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Introduction > Main Features of WIinEDR

WINEDR is a data acquisition and analysis progranhéndling signals from electrophysiological expents. These may
include whole-cell patch clamp experiments, singled two-microelectrode voltage-clamp studiesjrople membrane
potential recordings. Whole-cell signals are predlby the summation of currents through the (ugualige population
of ion channels in the cell membrane, and thusistookrelatively smooth current or potential waseihis. The amplitude
and time course of such signals contain informat@mcerning the kinetic behaviour of the underljirgchannels, and
other cellular processes, which can be extractetidppplication of a variety of waveform analsishniques.

WINEDR provides,in a single program,the data acquisitionand experimentastimulusgeneratiorfeaturesnecessaryo
make a digital recordingof the electrophysiologicakignals,and a range of waveformanalysisprocedurescommonh
appliedto suchsignals. WINREDR actslike a multi-channeldigital tape recorder,collecting seriesof signalsand storing
them in a data file on magnetic disk. Its majortdess are

Recording

« 1-16 analogue input channels.

« Continuous sampling-to-disc at rates up to 100 kHz.

« Stimulus generator.

- Realtime event event frequency, resistance, ciypad fluorescence ratio measurement.

Analysis

« Single-channel transition detection and amplitudeldtime analysis.

« Event detection and frequency analysis

« Noise analysis

« Miniature synaptic current, ion channel currenttihation and single-channel current simulations.



Introduction > Conditions of Use

The Strathclyde Electrophysiology Software packagesuite of programs for the acquisition and s bf
electrophysiological signals, developed by the @u#t the Strathclyde Institute for Pharmacy & Baafical Sciences,
University of Strathclyde.

At the discretion of the author,the softwareis suppliedfree of chargeto academicusersand othersworking for
non-commercialnon-profit making, organisationsCommercialorganisationsmay purchasea licenseto usethe software
from the University of Strathclyde (contact thehmutfor details).

The authorretainscopyrightandall rights arereserved. The user may use the software freelh&r own researclhout
should not sell or passthe softwareon to otherswithout the permissionof the author.Exceptvhere otherwisespecifiec
no warrantyis implied, by either the author or the University of Strathclydencerning the fitness of the software dox
purpose.

The softwareis supplied“as found" andthe useris advisedto verify that the software functions appropriatelyfor the
purposesthat they chooseto use it. An acknowledgemenbf the use of the software,in publicationsto which it has
contributed, would be gratefuly appreciated by dkhor.

John Dempster

Strathclyde Institute for Pharmacy & Biomedicaleé®cies
University of Strathclyde

161 Cathedral St.

GLASGOW

G4 ORE

Scotland

Tel (0)141 548 2320
Fax. (0)141 552 2562
E-mail jdempster@strath.ac.uk

Nex



Getting Started > Hardware Requirements

To run WIinEDR you will require an IBM P C-compatigersonal computer with at least 16Mbyte of RANSGMHZz
80486 (or better) CPU, and the Microsoft Windows3 NT V4, 2000, XP (32 bit), Vista or Window432 or 64 bit)
operating systems. (Note. Windows 7 (64 bit) suppor available for Digidata 1200 and 1320 inteefag

A laboratoryinterfaceuntt is requiredto performanalog-digitalA/D) anddigital-analog(D/A) conversionof the signal
and stimulus waveforms. The following families abdratory interfaces are supported:

* Cambridge Electronic Design 1401, 1401-plus, Mit461, Power 1401.
* National Instruments laboratory interface cards.

* Axon Instruments Digidata 1200, 1320.

* Molecular Devices Digidata 1440, 1550, 1550A

* Instrutech ITC-16 or ITC-18.

* Biologic VP500.

* Heka EPC-9, EPC-10

* Tecella Pico, Triton, Triton Plus.

Nex



Getting Started > Installing WIinEDR

To install the WINREDR program on your computer:

1)

2)

3)

4)

Go to the web page http://spider.science.strathikésipbs/page.php?page=softwarre click the WINEDR Vxxx
Setup File option to download the WINEDR instadlatprogram (WINnEDR_Vxxx_Setup). Store this fileain
temporary folder (e.g. c:\temp) on your computer.

Start the installation program by double-clickihg progranWinEDR_Vx.x.x_Setup.The setup program creates the
folder c:\ WINEDR and installs the WInREDR programs files within(¥ou can change the disk drive and location of
the WINnEDR folder if you wish).

To start WInEDR, click the Microsoft Windows Start buttonandselectWIinEDR Vx.x.x from the WINEDR groug
in the Programs menu.

Install the laboratoryinterface unit with the appropriatedevicedriver softwareand supportibrary suppliedwith the
device SeeLaboratoryinterfaces.

Configure WIinEDR to work with laboratory interface.
Attach analog input/output signal cables betweepliten and laboratory interface (see section 4).

Nex



Getting Started > Laboratory Interfaces > National Instruments Interface Cards
Nationallnstruments Inc. (www.ni.com)

WINEDR is compatiblewith most National Instruments multifunction data adtpiiscards or devices, including M, Xnc
E seriescards,the Lab-PC/1200seriesand USB devices.The PCI-6221PCI card (with BNC-21101/0 box and2r
SHC68-68-EPM cable) or the USB-6221-BNC deviceuisantly recommended.

The National InstrumentsNIDAQ interfacelibrary must be installedbefore WInEDR canusethe interfacecard. Most
moderncards(X, M andE series)are supportedvia the NIDAQ-MX library. Older cards(Lab-PC/1200Cseries)equire
the ‘Traditional NIDAQ library (V4.9 or earlier)otbe installed. WinEDR supports both types of ipra

Software insallation

1) Installthe NIDAQ library from the disks suppliedwith interfacecard,following the instructionssuppliedby Nationa
Instruments.

2) Install the interface card in an expansion sloaftech a USB device).
3) Reboot the computer.
4) Run Nationallnstruments’Measurement& Automation Explorer program.You should find the card listathde

Devices & Interfaces Note the Device number (Devl, Dev2 etc.) ofched.

File Edit Wiew Tools Help

Configuration

59 Iy Syskem
. @[5l DataNeighborhood
= ﬁﬂ Devices and Inkerfaces

-

...... B, NI USB-6008: "Devz"
PXI PYI System (Unidentified)

T il 6 P alied

5) Right-click over the device and sel&®If Testto check that the device is functioning correctly.
6) If the tests check out OK, run WInEDR and seleoinfthe main menu

Setup
Laboratory Interface

to open the Laboratory Interface Setup dialog box

. Laboratory Interface Setup

Mational Instraments (BIDAGE-0GD

|UEEI-EEE11 (3 ch. 16 bit +-100 ADC, 2 ch. 16 bit +-10% DAC

Dievice AD Input
[Devi =] | Differential |
AD Cormverter Voltage Range | .10 j

oK | Cancel I

then selecNational Instruments (NIDAQ-MX) from thelist of laboratory interface options (except forotRC or
1200 series cards in which case Msgional Instruments (NIDAQ Trad) ).

7) Selectthe device numberof the cardlistedin the NI Devices& Interfaces list from théevice list (usuallyDe V1 if
only onecardis installed)



8) Setthe A/D Input mode.If you are usinga BNC-21100or BNC-2090input/outputbox, selectDifferential. (Note.
The SE/DI switcheson a BNC 2090 panel must be setfd ) If you are using a Lab-PC or 1200 series cardtheet

A/D Input mode tdSingle Ended (RSE)

Signal input / output connections

Signalinput and outputfrom NationallnstrumentsPCl cards are made via 68 pin sockets on the fehe @ardattache
to BNC socketinput/outputpanels(BNC-21100or BNC-2090) or screwterminalpanelsby appropriateshieldedcable:

available from National Instruments.

National Instruments X, E & M Series cards

National Instruments X, E& M Series cards

Analog Input 1/0 Panel Screw terminal panel
Ch. 0 AlO 68, 67+62 (signal,ground)
Ch. 1 All 33, 67+62

Ch. 2 Al2 65, 67+62

Ch. 3 Al3 30, 67+62

Ch. 4 Al4 28, 67+62

Ch.5 Al5 60, 67+62

Ch. 6 Al6 25, 67+62

Ch. 7 Al7 57, 67+62

Analog Output

Ch. 0 AOO 22,55

Ch. 1 AO1 21,55

Trigger Inputs

Ext. Sweep Trigger PFIO/TRIG1 11,44

Ext. Stimulus Trigger

PFIO/TRIG1 (NIDAQ-MX)
PFIL/TRIG2 (NIDAQ)

11,44 (See Note 1)
10.44

Digital Output

Ch. 0

PO.0

52,53




Ch. 1 PO.1 17,53
Ch. 2 PO.2 49,53
Ch. 3 PO0.3 47,53
Ch. 4 PO0.4 19,53
Ch.5 PO0.5 51,53
Ch. 6 PO0.6 16,53
Ch. 7 PO.7 48,53

Note 1. An active-highTTL pulseon this input triggersthe start a stimulus program which has been set uptigrExternastimulus
Trigger=Y option. Thetriggersignalis appliedto PFI0 when the NIDAQ-MX interface library is in uskaporatory Interface Card =
National Instruments (NIDAQ-MX) and PFI1 whenthe TraditionalNIDAQ interfacelibrary (for Lab-PC/120Q:ardsonly) is in use
(Laboratory Interface Card = National Instruments (NIDAQ)

USB-6000 to USB-6005 Devices

The input/output connections for the low cost USB®B6005 devices are

USB 6000-6005

Analog Inputs Screw terminal panel

Ch. 0 Al +0, -0 (signal, ground)
Ch. 1 Al +1, -1 (signal, ground)
Ch. 2 Al +2, -2 (signal, ground)
Ch. 3 Al +3, -3 (signal, ground)

Analog Outputs

Ch. 0 AO 0, Gnd (signal, ground)

Ch. 1 AO 1, Gnd (signal, ground)

Trigger Inputs

Ext. Sweep Trigger PFIO,Gnd (signal, ground)
Ext. Stimulus Trigger PFIO+PFI1,Gnd (signal, ground)
Note. PFIO, PFI1 and P0.0 MUST be

connected together for the test
pulse to generated in the Seal Test
window.

Lab-PC/1200 Series Cards

The input/outputconnectionsfor 50 pin Lab-P Cand1200-seriesboardsaretabulatecbelow.



Lab-PC/1200 Cards

Analog Inputs I/O Panel Screw terminal panel
Ch. 0 ACHO 1,9 (signal,ground)

Ch. 1 ACH1 2,9

Ch. 2 ACH2 3,9

Ch. 3 ACH3 4,9

Ch. 4 ACH4 59

Ch.5 ACH5 6,9

Ch. 6 ACH6 7,9

Ch. 7 ACH7 8,9

Analog Outputs

Ch. 0 DACO 10,11

Ch. 1 DAC 1 12,11 (See Note 1)

Trigger Inputs

Ext. Sweep Trigger EXTTRIG 38,50 (See Note 1)
Ext. Stimulus Trigger PB7 29,50 (See Note 2)
Digital Synch. Input PC6 36, 13 (See Note 1)

Digital Outputs

Ch. 0 PAO 14,13
Ch. 1 PA1 15,13
Ch. 2 PA2 16,13
Ch. 3 PA3 17,13
Ch. 4 PA4 18,13
Ch. 5 PA5 19,13
Ch. 6 PAG6 20,13
Ch. 7 PA7 21,13

NOTE 2 Analog outputchannell (DACL1) is usedto synchronisehe startof the A/D conversion and D/A waveform generatant
mustbe connectedo EXTTRIG for WIinEDR waveformgenerationfunctionsto operateln addition, if stimulus protocolsontaining
digital ouputs are requirddAC1 & EXTTRIG must also be connected to the digital synchroineahputPC6.

Note.2. Lab-PC/1200 series boards need the pulse t0 b In duration or longer.
Troubleshooting

Nationallnstrumentscardscanbe usedwith a numberof different typesof input/outputpanels( BNC 2090,BNC 211(
or CB-68 terminalpanel) and canalsobe configuredto handlethe analoginput channelsn a numberof different ways



(differential, referencedsingle endedandnon-referencedingle ended).Somecombinationsof settingscanleadto input
signals drifting or going off scale.

Differential mode (DIFF): Analog input channelsare pairedtogetherand subtractede.g. Ch.0— Ch.7,Ch.1— Ch.¢
etc.).

Referencedsingle ended mode (RSE). Analog input channelsare usedindividually and measuredelative to signa
ground of the computer.

Non-referencedsingle endedmode (NRSE): Analog input channels are used individually andsuged relative tthe
electrical ground of the device being measured.

When using the BNC-21101/0 box, the USB-6221-BNCor USB-6229-BNCUSB interfacedevicethe WinEDR A/D
Input Modemust be set aDifferential .

Whenusingthe BNC-20901/0 box with its SE/DI switchessetto DI (the default setting) the WInEDR A/D InpMtode
should be set tDifferential .

When using the BNC-2090 I/O box with its SE/DI switchessetto SE andthe RSE/NRSEswitch setto NRSE the
WInEDR A/D Input Mode should be set@ingle Ended (NRSE)



Getting Started > Laboratory Interfaces > Axon Instruments Digidata 1200

Axon Instruments Inc.
(now owned by Molecular Devices, www.moleculardesicom)

The Digidata 1200, 1200A and 1200B interface boardsfully supportsall WinEDR features.They have a 330 kHz
maximum samplingratesand 4 programmablenput voltageranges(10V, 5V, 2.5V, 1.25V). Inputs to and outputsfrom
the boardare via BNC connectorson an I/O box, connectedo the boardvia a shieldedribbon cable.In orderto use
WInEDR with a Digidata 1200, the following computsistem resources must be available for use bpityigata 1200.
« |/O port address 320-33F (Hex)

« DMA channels 5 and 7

Software | nstallation

1) Install the Digidata 1200 card into an ISA computerexpansionslot, and attachit to its BNC 1/0 panelusing the
shielded ribbon cable supplied with the card.

2) Installthe WIinEDR Digidata 1200 driver software jour Windows operating system, by running therajgate
installation batch file.

If you are running Windows 95, 98 or Me, sel6nEDR\Digidata 1200 Drivers\Iinstall Digidata 1200driver
(Win95/98/Me) from the Programs menu.

If you are running the Windows NT, 2000 or XP es¢WIinEDR\Digidata 1200 Drivers\Install Digidata 1200
driver (Win NT/2000/XP). (Note. WInEDR does natse the standard Axon Instruments Digidata 120@ele
driver).

3) Reboot the computer.
4) Run WIinEDR and select from the main menu

Setup > Laboratory Interface

to open the Laboratory Interface Setup dialog box

=

| #an Instruments (Digidata 1200) |
|Unknuwn
AD Converter Voltage Range | +i7 j

oK | Cancel |

then selecAxon Instruments (Digidata 1200) from the list of laboratory interface options.

Signal input / output connections

Signal input and output connections are made @dBIKC sockets on the front and rear of the Digid21@0 /O box.



Digidata 1200

Analog Input I/O Panel Notes
Ch.0 AnalogIn 0
Ch.1 Analog In 1
Ch.2 Analog In 2
Ch.3 Analog In 3
Ch.4 Analog In 4
Ch.5 Analog In 5
Ch.6 Analog In 6
Ch.7 Analog In 7

Analog Output

Ch.0 Analog Out 0

Ch.1 Analog Out 1

Trigger Inputs

Ext. Sweep Trigger Gate 3

Ext. Stimulus Trigger Gate 3 See Note 1

Digital Output

Ch.0 Digital Out 0 See Note 2
Ch.1 Digital Out 1
Ch. 2 Digital Out 2
Ch.3 Digital Out 3

Note 1. An active-highTTL pulseon this input triggersthe start a stimulus program which has been set uptittExternaStimulus
Trigger =Y option.

Note2. WIinEDR only supports digital output lines 0-3bé Digidata 1200.

Troubleshooting

There are two known problems which will prevent BIXR from recording from a Digidata 1200’s analgguinchannels.
I/0O port conflict. The Digidata 1200default /0O port addresses span the range 320H-33AkEIse settings confligtith
the defaultMIDI port setting(330H) of CreativeLabs. Sound-Blaster 16 and similar sound cards. There am@mbe of
solutions to this problem.

1) Change the Sound-Blaster MIDI port setting to aivdligher than 33AH.

2) Remove the Sound-Blaster card (or disable it ukied1OS setup if it is built in to the computertherboard).

DMA channelconflicts. WinEDR requiresDMA channels5 and7 to supportthe transferof data to/from P@nemon
andthe Digidata 1200. Many soundcardsalsomake useof DMA 5 andcaninterferewith the operation of th®igidate



1200.



Getting Started > Laboratory Interfaces > Cambridge Electronic Design 1401 Series
Cambridge Electronic Design Ltd. (www.ced.co.uk)

The CED 1401 seriesconsistsof anexternalmicroprocessor-controlled programmable laboratwgriace unitsattache
to the PC via a digital interfacecardor USB. Thereare 4 maintypesof CED 1401in commonuse- CED 1401,CED
1401-plus CED Micro-1401and CED Power-1401Theyareall fuly supportedVinEDR with the exceptionthat only 4
analoginput channelsare availableon the Micro1401 andthat the maximum sampling rate and numbesamples/swet
for the standard CED 1401 is substantially lesa tha others.

Software insallation

Before WINEDR can use these interface units, the CED 1401 device driver (CED1401.SYS),support library
(USE1432.DLL), and a number of 1401 command fitesesl in the directory \1401 must be installedt@¢omputer.

The installation procedure is as following, but €D documentation for details.

1) Installthe CED interface card in a PC expansiohasid attach it to the CED 1401 via the ribbonlecabpplied (or
attach to USB port for USB versions).

2) Download the CED 1401 Standard Windows Installegam (WINSUPP.EXE) from the CED web site
(http://www.ced.co.uk/upu.shtjréind run it to install the CED1401.SYS device @rigand 1401 commands.

3) Ensure that the CED 1401 is switched on, and teboat your computer.

4) Test the CED interface by running the program.
c:\1401\utils\try1l401w.exe

and clicking the button
Run Once

5) If the tests check out OK, run WIinEDR and seleatfthe main menu

Setup/Laboratory Interface

|CED14EI1 (16 bity(1 0% ;l

!Device Mot Initialised

AD Converter Voltage Range | .5y :J

oK | Cancel I

If you have a CED 1401 with standard analog +5\patvoltage range, seleCED 1401 (16bit)(5V)from the list
of laboratory interface options. If you have a CE®1 with a +10V output voltage range, sele&D 1401
(16bit)(10V).

Signal input / output connections

Analog signal I/0 connections are made via BNC stxkn the front panel of the CED 1401 units.

CED 1401 Series




Analog Input 1/0 Panel Notes

Ch. 0 ADC Input O
Ch. 1 ADC Input 1
Ch. 2 ADC Input 2
Ch. 3 ADC Input 3
Ch. 4 ADC Input 4 ex. Micro1401
Ch. 5 ADC Input 5 ex. Micro1401
Ch. 6 ADC Input 6 ex. Micro1401
Ch. 7 ADC Input 7 ex. Micro1401

Analog Output

Ch. 0 DAC Output 0
Ch. 1 DAC Output 1
Sync. Out DAC Output 2 CED 1401 Only (See Note 1)

Trigger Inputs

Ext. Sweep Trigger Event Input 4 CED 1401, CED 1401-plus
Trigger In Micro 1401, Power 1401

Ext. Stimulus Trigger Event Input O

Digital Gate I/P Event Input 2

Digital Output 25 way D socket

Ch. 0 Digital Out 8 17,13 (signal,ground)

Ch. 1 Digital Out 9 4,13

Ch. 2 Digital Out 10 16,13

Ch. 3 Digital Out 11 3,13

Ch. 4 Digital Out 12 15,13

Ch. 5 Digital Out 13 2,13

Ch. 6 Digital Out 14 14,13

Ch. 7 Digital Out 15 1,13

NOTE1 STANDARD CED 1401 ONLY

Eventsinputs 2, 3, and4 mustbe connectedogetherand connectedo DAC Output 2, to synchronise A/D sampling, Didaveforn
generation and digital pulse output for WinEDR'saSEest option and recording with stimulus pulsetpcols.

Note 2. A TTL pulseon theExt. Sweep Trigger input triggers the start of a recording sweep wlBdairigger sweep triggemode
has been selected.

Note 3. An active-highTTL pulseon the Ext. Stimulus Trigger input triggersthe starta stimulus programwhich has been sep



with theExternal Stimulus Trigger =Y option.

Troubleshooting tips

Verify that the CED 1401 is working correctly, before investigatingproblemsusing WIinEDR. Use the TRY 1401\
program to test the CED 1401.

WINnEDR uses the commands, ADCMEMI.CMD, MEMDACI.CMD and DIGTIM.CMD with the CED 1401
ADCMEM.GXC, MEMDAC.GXC and DIGTIM.GXC with the CED 1401-plus; and ADCMEM.ARM,
MEMDAC.ARM andDIGTIM.ARM with the CED Micro-1401. All three commands must be available within\iz9
directory.

Power 1401

The digital patternoutput commandDIGTIM appearsto behavedifferently on different versionsof the Power 1401
resultingin the the digital outputwaveformsin a WinEDR stimulus protocol being produced ineotly (On/Off levelsare
inverted and pulse durations are incorrect). This problem can be corrected by setting the
CEDPOWER1401DIGTIMCOUNTSHIFT entry in the WInEDRab interface .xml fle in cA\WInEDR to 0.

Stop the WINEDR program(if it is running) and openthe fle c:\\WIinEDR\lab interface.xml with the Notepadtex
editor and search for the entry:

CEDPOWER1401DIGTIMCOUNTSHIFTX</CEDPOWER1401DIGTIMCOUNTSHIFT
Change it to:
CEDPOWER1401DIGTIMCOUNTSHIFTO</CEDPOWER1401DIGTIMCOUNTSHIFT
and save the file.

Standard CED 1401

The performanceof the original CED 1401 interface unit is very limited comparedto later models. The numberof
samples/recoré limited to a total of 8192andthe achievablesamplingrate whenstimulus pulsesare being generates
limited to a maximum of around 20 kHz divided byg thumber of channels.

In some circumstancesthe samplingrate setby WinEDR canexceedhe capabiltiesof the standardl401,resultingin
samplesbetweenmixed up betweenchannels.This problemcan be resolvedby reducingthe numberof samplespel
record or by increasing the duration of the recgrdiweep.

The CED 14011SA carddefaultl/O port addresses are at 300H. Check that these do ndictaith other cardsvithin
the computer.The CED 1401alsomakesuseof DMA channell andanIRQ channe(IRQ2). Thesemay also conflict
with other cards.

Some standardl401 appearto fail the DMA (direct memoryaccess}estin TRY1401W andthis alsocausesgproblem:
when running WInREDR. If this error occurs,disablethe DMA channel,by clicking on the CED 1401 icon within the
Windows Control Panel and un-checkithg Enable DMA transfers check box.



