3/OpenNanoporeLatestWorking/main.m
WcOpenNa s = 0@ # | x » /DG H B9 &2 - Medfe Bl -BRBDE BB Stack [ Base 3| fi ([I=HE)
7 ) Value
Results B -[o]+ sNa]x B O f <6211x1 double>
ExperimentData.mat 1 %% OpenNanoPore 1.0 =1 ConcatenatedFits  <6211x1 double>
Global_Informations.txt 2 %% Main, where the fun begins! || EventDatabase <1x36 struct>
> Wicripts 3 %% Input Parameters - To change!!!! (1 Rawsignal <2174003x1 double>
| 4 £ delta 0.2000
d ignal.mat i
C‘ECBTZ:QM m Sl= ExperimentTitle='Results'; % Choose a title for your experiment i sigma 0.0400
) GULm 6 - RawSignal=signal; % Name of the variable containing the signal to analyze
7- % most likely and smallest current drop
main.m~ 8 - : % standard deviation of the baseline (can use the MATLAB fonct
9 - SamplingFrequency=100e3; % Sampling frequencing of signal to analyse
10 - §=5; % S Coefficient for recursive low pass filter=> threshold S*si
11 - E=0; % E Coefficient for recursive low pass filter
12 %%
13 - ImpulsionLimit=10; % Every event smaller than this amount of samples is considere
14 - IncludedBaseline=100; % Number of baseline points included for the CUSUM fit
151 IncludedBaselinePlots=50; % Number of baseline points inlcuded for plotting events
16 - TooMuchLevels=10; % You can turn off the small while loop by putting a zero here
17 - time_units='ms'; % choose from: us, ms, s
18 - current_units='nA'; % choose from: pA, nA
19 - Normalize=1; % Normalizes the baseline to 0 for the plots. Choose from Yes=
20 B
21
22
23 33
24
25 - f=filesep;
26 - p=mfilename('fullpath');
27 - direct=fileparts(p);
28 - addpath([direct f 'Scripts']);
29
30 - fprintf('The signal has a length of %i samples, beginning calculating...hold on...\n',6lenc
31
32 %% Detection of start and end points of an event:
23 $RonahFventTocations: x(i.1)=startnoint of event i. x(i.2)=Fndnnint of event i. x(i.3\=ler
x 2 w0 Command Window
>> main
The signal has a length of 2174003 samples, beginning calculating...hold on...
Recursive LowPass event detection done! Needed 1.558044 seconds
The event detection and segmentation part has taken 2.869123 seconds to complete.
Concatenating the events took 0.092794 seconds to complete. Nearly done, hold on...
Total time needed was 4.519961 seconds
. Jx>>
main.m (MATLAB Script) - X

4 sart

A .mat file called ExperimentData is created containing all results of an analysis:
EventDatabase, ConcatenatedEvents and ConcatenatedFits and the settings of the analysis.

EventDatabase is a structure array with level and dwell time information for each event (see
Event Database for more information) ConcatenatedEvents is a concatenation of all the
detected events with 100 points of baseline between each event, ConcatenatedFits are its
corresponding fits.
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Introduction to the Event
Database

Event Database

This section contains information on how to use the EventDatabase generated by the program.

aeno EventDatabase(1,6}
File Edit View Graphics Debug Desktop Window Melp
> B AWl 5 A4 18 stack Boe D [ Seectdaatopon -
=] EventDatabase(],6) <lx] stract>
Pl & Value M Max
1 AllLwemlFits <1x56 dauble> -0.2310 -0.0045
L1 ConcatenatedStanCoordinates 942 962 942
[« EventType ‘Standard Event'
[ Levels [1,0.2310,-0.2056,348997,349052,55) -0.2096 349052
1 NumberOfLevels 1 1 1
L1 StartAndEncPoint [343997,349052) 348997 349052
|l AreaCoulomb 1.2658¢-13 1.2658-13 1.2658-13

OpenNanopore
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Structure (1)

X a »Q Workspace

B M % 8 B [P Novalidplot..

Name 4 Value

EventDatabase <1x107 struct>

The event database generated by the program is an array (vector) of structures. A structure is
a data type that groups related data using data containers called fields. Each field can
contain data of any type or size. Such types of variables are very readable and the desired
information can be found very quickly.

Structure (2)

600

Variable Editor - EventDatabase

File Edit View Debug Desktop Window Help

x 2 » 8 & 2B © AL - W Stack| Base

(B o 8 =W

|-£] EventDatabase <1x107 struct>

1 2 3 4 5 6

1
2
3
4
5
6
7
8

<Ix1lstr.. <Ixlstr.. <lxlstr.. <lxlstr.. <lxlstr.. <Ixlstr.. <Ix1str.. <Ix1lstr.. <lxlstr.. <lxlstr.. <lxlstr.. <lxlstr.. <Ix1str.. <Ix1str.. <Ix1str.. <1x1str.

Double-click on the EventDatabase variable opens the variable editor. Each field in this
array corresponds to one event. The row number is thus the number of the event as it

occured in the raw signal.

Structure (3)

600

File Edit View Graphics Debug Desktop Window Help

» B % MW O L 8 Stack:| Base :| [Dselectdaatoplot -

EventDatabase(1,1) <1x1 struct>

[Field & Value
(] AllLevelFits <1x15 double>

[t ConcatenatedStartCoordinates H

- EventType ‘Standard Event’

] Levels. [1,0.3998,0.4176,43850,43864,14]
[ NumberOfLevels 1

1] StartAndEndPoint [43850,43864]

(1 AreaCoulomb 5.4484e-14
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Another double click on one of the structure-fields reveals the informations about the given
event.