Getting Started > Laboratory Interfaces > Axon Instruments Digidata 1320

Axon Instruments Inc. (now owned by Molecular Degcwww.moleculardevices.com)

The Digidata 1320 Series(1320A, 1322) interfacesconsistof self-contained, mains-powered digitiser units BthC 1/0
socketsattachedto the host computervia a SCSI (Small Computer Systemslinterface)interface card and cable. A
numberof versionsare availableincluding the 1320A and1322A. The 1322A supportssamplingratesup to 500 kHz(1€
bit resolution)on up to 16 channels.lt hasa fixed input and output voltage range of 10V andsupports4 digital outpu
channels..

Software I nstallation

WINEDR usesAxon’s standardsoftwarelibrary (AXxDD132x.DLL) for the Digidata 1320 Series. Desdibr stepg1)-(5)
can be found in Axon’s Digidata 1320 Series Opematdanual.

1)
2)
3)
4)
5)

6)

Install the Axon SCSI card in a PCI expansion slot.

Attach the Digidata 1320 to the SCSI card and $waitt the computer and 1320.
Install the AxoScope software supplied with theidiga 1320.

Reboot the computer.

Run AxoScope to ensure that the software instéliKd

Run WInEDR and select from the main menu:

Setup > Laboratory Interface

to open the Laboratory Interface Setup dialog box

il x
| Awan Instruments (Digidata 1324 |
|Unknuwn
AD Converter Voltage Range | .5y j
oK | l:ﬂm:ell

then selecAxon Instruments (Digidata 132X) from the laboratory interface list.

Signal input / output connections

Signal input and output connections are made @dBIKC sockets on the front of the Digidata 1320eSattigitiser unit.

Digidata 132X Series

Analog Input 1/0 Panel Notes
Ch. 0 Analog In 0
Ch. 1 Analog In 1

Ch. 2 Analog In 2




Ch. 3 Analog In 3
Ch. 4 Analog In 4
Ch. 5 Analog In 5
Ch. 6 Analog In 6
Ch. 7 Analog In 7
Analog Output

Ch. 0 Analog Out 0
Ch. 1 Analog Out 1

Trigger Inputs

Ext. Sweep Trigger

Trigger In Start

Ext. Stimulus Trigger Trigger In Start See Note 1
Digital Output

Ch. 0 Digital Out 0 See Note 2
Ch. 1 Digital Out 1

Ch. 2 Digital Out 2

Ch. 3 Digital Out 3

Note 1. An active-highTTL pulseon this input triggersthe start a stimulus programwhich has been set uptigExternastimulus
Trigger = Y option.

Note2. The Digidata 1320 Series only supports 4 digiteput lines.
Troubleshooting

Whenmultiple analoginput channels are being sampled amel sampling interval is greater than 10 ms, sasngpéimixec
up betweenchannels.This problemcan be seento occur also with AxoScope,suggestinga bug in the Digidata 132(
firmware or AXDD132X.DDL library. The only limited solution at presentis to increasethe numberof samplespel
record to ensure that the sampling interval is thaa 10 ms.



Getting Started > Laboratory Interfaces > Molecular Devices Digidata 1440A

Molecular Devices Corporation (www.moleculardevicesn)

The Digidata 1440A interfaceconsistsof self-containedmains-poweredligitiser unit with BNC I/O socketsattachedo
the hostcomputervia a USB 2.0 port. The 1440A supportssamplingratesup to 250 kHz (16 bit resolution)on up to 1€
channelsit hasa fixed input and outputvoltagerangeof 10V andsupports4 analogoutputchannels and 8 digitalitpu
channels.

Software I nstallation

WINEDR usesAxon’s standardsoftwarelibrary (AXxDD1400.DLL) for the Digidata 1400 Series. Deddibr stepg1)-(5)
can be found in Axon’s Digidata 1440A Manual.

1) Installthe AxoScope (or PCLAMP ) software supplrith the Digidata 1440.
2) Reboot the computer.

3) Attach the Digidata 1440A to a USB port and turonit

4) Run WInEDR and select from the main menu

Setup > Laboratory Interface

to open the Laboratory Interface Setup dialog box

=Tk
IMDIecuIarDeuices Digidata 1440 j

|Unknnwn
AD Converter Voltage Range | +r5+ j

oK | Cancel |

then selecWolecular Devices (Digidata 1440) from the laboratory interface list.

Signal input / output connections

Signal input and output connections are made @dBINC sockets on the front of the Digidata 1440gkiger unit.

Digidata 1440A

Analog Input I/0 Panel Notes
Ch. 0 Analog Input O
Ch. 1 Analog Input 1
Ch. 2 Analog Input 2
Ch. 3 Analog Input 3




Ch. 4

Analog Input 4

Ch. 5 Analog Input 5
Ch. 6 Analog Input 6
Ch. 7 Analog Input 7

Analog Output

Ch. 0 Analog Out 0

Ch. 1 Analog Out 1

Ch. 2 Analog Out 2

Ch. 3 Analog Out 3

Trigger Inputs

Ext. Sweep Trigger Start

Ext. Stimulus Trigger Start See Note 1

Digital Output

Ch. 0 Digital Output O
Ch. 1 Digital Output 1
Ch. 2 Digital Output 2
Ch. 3 Digital Output 3
Ch. 4 Digital Output 4
Ch. 5 Digital Output 5
Ch. 6 Digital Output 6
Ch.7 Digital Output 7

Note 1. An active-highTTL pulseon this input triggers the start of a stimulus programwhich has beensetup with the Externa

Stimulus Trigger =Y option.




Getting Started > Laboratory Interfaces > Molecular Devices Digidata 1550/1550A

Molecular Devices Corporation (www.moleculardevicesn)

The Molecular DevicesDigidata 1550and 1550A interfaces consists of self-contained, mains-podeigtiser unitswith
BNC 1I/0O socketsattachedo the hostcomputervia a USB 2.0 port. They supportsamplingratesup to 500 kHz (16 bit
resolution)on up to 8 channels They havea fixed input and outputvoltage rangeof +/-10V and support8 analogand 8
digital output channels.

Software I nstallation

WinWCP usesMolecular Device'ssoftwarelibraries (AXDD1550.DLL and AxXDD1550A.DLL) anddevicedrivers for
the Digidata 1550 and 1550A Series.

1) Install the AxoScope (or PCLAMP ) software suppieith the Digidata 1550/1550A.
2) Reboot the computer.
3) Attach the Digidata 1550 or 1550A to a USB port &umd it on.
4) Run WinWCP and select from the main menu
Setup > Laboratory Interface
to open the Laboratory Interface Setup dialog box.

Then selecMolecular Devices Digidata 1550 if you have a Digidata 1550 or Molecular Devices Digidata 1550A if
you have a Digidata 1550A from the laboratory interface list.

D Lol (ol x|

[Molecular Devices Digidata 15504 |

|DD1550A (vd100.3.1 firmware)

oK | Canoell

AID Converter Voltage Range | +_qp v j

Notes.

a) The HumSilencer feature of the Digidata 1550/oiscurrently supported by WinWCP.

b) When a recordingis sweepmanually terminated(by the user clicking the Stop buttonin the Recordto Disk
window) whie WINnEDR is waiting for an externalSTART trigger pulsein the Ext Triggered recordingmode, ar
additional trigger pulse must be applied to thaed2ig 1550/1550A START input to terminate recording

c) Supportfor analoginput channelre-mapping(in the Al Ch. columnof the Input Channels table in the Input
Channels & Amplifier Setup dialogbox) is imited. Recordingchannelscanonly be remappedo HIGHER analor
input numbers.

Signal input / output connections

Signal input and output connections are made @dBIRNC sockets on the front of the Digidata 1440gkiser unit.



Digidata 1440A

Analog Input I/0 Panel Notes
Ch. 0 Analog Input O

Ch. 1 Analog Input 1

Ch. 2 Analog Input 2

Ch. 3 Analog Input 3

Ch. 4 Analog Input 4

Ch. 5 Analog Input 5

Ch. 6 Analog Input 6

Ch. 7 Analog Input 7

Analog Output

Ch. 0 Analog Out 0

Ch. 1 Analog Out 1

Ch. 2 Analog Out 2

Ch. 3 Analog Out 3

Trigger Inputs

Ext. Sweep Trigger Start

Ext. Stimulus Trigger Start See Note 1

Digital Output

Ch. 0 Digital Output O
Ch. 1 Digital Output 1
Ch. 2 Digital Output 2
Ch. 3 Digital Output 3
Ch. 4 Digital Output 4
Ch. 5 Digital Output 5
Ch. 6 Digital Output 6
Ch. 7 Digital Output 7

Note 1. An active-highTTL pulseon this input triggers the start of a stimulus programwhich has beensetup with the Externa
Stimulus Trigger =Y option.




Getting Started > Laboratory Interfaces > Instrutech ITC-16/18

Instrutech Corp www.instrutech.com (now handledHieka Electronik GmbH)

The InstrutechlTC-16 andITC-18 interfacesare self-contained19” rack-mountablemains-poweredligitiser units with
BNC 1/0 socketsattachedto the host computervia a digital interface card and cable. Both the ITC-16 and ITC-1€
support 8 analog input channels, 4 analog outmdsBaigital outputs.

Note. The Instrutech ITC-1600, LIH8+8 and USB-18 are awtently supported by WIinEDR.

Software insallation

WINEDR usesthe Instrutechdeviceinterfacelibraries for the ITC-16/18family. Detailsfor steps (1)-(3) can be fouird
the Instrutech Data Acquisition Interface user nadnu

1) Install the Instrutech interface card in an expansiot.

2) Attach the ITC-16 or ITC18 unit to the card.

3) Install the Instrutech Device Driver software sigaplvith the card (or downloaded from www.instritamm)
4) Reboot the computer.

5) Run the Instrutech test program installed withdbeice driver to test whether the software instals.

6) Run WIinEDR and select from the main menu

Setup
Laboratory Interface

to open the Laboratory Interface Setup dialog box

i x

| Instrutech ITC-16/18 (New drivers) |
|Unl-:n Dt
AD Converter Voltage Range | 5y j

oK | Cancel |

then selectnstrutech 1TC-16/18 (New driver) from the laboratory interface options list. Note,systems with
Instrutech’s older device driver software instaliedhay be necessary to select eittmstrutech ITC-16 (Old Driver)
or Instrutech ITC-18 (Old Driver) depending upon which interface unit is installed.

Instrutech I TC-16/18: 1/O Panel Connections

Signal input and output connections are made @&BINC sockets on the front of the ITC-16/18 unit.

Instrutech ITC-18

Analog Input I/0 Panel Notes
Ch. 0 ADC Input O
Ch. 1 ADC Input 1

Ch. 2 ADC Input 2




Ch. 3 ADC Input 3
Ch. 4 ADC Input 4
Ch. 5 ADC Input 5
Ch. 6 ADC Input 6
Ch. 7 ADC Input 7

Analog Output

Ch. 0 DAC Output 0
Ch. 1 DAC Output 1
Ch. 2 DAC Output 2
Ch. 3 DAC Output 3

Trigger Inputs

Ext. Sweep Trigger Trig In

Ext. Stimulus Trigger Trig In See Note 1
Digital Output

Ch. 0 TTL Output O

Ch. 1 TTL Output 1

Ch. 2 TTL Output 2

Ch. 3 TTL Output 3

Note 1. An active-highTTL pulseon this input triggers the start of a stimulus programwhich has beensetup with the Externa

Stimulus Trigger =Y option.

Instrutech 1 TC-16/18: Troubleshooting

WINEDR requiresinstrutech'scombineddevice driver library ITCMM.DLL (releasedate 2001).1t may not work with

earlier libraries.




Getting Started > Laboratory Interfaces > Biologic VP500
Bio-Logic - Science Instruments SA (www.bio-logi}.f

The Biologic VP500is a computer-controllegatchclamp with a built-in laboratoryinterface unit, attachedo the hos
computervia a GPIB interface bus. It is supportedunder Windows 95/98, NT and 2000. The VP500 patch clamg
functions (gain, fittering, capacity compensatiett,.) can be controlled from a virtual front pawéhin WIinEDR.

The current implementation of the WInEDR softwaunpports
* 2 analog input channels (membrane current andgelta

* Command voltage output

Software insallation

WINEDR uses Biologic’s BLVP500.DLL library (supalevith WINEDR) to control and acquire data from YHe500.

1) Install the National Instruments NIDAQ softwarepghied with the GPIB interface card and reboot.
2) Installthe GPIB card into the host computer armbog

3) Checkusing the National InstrumentsMeasuremen®& Automation Explorer programthat the GPIB has beel
detected and is functioning correctly.

4) Run WIinEDR and select from the main menu

Setup
Laboratory Interface

to open the Laboratory Interface Setup dialog box,

=101 %]
| Biolagic vP500 |
IUnknnwn
AD Converter Voltage Range | .. 75 j
oK Cancell

then selecBiologic VP500 from the laboratory interface options list.

Biologic VP500: 1/0 Panel Connections

No I/O panelconnectionsare necessary. All connections between patch ciamdgaboratory interface are internattie
VP500.



Getting Started > Laboratory Interfaces > Tecella Pico/Triton/Triton+
Tecella LLC (www.tecella.com)

The Tecella Pico, Triton and Triton+ are USB basedcomputercontrolled patch clamp/digitiserunits. The Pico is a
single-channel patch clamp and the Triton (8 chishiaed Triton+ (16 channels) are multi-channe laesy

Software instal lation

1) Download and install the Tecella device driver TecellaDriver from the Tecella downloads web page
(www.tecella.com/downloads).

2) Run WIinEDR and select from the main menu

Setup
Laboratory Interface

to open the Laboratory Interface Setup dialog box,
~ Laboratory Interface Setup & |EI|_|

Tecella Pico (sfh 33ffd7053058523508580343) (Lib. V0.1

AD Converter Voltage Range | .1+ j

oK | Cancel |

then selecTecella Triton/Triton+/Pico from the laboratory interface options list.

Tecdlla: 1/0O Panel Connections

No I/0 panelconnectionsare necessaryAll connectionsbetweenpatchclampandcomputerare effectedvia the USB
bus.



Getting Started > Laboratory Interfaces > Heka Patch Clamps & Interfaces

Heka Electronik GmbH (www.heka.com)

The Heka EPC-9and EPC-10are a range of computer-controlledatch clamp amplifiers with a buitt-in laboraton
interface unit attachedo the computervia PCI interface cardsor USB. Heka also supply and supportthe Instrutecl
range of laboratory interface units: ITC-16, ITG-IBC-1600 and their own unit the LIH-88.

Software installation

1) Installthe drivers and software supplied with ypatch clamp or download and install tBeC/PG drivers from
http://www.heka.com/download/download. html.

2) Attach the Heka patch clamp to the computer oaltbe Instrutech interface card.

3) Locate the calibrationfles SCALE-nnnnn.EPC and CFAST-nnnnn.EPC for your EPC-9/10patch clamg
(where nnnn is your patchclamp serial number)and copy themto the WINEDR programfolder (c:\prograr
fles\WinEDR).

4) Run WIinEDR and select from the main menu

Setup
Laboratory Interface

to open the Laboratory Interface Setup dialog box

i~ Laboratory Interface Setup O] x|

IEF'C—‘1EI sin 520177 BoardITC-1600 (epc.dll V.960)

oK | Cancell

AD Converter Voltage Range I +H-10'Y j

then selectyour device from the list (Heka EPC-10,Heka EPC-10plusHeka EPC-10-USBHeka EPC-9,Heke
ITC-16, Heka ITC-18, Heka ITC-1600, Heka LIH-88).

5) EPC-9/10 Panel Connections: If you havean EPC-9or EPC-10patchclamp,connecta BNC cable betwee
Filter 2 andA/D Input 0.

6) Instrutech ITC-16/18: I/0O Panel Connections

Signal input and output connections are made @dBINC sockets on the front of the ITC-16/18 units.

Instrutech 1TC-18

Analog Input I/0 Panel Notes
Ch. 0 ADC Input O

Ch. 1 ADC Input 1

Ch. 2 ADC Input 2

Ch. 3 ADC Input 3

Ch. 4 ADC Input 4




Ch. 5 ADC Input 5
Ch. 6 ADC Input 6
Ch. 7 ADC Input 7

Analog Output

Ch. 0 DAC Output 0
Ch. 1 DAC Output 1
Ch. 2 DAC Output 2
Ch. 3 DAC Output 3

Trigger Inputs

Ext. Sweep Trigger

Trig In

Ext. Stimulus Trigger

Trig In

See Note 1

Note 1. An active-highTTL pulseon this input triggers the start of a stimulus programwhich has beensetup with the Externa

Stimulus Trigger =Y option.




Getting Started > Amplifiers > Patch/Voltage-clamp Amplifiers

One of the most common WINEDR applications is rdiogrfrom and controling a whole-cell patch- oitage-clamp
experiment. Two analog channels are normally resmbfiy WinEDR (membrane current and voltage), and
computer-generated voltage pulses are appliectpatch clamp command voltage input to stimulagecttll.

Fatch Clamp E

<+ AQ Ch.0 P e

Al Ch.O =1
Al Ch.1 — J

Al Ch7

Al ChE :D

I¥0 Panel

ean
I
o

Zain Telegraph

Yy ¥ w w

Mode Telegraph

WINEDR supports up to 4 patch/voltage-clamp arepéfiand, for each amplifier in use, up to 5 anaiggal connections
must be made between the amplifier and laboratteyface.

A pair of laboratory interface analog input chaar(elesignated therimary andsecondaryinput channels) are required
to record the membrane current (Im) and membralegeo(Vm) outputs from the ampilifier.

An analogoutputmustbe connectedo the amplifier commandvoltage input (Vcom), to provide current/voltagestimulus
waveforms.Two additionalanaloginputs may be required to receive the amplifier gain (GA#¥d voltage/currertiamg
mode (MODE) telegraphsignals (Note. Some patch clamps do not support gain and/or mode telegraphs other:
communicate gain/mode information via USB or ottmmunications lines.)

WINEDR supportsmany of the commonly used models of patch- and voltage fclamplifiers and is able to read gain
mode telegraph signals allowing the current anthgel signal channels factors to be scaled correctly

The requiredprimary and secondarnynput channelcommandvoltage output, gain and mode telegraph sigragection
for the amplifiers currently supported by WinEDR ahown in the table on the following page.

Nexi



Getting Started > Amplifiers > Signal Connections Table
The following table shows signal connections thguired for the WinEDR-suppported amplifiers.

Amplifier outputs/input in panel (A) are connectedhe laboratory interface input/outputs in theresponding column in
panel (B).

A) Amplifier Inputs/Outputs
Type of Primary Secondary MODE GAIN Vcom
Amplifier Channel Channel
Manual gain Im Out Vm Out - - Vcommand In
entry
Axopatch Scaled Output| 10Vm - Gain Ext. Command
1D Telegraph
Axopatch Scaled Output| 10 Vm (VC mode)| Mode Gain Ext.Command
200 Im (CC mode) Telegraph Telegraph (front switched)
See Note.1
Multiclamp Scaled Raw - - See Note 2 Ext.Command
700A Output Output
Multiclamp Primary Secondary - -See Note 2 | BExt. Command
700B Output Output
RK400 lout 10 xVm - - \Voltage
Command
Input
VP500 - - - - -
Heka EPC-7 Current Vcomm - - Stim Input
Monitor Monitor X10
Heka EPC-8 Current Vcomm - See Note 3. Stim Input
Monitor Monitor X10
Heka EPC-800 Current Vcomm Mode Gain Stim Input
Monitor Monitor Telegraph Telegraph X10
Cairn Gain Out Command Pin 9 Gain Command /10 In
Optopatch X10 Out Pin 2 Gnd Telegraph Out
37way D
socket
Warner Im Vm x10 - Gain CMD In
PC501A Telegraph
Warner Im Vm x10 - Gain Command
PC505B Telegraph In
Warner | Monitor Vim x10 - Gain Command
OC725 Telegraph In +10
NP1 SECO5LX Current Potential - Curr. VC Command
Output Output Sensitivity Input /10
Monitor
AM Systems Output X10 Vm Mode Gain External
2400 Telegraph Telegraph +50
Tecella - - - - -




B)

Default Laboratory Interface Inputs/Outputs

Amplifer #1 AICh.0 AlCh.1 Al Ch.6 Al Ch.7 AO Ch.0
Amplifer #2 AlCh.2 AlCh.3 AlCh.14 Al Ch.15 AOCh.1
Amplifer #3 Al Ch.4 AlCh.5 AlCh.13 Al Ch.12 AOCh.2
Amplifer #4 Al Ch.6 AlCh.7 Al Ch.10 Al Ch.11 AO Ch.3

Note 1. When the Axopatch 200 is switchedfrom voltage-to current-clampmode,the ScaledOutput signalto the
primary channel(Al Ch.0for Amplifier #1) changesfrom membranecurrentto voltage.To retaina currentsignal,the
secondarchannelAl Ch.1for Amplifier #1) of WiInEDR mustbe switchedmanuallyfrom the Axopatch 200 10 Vo
the Axopatch 200 Im output (on the rear panel).

Note 2. Axon Multiclamp amplifiers supporttwo separateampilifier channelq1 & 2). Whenusing amplifier Ch.1selec
Multiclamp 700A/B as Amplifier #1 andconnectthe Ch.1 Scaledand Raw/Secondarputputsto Al Ch.0andAl Ch.1
respectively,and AO Ch.0to Ch.1 EXT COMMAND. When using both channels selectMulticlamp 700A/B also as
Amplifier #2 and connectthe Ch.2 Scaledand Raw/Secondarputputsto Al Ch.2andAl Ch.3andAO Ch.1to Ch.z
EXT COMMAND. (Axon Multiclamp amplifiers can onlyebselected as WInEDR Amplifiers #1 and #2.)

The Axon Multiclamp Commander software must betsthup and runningefore WIinEDR is started.

Note 3. The Heka EPC-8gain andmodetelegraphsare TTL digital signalsprovidedvia a 50 way IDC ribbon cableor
the rear of the EPC-8. The signals in the tablevbehust be connected to the digital inputs of #imitatory interface.

Heka EPC-8 Digital gain telegraph connections

Gain0 Gain 1 Gain 2 Range 0 Range 1 Gnd
EPC-8 50 way IDC socket 5 7 9 1 17 19
Digital Input Channel 0 1 2 3 4 Gnd

Nexi




Getting Started > Amplifiers > Configuring Amplifier Support in WinEDR

To configure amplifier support select

Setup
Input Channels & Amplifiers

to open the Input Channels & Amplifiers Setup djedox.

B Input Channels & Amplifiers Setup E@E|

Input Channels  Amplifiers l
Amplifier #1 | Amplifier #2 | Amplifier #3 | Amplifier #4 |

Axopatch 200

Input Channels
i« YClamp  IClamp

Primary channel (Scaled Output)
Scale factor | 0.0005 VipA Lnits |pa

Onanalog input \archio -

Secondary channel (10Vm)
Scale factor | g.01 Vimy Units {mv

Onanalog input |a1chq -

4

Voltage-clamp command channel
Scale factor | g.02 viv Outputl po Cho -

Current-clamp command channel

Scale factor | 2E.000 ANV Qutnutipo cho -

Telegraph channels
Gain laichy -
Yoltagelcurrent clamp mode (achg -

Load Settings |  Sawve Settings | Default Settings |

Selectthe Amplifiers tab andchoosethe amplifier to be configured(Amplifier #1 if only one ampilifier is in use), then
select your type of amplifier in the amplifier list

The amplifier configurationtable showsthe defaultprimary and secondary input channels, voltage aneot command
output channels and gain and mode telegraph itautrels (if these are required by the ampilifier).

The basic (at minimum gain) scalingfactors and units for the currentandvoltage outputsandthe currentandvoltage
command inputs are also displayed.

If required,the Gain and Voltage/current clamp mode telegraphinputs can be changedto anotheranaloginput
channel.However,if this is done,the physicalconnectionsdbetweerthe amplifier andthe laboratoryinterfacemustbe
adjustedo match.Telegraphsanalsobe disabledby selectingOff asthe input channel. When telegraphs are disabled,
gain and/or voltage/current clamp mode can be edtaranually by the user.

If necessaryprimary andsecondarychannekcalingfactors,units, voltage- and current-clamp command scaling factors
canbe alteredby the user. This is mostlikely to be casefor the commandscalingfactors where where a rangeof
division factorsare availableon mostcommonpatchclampamplifiers. The defaultsettingsare setto the mostcommonly



usedstimulus scalings(0.02 or 0.1) for the amplifier. In the caseof amplifiers wherethe primary/secondarghannels
switch output signalsin current-or voltage-clampmode,two different primary and secondarychannekscalingfactors
can be entered, by selecting the ICLAMP orVCLAMRians.

Note that, in the case of amplifiers
Manual amplifier configuration

If the amplifier in use is not specifically supported by WInEDR, cuti@md voltage scaling information can stildetere:
manually by the user. To enter up a manual ampifimfiguration, select

Manual Gain Entry

as the ampilifier type and enter the following infiation.

Primary Channel (Im) B Input Channels & Amplifiers Setup g@@

The amplifier membrane current output should be | InputChannels Amplifiers ]
connected to this input channel (Al Ch.0 for
Amplifier#1). Enterthe measurementnits of the current
(pA, NnA, UA, mA, A) into theUnits box and the ampilifier
currentscalingfactor of the amplifier at minimum gainin '

V/units into the Scale factor box. The scalingfactor can Input Channels

Amplifier #1 | Amplifier #2 | Amplifier #3 | Amplifier #4 |

typically be obtainedby readingthe minimum gain setting )
of the rotatable current gain switch, found on most Primary channel (Im) _
patch-clampampilifiers (e.g. a minimum gain settingsof Scale factor {0,001 VipA Units |pa

1mV/pA is equivalent to a scaling factor of 0.00@X/)

Onanaloginput laicho -

Secondary channel (WVim)

Secondary Channel (Vm)

The amplifier membrane potential output should be Scale factar |I].I]I]1 Vimv Units \my
connected to this input channel (Al Ch.1 for _

Amplifier#1). Enterthe measuremenunits of the current On analog input {arch1 - -
(mV) in the Units box andthe amplifier voltage scaling

factor, in V/Units, into the Scale factor box. Most Voltage-clamp command channel

amplifiers have a fixed scaling factor of 0.01 V/ImV Scale factor lr Dutputlm
Voltage-clamp command channel Current.clamp command channel

B Scale factar l— Output -
Analog output (AO Ch.0 for Amplifier#1) should be 1AV Pliao ch.o

connectedo the amplifier commandvoltageinput. Enter
the voltage-clamp command potential scaling factor
(membrane potentiallcommandvoltage) into the Scale
factor box. (A label specifying the commandvoltage
scalingfactor can usually be found besidethe command

voltage input socketon the ampilifier. Typical valuesare
0.1 V/V or 0.02 VN) Load Settings Save Settings Default Settings

Current-clamp command channel

Enter the current-clampcommandpotentialscalingfactor (membranecurrent/commandoltage)into the Scale factor
box. The currentclampcommandscalingfactor canusually be found in the amplifier usermanual. Typical valuesare
betweenl0° A/V and10° A/V. (Usually the currentcommandsignalis appliedto the sameinput on the amplifier as
the voltage command (AO Ch.0 for Amplifier#1), haxge on some there may be a separate current comnmamgd

Saving/Loading Settings

Ampilifier andinput channekettingscanbe savedto a settingsfile by clicking theSave Settingsbutton and saving the
settingsto an XML settingsfile. Settingscanbe reloadedrom a settingsfile by clicking Load Settings andselecting



the file. The defaultscalingand channekettingsfor an ampilifier can be reset by clicking fRestore Default Settings
button. Default settings are also loaded wheneéneeamplifier type is changed.

Nex



Getting Started > Amplifiers > Channel Calibration Table

WINEDR displays the signals stored in each sighahoel

in the units appropriate to each channel. The NADMiS iR L ST =131
and scaling information for each channel are edtéte
D e on boSeVe Y [ viris s e sroe
& Amplfiers dialog box. o [N Cocos  es 0 #1 Heka EPC-7

1 vm 0.01 m 1 #1 Heka EPC-7

2 vm2 1 m 2
The channel calibration table settings for the patch |3 %m2 1 m 3
clamp current and voltage channelsare automaticaly {4 ch4 0om i 4
configured with appropriatenames,units and V/Units 5 chs 00M m 5
scaling when an amplfier is selected from the |z 5 oo w6
Amplifiers list. However,whenno amplifier is selected * Ch7 0001 i -
for use(i.e. Amplifier=None) the calibrationinformation
for a channel must be entered directly into théetab
There are 5 entries in the table for each channel.
Name: A 1-4 letter nameusedto identify the sourceof fé
the channel (e.g. Vm, Im). — Display Grid

] — Time units —

V/Units: The scalingfactor relatingthe voltage level at * msecs,
the inputs of the A/D converter (in V) to the actual " secs.
signallevels in eachchannel(in the units definedin the &
Units column).
Units: The measurementinits of the signal (e.g. mV,
pA etc.).
ADC Ch.: The analog/digitalconverterinput channel
from which the signalfor this channeis beingacquired. Load Settings | Save Settings | Default Settings |

(Note. Signal channel to analog input mapping is
currently only available with National Instrumemtgerface cards.)

Amplifier: Indicates whether an amplifier has been definedhis channel.

For example jf the membranevoltage outputof your amplifier suppliesa signalwhich is 10X the measured membrane
potential of the cell, andthe units have beendefinedas mV, thenthe appropriateV/Units settingis 0.01 (since the
amplifier voltage output is 0.01 Volts per mV).

Amplifier

Display Grids and Time Units

The Time Units options determine the units (secs or msecs) wsdidflay time intervals in signal display windows.

Nexi



Getting Started > Amplifiers > CED 1902 Amplifier

Cambridge Electronic Design Ltd (www.ced.co.uk)

The Cambridge Electronic Design 1902 is a compotetrolled amplifier with built-in isolation circtsi for recording ECG
and EMG signals from humans, and a bridge cirouitécording from tension or pressure transdudecan also be
used to record extracellular electrical activignr nerve and muscle. It has two inputs.

« TheElectrodesinput is an electrically isolated differential difigr input used to record ECG, EMG and similar
signals. Isolation makes it safe to attach recgridiads to human subjects.

« TheTransducer input is a differential amplifier input used taoed from transducers such as force and pressure
transducers. It is not isolated.

Connections

In order to control the amplifier, the CED 1902ialesommunications cable must be connect to algemia (COML1 or
COM2). The analog output of the CED 1902 should bés connected to analog input Ch.0 of the laboratterface.
The amplifier gain setting is taken into accounWWmEDR in scaling the signal level on this channel

Control Panel

Select

Setup
CED 1902 Amplifier

to open CED 1902 control panel

i~ CED 1902 Amplifier -0} x|

I low-noizeEEG Amp

Reset CED 1902 |

[t

— Filters
|Gruunded J Lo Fass (HZ)
Amplifier Gain. () I1I:|EI vl
|1IIIIII j High Pass (HE
I~ AC Coupled |M *I
DC Offset ™ 50Hz Motch

IIZIr"nR.f

Com: 2
i | COM1 I
The following amplifier settings can be configutesing the panel:

COM Port: Selects the serial port used to communicate witH802.

Input: Selects the amplifier input{rounded to connect the input to ground (i.e. there is goai),Single Endedfor
the transducer input in singled ended (i.e. ndiesdiintial mode)Normal Diff+ for the Transducer input in differential
amplifier mode)nverted Diff- for the transducer input in differential mode vitle signal inverted, dsolated EEG for
the electrically isolated differential input.

Note.Normal Diff+ mode is used when recording from a force or pressansducer angolated EEG used when
making EMG, ECG recordings.

Amplifier Gain: Sets the gain of the CED 1902 ampilifier. The raofggain settings depends on which input is in use.
When using the Transducer input there are 11 gaiimgs(X1, X3, X10, X30, X100, X300, X1000, X3000, X10000
X30000, X10000)When using the Electrodes in§t100, X300, X1000, X3000, X10000, X30000, X100000,
X300000, X1000000, X3000000, X1000008pte. WhenCED 1902is selected as thmplifier in the Recording
setup dialog box, the gain setting is automatidgadiuded in the scaling of input channel O

Low Pass Filter: Sets the cut-off frequency of the CED 1902's himilsw pass filter. The fiter can be setNone



(out of use)1000Hz, 500Hz, 100HZThe low pass fitter removes signal frequencigsaihigher than the cut-off,
smoothing the signal.

High Pass Filter: Sets the cut-off frequency of the CED 1902's hiltigh pass fitter. The fiter can be sef\one
(out of use)pOHz, 100Hz, 200HzThe high pass fiter removes signal frequendgrsaslower than the cut-off,
removing steady and slowly changed componentsed§itinal.

AC Coupled: Check this box to make the CED 1902 input AC (ali¢ing current) coupled. In this mode only variagio
in the signal are allowed through to the amplifimnstant (DC) levels are blocked. (AC couplingudhbeused with
EMG and ECG recordings but not with force or presstansducer recordings.)

50 Hz Filter: Enable/disables motch fiter which selectively removes frequen@esund 50Hz. (Used to remove 50Hz
interference from mains power lines).

DC Offset: The DC Offset facility adds or subtracts a DC \gstdevel from the input. The offset range depemisu
the input mode (Normal Diff+ and Inverted Diff- #8.5mV, Single Ended =+/-500mV, Electrodes = 4/AV). The
offset facilty is often used to cancel out thensliag DC voltage signal from tension transducers.

Nexi



Getting Started > Amplifiers > Tecella Patch Clamp Amplifier Control Panel

The amplifier gain, compensation and current/velidlgmp mode of Tecella patch clamp amplifiersteaset from
this control panel.

Select

Setup
Tecella Patch Clamp

to display the Tecella Patch Clamp control panel.

+ Tecella Patch Clamp I -|of x|

ITE::EIIa Fico [z/n 336fd7053058323508580343) [Lib. v/0.119)

— Select Channel
Channel |I:h.1 vi Update All Channels |

— Amplifier
Config |/ Clamp [+/-255m) F=

Input f/hodel »| Gain |1 G v|

Calibrate Amplifier |

— Filters
Low pass filter | |5_:-'1 E kHz
T O T N Y N R

— Compenzation

....................

Auto Compensate | Junct. Pot. Auto Zero |

Clear Compensation |

¥ Use analog leak subtraction

¥ Use digital leak current subtraction
¥ Use digital artefact remowval

[~ Applyto all channels

| 1] Compensation coefficient

Zap Cell I Amplitude | { 1y I]ur.l 123

[ All Channels

Config: Selects the voltage/current clamp mode and stirouluent/voltage limits.

Input: Selects the amplifier inpuNEne = No input,Head = headstage inpy/Model = 100 MOhm model cell,
IModel = 1 MOhm model cell).

Gain: In voltage-clamp mode, selects the headstage fekdbsistor. In current-clamp mode. selects aep@ain.

Low pass filter: Slider selects cutoff frequency of Bessel low iiss

Compensation

Auto page:Automatic capacity/leak current compensation.



Click Auto Compensateto automatically compensate for pipette/cell capaod cell leak conduction.

Click Junct. Pot. Auto Zeroto compensate for the electrode junction potsntatting the input current to zero.
Click Clear Compensationto set all compensation to zero.

Options

Tick theUse analog leak subtractioroption to use the amplifier analog leak currebtrswction circuits in the
automatic leak current compensation.

Tick theUse digital leak current subtractionoption to use the digital leak current in the engitic leak current
compensation.

Tick theUse digital artefact removaloption to use the digital artefact function in gheomatic leak current
compensation.

Tick Apply to all channelsto apply automatical compensation to allamplfieannels (only applies to multi-channel
amplifiers).

Compensation coefficientSets the compensation coefficient factor (O=optroatpensation,
>0=under-compensation, <0 = over-compensation).

Capacity page:Capacity compensation settings in use. Can betadjby the user or set automatically ugiogo
Compensate

Resistance pageCell leak and pipette series resistance compensaitings in use. Can be adjusted by the user or
set automatically usinguto Compensate

Junction Pot. page:Electrode junction potential compensation setimgse. an be adjusted by the user or set
automatically usingunct. Pot. Auto Zero.

Zap Cell: Click Zap Cellto apply a voltage pulse of amplitude se®pgplitude and duration set dyur.



Getting Started > Amplifiers > Heka EPC9/01 Patch Clamp Control Panel

The amplifier gain, compensation and current/velidlgmp mode of Heka EPC-9 or EPC-10 patch clanpiifiars
can be set from this control panel.

Select

Setup
EPC-9/10 Patch Clamp

to display the EPC-9/10 Patch Clamp control panel.

i x|
— Amplifier ——————~ Mode
Amp. No. |1 j Ih'-damp j

Gain I—_““WF”"‘ ,I CCGainllp,.s,l,-'m'.,' vl
CC Tau
IlDDms TI

[T Gentle Mode Change

— Filters
Filter 2 |BESSE| j | 15.96 kHz

Filter 1 IBESSE| 100 kHz j

Cfast  Cslow IF‘.S Compensation I Leak | 'I.n'pipettel

Range |1|:||:||:| pF vI Auto I
Capacity [1.577pF i’ _ Clear_|
G series [315.43n5 i’

Command Stimulus
Input Path I.:]f-f 'I I— Enable Stimulus
Filter

Amp. No.: Selects the amplifier channel displayed on the lpemen a multi-channel amplifier is in use.

Gain: Selects the amplifier current gain.
Mode: Selects voltage- or current-clamp mode. TeGain andCC Tau settings determine gain and response
time of current-clamp. Select tentle Mode Changeoption to change mode gently.

Filters: Selects the fiter response type and cut-off fraquef the the two low pass fiters in the curneaording
pathway.Filter 1 has 4 fixed setting8essel 100 kHz, Bessel, 30 kHz, Bessel 10 kHz ar@ BD kHz Filter 2
can be selected to have eithd8@sselbr Butterworth response and a cut-off frequency between 0.1 @ridHz.
(A Bessel response minimises signal distortiowi(r) after step changes in the fitered signalredéie a Butterworth
response provides a sharper cut-off of high frecjaer)

Cfast: Sets the amplitude and time constant of the fastpette) capacity compensation. ClickAlgo button to
automatically set the Cfast compensation. Clickiesar button to cancel compensation.

Cslow: Sets the working range, amplitude and time consfighe slow (i.e. cell) capacity compensationciCihe
Auto button to automatically set the Cslow compensa@iiok theClear button to cancel compensation.

RS Compensation:Sets the response speed and fraction (%) of sesstance compensation. Click tgto



button to automatically set the RS compensatidok @le Clear button to cancel compensation.

Leak: Sets the amount of leak conductance subtractedciomnts. Click thé\uto button to automatically set the
leak subtraction. Click th€lear button to cancel leak subtraction.

Vpipette: Sets the pipette and liquid junction potential cengation and holding voltage. Click #hato button to
automatically set the pipette compensation.. GlielClear button to cancel compensation.

Command Stimulus: Select the voltage clamp command stimulus input @ad enable/disable low pass fitering of
stimulus pulses.



Getting Started > Amplifiers > Molecular Devices Multiclamp 700A/B

Molecular Devices Multiclamp 700A or 700B patchnaies are controlled via the Multiclamp Commandettrobn
panel software supplied with the amplifiers whieln be used to set current and voltage channehgdin
voltage/current-clamp mode.

Each Multiciamp 700 supports two separate amglii©thannel 1 and Channel 2) which requires two DHRE
amplifier channels to be defined.

When a Mutticlamp 700 is in used, batmplifier #1 and Amplifier #2 should be defined asxon Multiclamp
700A/B.

Input Channels  Amplifiers |
Amplifier #1 | Amplifier #2 | Amplifier #3 | Amplifier #4 |

| Axon MultiClamp 7008 |
" Input Channels

—Drimaruy ~hannal (Ch 4 Drimmare Ooftnotl—————

(X Input Channels & Amplifiers Set -10| x|

‘Amplifier#1 Amplifier #2 | Amplifier #3 | Amplifier #4 |

| Axon MultiClamp 7008 |
|' Input Channels

Primary channel (Ch.2 Primary Output)————

(Note. If a second Multiclamp is in usemplifier#3 andAmplifier#4 should be defined asxon Multiclamp
700A/B.)

A communications link between the Multiclamp Comdemcontrol panel and WINEDR is automatically geafter
both Multiclamp Commander and WINEDR programs tadesd, allowing WIinEDR to determine current antiage
channel scaling factors and voltage/current-clamgerior each amplifier channel.

Resetting the Multiclamp-WINEDR Communications Link

If Multiclamp Commander is stopped and restartet WHINEDR is running, communications between thegpams
can be lost. It can be reestablished by selecting

Setup
Reset Multiclamp 700A/B Link.



Getting Started > Amplifiers > DCLAMP - Dynamic Clamp

WINEDR supports the Strathclyde Electrophysiologfvgare DCLAMP dynamic clamp based on the National
Instruments cRIO-9076 Real Time Controller. Theaayio clamp permits the addition or subtraction sihaulated
voltage- and time-dependent ionic conductanceota/ft patch-clamped cell in current-clamp mode. A
Hodgkin-Huxley voltage-dependent ionic curreninauated with bi-exponential decay kinetics.

SelectSetup->DCLAMP Dynamic Clampto open the dynamic clamp control panel.

Controls | Graphs |

— Conductance —— — Max. Conductance (Gmax)
* Off Reversal Potential (Vrev) |gmy " Fixed Initial Conductance | 45
 Add {+ Steps -
St Current Command 5cale Factor | 1E-008 AV Step Size | 0.2n%

Enable Inhibit Input {&12) [ Ho. Steps |g

No. Repeats l_z_

— Activation Parameter {m) ~ Inactivation Parameter (h)
— Steady state — Steady state
MinfV] = 3/(1 + Exp{-(\!-\filef\!ﬂp]] Fiped) = 3/(1 + Expl{-(‘u-vﬂzjfvsmjj
V12 I 30 mv Vslp I 10 mV Vi/2 | 10 mV ""rslp | -10 mV
e ~Time constant (fast)
tau(v) = taumn+{taum._,_-taumnjexp{-l{{‘-.r-‘\-‘uzjfvsmjzj tau(V) = taumn+(tau gy, - taugplexp(((v-Vy 20/ Vg 5]
Taumn | Fme Talingr | 5 i Taumn | 5ms Taumy | 10 ms
UIIE | 30 mv ‘u‘5|p | 10 mv Vifz | 30 my Ush':t | 10 my

Power factor l 1 B ~Time constant {slow)

tau(V) = taugq+tau gy, - taumnjexpl[l{l[\.-'-‘-.iuzjj'vsm

Update Dynamic Clamp | [Ready Taumn | 10 ms Talmy | 20 ms
Load Settings __ | CoMPort[com 1 ] Vigz [zomv Vsip  [10my

Save Settings I
Fast Fraction I 0.5

Com Port: Selects the serial port used to communicate vetlt®iO-9076 controller.

Reversal Potential:-The reversal potential of the simulated ionic auriedefined in theReversal Potential (Vrev)
field.

Current Command Scale Factor:The current command scaling factor (Amps/Vol)hef patch clamp is entered
into Current Command Scale Factoffield.

Enable Inhibit Input (Al2): Tick this option to enable inhibition of the sintald current in real time by a 5V signal
applied to the Al2 input of the cRIO-9076 controlle

Conductance:Select theAdd option to add the simulated current to the &elbtract to subtract it an®ff to
disable the conductance.



Max Conductance (Gmax):The maximum conductance (nS) of the simulated uciadce is defined in thaitial
Conductancefield. Select thé-ixed option to keep the conductance fixed at this vaadect th&Stepsoption to
increment the conductance 8tep Sizeafter a series Mo. Repeatsrecording sweeps for a totaldb. Steps.
After No, Stepsincrements Gmax returns to the initial value.

Activation Parameter (m)

Defines the dependence of steady-state and tinsarbiof the conductance activation parameter (nm@mbrane
potential.

Inactivation Parameter (h)

Defines the dependence of steady-state and tinsacw of the conductance activation parameterr(imyembrane
potential. Fast and slow kinetics are defined hadation of fast to slow kinetics by the Fast Eoadield.

Load/Save SettingsClick theSave Settingsbutton to save the dynamic clamp conductancegett a .DCS
settings file. Click thé.oad Settingsbutton to load settings from a .DCS file.

Update Dynamic Clamp:Updates dynamic clamp with current settings.

Note. Contain j.dempster@strath.ac.uk for detais otRED-9076 hardware and frmware required to implsim
DCLAMP.



Recording Experimental Signals > Monitoring Input Signals & Patch Pipette Seal Test

You canmonitor the signalsappearingon eachchannelusingthe signal monitor/pipette seal test module whialvides
a real-time oscilloscopedisplay and digital readoutof the signallevels on the cell membranecurrent and voltage
channels. A test pulse can also be generated faitariog pipette resistance in patch clamp exparine

To open the monitor/seal test module, select flmmbenu

Record
Pipette Seal Test / Signal Monitor

An oscilloscope trace showing the current signadach input channel is displayed.

:‘-Z'.‘.':Pipette Seal Test / Signal Monitor -10] x|
Mo. channels IE vI aooof [
— Amplifier
|#1. Heka EPC-T  +|
Current ICh.D Im vl 5]
Violtage Iom Y ,I i
Clamp Mode 40000
’TF Veclamp © Iclamp
Amplifier Gain BO[
| 0.001 WipA
— Send Test Pulze To ——
¥ A0 D Wm
[~ AO1 B v =]
e == —z
200
— Test Pulse
@ Pulse #1 (F3) . . . . | |
Y Hold |-1|:|m\.f n b 10 15 20 28 msz
Amplitude | 50 Y EEEE
 Pulse #2 (F4) v Auto scale
—Woltage —————— — Current
YW Hold | o my :
| | Holding Holding Pipette | Cell (51| Cell A1 |
Amplitude [100mv | | 303 my [-1093.0 pA
 Pulse #3 (F5) Pulse Fulse L
vHold [y | || 49.1mV [4863 2 ph IS.BSS MOhm
Amplitude | 0
Save to Log |
Fulse width | 0 ms Ga estimate fraom
’7(' Peak + Exp. Amp.
— Timet
Res I qu-21 SwEERS .ﬂ«veragedl 10

Display scaling

The vertical display magnificationis automatically adjusted to maintain a visible imagéhe test pulse within the display
area.Automatic scalingcanbe disabledby un-checkingthe Auto scale checkbox allowing the vertical magnification
for eachchanneko be expandedo a selectedegionby moving the mouse to the upper limit of the region, pressirg th
left mousebutton,drawinga rectangleto indicatethe regionandreleasinghe mouse button. The vertical magnification
can also be adjusted using the - buttons at the right edge of each plot.