Informations available

Field a Value

1 AllLevelFits <1x15 double>

11 ConcatenatedStartCoordinates 50

e EventType 'Standard Event'

11 Levels [1,0.3998,0.4176,43850,43864,14]
11 NumberOflLevels 1

11 StartAndEndPoint [43850,43864]

11 AreaCoulomb 5.4484e-14

1. AllLevelFits: A vector containing the values of the fit. Please note that all these values
are relative to the baseline before the event and do not reflect the actual current drop.
Level information on the absolute current drop can be found in the Levels category.

2. ConcatenatedStartCoordinates: This value is the location of the event in the
corresponding concatenated signal.

3. EventType: The type of the event is stored in this variable. This is either 'Standard
Event', "Too many levels', Tmpulsion'or'Tmpulsion not detected by CUSUM'.

4. Levels: This variable contains the most important informations. It recapit- ulates the
informations about each level of the event. This variable is a matrix which contains in its
rows the different levels of the event. The columns give the following information:
[LevelNumber, Relative Fit, Absolute Fit, Start-Point, End-Point, Length of Level]

5. NumberOfLevels: The number of levels this event contains
6. StartAndEndPoint: Contains the location of the event in the raw signal.

7. AreaCoulob: The area of the event (integration of the raw signal)
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Show all the information about one event

X 2 1+ O Command Window
>> EventDatabase(1l)
ans =
AllLevelFits: [1x15 double]
ConcatenatedStartCoordinates: 50
EventType: 'Standard Event'
Levels: [1 0.3998 0.4176 43850 43864 14]
NumberOfLevels: 1

StartAndEndPoint: [43850 43864]
AreaCoulomb: 5.4484e-14

The command EventDatabase(i), where i is the desired event number, displays all the fields
of this structure.

Show specific informations

X 2 w0 Command Window
>> EventDatabase(1l).Levels

ans =
1.0e+04 *

0.0001 0.0000 0.0000 1.7427 1.7449 0.0022

fx>>

The command EventDatabase(i).Fieldname gives direct access to the desired information.
Remember Fieldname has to be one of the variables specified before.
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Combine several events

X a w0

Command Window

>> a=[{EventDatabase.Levels}]'

a =

[1x6
[1x6
[1x6
[1x6
[4x6
[1x6
[1x6
[2x6
[1x6
[1x6
[1x6
[2x6
[1x6
[1x6
[1x6
[1x6
[1x6
[2x6
[1x6
[5x6
[1x6
[1x6

double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]
double]

The command a=[{EventDatabase.Levels}]' exports the level informations of all the events
to the variable a. If you want to export only a fraction of the events, you can use:

a=[{EventDatabase(1-10).Levels}]', which in this case exports only events 1 to 10. The
same syntax applies to other fields.

OpenNanopore
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Convert to single matrix

X 2 1+ [ Command Window
>> cell2mat(a)

ans =
1.0e+05 *
0.0000 0.0000 0.0000 0.1743 0.1745 0.0002
0.0000 0.0000 0.0000 0.4600 0.4601 0.0001
0.0000 0.0000 0.0000 0.4614 0.4615 0.0000
0.0000 0.0000 0.0000 1.1918 1.1925 0.0007
0.0000 0.0000 0.0000 1.7008 1.7012 0.0004
0.0000 0.0000 0.0000 1.7012 1.7013 0.0001
0.0000 0.0000 0.0000 1.7013 1.7013 0.0001
0.0000 0.0000 0.0000 1.7013 1.7014 0.0001
0.0000 0.0000 0.0000 1.9141 1.9145 0.0004
0.0000 0.0000 0.0000 2.4033 2.4034 0.0001
0.0000 0.0000 0.0000 3.1127 3.1129 0.0002
0.0000 0.0000 0.0000 3.1129 3.1137 0.0008
0.0000 0.0000 0.0000 3.7743 3.7744 0.0001

fk 0.0000 0.0000 0.0000 4.2359 4.2362 0.0002

The command cell2mat(a) can convert the before created cell array to one single matrix
containing the level informations of all the events. Conversion to a single matrix is only
possible for fields with constant row-size, i.e. all the fields except 'AllLevelFits' and
'EventType'.
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Functions

List of Available Functions

This section lists the available functions.

.M

densayest.m

lm

FindDoubles.m

.M

RemoveEvents.m

OpenNanopore

.M

EventD82LTable.m

lm

getEventsFromArea.m

.M

RemoveEventsFromRaw.m

.M

Extractgvents.m

.m

PlotConcatenated. m

.M

scatterplot.m

.M

FilterEvents.m

Im

plotEvents.m

.M

x_level_events.m

27



Scripts

X a w Command Window

>> help RemoveEvents

Function RemoveEvents: RemoveEvents(FolderName,number, 'Threshold')

This function removes events from the database. First you can remove

events from the database using their event number. In this case the

argument is simply a vector with the desired event numbers => 1).

Instead of removing events based on their event number, the

'Threshold' method removes all events longer than a threshold given in
argument two. This threshold is given in the time domain based on units and
sampling frequencies of the analysis. => 2)

This function produces a new .mat file called in the location of your choice.

Use:
1) RemoveEvents (numbers)
2) RemoveEvents(threshold, 'Threshold')

Jx>>

The folder scripts is automatically added to your Matlab path when GUIL.m is launched or
main.m executed, i.e. you do not need to be in the actual directory in order to call the
functions.

Here, only a list of the available functions is provided. If you need more information about a
function or how to use it you can type the command help function_name in the Matlab
command window.

List of scripts
densityest
EventDB2LTable
FilterEvents
histogram
PlotConcatenated
RemoveEvents
RemoveEventsFromRaw
scatterplot

x_level_events
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plotEvents
FindDoubles
ExtractEvents

getEventsFromArea

OpenNanopore
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