Amplifiers

The Amplifier selectionbox indicateswhich ampilifier is currently selected for seal test @mel ¢urrent and voltage input
channelsbeing monitored.If two or more amplifiers are in use the sealtest can be switchedbetweenamplifiers by
selectingAmplifier #1, #2 etc.(SeeAmplifiers)

The amplifier voltage/current-clamp mode is indicatedby the Clamp Mode options. (When mode telegraphsare
operationafor the amplifier theseindicate the actualstateof the amplifier. Whentelegraphinformation is not avaiable
the Vclamp andliclamp buttons must be set by the user to the amplifiang mode.)

The amplifier gain (current channelgain in voltage-clampmode, voltage channelgain in current-clampmode) is
indicated in the Amplifier Gain box. When gain telegraphsare operationaltheseindicate the actual state of the
amplifier. When telegraph information is not available the current gain setting is entered here by the user.

The analogoutput channel(s)}o which the testpulseis appliedis indicatedin the SendPulse To list of checkboxes.
Selectingan amplifier in the Amplifier selectionbox, automaticallyselectsthe output channel connected to the amplifier
stimuluscommandnput. The testpulse outputcanbe routedto a different output channel (or to additional chdsiney
ticking the required channels.

Cell holding voltage and test pulses

You cancontrolthe holding voltage applied to the cell and the amplitude and duraifom test voltage pulse by selecting
one of three available test pulses (Pulse #1,3)2, #

The size of eachpulsetype is setby enteringan appropriatevalue for holding voltage and pulse amplitude into the
Holding voltage or Amplitude box for each pulse.

The width of the pulse is defined by tRelse width box.

You canswitch betweenpulsesby pressingthe function key associated with each pulse (Pulse #1 = F3, PulseR4l
Pulse #1 = F5).

Current and voltage readouts

A readoutof the cell membraneholding currentand voltage,and test pulse amplitude,appearsat the bottom of the
monitor window.

Clicking theSave to Logbutton saves the current Pipette or Cell readimgjse log file.

During initial formation of a giga-seal, tii&pe tte option displays pipette resistance, computed from

V

— " pulse
I:\)pipette_ |

pulse

where Vpuise and lpuise are the steady-statevoltage and currentpulse ampiitudes.The Cell (G) pagedisplaysthe cell
membraneconductance Gn, capacity, Cn, and accessconductanceG., and the Cell (R) page displays the cell
membrane resistance,R1/Gn) capacity, G, and access resistance, ®/G). Gn, Cn, and Gare computed from

I
— 0

G, = v

pulse
G _ I pulse

me |
Ise
Vo~
ulse
P G



wherelo is the initial currentat the startof the capacitytransientand is the exponentiatime constantof decay of the
capacitanceurrent(SeeGilis, 1995,for details).lo ican be estimateceither The Ga estimate fromoption determines
how Io is estimatedPeak: lo estimatedrom the peak current of the capacity transigexp. Amp.: lo estimated from
amplitude of the fitted exponential at the starthef voltage step.

Note. If Gs Gm and Cm are to be estimatedcorrectly,the patchclamp’s pipette seriesresistancecompensatiomnd
capacity current cancellation features must bestiioff.

Sweeps Averaged

The Swe e psAveraged settingdetermineshe numberof test pulse sweeps averaged to calculate the displaigette

and cell parametergRpipetts Rm, Gm, Cm, Ra, Gg) . Valuescanrangefrom 1 (no averaging)to 10 (averagingof the 10
most recent test pulses).



Recording Experimental Signals > Recording Signals

To make a recording of signals from your experimeelect

Record
Record to disk

to open the recording window.

:‘.:'."_':Recurd To Disk =10l x|

— Record

[dent.
Record | Stop !

Duratinnm 150000

Mo 5weep5|1—

Ma. channels'z—
Sarnpling Intewalw I

___________________ —z
— Stimulator B
|ramp as 3

L«

Start | | Stop

— Analog Outputs (A
A0 |Aﬂ1 |

Holding Level | 400 my |

-20000(

soo[

Tringger Mode  Special |

[T Capacity Config
[~ Fuorescence L
[T Ewent Frequency Y m

[~ Resistance 2 T 2 5 S =]
L (5]

— Amplifier Gain [ Mode

N

Gain| 0.0005 VipA

&+ VClamp ¢ IClamp 1000

Update Gain

— Signhal Level
Im=-73.24 pA
Wim=-73.58 rm

I Fixed zero levels Mark Chart | Display Duration ©© ms & s { min ﬂl 105 ﬂ

The display area of the screen acts like a digiedloscope, displaying live traces of the incaramalogue signals.

The Signal Level box providesa readoutof the signallevel on eachinput channel. The durationof the live display
window can be adjustedusing the Display slider bar at the bottomright of the screenor by enteringa durationin the
Display box.

The vertical magnificationfor eachchannelcanbe expandedo a selectedegionby moving the mouse to the uppienit
of the region, pressingthe left mousebutton,drawinga rectangleto indicate the regionandreleasingthe mousebutton
The vertical magnification can also be adjustedgie + -  buttons at the right edge of each plot.

Individual channelscanbe added/removeérom the displayby clicking the / button at the left edge of eablnnelThe
verticalareaof the display devotecto eachchanne canbe adjustecby draggingthe top/left edgeof eachchanneY axis



up or down.



Recording Experimental Signals > Recording Modes > Trigger Modes

There are two trigger modésee RunandExternal Trigger.

Triggger Mode | special|

i+ Free Run

i~ External Trigger
Triger Lewvel

R 0V

When the trigger mode is set to Free Run, recordingstartsimmediately after the Record button is pressedanc
continuesuntil the required recording duration has been acquired. Choosethe free run mode for signals,such as
single-channeturrents spontaneousynapticcurrentsor any signal where synchronisation with an extezamant is isnot
possible or required.

Whenthe trigger modeis setto External Trigger, recordingonly startsafter a trigger pulse is received on thexterna
Trigger input of the laboratoryinterface.External Trigger mode is usedwhenit is necessaryo synchroniserecordin
with an externaleventsuchas the pulse from a stimulator (ideally so that the sweepsstartsshortly before the cellis
stimulated).

If the 5V Trigger Level optionis selected, recording wil be triggered by a OV transition on the Ext. Triggemput.
If the OV Trigger Level option is selected,recordingwill be triggered by a 5V-to-0V transition. (NOTE. Some
laboratory interfaces support only one or othetheftwo trigger polarities.)

The No. Sweepshox determines the number of externally triggesedeps to be collected during a recording session.



Recording Experimental Signals > Recording Modes > Stimulator

A wide variety of stimulus voltage or current wameihs can be generated on analag output channels ar& 5V TTL
digital waveforms on up to 8 TTL digital output cimels.

To generate a stimulus waveform, select a stinpriocol from theStimulator list and click theStart button.

Stimulatar

|ramp as j

Start | stop |

(Stimulus protocols are also started automaticallywhen the Record button is pressed.)Clicking the Stop buttor
terminates the stimulus and returns the analogutsutp the holding levels.

The holding voltagesappliedto analogoutputscanbe changedoy enteringa new voltagethenpressingthe Enter key.
(Note. Stimulus voltages waveforms generated dariugltage protocol are addadthe existing holding voltages.)

Analog Outputs (A0
AQD |gu1 |

Holding Lewvel | 400 mV

Stimulus protocolscanconsistof a series of one or more pulses, incrementethpitade or duration to create a fanaly
pulses.Complexstimuluswaveformscanbe produced, including series of rectangular stepapsa and digitisednalogu
signals. Individual protocolscan also be linked togetherto automaticallyapply a seriesof different protocolsduring ar
experiment. Protocols are created using the Stinfiletocol Editor and stored as protocol filesr(i.fies).

(Note. Stimulus voltage outputs are only supported with National Instruments and Cambridge Electronic
Design laboratory interface units.)



Recording Experimental Signals > Creating Stimulus Protocols > Opening the
Stimulus/Recording Protocol Editor

To create a stimulus protocol, select

Setup
Stimulus/Recording Protocol Editor

to open the stimulus editor window.

£ Protocol: F:Delphi Projects  WinEDR (32} Stim*ramp 5s.xml ;lglﬂ
. —Filea — Waveform
New Protocol | 100 m
Open Protocol |
Save Protocol | 400
Save Protocol As |
Set Protocol Folder | -100 m
Do 0
— Analog Dutputs (ADY ——— ZZ00ma

No. Channels |1 -.-I

Protocol  #aveforms |

AOD |

Stimulus type

— Toolkhox
AD Waveforms

— Protocol =

AOQ 0

vt I

ImBiS!
rm
1

Ivnltage (i j

— Digital Qutputs (OO

Mo. Channels Ia - l

0o FPulses

Up to 4 voltage waveform output channels (AO0O-A@R) available and 8 TTL digital pulse channels (EBID7). A
diagram of the output waveforms appears inilaeform display box.

To create a stimulus protocol, click the
NewProtocol

button to create a blank protocol.
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Recording Experimental Signals > Creating Stimulus Protocols > Analog & Digital Output
Channels
Analog Outputs (AO): Select the number of analog output channels tsbe in the analog output®. Channelslist.

For eachAO channeldefined,selectthe type of stimulus (Voltage or Current) and the stimulus units in the Stimulus

Type list.
— Analog Outputs (A0) —— |

No. Channels |1 -I

AOD |

Stimulus type
IVD [tage (MW j

Digital Outputs (DO): Select the number of digital output channels toided in the digital outputdo. Channelslist.

"Digital Cutputs (DO

MNo. Channels Iﬁ - I

(Note, during executionof a stimulus protocol, the analog and digital holdingells override the default holding levels iset
the Seal Test or Default Settings windows).




Recording Experimental Signals > Creating Stimulus Protocols > Protocol Settings

Select theProtocol tab page to set the number of steps and repead péthe protocol.

Frotocal I Waveforms |

Stimulus repeat period
Mo. stimulus increments 1
Ma. repeats perincrement

—_

{~ Repeat Protocol
{+ Link to next protocol

Stimulus repeat period: the time interval between successive steps watlginotocol.

No. stimulus increments: For incrementedstep waveformsthe numberof timesa stimulusis incrementedvithin
the protocaol.

No. repeats per increment: For incrementedstep waveformsthe numberof times a stimulusis to be repeated
without incrementing the step size.

Repeat Protocol:Select theRepeat Protocoloption to continuously repeat the protocol on detigm.

Link to next protocol: Selectthe Link to next protocol option to load the specifiedprotocolon completionof the
current one.

{~ Repeat Protocol
{+ Link to next protocol

100 - 100t rarmp




Recording Experimental Signals > Creating Stimulus Protocols > Adding Stimulus
Waveforms to the Protocol

Select theStimulus tab page to add stimulus waveforms to the analaligital output channels.

:._;-."_':Prntncnl: F:', Delphi Projects) WinEDR {32} Stim' ramp 55.2ml ;IEI ﬁl
— Files — Waveform
Mew Protocol | 100 M7
Open Protocol |
Save Protocol | 200
Save Protocol As |
Set Protocol Folder | =100 my
—Analog Outputs (A0 —— oo

5500 mz
No. Channels |1 vI

Pratocal Wavefnrmsl
AOD |

— Toolkbox — Protocol B
A YWaveforms AD D
Stimulus type 1T 1
IVDItage (v j Il T-| |- (110K BERm St RE eyt RS o S o SRS o SRS o SRS oyt o S o RS i
—
- e

— Digital Qutputs (OO0 ———

No. Channels Iﬁ ey

0o Pulses

Lt

Waveformsare constructecdy dragging waveform step and ramp elements fronT tr@box and dropping them intthe

selectedvoltage channe(AO 0 - AO 4) or digital DO 0— DO 7) output list. A plot of the resulting stimulus ool for
each output channel is shown in the protocol dispéenel.

A stimulus waveformon eachoutput channelcan consistof up 10 separateelements.The amplitude and durationfor
each element is defined in its parameters tablelwdan be made to appear by clicking on the element

Eight analog and 4 digital waveform elements ai@lale in the toolbox, as detailed below.

Rectangular voltage pulse of fixed size

A simple pulse,which doesnot vary in amplitude and duration betweenrecords.This elementcanbe usedto
provide series of stimuli of fixed size or, in canaion with other elements, to provide fixed panditioning pulses.

Parameters
Initial Delay Delay (at the holding level) before the pulse b&gin
Amplitude Pulse amplitude.

Duration Pulse duration.




Family of rectangular pulsesvarying in amplitude

1=

A rectangularvoltage pulse whose amplitude is automaticallyincrementedbetweenrecording sweeps.This
elementis typically usedto explore the voltage-sensitivityof ionic conductanceshy generatingrecordscontainingthe
whole-cell membrane currents evoked in responsestries of voltage steps to different membranengiats.

Parameters
Initial Delay Delay (at the holding level) before the pulse b&gin
Amplitude Amplitude of the first pulse in the series.

Amplitude (increment) | Increment to be added to amplitude between records.

Duration Pulse duration.

Family of rectangular voltage pulsesvarying in duration

A rectangulavoltage pulse whose duration is automatically incrementetavben recording sweeps. Thismer
is most commonly usedas a variable durationpreconditioningpulsein 2 or 3 stepprotocolsfor investigatinginactivatior
kinetics of Hodgkin-Huxley type conductances.

Parameters
Initial Delay Delay (at the holding level) before the pulse b&gin
Amplitude Pulse amplitude.
Duration Pulse duration.
Duration (incre ment) Increment to be added to duration between records.

Series of rectangular voltage pulses

A train of rectangularvoltage pulsesof fixed size. This elementcan be usedto producea seriesof stimuli to
observethe effect of repeatedapplication of a stimulus at a high rate. It can also be usedto producea train of
pre-conditioning stimuli for a subsequent test viane.

Parameters
Initial Delay Delay (at the holding level) before the pulse b&gin
Amplitude Pulse amplitude.
Duration Pulse duration.
Repeat period Interval between pulse in train.
No. repeats Number of pulses in train.




Voltage ramp

A linear voltage ramp betweentwo voltage levels. VVoltage rampsprovide a meansof rapidly generatingthe
steadystatecurrent-voltagerelationshipfor anionic conductance(Note that, the rampgeneratedy the computer isof
truly linear, but consistsof a staircaseof fine steps.Thesestepscanbe smoothedut, by low-passfitering the voltage
stimulus signal before it is fed into the patcingia)

Parameters
Initial Delay Delay (at the holding level) before the pulse b&gin
Amplitude Amplitude at start of ramp.
End Amplitude Amplitude at end of ramp.
Duration Ramp duration.

Digitised anal og waveform

A digttised analog waveform loaded from an extédada file.

Parameters

Initial Delay Delay (at the holding level) before the pulse b&gin

File Name Name of text file containing digitised waveform.

D/A update interval Time interval between digitised waveform points.

No. Points No. of digitised waveform data points to be usedin the
stimulus.

Starting point (incre ment) Incrementto be addedbetweenrecordsto the first data
point of the digitised waveform to be used in thendus.

Digitised waveforms are loaded into the stimulus protocol from text files containing the digitised data points. The
waveformdatacanbe formattedeitheras a single column of amplitude data or a pairoafrans of time (in secondsnc
amplitude(in the stimulusunits of the output channel to contain the waveform) data p@atsarated by <talcharacter:
L.e.
To Vo
T: Vi

...etc

To load a digitisedwaveformfrom a text file, click the —” button next to théile Name table entry and select tfiile
containing the digitised waveform.

After loadingthe data,the No. Points entryin the parametetablesindicatesthe numberof points loadedfrom the file.
For two columndatafies which contain time data tHe/A update interval is set to the time difference between first
and second rows of data. For single column das, VA update interval must be entered by the user.

Empty anal og e ement



"~ Empty analogwaveformelement.Draggingthis elementon to an analog output list, erases the elemenplaise(
on.

Digital pulse (fixed duration)

.5 A fixed durationdigital pulse. This elementcan be usedto switch openor closevalvescontroling the flow of
solutions over a cell. Multiple digital outputs clag used to simultaneously open one valve whilghands closed.

Parameters
Initial Delay Delay (at the holding level) before the pulse bggin
State (0=0V,1=5V) Digital output state during pulse: 0=0V, 1=5V.
Duration Pulse duration.

Family of digital pulse (varying in duration)

A digital pulse whose duration is automaticallyremented between recording sweeps.

Parameters
Initial Delay Delay (at the holding level) before the pulse bggin
State (0=0V,1=5V) Digital output state during pulse: 0=0V, 1=5V.
Duration Pulse duration.
Duration (incre ment) Increment in duration between records.

Train of digital pulses

A A train of digital pulsesof fixed intervalsandof fixed duration. This element can be used to apply a rapid tohin
stimuli to a cell.

Parameters
Initial Delay Delay (at the holding level) before the pulse bggin
State (0=0V,1=5V) Digital output state during pulse: 0=0V, 1=5V.
Duration Pulse duration.
Repeat period Interval between pulse in train.
No. repeats Number of pulses in train.

Empty digital element



oo Empty digital waveform element. Dragging this edgtnon to a digital output list, erases the elertésplaced on.

D/A Update Interval

The D/A Updatelnterval box displaysthe D/A converterupdateintervalto be usedto producethe analogstimulus
waveforms within the protocol.

Déa Update Interal
| 0.2734 ms I Fix Interval

The intervalis normally setto Recording Duration/No. Samples (seeRecordingSettingd but may be greaterthar
this if the laboratoryinterface cannotsupportthis D/A updaterate, or lessif shortdurationpulsesexist within the
protocol.If digitised analogwaveformelementsexist within the protocol, the update intervales ® to the D/Aupdat
interval for these waveforms.

To keepthe D/A updateintervalfixed at a specifiedvalue, enterthe updateintervalinto the D/A Update Interval
box, andtick the Fix Interval option. (Note.If the laboratoryinterfacecannotsupportthis D/A update rate it wibe
adjusted to the minimum possible update intervathie interface.)
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Recording Experimental Signals > Creating Stimulus Protocols > Saving and Loading
Stimulus Protocols

When you have created a stimulus protocol, youszae it to a protocol file by clicking tfgave Protocol Asbutton to
open theSave Stimulus Protocolialog box.

Save Stimulus Protocol _?[EI

Save in: I [ wprat j - £¥ FR-

2] 2 step 2] -0y [ Jan 10mW
|2 03a Rab AP rate-dep BCL 300 2] -40mty =] Jan 20my
2| 03k Rab AP rake-dep BCL SO0 || 50 é Jan -10mY
|27 03¢ F.ab AP rate-dep BCL 400 |2} cedtest 2] Jan -20my
%21 03d Rab AP rate-dep BCL 300 || DigOPulseTrain |22 Jan -30my
|2 10-100rmY 15ms || DigDPulseTraind Type: %ML Document
R % DigDPulseTrain D_ate Modified: 22062011 1!
= 10mY ¥ 10ms % 10 = Diglstim s T o
2] 20 mV per ms || Dig1stin |2 LeakTest
|2, 100 i w PN 2| Dig7 Sx1ms@S0Hz [ k. 555E prok
,i, 120°x 100mY @55 with PM 2| Dig75x 1 ms@50Hz é onestep
=] 200 vps ramp test |= Dig 10ms |2 pro double st
1] 20 || Dig 100mms || pro double st
2110 Fix || Iramp || Pulse SOmy 1
2] 30 2] Jam Om & ramp Ss

d | i

Save as type: IXML j Cancel |

Stimulus protocols are stored as files with .XMe &xtensions, in the directoiy;\ \WinEDR\vprot\

Protocolfiles canbe re-loadedor editing, by clicking thédpen Protocolbutton, and selecting a protocol file from tise
presented in theoad Stimulus Protocoldialog box.

The folder usedto store protocolscanbe changed by clicking th8et Protocol Folderbutton to open the protocolder
selection dialog box, clicking on a a folder, tlwdicking the Open button.
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Recording Experimental Signals > Creating Stimulus Protocols > Example Protocols

A number of example protocols are installed invpiot folder with WinEDR.

VSteps 10-100mV 100ms.xml|{  Aamiy of 10 depolarising,100 msec duration, voltage
steps, ranging from 10 mV to 100 mV.

ISteps 10-100pA 100ms.xml A family of 10 depolagsih00 msec duration, current
steps, ranging from 10 pA to 100 pA.

tail current.xml Atwo step pulse protocol for recordingtail currents.A
500 msec pre-pulse, followed by a 60 mV, 50 msec
durationtestpulse. The pre-pulsestepsfrom 10mV to 120
mV.

Ramp -100..100mV 1s.xml Aoltageramp,slewingfrom —100mV to +100mV over
a period of 1 sec.

sinewave.xml A digitised 1572 sample point sine vianma .

Digpulse.xml A digital stimulus programcontrolling digital outputsO and
1. Dig.0 is OFF initially andpulsesON for a periodof 50
msec after a delayof 100msec.Dig. 0 is ON inttially and
pulses OFF for 50 msec.




Recording Experimental Signals > Creating Stimulus Protocols > Default Output Settings

The default output settings panel sets the dedaaliog and digital output holding levels when engttis protocol is NOT
in progress.

Select

Setup
Default Output Settings

To open the Default Output Settings control panel

.~ Default Dutput Settings ] x|

TR

—Analog Output Halding Levels —
Apply fits! n.g plm :
AT 0

Analog Output Holding Levels: Sets the default holding level for the analog aistp(Note. When an amplifier is
defined,the default holding level for the commantpat of that ampilifier can also be set by chantiegholding level in
the PipetteSealTestwindow.)

Digital Outputs: Selecting the appropriate On/Off switch, setsdéfault voltage levels (ON=5V, OFF=0V) to be
output on the digital output lines.

Click the Apply button to apply the settings to the outputs.



Recording Experimental Signals > Amplifier Gain Setting

The ampilifier gain (current channelgain in voltage-clampmode, voltage channelgain in current-clampmode) is
indicatedin the Amplifier Gain/Mode box. When gain telegraphsare operationatheseindicate the actualstateof
the ampilifier. When telegraph information is not available the current gain setting is entered here by the

user.(SeeAmplifiers)

— Amplifier Gain [ Mode

|
Gain| 0.0005 VipA
i YClamp O ICIlamp

Update Gain |




Recording Experimental Signals > Experiment Identification/Comments

A line of of text identifying the purpose of thecoeding can be entered into tige nt box at the top of the recording
window.

J—‘ Ident. |

This line is stored in the data file. When the Rekey is pressed the contents of the line is evritb the log file.

Shorttags (up to 8 charactersfanbe associateavith eachrecord by entering text into thdarker box and clickinghe
Add button.

harker
Al

Add

Log File

A log file of the operationsnitiated by the user is updated during the course of recordinghalyaing an experimenthe
namesof datafiles createdor loaded,commentsenteredstimulus programsused, and other events are stored aloitiy
the time that the eventoccurred.The log file canbe used like an experimenter's notebook to keep @ewniecord ofhe
experimentA new log file is openedon a daily basiswith a namein the formdd-mm-yy.log and stored in th&VinEDR
program directory.

Select

File
Inspect Log File

to display the experimental log:



.~ Log File C:%Program Files' Borland', Delphi7 Win¥WCP {32])"06-0 - |I:I|£|

08:55:58 WinWCP Started ;l
03:86:07 Mew data file: CA\DatalFile_009 wip created.

08:a7:491 Recording Started

03:a7:491 Voltage Program = CWYinmWCPwprotiSteps 10-100mY 100ms . xml
03:58:17 Stopped (10 records)

03:59:34 Recording Started

03:59:34 Voltage Program = COWIRWCPwprotiSteps 10-100my 100ms . xml
08:59:53 Stopped (18 records)

09:00:42 Recording Started

09:00:42 Voltage Program = CWYim®CPwprotiSteps 10-100my 100ms . xml
09:01:31 Stopped (38 records)

09:01:35 Mew data file: CA\DatalFile_010wep created.

09:01:36 Recording Started

09:01:36 Voltage Program = COWIRWCPwprotiSteps 10-100my 100ms. xml
09:02:26 Stopped (20 records)

09:24:19 Mew data file: CADatalFile_011 wcp created.

09:24:20 Recording Started

09:24:20 Voltage Program = CWYim®CPwprotiSteps 10-100my 100ms . xml
09:26:10 Stopped (20 records)

— Add Mote

Add

Additional notes can be added to the log file biedng text into the Add Note box and clicking thed button.



Recording Experimental Signals > Special Modes > Special Modes

WINEDR has a number of special features for pracgss FURA-2 fluorescence, cell capacity and rigaé event
frequency. In these modes of operation certairt iopannels are computed on-line from the othersdefime the input
channels and computed results channels clickCthafig button to open Computed Channels configuratioogliabx.



Recording Experimental Signals > Special Modes > Event Frequency

Selectingthe Event Fre quency specialoption opensa display window showingthe frequencyof occurrenceof signal
from a selectednput channel.Signalsare detectedusing a threshold-basee@ventdetectorwhich is configuredon the
Event Frequency page of the Computed Channelg)diala

Computed channels

Detect eventz on channel ICh.1 Wm j

Detection Threshold I 10 my

Runming mean interyal |1 =

Dead titne interyal I 0os s

0K I Cancell

To configure event detection:

Select the input channel on which the signals atetdetected from tHeetect events on channelist.
Set the threshold which the signal must exceee toetected in thBetection thre sholdbox

Set the averaging interval for the threshold basddivel in theRunning mean baselinebox.

e

Set the time after detectionof an eventwithin which detectionis disabledin the Dead time interval box to
exceed the duration of a signals to be detected.

The period over which eventsare countedto producethe eventfrequencyis setby the Countintervalbox in the Even
Frequency display window.
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Recording Experimental Signals > Special Modes > Cell Capacity Mode

In cell capacitymode,activatedby ticking the Capacity option, real and imaginary admittance signals feopatchclamy
with a phasedetector can be decodedto produce a continuous measureof cell capacity, membraneand acces
conductance.

Computed channels |

| Event Freguency I Resistance I

— Input channels —————  Results channels
lm|ch.0im =i em |Ch.4 Gm |~
W.m |Ch.1 Vrn | G |Ch.5 G5 jF

Cm - ¥
G real IChE Cireal j IChE Zrm J
Invert G.real signal [ Cizplay ranges

Gimaa |ch 3 Gimay - am [10n3
Invert G.imag =ignal [~ G I 500 RS
Use gain telegraph I Cm | 200 pF
m | ;

— Capacity Compensation
Excitation fred. I 1000 Hz [~ Use compensation
Reversal Pat. 0my Series Resistance I 0 MORm

Cell Capacity I O pF '

0K | Eam:ell

A total of 8 channelsare required,four input channelsrealadmittance(Greay), imaginaryadmittance(Gmag), membran
current (Im), membranepotential(Vm), 3 computedresultschannelsmembraneconductancgGr) accessconductanc
(Gs) and membrane capacity{C




Recording Experimental Signals > Special Modes > Cell Fluorescence

In cell fluorescence mode, activated by ticking fiignre sce nceoption, intracellular ion concentration can be cated
from the ratio of two input channels. Four chanmaets required, two fluorescent input channelsctiraputed ratio of
these two channels, and computed ion concentration.

Computed channels

‘ Fiuarescence | Capacity | Evert Frequency | Resistance |

— Input channels ————  Results channels

[choim =] || Fetie | =
R= ———

ICh.1 W =] || Cone: | =

Threshald I N Dizplay Ranges ——————
Riatio I 10
— Eguation ————
R Max I—1 COonc. |1

R.I'-.-1in| 0

K Ett |1—

OK I Eam:ell




Recording Experimental Signals > Special Modes > Resistance

Selecting thdRe sistancespecial option opens a display window showingreslistance or conductance obtained from a
voltage test pulse applied to the cell.

The test pulse properties and the selected currehvoltage channels are configured on the Resistpage of the
Computed Channels dialog box.

Computed channels

— Channels filt
Currert [ch 0 im | ’7 Resistance v |
voltage [ch 1 vim |

— Test Pulze

Amplitude I 10 m
Druration I 0 ma
Interval I 025 =

0K I Cam:ell

To configure the resistance plot:
1. Select the input channel on which the current &gmee to be detected from thairrent channelist.
Select the input channel on which the voltage $gaee to be detected from theltage channelist.
Set the ampilitude of the test pulse in Amgplitude box.

2

3

4. Set the duration of the test pulse in Eharation box.
5. Set the interval between pulses in theerval box.
6

Select the type of plot to be produced fromRtet list. Plots of cell resistance, conductance, stestate pulse
current and voltage can be produced.
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The data displayed on the selected plot is storéeki file in the data folder.



Displaying Records Stored on File > Compressed View > Displaying records (Compressed
View)

To review a recording after it has been acquiratistored in a data file, select one of the sigieavmg options from the
View menu. TheCompressed Viewoption displays the complete recording in compedsisto a single window, witthe
facility to zoom into selected regions. TRage Viewoption displays the un-compressed ‘recording mvihi

single channel as a sequence of lines on page.

To display the recorded signal in the compressaw,\select

View
Compressed View

to open theCompressed Viewwindow.

:‘.Z'.‘.':'Iul'iew Recording =IC

— Mark Chart————— ldent: |C|:|r1ical Diay 18 +300nM 5a3a, then + 10uM bicuculling
Mark Chart |

 m

— Cursor Ay, (=0 - t=71 —
Calculate Average |

28]

t=1.1815, 0174587 nd
112 1.14 116 1.18 1.2 1.22 1.24 5

" ms s " min
Get t=0 Cursor |

Start Time [ 1034 5 T8 LK) =R

The display window showsa segmentof the recordedsignals. The displayedsegmenicanbe scrolled throughthe
recordedsignalsusing the display scroll bar or movedto a specific time point within the recordedifile by enteringa
value into theStart Time box and pressing the return key.

StartTime [ 10345 |4f | |

The size of the displayedsegmentcan be increasedor decreasedh durationby clicking the arrow buttonsor by
entering a specific value and pressing the reteyn k

dfoisE3s b

Vertical Magnification



The vertical magnificationof eachplot can be expanded by moving the mouse to therdippit of the region, pressirthe
left mouse button, drawing a rectangle to indidhéeregion and releasing the mouse button.

The vertical magnification and position of the @igpd region within the recording can also be aeéglisising the

[ 1

buttons at the right edge of each plot.

Individual channels can be added/removed from ay by clicking the

@ Q}

button at the left edge of eachchannel. The vertical areaof the display devotedto eachchannelcan be adjustedby
dragging the top/left edge of each channel Y axisrudown.

All channels can be set back to minimum magnificakly selecting

View
Zoom Out (All)



Displaying Records Stored on File > Compressed View > Measuring Signal Levels
To measure the signal at any point on the displagedrd, use the mouse to drag the vertical readogor to the

desired part of the trace. Fine positioning ofd¢besor can be achieved by pressing the left ot agtow keys with the
mouse pointer over the selected cursor.

%_

t=1.1757. 0.8733 nd
16 1.18 1.

The signallevel of the trace(s)at the cursorpositionis displayedat the bottom of each channel. Time measuremants
maderelative to the locationof the t=0 cursor.Signallevels are measuredelative to each channel's horizontal zéenee
cursor.

Zero levels

The signalzerolevel for each channel is indicated on the display byeg g or red horizontal dotted line. It is initiadigtto
the absolute zero voltage level of the analog input

The zerolevel for a channelcanbe adjustedoy moving the mouse over any point on the zero lénel(the mouseurso
changes tLI ), holding down the left mouse button and dragtfiregzero level up or down.

The zerolevel can also be enterednumerically by moving the mouseover the zero levelline clicking the right moust
button to open the zero level dialog box.

x
|Ch.III I

\ Leve| ||:|—

ok | [[Cancer:

v o

and entering a zero level value (in integer A/Dvester units) into théevel box.
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Displaying Records Stored on File > Compressed View > Printing Records (Compressed
View)

To print the records displayed on the screen, selec
File
Print

To open the dialog box.

— Calibration Bars ——  Typeface

|Aria| |
Size I 12 pts

Line icith Ig pts

Showe zero levels W

Ise colour N
Shiowe labels v
— Page Margins
Left Rigghit
| 5.0cm | 5.0 cm
Cancel
il_l Tap Bottom
|s0cm | [10.0cm

You can set the size of the plotted record on timepl page, by adjusting the size of f@@e margins

The type face usedto print text canbe selectedrom the font name list andthe type size entered into tfant sizebox.
The thickness of the lines used to draw the sigaaés can be set using fiee thicknessbox.

Vertical and horizontalcalibration bars are addedto the plot to indicate the units andscalingof the plotted signals.Y ou
can define the size of the bars by entering vahteghecalibration bars table.

The positionof the zerolevelfor eachplottedtraceis indicatedby a horizontal dotted line. Zero levels can baldedby
un-checkingshow zero levels, Plot labeling can be disabledby un-checkingthe showlabels checkbox. The use of
colours within the plot can be disabled by un-clierkse colout

When all plot parameters have been set, clickxKebutton to initiate printing.

Choosing a printer and output format.

To choose a printer and to select the paper foseéct

File
Print Setup

to open the dialog box.



e - [~ |

— Printer
Propertiez |

Hame: HP Lazerdet 4b Plus

Statuz Default printer; Ready
Type: HP Lazerlet 4k Plus

Where:  MWShrath_pharmscihg_sibs414a-1
Comment:

—Paper

Orientatian

Size: |44 210 % 297 mm |

O Portrait
Source: I.-“-‘-.utl:u Select j

" Landscape

| k. I Cancel

A printer can be selectedfrom the list of currently installed printers. The orientationof the plot on the pagecan be
selected as eithguortrait or landscape



Displaying Records Stored on File > Compressed View > Copying Records (Compressed
View)

The displayed signal record(s) can be copied tMimelows clipboard in a variety of formats — a dthle, an image, a
WINEDR data record

Copying data values

Eachsignalrecordconsistsof anarrayof digitised sample values. A table of data valeeshe active display recoichr
be copied to the clipboard by selecting

Edit

Copy Data

The data is placedon the clipboard as a table, containingthe scaledvaluesfor eachsamplein the record,in the
measurementinits definedfor eachchannel. The table is storedin tab text format, allowing the datato be copiedinto
programssuchas spreadsheetand graph plotting packages, using an Edit/Pasteramd. (Note that due to limitatioims
the capacityof the Windows clipboarddata points may be skippedto keepthe size of the copiedrecord withinclipboart
storage limits.)

Copying the displayed image

The signal record(s) on the display can be copieghd clipboard as a bit mapped image by selecting
Edit
Copy Image

to open the dialog box.

]
— Calibration Bars — Typeface
Time 0,1000000014 || JArial =

Im  0.2nA SizE|12 pixels
Line Wicth IE pixels

Showe zero levels v
Use calour H
Show labels v

lmange size
Wicith

| BO0 pixels

Height

| a00 pixels

0K | Cancell

The dimensionsof the bit map, which wil hold the image,canbe setusingthe width and heightimage size boxes.The
more pixels used in the bit map the better theityuatithe image.

Calibration bars, zero levels and text font, sizd ke thickness can be set in the same way & fonted image.

When the image parameters have been set, clicdRkhbutton to copy the image to the clipboard.



Displaying Records Stored on File > Page View > Page View

To view a section of a selected channel withindigéised recording as a series of sequential dscon a page, select

View
Page View

to open the window.

"-Z'T?:Page Yiew

[dent: |C|:|rti|:al Diay 18 +300nM 5233, then + 10uM bicuculline

Ch. ICh.EIIm vI
Start At ||:|_|:||:|5 'I:

rut
— Page Settings 'D-EF
Lines § page ||E

Line duration I 1= 1
[T Show Line Times ﬁa
[T Show Zero Levels

One channel of the digitised recording is displafteetompressed) as a sequence of lines withinispay window.

Draggingthe scroll bar at the bottomof the display shifts the display forwardsandbackwardsthroughoutthe recording
one line at a time. The startingtime of the displayedsequencef lines within the recordingis indicatedin the Start At
box. (Note. Entering a value infsiart At moves the sequence immediately to that time.)

The channel on display (if there is more than arthe recording) can be changed using the chaatesdtion list
The numberof lines (1-16) per pagecan be set usingLine s/Page entry box andthe numberof samplepoints per line

usingthe Points/Line box. (A maximumof 32768samplescanbe displayedper pagewhich limits the numberof points
per line to 32768/No. Lines).

Tick the ShowLine Times checkbox to displaythe time at which eachline occurswithin the recordingat the beginnin



of each line.

Tick the Show Zero Levelscheck box to display the signal zero level asrizdwtal dotted line on each line.

Vertical Magnification

The vertical magnificationof eachline can be expanded by moving the mouse to the uppieofithe region, pressirte
left mouse button, drawing a rectangle to indidh&eregion and releasing the mouse button.

1
i
0.5

The vertical magnification and position of each kmithin the recording can also be adjusted us$iag t

EDaE

buttons at the right edge of each plot.



Displaying Records Stored on File > Page View > Printing (Page View)

To print a section of the digitised recording aseaes of lines, select
File
Print

to open the dialog box.

print x|

— Typefacel/line
{* Current Page y.p
Iﬂ-.n al j

{~ Whole record

{" Range Size I_1 7 pts
I 00-100= ,
Line Wictth I 2 pts

Calibration bars Use colour [

Horiz. ID_Dm = Showy labelz v
vert. [012ana Page Marging ———

Left Right
Print | [5.0cm [2.5¢cm
Cancel | Top Buottam
[5.0cm [5.0cm

There are 3 printing options:
Current Page: Select theCurrent Page option to print out the current set of lines asplily on a single printed page.

Whole Record: Selectthe Whole record option to print out the whole recordingon to a series of printed page@\ote
that a large number of pages may be required figrdata files acquired at high samplings rates.)

Range: Select theRange option to print out the recording over the spedifiange of times.

The type face usedto print text canbe selectedrom the Typeface list andthe type size enterednto the Size box. The
thickness of the lines used to draw the signaktsazan be set using thane Width box.

Vertical and horizontalcalibration bars are addedto the plot to indicate the units andscalingof the plotted signals.Y ou
can define the size of the bars by entering vahteghecalibration bars table.

You can set the size of the plotted record on timéepl page, by adjusting the size of fisge margins

To inttiate printing, click théPrint button.



Displaying Records Stored on File > Page View > Copying (Page View)

The currently displayed page can be copied to lihigoard as an image by selecting
Edit
Copy Image

to open the dialog box.

Copy Image EI

— Typefacelline

{* Current Page -
" Whole record Iﬂ-.rlal j

! Range SiZEl 12 pixe
IIZI.EI-1EI.E|3
Line Wicith Ig pixel:

— icalibration bars Uze colour [

Horiz. In_mggg = Showy [abels v
et |n.129 i, Image size————
¥iickth |EEIEI pixels

Height | 500 pixels

The dimensionsof the image, can be set using the width and height insezgeboxes. Calibration bars, zero levels txd
font, size and line thickness can be set in theesaay as for a printed image.

To copy the image to the clipboard., click thepy button



Detecting & Analysing Events > Event Detection

WINEDR’s event detection module can be used tadoralividual transient signals (e.g. miniatureagyic signals,
actions potentials) occurring within a continuoeisarding. The frequency of occurrence and inteneti@e intervals
can be analysed within WinEDR. Detected signalsalembe exported in a WCP format data file foremdetaied
analysis using WiInWCP (a program in the Strathcllietrophysiology Software series designed forathalysis of
transient signals).

To scan a recording for signals, select

Analysis
Detect Events

to open the Event Detection module.

:'.Z'.".':Evenl: Detection

Detect Events | Review/Edit Everts | %-Y Piot | Histogram | Average |

DetectEvents | Abort] 1.4

— Source
Channel ICI"I.D I j

* Whole file
i~ Range

|0-10.0096

— Detectar
— Mode Im

" Threshold né -
{+ Rate of Rise
" Template

— Thresholds
Arnplitude I 177282 nis

Set Ampl.=4xSD. | 04|

115 1.2 1.25 13

Cead Time | 30 ms T

Rising Edde | {1 s
Wi d oy Det. Coberonn. (| I R

0 0.05 01 015 0z

The module is split into 5 pages

¢ Detect Events
* Review/Edit Events



* X/Y Plot
* Histogram
* Average

The Detect Events page provides the tools for settingup and running an event detectionscanof the continuou
recording.

The Review/Edit Events pageallows the visual inspectionof detectedeventsandthe manualinsertionor deletionof
events.

The X/Y Plot page allows event detection times, inter-eveatals and frequency to be plotted.



Detecting & Analysing Events > Detecting Events

To detecteventswithin a continuousrecord,selectthe Detect Eventspage. The recording to be scanned is displayed
the upper panel and the detection criterion detfiva it is displayed in the lower.

:‘.:'."_':Event Detection

Detect Events | Review/Edit Events | % Plat | Histogram | Average |

DetectEvents | fbort| 14

— Saurce
Channel ICh.D I j

f* Whole file
i~ Range

0-10.00496 5

— Detectar
— Mode Im
¢ Threshold e -

{+ Rate of Rise
i~ Template

— Thresholds
Arnplitud e I 177282 nAis

Set Ampl.=4xSD. | 0.4

Dead Time I 0 ms C
Rising Edge I 1ms
Wi d o Det. Criterion

0 0.05 01 015 0z

Three different types of event detection methodsagported:

« Threshold: The amplitude threshold method uses a baseline-trackingamplitude threshold algorithm, the
detectioncriteria beingthat the signalexceedshe thresholdlevel for more thana predeterminegberiodof time.
The signalbaselinelevelis computedfrom a runningaverageusedto automaticallyadjustthe thresholdfor slow
changes in baseline level.

- Rate of rise: The rate of rise methodusesa signal detectioncriterion basedupon the signalrate of chang
computed using a 5-point Savitsky-Golay differeiataslgorithm.

« Template: The template matching methodis an implementatiorof the optimal template matchingalgorithrr



developed by Clements & Bekkers (1997) An expoatyntiecaying waveform template defined by the éigoa

y= A{l— exp{—LD exp{— t ] +C
Z-rise Z-decay

is slid point-by point along the digitised signal,its amplitude,A, and offset, C, beingadjustedat eachstepusing
leastsquaresmethodsto obtain the bestfit. The ratio betweenbestfit templateamplitudeandresidualsumof
squares is used as a detection criterion. See @lsr&eBekkers (1997) for details of the method.

The rate of rise and amplitude thresholdmethodsare applicableto any shapeof signalwhile the templatematchin
method is specifically designed for decaying exptiaksignals such as postsynaptic currents omgiate.

To scan a segment of the continuous digitised dimpfor event:

1.

Source: Selectthe Whole File option to scanthe completefile, or selectRange and entera time interva
defining the section of the recording to be scanned

Source: If thereis more one channelwithin the recording,selectthe channelko be scanned for signals, frahe
Channel list.

Mode: Select the event detection methédnplitude , Rate of rise or Template).

Thresholds (Amplitude mode): Setthe level which the signal detection criterion bkasross for an event tue
detectedn the Amplitude box (or adjust the threshold cursor in the Deite@on display).Set the period tifne
which the signalhasto remainabovethe amplitudethresholdbefore detectionis acceptedn the Time box. Se
the period of time over which the baselinetracking averageis computedn the Baseline Tracking Time box.

(The smaller the time period, the faster the tragkate of the baseline.)
— Letectar

{~ Rate of Rise
" Template

— Thresholds

Amplitude | 0 nA

Set Ampl.=4xS.D. |

— Baseline Tracking Time

|1IZIIIIIII s

Thresholds (Rate of Rise mode): Setthe level which the signal detection criterion has to cross foeaentto

be detected in thAmplitude box (or adjust the threshold cursor in the Deite@on display).

— Detectar
— Mode

= Threshold
{* Rate of Rise:
= Template

— Thresholds
Amplitude I 1702.32 nArs

Set Ampl.=4xS.D. |

Thresholds (Template mode): Setthe level which the signaldetectioncriterion has to cross for an evenbio
detectedn the Amplitude box (or adjustthe thresholdcursorin the Det. Criterion display). Enterthe risinganc
decayinctime constantswhich define the shapeanddurationof the templatewaveforminto the Tau(rise) anc



Tau(de cay) boxes.(Suitablevaluescanbe obtained by detecting a typical signals usirgafithe othedetectiol
methods, exporting the record to WinWCP and fitimgMEP C curve to i.).

— Detectar
— Mode

= Threshold
" Rate of Rise

* Template;
— Thresholds

Amplitude | 5570

Set Ampl.=4xS.D. |

— Template
Tauirisel | 0.1 ms

Taufdecay | 10 s

(Note. The Set Amp.=4xS.D. button can be usedto setthe amplitudethresholdto 4x the standarddeviatior
computed from the displayed signal).

Dead Time: To avoid repeateddetectionof the samesignal, set the time period before anothersignalcanbe
detected in th®ead Time box. (Usually set equal to the expected duratiam@flongest signals being detected.)

Rising Edge Window:

Click Detect Eventsto begin the event detection process.



Detecting & Analysing Events > Reviewing & Editing Events

After a list of detected events has been creaseah event can be inspected on fReview/Edit Eventspage.

:‘.:'.'.':Evenl: Detection

Defect Events Review/Edit Events | - Piot | Histogram | Average |
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— Zero level
f~ Atstart At event
[~ Subt. Baseline Trend

o
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— Edit Events 0
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— Export BEvents |l| J
Export Events | Anor | Width / Pre-detection 4[|t
Export Gaps |
Events |1 128 — Event Filter Evert Relection Criteri
- . WE BIECTION LFIeran —
ﬁumblne HPP'F' Im Lirmnits —
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The detectedeventis displayedin the upperpanelwith the detectionpoint displayedas a verticalredline in the lower.
Each detectedevent can be selectedfor display using the eventselectionscroll bar or by enteringthe desiredeven
number into the box.

Event |57/125

Kl il

— Event Analvsis 1

Regionsbeforeandafter the eventcanbe inspecteduy shifting the displaywindow usingthe scroll bar at the bottom of
the display. The period of time displayedaroundthe detectedeventcanbe set by entering a value into the displéidth
box. The posttion of the detectec event within the display window can be adjustec by settingthe Pre-detection



percentage.

width / Pre-detection 4 [20 ms [0 %

Note. When measurements are being made, the displdly shiduld be adjusted to display one event only.



Detecting & Analysing Events > Event Analysis

The Event Analysis box displays a set of waveform measurements, cedy analysing the signal waveform within
the display window.

Event [57 /128 18

4
— BEvent Analysis
Detected at 510555 5
Feak (a-a)=-0.10758 nA
Area (a-3)= 19317 nA.ms
Tirise)= 0.05 ms
T90%)= 0.1 ms
Taufdecay)= 0 ms
Curation=0.2 ms

— Event polarity ———————————
" Positive {+ Negative ’Le.'l,.

— £ern [eve|
v Atstart At event
[~ Subt. Baseline Trend

F'ts.ﬁwgd.l 0 Gapln 050

all al
— TiR%) decay time E104 5106 5108 511 5112 5114 5116
Decay % From
[ 90 % |Peak x|
Det.1E |
L (S 1]

Analysis Region:The pair of cursorsaQ andal) define the region within the event display windoantaining the
waveform to be analysed. This region can be adjustexclude stimulus artefacts from the waveforalysis.

Measurements include:

e The time at which the event was deteciedtected aj.

* The peak ampiitude (positive or negative depengjimn the setting of tholarity option) of the evenfpe ak).
* The integral of the event waveforiare¢ a).

e The 10%-90% rise time of the evem(iise)).

* The time to decay to a user set percentage (0-16®%r)the peak valud (x%))

e The time constant of exponential decdgay(de cay).

The following options configure the waveform analys

Event Polarity: Setthe Polarity optionto determinewhetherthe signalsareto be treated as positive- megative-goin
waveforms.

Zero Level: Selectthe At start optionto usethe averageof a series of sample points at the start of tfentletectiol
window as the zero level for amplitude measurementsr the At event option to use a block of points immediatet
precedingthe event. The numberof samples to be averaged is defined byRhts Avgd box. To shift the points usédl
computethe zerolevel awayfrom the startor event,entera non-zeronumberof points in theGap box. Select th&ubt.
Baseline Trend option to subtractany upwardor downwardtrendscausedby drifting of the baselineon which the
detectecsignals are superimposec (A cubic spline interpolation betweer signal baseline estimatesobtainecfrom the



average of 10 samples immediately preceding eaeht és/subtracted from the each event waveform.

T(X%) DecayTime: Enterthe requireddecaytime percentagdor the signaldecaytime measuremerin the T(X%)
box. Selectthe Pe ak option to measurethe decayfrom the peakof the signal, thé&0% rise option to measure frothe
mid-point of the signal rising phase, or & cursor option to measure from the position of the a0 @urs



Detecting & Analysing Events > Adding/Removing Events
Manual Event Editing

The currently displayed event can be removed flaretvent list by clicking thBelete Eventbutton (or pressing the F2
key). An event can be added to by placing thecadrtlisplay cursor over the position of an evemnt dicking thelnsert
Event button (or pressing the F1 key).
Edit Events
Insert (F1) | Delete (F2) |

[+ Init. cursor to detection point

Automatic Event Filtering

Events can be automatically deleted from the deteetent list using a set of fiter criteria basgdn the event analysis
measurements.

To delete events matching a defined set of criteria

1. Selectthe waveformmeasuremenb be usedasthe Event Rejection Criterion from the list of measureme
variables
Event Rejection Criterion

Limits
IPEEH :I' Lower |IZI.EI
Add to Filter | Upperln_ﬁ—

Enter the limits of the range of valueswhich will resultin the rejectionof the eventin the Upper andLower
imits boxes.(The exampleshowsa criterion where eventswith a peakamplitude>= 0.0 pA and <= 0.5pA will
be rejected.) Click th&dd to Filter button to add the criterion to rejection list.

— Event Filter

Event Rejection Criterian

.H.pplyrl I—_, Limits
Feak -
Clearl _ anerID.D
BN upper[os

Combine
= AND
i« OR

0 ==FPeak==10.14

2. If addtionalcriteria are required,repeatstepl., selectinganothervariable andlimits. Choosethe way that the
criteria are to be combinedselectingAND if a matchto all criteriain the list is required for rejection d®R if a
match to any criterion wil suffice.

3. Click the Apply button to remove events matching the definedréite
Saving/Loading detected event lists

Note. Eventsare permanenthdeletedfrom the eventlist by the fiter. It is prudent to save the original deézl eventist
beforeapplyingthe fiter. soit canbe restoredf necessaryThe list of eventdetectiontimes canbe saved as aASCI|
text file by clicking the Save List buttonandenteringthe nameandlocation of a file into the Save Event List diakwox.
A list of eventtimes canbe re-loaded(replacingthe existinglist) by clicking theLoad List button and entering theame
of a file in the Load Event List dialog box.

Event List
( Savelist | LoadList |
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Detecting & Analysing Events > Exporting Events

The digitised waveforms of the detected eventsheaextracted from the data file and exported aegidudl records for
analysis by WInREDR’s companion program WinWCP wlhiels features for signal averaging, curve fitting enore
detailed waveform analysis.

Export Events
Export Events | ‘Bbort|

E zport Gaps |

Events | 1-128

Exporting Events

To export detected events :
1. Enter the range of events to be exported irthents box.

2. Click the Export Events button and select the name of a WCP data file lththe data.

20

Save in: |L’} My Data j ko ¥ Eo-

Tjandor Txon+x3 [C)LineScan-10052008-0531-867
CT)Anselm IC3Paul Turka
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‘ 10r Demspler [=35hangwei hou
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) LineScan-0401 2009-1234-180 B test 002, wep

| i

File marme: tE!:E:l 1-128.wep j Save I
Saveastype: | WP Files [*WCP) =l Cancel |

The record size of the exported file is determingthe size of the Review/Edit Events display wimdo

Exporting the Gaps BetweenEvents

The sectionsof the digitised recordingwhich do not containeventscan also be extractedand savedto anotherEDR
format data file.

To extract and save the gaps between events:
1. Enter the range of events to be exported irEthents box.

2. Click the Export Gaps buttonandselectthe nameof a new EDR datafile to hold the data



Export to EDR File

Savein: | ) Data

| = ®ckE-

X

2
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4
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| EDR Files [*EDR]

Cancel

i
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~]




Detecting & Analysing Events > Plotting X-Y Graphs of Event Analysis Measurements

The X-Y Plot page allows the event analysis measurementsé®dties of detected events to plotted against each
other.

-

:‘-Z'.'_':Event Detection =10l x|

Detect Events | Review/Edit Events  »- Plot |Histngram | Average |

New Plot | - n n|
Set Axes |
Ahort I 1.4 1l
~Plot
¥ Axis
IEventND. j
Y OAXIS
IF'eak j
— Events
i+ Al events
~ Range 06
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Event Ma.

To create an X-Y plot :
1. Select the variable to be plotted on the horizamta from theX Axis variable list.

2. Selectthe variable to be plotted on the vertical axis from the Y Axis variable list. (If Ratehasbeenselecte
enter the interval over which the event frequesdy ibe calculated.)

3. Selectthe All Events option to plot the resultsfrom all eventsin the list or selectRange andentera selecte
range of events.

4. Click the New Plot button to display the plot.
5. If you want to customise the axes ranges, clicksteAxe sbutton.

The values of the x,y points in the plot can bedreat using the blue readout cursor.

Variables that can be plotted include :

» The time at which the event was deteciedtected aj.
* The time interval between successive events (laferv

* The instantaneous event frequency (i.e. the rezabaf Interval) (nst. Frequency).



The average event frequency computed over a dgfiegal of time Rate).

The peak amplitude (positive or negative dependian the setting of th@olarity option) of the ever(pe ak).
The integral of the event waveforiarg¢ a).

The 10%-90% rise time of the evef(ifse)).

The X% decay time after peak(X%) )

The time constant of exponential decagy(de cay).

Signal baseline level determined just before treebof the signgdBaseline)



Detecting & Analysing Events > Plotting Histograms of Event Analysis Measurements

The Histogram page allows histograms of the distribution of e\aamalysis measurements to be plotted.

:"-Z'TT:E?Enl: Detection =101 x|

Detect Events | Review/Edit Events | - Piot Histogram | average |
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Min. = 0.800%95 nA,
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Plotting a Histogram

To plot a histogram :
1. Select the variable to be plotted from thistogram variable list.

2. Selectthe All Events option to plot the resultsfrom all eventsin the list or selectRange andentera selecte
range of events.

3. Define the upperand lower limits of the range of variable valuesto be includedin the histogramin the Range
boxes. (Values outside this range are excluded fhenhmistogram.)

4. Set the number of histogram bins into which théobgimm range is divided, in ti¢o. Bins. box.

5. Tick the Percentage checkbox to plot the histogramvertical axis asa percentagef the total number aévent:
(rather than number of events in each bin).

6. Tick theCumulative check box to plot a cumulative histogram.
7. Click theNew Histogram button to display the plot.

8. If you want to customise the axes ranges, clickKatAxe sbutton.



Fitting GaussianCurves to Histograms

To fit a gaussian curve to a histogram:

1. Define the range of amplitudescontainingthe peak(s)to be fitted using the pair of grey ‘|’ regionof interes

cursors.
[
T 0,905, 15 H
0.8 1
2. Select the number of Gaussian functions to belffitem theCurve Fitting list.
Cure fitting
R LT ;

Gaussian j

3. Click the Fit Curve buttonandenteranappropriatesetof initial guessedor the function parametersA setof
initial guessesare computedautomatically,but it is often necessaryo adjusttheseto bettermatchthe locatior
andsize of the observedhistogrampeaks.Individual parameterganalsobe fixed at their initial values btcking
the associateBlixed option.

Set Fitting Parameters x|

— Parameters

Fixed Fixed

w[osems  r
o[oine r
Peak [31 —r
|—|- |—|_
|—|- |—|_

Parameter Intialization ——
il {* Automatic
LAnicE: " Manual Initialisel

Click the OK button to begin fitting.

The bestfitting gaussiarfunction(s) are superimposedin red) on the histogram.The valuesof the bestfitting functior
parametersalong with their estimatedstandarderrors are displayedin curve fitting resultsareaat the bottom of the
display.
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— Curve fitting

i FitResults 9. 3

X v = Peak expl- Qe r2o<) )
Gaussian j p=0.8804 + 0.003153 (sd) n&
o= 002931 + 0.003224 {sd) nA
FPeak= 1541 +1.344 (sd)
Residual 5.0.= 2 611
Degrees of freedom =18




Detecting & Analysing Events > Averaging Events

The averaged waveform of a series of events caimputed and displayed on tAgerage page. Averages can be
computed from a specified range of events or usiagount-matched averaging process to average l#igest events.

:'-Z'."_':Event Detection =10 x|

Detect Events | Review/Edit Events | 3-v Plot| Histogram Average |
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Computing Averages

To compute the event average waveform:

1. Select theAll Events option to average all detected events or s&@tige and enter a selected rangeswénts

2. Selectthe Count-Matched option if you wish to computea ‘countmatchedaverageand enterthe numberof
eventsto be averagedn the No. Eventsbox. (The count matched average is an averagelefized numbeof
the largestampilitude eventswithin the selecteceventrange.It providesa methodfor comparingaverageeven
amplitudebeforeandafter an experimentally-induced reduction in amplitud@cly compensates for the failuie
detectsmall eventswhich have fallen below the detectionthreshold.SeeStell & Mody, J. Neuroscience2002
Vol 22, RC223.)

3. Set the % of the averaged waveform, to be bef@etent detection point in tfise detection sample ox.

4. Set the Event Analysis Polarity of the averagewaveform measurementsSelectPositive for positive-goin
waveforms andNegative for negative-going.

5. Define the peak detectionregion using the pair of “a” cursors.(This option can be usedto exclude stimulus
artefacts or other signals feature from the wavafanalysis)



6. Click theCompute Averagebutton to calculate and display the average warefo

Fitting curvesto averages

To fit one or more exponential functions to therage:

1. Define the segmentof the averagewaveformbe fitted usingthe pair of ‘a0-al’ analysisregioncursors.Define
the starting point (time = 0) of the exponentiaidtion to be fitted, using the t0 cursor.

0.5(

t0al al t
0 0002 0.004 0006 0008 001 0012 0014 001

2.
3. Select the number of exponential functions to tiedifrom theCurve Fitting list.
Curve fitting
Fit Curve |

4. Click the Fit Curve buttonand enter an appropriate set of initial guesseth®exponential functioparameter:
Individual parameters can also be fixed at théialivalues by ticking its associaté&ike d option.

Set Fitting Parameters x|

— Parameters

Fixed Fixed

Aloerzn —
¢ [0o03es r
ss [no35ma I r
r r
|—|_ |—|_

Parameter Intialization ——
_OK_| { & Automatc

Cancel | i Manual |pitialise |

Click the OK button to begin fitting.

The bestfit curve us superimposedh red over the fitted region of the waveform. The parametersf the bestfitting
equation are displayed in the Curve Fitting resatsa.
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— Cume fitting

A Fit Results

Exponential

Wit = Aexpi-tft) + 55

A=1.005+ 00036281 (=d) nA
T=0.001829 + 1.956E-005 (sd) 5
Ss=0.04536 0001173 {sd) nA
Residual S.0.=0.01214
Degrees of freedom = 253




Analysing Single-channel Currents > Single-channel Current Analysis

To analyse a single-channel current recordingsctel

Analysis
Single-channel Current Analysis

to open the window

U2 single-channel Current Analysis =101 x|
 Amplitude Histograms | Transition Detection | Edit Channel States | Dwell Time Histograms | SummarngStahility Plats |

New Histogram |
Setizes | [&bort]
Histooaram Twpe

All Points ~|

— Data
ChanneIICh_D IFr1 vl
{+ Whole file
" Range
[0-0%

Use CD-C1|
Mo. hing IF

— Cunve fitting
Fit Curve | |
Set Zero Level | INDnE j
5C |-1.EETpA Savetolog |
Current
[

The module is split into 5 pages each associatddarspecific single-channel analysis operation.
* Amplitude Histograms: Provides tools for compileagd analysing the ion channel current amplitudeitaligion.

* Transition Detection:Providestools for the detectionof channelopen/closeransitionsandthe determinatiorof
the sequence of channel dwell times spent in etaté. s

* Edit ChannelStates:Providesan editor for visually inspectingeachdetectedstate ,andrejectingartefactsfrom
the analysis.

» Dwell Time Histograms:Providestools for compiling andanalysinghistogramsof the distribution of the channe
open and closed times determined by the transiadection process.

» Stability Plots:Providestools for determiningwhetherthe recordingsatisfies the necessary stationaciydition:



for a valid analysis.

A typical single-channel analysis sequence is b

1. Current amplitude histogramsare computedto determinethe single-channeturrent/conductancenumber of
channels in the patch, and the steady-state piigbaba channel being open.

2. Oncethe single-channeturrenthasbeenestablishedthe transitiondetectionprocedures usedto determinethe
location of channel open/close transitions andcti@nnel dwell times spent in each state.

3. Dwell time histogramsare thenbe computedand exponentiaprobability densityfunctionsfitted to determinethe
number and mean duration of channel open and ckist¢es.

A detailed discussion of single-channel analysib@ues can be found in Sakmann & Neher (1998)gafen (1994).



Analysing Single-channel Currents > Current Amplitudes > Analysis of Current Amplitudes

Selectthe Amplitude Histograms pageto computeand plot histograms of the distribution of currantplitudes withira
single-channel recording.

:"-Z'.‘_':Single—l:hannel Current Analysis =10 x|
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New Histogram |
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— Curnee fitting
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5-C |1.u15pA Savetolog |
Current
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Currentamplitude histogramsgenerallyhave at leasttwo peaks,associatedvith the closedand openstatesof the ion
channels The horizontaldistancebetweenthe peaksindicatesthe currentpassinghrougha single channel. The widdi
the peaksindicate the amountof backgrounchoise degradingthe currentsignal. The areaundereachpeakindicatesthe
proportionof time spentin that particularchannelstate.A channelwhich is predominantlyin the closedstatewil,, for
instance havea large peakat the zerocurrentlevel anda smallone at the single-channeturrentlevel. Channelsvhick
have than one openconductanceor patcheswhich containmore than one channelwil often resultin histogramswith
more than two peaks.

The height of eachhistogrambin indicatesthe percentageof samplesfalling within the limits of the bin. The % within
eachbin andthe currentat its mid-point can be readout using the greenreadoutcursor. The meancurrentand% of
samplesfaling within a selectedrange of amplitudescan be computedby placing the pair of grey‘|--|' cursorsat the
limits of the region of interest.



I 09335, 0.53811
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s [pA)

Mean= 1.01 pA /Area=8.73 %

Six types of current amplitude histogram can belyced.

. All Points

. All Points in State

. Mean State Amplitude

. Patlak Average

. Cursor Measurements (avg)

. External file



Analysing Single-channel Currents > Current Amplitudes > Amplitude Histograms > All
Points Amplitude Histogram

The All Points histogram represents the distribution of currempléude within the digitised record, irrespectafethe
open/close state of the channel. It is used fasliainalysis of the current amplitude distributidatermination of
single-channel current amplitude, number of channethe patch, and the steady-state, open-charoigbility,popen
The current amplitude rangeis divided into a seriesof equally spacedbins (up to 512). Eachsamplepoint within the
digtised signal is allocated to a bin accordinghi formula

(I (i)_ Ilo)nb +1

hi_llo

Bin.no=

wherelhi andllo arethe upperandlower limits of the currentrange hbis the number of bins, and) is the currentor

A/D samplei The distribution is displayed as a histogram of thecpatage of the total number of sample parustaine:
within each histogram bin.
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To compile an All Points histogram :

1. SelectAll Points from theHistogram Type list.
2. If more than one signal channel is avaiable, seke channel to be used from Bbannel list.

3. Selectthe All optionto useall samplepoints containedn the recording or sele®ange and enter a timiaterva
to use only samples within that region of recording



4. Enter the width of the histogram bin in tBé& Width box.

5. Click theNew Histogram button to compile and display the histogram.



Analysing Single-channel Currents > Current Amplitudes > Amplitude Histograms > All
Points in State Histogram

This histogramdisplaysthe currentamplitudedistribution of the samplepoints containedwithin a selected set channel
states ¢losed open andall). (Note. This option can only be used afteansition detection has been completed.

:‘-Z'.‘_':Single—channel Current Analysis =10 ]
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To plot the histogram:

1.
2.
3.

SelectAll Points In State from theHistogram Type list.
If more than one signal channel is available, seke channel to be used from fBbannel list.

Selectthe All optionto useall detectecchannelransitioneventsin the recordingor selectRange and entethe
sub-range of events to be included.

Select the channel state(§)l@¢se, Open(X1) or All) to be included in the histogram from tBtate list.

A numberof (zeroor more) samplesat the beginningandendof eachstatecan be excluded from thestogran
to eliminatethe partsof the signalassociatedvith the transitionbetweenstates Enterthe number samples be
excluded irthe Margin Points box.

Enter the width of the histogram bin in tBé1 Width box.

Click the New Histogram button to compile and display the histogram.
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Analysing Single-channel Currents > Current Amplitudes > Amplitude Histograms > Mean
State Amplitude Histogram

This histogramdisplaysthe meanamplitude for eachdetectedchannelktate computedirom the averageof the samplk
points containedwithin the selectedsetof channelsstates(closed open andall). (Note. This option canonly be uset
aftertransition detection has been completed.)

:‘-Z'.'.':Single-l:hannel Current Analysis -0 x|
Amplitude Histograms | Transition Detection | Edit Channel States | Dwell Time Histograms | SummaryStability Plots |
New Histogram | Uit
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To compute the histogram :
a) SelectMean State Amplitude from theHistogram Type list.
b) If more than one signal channel is availableectehe channel to be used from €igannel list.
c) Selectthe All optionto useall detectecdchannelransitioneventsin the recordingor selectRange and entethe

sub-range of events to be included.
d) Select the channel state(€)gse, Open(X1) or All) to be included in the histogram from tBtate list.
e) Enter the width of the histogram bin in g Width box.
f) Click the New Histogram button to compile and display the histogram.

Note. The Exclude Edgesentry on the Edit Channel State pagedeterminesthe numberof (zeroor more)samplesa



the beginningandend of eachstatewhich are excludedfrom the average to eliminate the parts of the signaiwéarein
the processof transitionbetweenstates.Stateswith a durationshorterthantwice the Exclude Edgessettingsare not
included in the mean state amplitude histogram.



Analysing Single-channel Currents > Current Amplitudes > Amplitude Histograms > Patlak
Average Histogram

This is an implementationof a methoddevelopedby JosephPatlak (Patlak,1988) for improving the resolutionof All
Points histogramswithout resortingto transition detectionprocedures.The amplitude histogramis compiledfrom the
running averageof a seriesof n (2 n 256) adjacentsamplepoints. To avoid smearingof the distributionby includinc
averageswhich containedransitionsbetweenstatesthe standarddeviationof the n-point averageis alsocalculatedanc
the measurement excluded if it exceeds a presedhbid.

A typical value of n would be 16. The variancethresholdis normally setto be the varianceof a stableopenor closet
state. In such circumstances, about 30% of alleayesy are exclude from the histogram.
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To compute the histogram:
1. SelectPatlak Average from theHistogram Type list.
2. If more than one signal channel is avaiable, sekee channel to be used from Bbannel list.

3. Selectthe All optionto useall samplepoints containedn the recording or sele&ange and enter a timiterva
to use only samples within that region of recording

4. Enter the number of sample points in the runnirgrage in théNo points average chox.

5. Enterthe exclusionlimit for the running meanstandarddeviationin the St. Dev. Limit box. (Note. A suitable
valueis the standarddeviation() of a gaussian function fitted to the all poiotsrent amplitude distributioarount



the zero or single-channel currents levels.
6. Enter the width of the histogram bin in tBé Width box.
7. Click the New Histogram button to compile and display the histogram.

The Patlakaveragingmethodproduceshistogramswith muchnarrower better defined, peaks than All Poihistograms
It is thus usefulfor resolving and viewing closely spaced sub-cotahre levels. However, it should be borne in rttired
the averagingprocessis biasedin favour of longer lasting statesand short-lastingeventstendto be excludedfrom the
histogram. It cannot be used to compute open charotgability values.



Analysing Single-channel Currents > Current Amplitudes > Amplitude Histograms > Cursor
Measurements (avg) Histogram

This option plots the histogram of the average tumdel measurements stored in the cursor measurdistéate
Cursors Measurments)



Analysing Single-channel Currents > Current Amplitudes > Amplitude Histograms > External
File Histogram

This option plots the histogram of a list of anooleé measurements (ASCII text format, one amplipeteline) stored in a
file.



Analysing Single-channel Currents > Current Amplitudes > Fitting Gaussian Functions to
Histograms

The peaks of the current amplitude histogram ctemdfe fitted by a mixture of one or more gauspi@bability density
functions. The height(i), of bini with its mid-point at curreri(i), is given by

y(i) = lem {-MJ

wherew is the histogrambin width. Eachgaussiarcomponenis definedby 3 parametersA; the percentage of thiota
areaunder the component,; the meancurrent,and; the standarddeviationaboutthe meanvalue. WinEDR usesar
terative leastsquarescurve fitting procedureto find the gaussiarfunction which bestfits the histogramdata. Fitting a
gaussiarcurve providesa convenientway of estimatingthe meancurrentfor a channelstate and the percentagetiofe
spentin that state.ln caseswherethe peaksare partially overlapping, mixtures of gaussians can be fieuitaneoust
allowing the relative proportions of each to benessted.

To fit a gaussian curve to a histogram:

1. Define the range of amplitudescontainingthe peak(s)to be fitted using the pair of grey ‘|’ region of interes
Cursors.

' ' ' 04535, of '
04 02 a 0.2 o4 08B 0B 1 1.2 1.4

All Paints (pa)

| Mean= 0.0956 pA /Area= 100 %

2.
3.
4. Select the number of Gaussian functions to belffttem theCurve Fitting list.
LURE TITRG
Fit Curve |

5. Click the Fit Curve buttonandenteran appropriatesetof initial guesses for the gaussian function patense,

i, Pk) (Note. A setof initial guesses are computed automatically, bstdften necessary to adjust thesbdte
matchthe location and size of the observedhistogrampeaks).Individual parametersan also be fixed at theit
initial values by ticking its associat&ike d option.

Set Fitting Parameters x|

— Parameters

Fixed Fixed

Mearn m [T Peak w r
sdl [o1pa [ [ &
Peak [557% [ [ &
Mean IW r I— r
s.d.2 [00993pa [ [

Patameter Inttialization ——
il {+ Automatic
Cancell {~ Manual ||-|itjﬂ|ige|

Click the OK button to begin fitting.




The bestfitting gaussiarfunction(s) are superimposedin red) on the histogram.The valuesof the function parametei
along with their estimated standard errors ardagisg in curve fitting results area at the bottdrthe display.
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The residualstandarddeviation(SDres) betweerthe histogramdataandthe fitted curve provides a measure of goality
of the fit, the smaller the Skthe better the fit.

Note. The fitting procedurewil generallywork well when fitting gaussian curves to distributions vgitigle peaks awo
reasonablywell separategbeakswhich do not differ by more than an order of magiet in height. In other cases, suach
overlapping3-4 peakdistributionsthe large numberof free parametersancausethe procedureto fail to convergeto a
meaningfulresult. In suchcasest is sometimegossibleto obtaina betterfit usinga two stage procedure. Firstsiagle
gaussianis fitted to the largestand bestdefined peak. Thenthe resultingbestfit parameterdor that peakare usedas
fixed parameters in a 2 (or more) gaussian fit to theaneing peak.



Analysing Single-channel Currents > Current Amplitudes > Customising Histogram Plots

If youwantto alterthe X or Y axis range,scalingor labelson a histogramclick the Set Axes button to open thdialoc
box.

Set Axes Range / Labels El

— X AXis — Y Axis
i~ Automatic {* Automatic
{* Manual  Manual

hlir. |_|:|_433 hir.
. |1.41 Max. |5 57
Tick ||:|_2 Tick |1
Zcale m, Scale Linear =

— Labels
# RS AN Points (pA)

il

Y AxiE |

oK Bin Style
| I Empty vI Colour
ﬂl [~ Full borders I:I

You canchangethe X or Y axis limits by selecting theManual Axis option and entering new values into M, Max .
and Tick (spacing)boxes.An axis canbe madelLinear or Logarithmic by selectingthe option from its Scale list.
Labels for the X and Y axes can be entered intd.&eeIs boxes.

The style of rectangleusedto plot the histogrambins can be changedusing the Bin Style options. SelectNo Fill to
displaybins as rectangulamoutines,Solid Fill to fill the bins in with a solid colour, andHatched Fill for bins filed witha
diagonalines. You candefine the colour used for the solid fill, by clicking te®lour box, and selecting a colour frdire
palette.The Full Borders checkbox determinesvhetherthe outline is drawn completely around each bar, dnjisere
bars do not overlap.



Analysing Single-channel Currents > Current Amplitudes > Printing Histograms

To print the displayed histogram, select
File
Print

To open the dialog box.

print x|
— Typeface —————————— — Page Marging ——
|Aria| |||t [5.0cm
Size IW Right IE.S Cm
Top | 8.0cm
I—

Lime wvictth IQ pts Battom | 5.0 cm
harker zize |5 pts

IUse colour N

Cancel I

Click the OK button to print the graph.



Analysing Single-channel Currents > Current Amplitudes > Copying Histograms to the
Clipboard

Copying the histogram data points to the Windows clipboard

The numerical values of the X,Y data points whieheyate the histogram can be copied to the clijdmaselecting

Edit
Copy Data

The datais placedon the clipboard as a table of data values, in tab texbéb, defining the histogram. There areadue:
per row, and one row for every bin in the histogr&ach row has the format

<Bin Lower Limit> <tab> <Bin Mid-point> <Bin Upper Limit> <tab> <Bin Count> <cr> <If>

Copying an image of the histogram to the Windows clipboard

An image of the histogram plot can be copied toclipboard by selecting
Edit
Copy Image

to open thalialog box.

Copy Image |

— Typeface —————— —Image Size
|Aria| j Wictth

i I 600 pixels
size |12 pixels

Height

500 pixels
Line wicth IQ pixels I i
harker size |5 pixels

IUse colour o

The dimensions (pixels) of the bit map, which tdld the image, can be set using the Width andhti@tage size
boxes. The size and style of the typeface canbess® the Typeface and Size boxes. When the ipagemeters
have been set, click tfeK button to copy the image to the clipboard.
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Analysing Single-channel Currents > Detecting Channel Transitions > Transition Detection

While analysis of current amplitude provides infation concerning the number and size of channeluance states it
provides no information about channel kineticsorder to do this it necessary to measure the timechannel spends in
each state. Since ion channels fluctuate randoatlyden open and closed states the duration ofjle sipening or
closure provides little information. It is necesstr measure the durations of hundreds or thousafnojsenings and
closures and to analyse the distribution of dvireé$ spent in each state.

The Detect Transitions page provides tools for the detection of chanpehétlose transitions and the determination of
the sequence of channel dwell times spent in eath.s

:'-Z'-".':Single—l:hannel Current Analysis 10| x|
Amplitude Histograms  Transition Detection | Edit Channel States | Cowvell Time Histograms | SummargStability 4 | » |
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The simplestapproachto the classificationof the single channelkurrentsignalinto openandclosedstatesis to placea
transition thresholdat the mid-point betweenthe zero and single-channeturrentlevels. If the signallies above the
thresholdthe channeis deemedo be open,if it lies below the channelis deemed to be closedid®alised' sequenaé
channelopenand closedperiodsis thus obtainedby scanningthroughthe digitisedrecordingpoint by point, countingthe
time between threshold crossings.



Analysing Single-channel Currents > Detecting Channel Transitions > Detecting Channel
Open-Close Transitions

:'-Z'-".':Single—l:hannel Current Analysis 10| x|
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To detect the channel open-close transitions ingieschannel current recording:

1. Define the sectionof the recordingto scannedSelectthe Whole file option to use all sample points contaiied
the recording or sele&ange and enter a time interval to scan only that regiorecording.

2. Set the position of the zero current level (zero), single-channeturrentlevel (unit-c) and transition threshol

(threshold) jndicatedby the horizontalcursorson the display. The levels canbe adjusted by dragging treursor:

up or down or (in the caseof the single-channelevel and threshold) by enteringappropriatevaluesin the
Single-Chan. CurrentandThreshold levelboxes

----- -- —unit;il

........... -threghiald

&)
I
------- zem @




3. Click the Detect Transitions button to begin scanning through the recording.

During transition detectionan idealisednoise-freecurrent signal, representinghe detectedsequenceof open/close
channelstatesis superimposedin red) on the recordedcurrentsignal. This processcantake severalminuteswith large
data files and/or slow computer,progressbeing indicatedby the progressbar at the bottom-rightof the window. (If
necessary, transition detection can be abortedédefampletion by clicking th&bort button.)

Note. The half-amplitudethresholdmethodworks well whenappliedto signalswith good signal-noiseratios,wherethe
channelunitary currentlevel is well separatedrom the zerolevel andthe recordingbandwidthis suchthat brief event:
arefully resolved.However,the methodis proneto error whenappliedto channelswith sub-conductance states close
the 50% threshold.



Analysing Single-channel Currents > Detecting Channel Transitions > Removing Baseline
Drift

The accuracy of the transition detection processusially dependent upon the zero current basleline remaining
stable throughout the whole recording period. if drift is apparent in the signal baseline levetiist be removed before
initiating the detection process. Trends can beoweih by obtaining a series of estimates of theameesignal baseline
level throughout the recording period, fitting aquation to the resulting line, and subtracting fifaen the digitised signal.

To subtract a trend in the baseline level:

1. Click theClear Blocks button to erase any existing baseline trend line.
— Trend Remowal ——

Linear j
Add Block | | 0
Clear Blocks |
Subtracttrend |
Restore Original |

—Cursars

Get C-0 |

2. Scroll throughthe displayedrecordingand locate a sectionwherethe channeis closedfor an extendederiod
Selectthe closedinterval for inclusionin the baselinecurrentline, usingthe ‘|--|" regionselectioncursors.anc
click the Add Block button to add the average signal level duringgéisod to the trend line.

1.5/

==

cfl 1
0.408 041 041z 0414 0416

3. Repeatstep(2), selectingbaselinecurrent periodsthroughoutthe recordinguntil an adequateaepresentationf
the trend has been obtained.

4. Selectthe Trend Removalfunction (Linear, Quadratic, Cubic) to be fitted to the trend line. The Linefanctior
represents the trend as a simple straight linedf@tia and Cubic functions allow for curvaturetie trend.

5. Click the Subtract Trend buttonto removethe baselinetrendfrom the digitised signal. (If necessary, testort



the original signal click th&e store Original button.)



Analysing Single-channel Currents > Detecting Channel Transitions > Viewing/Editing
Channel Open/Close States

The individual channelopen and closedstatesproducedby the transition detectionprocessare displayedon the Edit
Channel State spage.

:‘.:'.'_':Single-l:hannel Current Analysis

Amplitude Histograms | Transition Detection  Edit Channel States | Dwell Time Histograms | SummangStability Plots |

— Events

35911 1.5
< 2

State= Cpen

Duratioh= 4 ms= /\ !'\ /\

Awg.= 0.995 pA . hU il WUMUA i
5.0.= 0.06822 ph WA WM
— Edit State

[~ Ignore state

Set Block | Y e "
Delete Ignored |

— Awerage Amplitude

Exclude edges | 01 ms

Im
— Export Events ———————— e
{+ BEvent List
i~ Closed Times
{~ Open Times
Save To File |

— zursar Measurement ———
[~ Enable

Save to List | [20

Clear List |

Save ListtoFile |
Load List from File |

Cursar spacing | 10

0,068 0.07 0.072 0.074 0.076 0

wictth [#] 12 8

The idealisedchannelopen/closedstateis superimposedin green)on the digitised currentsignal. The time period or
displaycanalsobe adjustedby increasingor decreasinghe Width time value. The type of state (Closed, Open) tiise
duration, average current and signal standard ti@viaithin the state are displayed in the statws b

Individual channelstateswithin the state list can be selected for display using tagestelection scroll bar or by enterang
state number into the box.
Events

aranm
‘ o)

The Exclude Edgesbox determinesthe numberof (zeroor more)samplesat the beginningandendof eachstatewhict




are excludedfrom the stateaveragecurrentto eliminate the parts of the signalwhich are in the processof transitior
between states.



Analysing Single-channel Currents > Detecting Channel Transitions > Editing the Channel
Event List

Artifactual channel transitions arising from pastghe current recording corrupted by externalfeteence or invalid for
other reasons often have to be excluded from therei dwell time and amplitude analysis. Individstakes can be
excluded from analysis by ticking tihgnore State tick box for that event

Edit State

[~ Ignore state

Delete Ignored |

e

To automatically exclude a block of events, clisk$et Block button to open the dialog box.

x|
— Events —————— [~ Selection criteria
&= All Events Im v'I State(s)
i~ Range
I QQH r |Elms <= Duration <= |Elms
™ [opa <= Amplitude <= [0 pA
— Setto
= lgnored I |1E'U3U pA <= St. Dev. <= IIIIpA
= Mot Ignored
0K | Cancel |

1. Select the type of state to be modifi€lqsed Openor All for both types of state) from ti@tate list.

2. Define the criteria to be used for selecting therntv to be changed.
To restrictchangego eventswith a specific range of durations, selfetration and enter a range of timesthie
box.
To restrict changesto eventswith a specific range of amplitudes,selectAmplitude and enter a range of
amplitudes in the box.
To restrict changesto eventswith a specific rangeof currentstandarddeviations selectSt. Dev. andentera
range of amplitudes in the box. (All selected citenust be met before a change is made.)

3. Selectthe Ignore State (Ignored, Not Ignored) settingto be applied when an eventis found to matchthe
selection criteria.

4. Selectthe All Events option to apply the criteria to all eventsor selectRange and enter a specific rangeof
events

5. Click the OK buttonto beginthe changesThe numberof eventmatchingthe criteria are indicatedin the statu:
box as the search progresses.

Note. Events markedfor exclusionfrom analysisremain within the channelstate list and, consequentlycontinueto
separateadjacentstates.lt is sometimesusefulto completelyremove Ignored eventsfrom the list and mergeadjacer
states into one. This can be done by clickinglrdete Ignore dbutton.



Analysing Single-channel Currents > Detecting Channel Transitions > Exporting the
Channel State List

To export the data stored in the channel stattoliattext file:

1. SelectOpen Times or Closed Times to export the sequentialist of channelopenand closeddwell times
producedby transition detection.SelectEvent List to export a list of channeldwell times with associate
channel state (0=Closed, 1=Open).

Export Events

+ Event List

i~ Closed Times
" Open Times

Save To File |

— mnrenr Maacinirarmant ———

2. Click theSave To Filebutton and enter a file name in the Save To Fllegibox which appears.

Save data file ilil
Save in: |I.j Drata j A= £ B~
cell 2 slice 4 full z series |CIHelene widmer Juky 2010, STREY + DHEA:
Dramian Cummings {wirscp) [C3Human Atrial myocyte (D Pau)
: [T)Daphnia (Tony Campbell) (53 J0bn MeC
Diocuments iData |CilineScan-10082005-0531-867
rm;- ) Data i Chart) [ChLiver 2P images (David Wokaosing
iData {Dundee) |=3MetaMorph Demo Images
Dieskiop ) Data iMiller Lite) |CaMichael Ferber
| iData (Plymouth) |=3Meuron {Sandy Harper)
[JData (Ross Images) |31 Origin Files
\ Daka (T Cells) [C3Plvmouth Data
My Documerits [T)Data (Tors) [CRabbit Cvs (Susan Coker)
- )Data (WinFluar) |CIRat cardiomyacyte (Plymouth)
rr CIDRG daka (Plymouth) |3Richardson Leao
| )
ki Computer P | | ﬂ
File name:

j Save I
ﬂ Canhcel |

Save as type: I Text Files ["%.tut]




Analysing Single-channel Currents > Detecting Channel Transitions > Cursor Measurements

Two pairs of linked cursors,a-a and z-z, can be usedto make manualmeasurementsf duration,averagecurren
amplitude and standarddeviation,and save theseto a list. This featureis enabledby ticking the CursorMeasureme!
Enable option.

]

]
Cursar Measurement
[+ Enable
T=0.0704 s
The averagecurrent(differencebetweerthe averagesignalwithin the z-z anda-a cursors) duration(time betweenthe

a-a cursors)and standarddeviationof the signalwithin the a-a region) are displayedin the Cursor Me asure mentbox.
Clicking theSave to Listbutton saves the displayed measurements to ayetisa

:‘.:'."_':Single—l:hannel Current Analysis

Amplitude Histograms | Transition Detection  Edit Channel States | Dwvell Time Histograms | SummandStability Plots

— Events

3ra1 1.8
‘ 2

State= Cpen

Duratioh= 4 ms /\ A
Avg= 0.985 pA i Y av.uf\/kuﬁ 1
S.0= 006822 phA ER W\A
— Edit State

[ lgnore state

Set Block |
Delete Ignored |

— Average Amplitude

Exclude edges ||:|_1 ms

— Export Ewents ———————— P& -7
{+ Ewvent List
i~ Closed Times
" Open Times

Save To File |

— Cursar Measurement —
[+ Enahle
T=0.0704 =
Avgla-a0=1.088 pA
5.0 .(a-a) = 0.09898 pA, A
Durfa-a) =09 ms

Save to List | [20

Clear List |
Sawve List to File
Load List from File

Cursar spacing | 10

I 2 2 =] =]
| 0067 0088 0089 007 007 0072 0073 0074 0075 Of

width 410 m

The amplitude,durationand standarddeviationmeasurementstoredin this list canbe plotted (vs. time) on the Stability
Plot page. A histogram of the distribution of atodie measurements can be plotted on the Amplitusiediams page.

The cursor measurementlist can be savedto an Excel-readabldext file by clicking the Save List to File buttonanc
enteringa file name.Previouslysavecfiles canbe re-loadecinto the measuremenilist by clicking the Load List from



File button.

The default inter-cursor spacing is defined by@ugsor spacing box.



Analysing Single-channel Currents > Channel Dwell Time Analysis > Analysis of Channel
Dwell Times

The Dwell Time Histograms page providestools for compiing and analysinghistogramsof the distribution of the
channelopenand closedtimes determinedby the transitiondetectionprocess Dwell time histogramscan be plottedvith
inear or logarithmic axes and mean state durationsestimatedby fitting one or more exponentialprobability densit

functions.

U2 single-channel Current Analysis

Amplitude Histograms I Transition Detection | Edit Channel States  Dwell Tirme Histograms | SummangStability Plats |

O & =10 s [ T T D 1
Set Axes |
Histograrn Type a0
|Clnsed times j
— Events
* All Events 457
" Range
1-911
I o 20
=
I
=
L
~ Histogram Settings = 15 4
{* Linear Mo.Bins
= Log-Sqr |1|:||:|
10 A
Range | 0-01s I
) ]U 1
Save Histogram I 0 |I [ IJ-| |_| |J-|_| [ [ |-| [
f ' ' 0.0435.0 '
1] 0.0z 0.04 0.06 0.08
Closed times (=)
| Mean= 0.0206 s /Events= 455
— Curnee fitting
Fit Curve |
Mone j
F Test |
SavetoLog |

The heightof eachhistogram bin indicates the number of samplesalliithin the limits of the bin. The numberafent:
within eachbin andthe dwell time at its mid-point canbe readout usingthe green readout cursor. The numbeg\ant:
containedin the bins faling within a selectedrange of dwell times, and the meandwell time of that region, can be
displayed by placing the pair of grey ‘f--f' cursaat the limits of the region of interest.



_I

' 00265, B f
0.02 0.

— O

Mean= 0.0206 s Events= 230

Seven basic types of histogram can be producedtirerdwell time data in the channel state list.

Open times: distribution of channel open times.
Closed times: distribution of channel close times.

Burst Length: distribution of the duration of bursts of openings,a burst being definedas a seriesof opening
interspersed by short closures, terminated bysuolonger than a predefined period.

Single open times: distribution of open times ahmirel openings which dwt form part of a burst.
Opens times within bursts: distribution of operetinof channel openings which form part of a burst.
Openings per burst: distribution of the numbeclwinnel openings within a burst.

External file: distribution of times loaded from axternal file.



Analysing Single-channel Currents > Channel Dwell Time Analysis > Plotting a Dwell Time
Histogram

To plot a dwell time histogram:

1. Set the type of histogram to be plotted usingHigtogram Type list.
Histooram Type
Closed times j
— Fwents 1
2. Selectthe All Events option to use all channelstate eventsin the recordingor selectRange and enterthe
sub-range of events to be included.
Events
&+ All Events
" Range
[1-911

3. If BurstLength,or any of the other burst-relatechistogramtypes have beenselectedgenterthe critical closet
time value used to distinguish between intra- atet-burst closed intervals in tfecritical box.

5. Histogram Settings: Set the type of bin spacingto be used.Sethe numberof histogrambins in the No. Bins
box.

Selectthe Linear option for fixed width bins and enterthe lower and upperlimits of the rangeof timesto be
included in the histogram in th&ange box a
Histooram Settings
f Linear o Bins

" Log-Sqr |1|:||:|
Fange | n-01s

OR selectthe Log-Sqr option for logarithmically spacedins andenterthe numberof bins per 10 fold change
dwell time in theNo. bins per de cadebox.

Histogram Settings

" Linear Mo, Bins

Mo, bins I—
per decade 18
6. Click theNew Histogram button to plot the histogram.

Linear histograms with fixed width bins

A Linear dwell time histogramis compiledby countingthe numberof statedwell timeswhich fall into a seriesof equa
sizedtime bins spreadover a givenrangeof times. Eachdwell time, tstate is assigneda bin number,ibin, accordingto
the formula

. t
lin = |nt(—s\;\alte+1j

wherew is the width of the bin, andInt means'take the integer part of'. The exponential shape of thecgippnchanne
dwell time distribution is clearly apparent inrelr histogram.
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Logarithmic histograms with variable bin widths

Many channels however,produceopenor closeddistributions consistingof more than one type of statewith radically
different meandwell times. In suchcircumstancedt provesdifficult to adequatelyrepresenthe whole distribution of
times usinga single fixed bin width. For example a closedtime distributioncomposedf two typesof statesone with a
meandwell time of 1 ms andthe other with a meanof 40 ms cannotbe easily representedn a linear histogram,as
shownin the examplehistogram(100 bins, 1ms bin width). The 1ms bin width is too large to adequatelyepresenthe
distribution of the short closures and too smadl¢ocumulate significant numbers of the long evengsy one. bin.
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One solutionto the binning problemsencounteredvith multi-statedistributionsis to begin with narrow bin widths fdarief
eventsandto progressivelyincreasebin width for subsequenbins. An approacHike this, developeddy Sigworth & Sine
(1987), has found widespread use. Dwell times Boeaded to bins according to the formula

pin =1+ Int(bpd fog (nd ))

wherebpd is the numberof histogrambins per decade (10-fold) change in dwell time. ardtlis the dwell time in unitsf
samplingintervals. This algorithmresultsin a histogramconsistingof a seriesof bins which logarithmicallyincreasen
width, from a bin size equalto the samplinginterval, by the factor bpd everydecade By conventionthe vertical axisof

the Sigworth-Sine histogram is plotted using a sgueact scaling.

A typical logarithmic histogramis shownhere (the sametwo-state,1 ms, 40 ms closedtime distribution usedearlier)
Each exponential now appears as a peaked disintwiih the peak value occurring at the mean dimed for that state.
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Analysing Single-channel Currents > Channel Dwell Time Analysis > Fitting exponential
Functions to dwell time histograms

Dwell time distributions can usually be describetbirms of a mixture of exponential probability signfunctions, where
the probabilityp(t) of dwell time t, being observed is given by
nexp
o) =332 e -
i TI

Where nexpis the numberof exponentiacomponentsn the mixture, Ai is the fraction of the total number of dwelmes
associateavith component, andi is the mean dwell time. Mixtures of up to 5 expdizp.d.f.s can be to the dwéihe
histograms, using either an iterative least squanetbiod.

Fitting Exponential Probability Density Functions

To fit an exponential mixture to a histogram:

1. Define the rangeof dwell times containing the histogram bins exporédistributions to be fitted using the pair

o If I T T TTTTH I T TTTI D_Dzaﬂm??dq_lll f |
1074 103 102 10-1

Closed times (=)

| Mean= 0.00581 s Events= 3857 —— |

grey ‘|-’ region of interest cursor_.

2. Select the number of exponential components imrikkure to be fitted from th€urve Fitting list.
Cure fitting

Fit Curve |

3. Click the Fit Curve buttonandenteran appropriateset of initial guesses for the exponential functianametel
(Ai, i). A setof initial guesses are computed automatically hsitoften necessary to adjust these to betiztct
the location and size of the observeddistribution. E.g. setthe meandwell times to the peaksin a logarithmic
histogram.).Individual function parameterganalsobe fixed at their initial valuesby ticking its associateHixed
box.

Set Fitting Parameters x|

— Parameters

Fixed Fixed

Y i r
v [ooomsts I r
e [mw r
= [ooosts I r

|—I_ |—|_

{* Automatic

" Manual [|nitialise |

El::.;am:el |

Click the OK button to begin fitting.

|'F'arameter Intialization ——




The mixture andthe bestfitting individual exponential components are superimpdse@d) on the histogram. Thalue:
of the function parameterslongwith their standarcerrorsare displayedin curve fitting resultsareaat the bottom othe
display.

200
160
100
o
t=
o
it
. A0 A
=
=
0 T T TT00T T T TTII gz gg0 ¢ T T IO 1 T 110
10-4 10-3 102 10-1 100 101
Closed times ()
[——Mean= 0.00581 s Events= 3857 —— |
— Curee fitting

Pl = Epa.z (Ao exp -t ~
A= 8737 22864 (sd) %
7= 0001184 £ 5.655E-005 {sd) =

2 Expunentialsj

F Test | [#e=2203£23851 (s %
S tol I Te= 002267 0004263 (sd) 5
ave 1o Log Residual 5.0.= 0.5108 %
Nenreas nffreadnm = 47T ;I

Note. Standarcderror valuescomputedby the curve fitting programare not true estimates of experimental standardi
sincethey take no accountof inter-cellor othervariability. They tendonly provide a lower boundto the estimateof the
standarderror in a parametewalue.) The residualstandarddeviation(SDres) betweerthe histogramdataandthe fitted
curve provides a measure of the goodness of fié. sthaller the value of Siothe better the fit.

Iterative curvefitting is a numerical approximation technique, which is nithout its limitations. In some circumstances,
canfail to convergeto a meaningfulanswer,in othersthe bestfit parametersnay be poorly defined.lIt is importantto
make an assessment of how well the function fishiktogram before placing too much reliance orpiameters.

Determmining the required number of expone ntialcomponents

The numberof componentsiecessaryo fit a dwell time distributioncanbe determinedoy fitting a seriesof exponentic
p.d.f. mixtureswith increasingnumbersof componentsuyntil no significantimprovementn fit is observedFor example
the figures below show the results of fitting mietsi of 1, 2 and 3 exponential components.

The single exponentiap.d.f. canbe clearly seento be a poor fit, with markeddeviationsbetweenrthe fitted line andthe
data.
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The mixture of two exponentialsprovides a qualitatively better fit, accountingfor both peaksin the distribution. The
residual standard deviation has also been redintbzhting a better quantitative fit.
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The mixture of threeexponentialgc) alsoprovides a qualtatively good fit, with a residegdndard deviation similar tbe
two exponential fit. Two of the components appedre very similar mean values
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It is usualto choosethe p.d.f. function with the leastnumberof parameterssufficient to provide a goodfit. Additiona
componentshouldonly be includedif they canbe demonstratedo significantly improve the quality of fit. A quantitative
estimate of the improvementin the quality of the fit, obtainedby adding additional exponentialcomponentscan be

obtained by computing the F statistic

_SSQ-SsQ n-m,
ap SSQ m,

SSQ andSSQ arethe sumsof squaresof the residualdifferencesbetweerthe histogram data and the expeotalle:
for two p.d.f. functions a andb, where function a containsfewer exponentialcomponenthanb. m, andm, are the
number of free parameterdan eachfunction andn is the numberof histogrambins. SSQcan be calculatedfor eacl
function from the residualstandarddeviation,SD., and degreesof freedom ny,.., vValuesreturnedas part of the curve
fitting results.

SSQ: nfreex SDrzes

Large positive valuesof F,, indicatethat extraexponentialsn functionb resultin a better fit to the data than functien
smallpositive valuesindicate that the fit is little improvedandnegativethatit is worse. The significance probability thie
observedF,,, value can be determinedfrom a standardF distribution, with m, andn — m, asits degreesf freedom
Further details can be found in Horn (1987).

To compare the quality of fit of the series of pfitted to a histogram, click tHe Te st button
|3 Expnnentialaj

| F Test |

to open the F Test box.



x]
— Results
Exponentials 1 2 3
Residual 550 28.02 12.26 12.3
Mo, Parameters 2 4 6
Degrees of Freedom | 49 L 445
F 3019 -0.03605
p 0.0000 0.9a05
Al 91 64 % ar.a7 % 87.549 %
Tau(l) 0001298 s | 00011845 0001188 s
AL 22.03 % 1083 %
Tauld 0022675 | 00869 s
Al 107 %
Tauld) 0.02791 =
Print |

The residualsum of squarespumberof function parametersand degreesof freedomfor eachfunction that hasbeel
fitted are tabulated.

For eachsuccessivexponentiacomponenthe F statisticcomparingits quality of fit with the previousone is compute:
alongwith its associategignificanceprobability, p. A functionis deemedo have significantly improvedthe quality offit,
if p <= 0.05.In the example shown here, 2 exponentialsprovide a significantly better fit (p=0.0000)than, but 3
exponentials do not provide a better fit than 2(p805.)

Click the Print buttonto print a hardcopy of the F testresultstable. The table of resultscanbe clearedby clicking the
Clear Table button.



Analysing Single-channel Currents > Channel Dwell Time Analysis > Customising Histogram
Plots

If youwantto alterthe X or Y axis range,scalingor labelson a histogramgclick the Set Axes button to open thdialoc
box.

Set Axes Range / Labels X|

—X Axis ————— Y Axis
{~ Automatic {* Automatic
{* Manual = Manual

Min. | -g 433 hair.

Manx. |1.41 Maiz. |5 A7
Tick ID_Q Tick |4
Scale Iw,l Scale Linear =

— Labels
#AXIE (AN Points (pA)

il

Y oAxiE %

oK Bin Style
| I Empty vI Colour
ﬂl [ Full borders I:I

You canchangethe X or Y axis limits by selecting théVlanual Axis option and entering new values into M&, Max .
and Tick (spacing)boxes.An axis canbe madeLinear or Logarithmic by selectingthe option from its Scale list.
Labels for the X and Y axes can be entered intd.&e Is boxes.

The style of rectangleusedto plot the histogrambins canbe changedusing the Bin Style options. SelectNo Fill to
displaybins as rectangulamutines,Solid Fill to fill the bins in with a solid colour, andHatched Fill for bins filed witha
diagonalines. You candefine the colour used for the solid fill, by clicking te®lour box, and selecting a colour fraire
palette.The Full Borders checkbox determinesvhetherthe outline is drawn completely around each bar, dnjisere
bars do not overlap.



Analysing Single-channel Currents > Channel Dwell Time Analysis > Printing Histograms

To print the displayed histogram, select
File
Print

To open the dialog box.

print x|
— Typeface —————————— — Page Marging ——
|Aria| |||t [5.0cm
Size IW Right IE.S Cm
Top | 8.0cm
I—

Lime wvictth IQ pts Battom | 5.0 cm
harker zize |5 pts

IUse colour N

Cancel I

Click the OK button to print the graph.



Analysing Single-channel Currents > Channel Dwell Time Analysis > Copying Histograms to
the Clipboard

Copying the histogram data points to the Windows clipboard

The numerical values of the X,Y data points whieheyate the histogram can be copied to the clijdmaselecting

Edit
Copy Data

The datais placedon the clipboard as a table of data values, in tab texbéb, defining the histogram. There areadue:
per row, and one row for every bin in the histogr&ach row has the format

<Bin Lower Limit> <tab> <Bin Mid-point> <Bin Upper Limit> <tab> <Bin Count> <cr> <If>

Copying an image of the histogram to the Windows clipboard

An image of the histogram plot can be copied toclipboard by selecting
Edit
Copy Image

to open thalialog box.

Copy Image |

— Typeface —————— —Image Size
|Aria| j Wictth

i I 600 pixels
size |12 pixels

Height

500 pixels
Line wicth IQ pixels I i
harker size |5 pixels

IUse colour o

The dimensions (pixels) of the bit map, which tdld the image, can be set using the Width andhti@tage size
boxes. The size and style of the typeface canbessg the Typeface and Size boxes.

When the image parameters have been set, clidRithéutton to copy the image to the clipboard.
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Analysing Single-channel Currents > Stability Plots > Stability Plots

The validity of the channel dwell time analysislégpendent upon the channel gating beingsiteéionary condition
throughout the recording. Stationarity means thatrate constants governing the transitions betwbannel states are
constant and the mean open and closed state @l tand open state probability, do not vary dutie recording.
The Summary/Stability Plots page providesa setof tools for revealingthe presenceof trendsin the single-chann
current amplitudes or dwell times.

:‘.:'.‘_':Eingle—l:hannel Current Analysis

Amplitude Histograms | Transition Detection | Edit Channel States | Dwell Time Histograms  SummarngStability Plots |

Block Size I 15001 =

New Plot/Summary |
SetAxes | abort|
Flot Type
Mean current j
— Bvents
t+  All Events
" Range
[0-30.003s
Use CIJ-C1|

Saveto Log

hean current (pA)

0.35

0.3 1

0.25

]
2
|

015

0.1

0.05

=101 i

! 15.751,0.32063 ! !
10 14 20 25

Tirme (s)

To create a stability plot :

1. Select the type of plot to be created formmtet Type list.

2. Selectthe All option to use all samplepoints/eventscontainedin the recording/eventist or selectRange anc
enter a time interval/event range to define a sederegion.

3. Enter the number of averaging blocks that the aisaiggion is to be divided into lo. Blocks box.

4. Click theNew Plot button to display the plot.

The values of the x,y points in the plot can bedreat using the blue readout cursor.

The following parameters can be plotted:

 Mean current: Displays trends in mean currents. The digitised current signal is divided into a series of
contiguous blocks, the mean current for each hfoclkmputed and plotted vs. the mid-point timeefach block.

« Open probability: Displaysthe probabiiity of a channel being open and is derived from thennegiarent plotpy
dividing the mean block current by the single-channekurrent value (set on the Amplitude Histogramsor

Transition Detection page).



Opentimes: Displaystrendsin the channelopenstatedwell time. The channelevent list is divided into aerie:
of contiguousblocks,the meanopenstatedwell time for eachblock is computedand plottedvs. the mid-poin
time for each block.

Closed times:Displays trends in the channel closed state dinel.t

Single-channelcurrents: Displaystrendsin the amplitudeof the single-channel currents. The channel efiggnt
is divided into a seriesof contiguousblocks,the meansingle-channeturrentfor eachblock is computedanc
plotted vs. the mid-point time for each block.

Current vs Opentimes: Dsplaysthe relationshipbetweenopenstatedurationand average open staterrent
Dwell time and average current for the open statéd®e event list are displayed as a scatter plot.

Cursor Meas. (Avg):Displays (vs time) the average current in the tiaguml cursor measurements lists.
Cursor Meas. (Dur): Displays (vs time) the average duration in thentiaeual cursor measurements lists.

Cursor Meas. (S.D.): Displays(vs time) the average standard deviation in the theuadazursomeasuremer
lists.



Analysing Single-channel Currents > Stability Plots > Printing Plots
To print the displayed plot, select

File
Print

To open the dialog box.

Line wvicth Iz pts Bottom | 5.0 cm
Marker size |5 pts

Ise colour N

Cancel I

prnt x|
— Typeface —————————— — Page Marging ——
|Aria| |||t [5.0¢cm
Size IW Right IE.S i
Top | 8.0¢cm
I—

Click the OK button to print the graph.



Analysing Single-channel Currents > Stability Plots > Copying Plots to the Clipboard

Copying the plot data points to the Windows clipboard

The numerical values of the XY data points whieheyate the plot can be copied to the clipboarselscting

Edit
Copy Data

The datais placedon the clipboard as a table of data values, in tab texbéd, defining the histogram. There areadue:
per row, and one row for every bin in the histogr&ach row has the format

<X> <tab> <Y> <cr> <If>

Copying an image of the plot to the Windows clipboard

An image of the histogram plot can be copied toclipboard by selecting
Edit
Copy Image

to open thalialog box.

Copy Image ﬂ

— Typeface —————— [~ Image Size
|Aria| j Wictth

) I GO0 pixels
size |12 pixels

Height

500 pixels
Line wwictth Iz pixels I "
Marker size |5 pixels

Use colour N

The dimensions (pixels) of the bit map, which tdld the image, can be set using the Width andhtl@tage size
boxes. The size and style of the typeface can bess® the Typeface and Size boxes.

When the image parameters have been set, clidRlthéutton to copy the image to the clipboard.



Noise Analysis > Noise Analysis
To analyse ionic current noise, select

Analysis
Noise Analysis

to open WInEDR’s module for analysing the random fluctuations in ion channel currents under stationary or
semi-stationary conditions.

iINoise Analysis =10 x|
Reviewn Edit Data Recors | Amplitude Histogram | Yariance Analysis | Spectral Analysiz
— Records
[ 1357342 e
H B ] _
Type ITest vI
[~ Rejected I 2
Set Block | 'm[”"“':][FiE
i
AC Channel
|ch.oim | e -
OC Channel Al
|ch.aoim |
mecord Size 13.74 13,76 13.78 138 13.82
Owerlap
I 0%
Data
(Mean (O | 11.3 pA Yariance (AC) | 10.7 pAn2

The moduleis spiit into 3 pageseachassociatedvith a specific noise analysisoperation.The Variance Records page
provides tools for the partition of the continuous digitised signal into variance records, rejection of artefact anc
classificationof records.The Variance Analysis pageis used to plot the mean, variance and other paeasmmpute
from variancerecordsagainsteach other. Th&pectral Analysis page is used to plot the average power spectruhg of
signal.

Noise analysisis most commonly appliedto the whole cell currentsactivatedby the openingof receptor-activatedbn
channels. The figure below showsa typical recording.Recordingbeginsbefore the agonist is applied in order to obtain
sample of the backgroundnoise, the agonistis appliedafter 10 s and both the meancurrentand the amplitude of its
fluctuations can be seen to increase to a steatly. st



:‘.:'.‘_':'Iul'iew Recording

— Mark Chart————— ldent:
Mark Chart |

[ o

—ourEar Avg. i=0-1=71 —

Calculate Average |

=0 t= 17.5,16.757 pé
0 5 10 15 20

" ms s { min
Get t=0 Cursor I

StﬂrtTimEIDS 1| |

A ‘stationary’ randomsignalis one whosebasic statistical parameters (mean, variance, pep&etrum) remaioonstar
during the period of the recording.A semi-stationarysignalis definedas one where the statisticalparametersare not
constantput varying at a rate muchslower than the intrinsic fluctuations. A discussid the theory and practice wbise
analysis can be found in Defelice (1981), Eisenle¢ra@. (1984) or Dempster (1992, 2001).



Noise Analysis > Signal Conditioning

The analogue signal conditioning requirements ifprads intended for noise analysis are somewhatestthan for other
applications Alow-passanti-aliasinditer with sharpcut-off characteristic§Butte rworthor Chebyshevis essential.
(Suitable fiters include the Frequency Devices @Kemo VBF-8) The cut-off frequency of this fittehould be set to
slightly less than half of the digital samplingerat

In some studies,e.g. endplatenoise at the neuromusculajunction, the currentfluctuationsare a small fraction of the
meancurrent. In thesecircumstancesi may be necessaryo use a high-pasditer to separateout the noisefrom the
mean current signal, amplify by X10-X100, and digitit on a second input channel (See Dempster)2001



Noise Analysis > Selection & Inspection of Variance Records

Selectthe Variance Records pageto selectthe signalchannel(s)o be analyseddefine the size of the varianceecord
and to visually inspect, edit and classify the rded signals.

iINoise Analysis =10 x|
Reviewn Edit Data Recors |Ampl'rtude Histogram | Wariance Analysis | Spectral Analysis
— Records
[ 1357342 e
H B ]
Type ITest vI
[T Rejected
Set Block | 'm[”"“':][FiE
AC Channel
|ch.oim | e -
OC Channel Al
|ch.aoim |
mecard Size 12.74 12,76 12.78 1.8 12,82
Owerlap
I 0%
Data
(Mean (O | 11.3 pA Yariance (AC) | 10.7 pAn2

Variancerecordsare displayedindividually on the screenselectableusing the Records scroll bar or box. The recort
mean signal level and variance are displayed dbdtiem of the screen.

Set up for a variance or power spectrum analysig tise following procedure :

1. If thereis morethanone input channelselectthe channelkcontainingthe basic,DC-coupledcurrentsignalwith
the DC Channellist.
DC Channel

Ch.01m ~|

2. If the current noise has beenacquiredin an additional high-gain, AC-coupled channel,separatefrom the
DC-coupled channel, select this channel withAkeChannel list.

AC Channel

Ch.0 Im |

3. Enterthe numberof samplesin the variancecalculationrecordin the Record Size box (32-8192).(Note. The
recordsize is constrainedo be a powerof 2.) The larger the size of the variance record the moreiratelythe
variancecan be calculated.This is, however at the expenseof the time resolutionof changesn variance.The
size of the recordalso determinesthe low frequencylimit of the power spectrum.[Optional] Enterthe recorc
overlappingfactor in the Overlap box (0%, 25%, 50%, 75%). The default setting,an overlapfactor of 0%
correspondso contiguousjndependentecords.Increasinghe overlapfactor,increaseshe numberof available
recordsimprovingthe temporaresolutionat the expenseof sharingsamplesbetweerrecords




Fecord Size

|1I324

Owverlap

0%

4. Inspect each individual variance record and reject those containing artefactsfrom analysis by ticking the
Rejectedtick box.
Ll P | = |

Type ITest 'I

[ Rejected

5. Clla_slsify ea_th record iccording to what type ofdigrcontains - Background or Test — by settiad itpe.

Type ITest vI

[T Rejected

Recordscontainingonly noise from sourcesotherthanthe ion channelsunderstudy (e.g. instrumentatiomoise
are classedas Background. Recordscontainingthe ion channehoise underinvestigationare classedas Test
(Background and Test records are processesseparately.allowing the averagedvariance/powerof the
backgrounchoiseto be subtractedrom the ion channehoise.)Recordscaneither be classified individually oin
blocks, by clicking theset Block button to open the Set Block dialog box.

cet Block x|

Fecord state

o [T

[ Rejected
Fange |1 - 342
0K I Cancel I

6. If necessarysetthe DC Channelzerocurrentlevel by draggingzerolevel cursorup or down. (Note. The zerc
current level is usually set to the mean signalléhat exists within the Background records.



Noise Analysis > Analysis of Signal Variance

Selectthe Variance Analysis pageto display and analysethe meancurrent,varianceand other parametergompute:
from the variance records.

iINoise Analysis _ol x|
ReviewEdit Dats Records I Amplitude Histogram ~ Vatisnoe Analysiz | Spectral Analysis
— Records
Set Axes | 147
212
— Records =y
i+ All records =10 -
" Range % g —
1-342 o
| g 5-
[
—Flot = 4-
X Axis =
2 -
|Recnrd Mo, | . T T Y
W Mis —ak, 096027 ' ! 1 T T T
] a0 100 150 200 260 300
Ivariance A j
Record Mo.
— Qptions
[~ Subtrt Backgr'nd — Analysis
Fit Curve | [ayg variance (AC) = 7.672 pa?
Mane j Mo, records = 342
SavetoLog |

To select and plot a pair of variables :

1. Define the variable to be plotted on the X axissbiecting it from theX Axis variable list.
2. Define the variable to be plotted on the Y axissbiecting it fromY Axis list.

3. Selectthe All Records optionto plot all available variance records or sel@ange and enter a specific rangé
records. Note. Records marked as Rejected and Background reaoedsxcluded.)

4. Select theSubtr't Backg'd option to subtract the average variable valueimitie Background records from
the plotted data

5. Click theNew Plot button to plot the graph.Five basic parametersangputed from each variance record and
can be plotted against each other.

Five basic parameters are computed from each ea&rigatord and can be plotted against each other:

Mean (DC) is the mean current computed with the formula




wherel(i) is theit" of theN samples in the variance record.

Variance (AC) is the current variancé,computed using the formula

300 nen

0.2 — =1

N-1
St Dev (AC)is the standard deviation (the square root ofarae (AC)).

Skew (AC)is the current skew, computed using the formula

(1 6) =1 e

Skews 2
N-1

Median Freq. (AC) is median frequency of the power spectrum caledlftom each variance record. (

Note. Variablesmarked(AC) are computed from the designated AC signal channel {@@nce Records page)pihe
exists. Variables marked DC are computed from tliecbannel.)



Noise Analysis > Variance-Mean Current Plots

To plot a variance-mean current curve and estisiagge-channel current and number of channel tiygfia parabolic
curve:

1. Select a range of variance records from a peridbdeofecording where the mean current is changing.
2. SelectMean Current (DC) from theX Axis list andVariance (AC) from theY Axis list.

3. Click theNew Plot button to plot the variance-mean graph.

4. Select the region of the graph to fitted, using|tHeanalysis region cursors.

5. SelectParabolafrom the Fit Curve list to fit the parabolic eqoatto the plot.

6. Click theFit Curve button. Set the initial parameter guesses (ofifiamal click theOK button.

iINoise Analysis =10 x|
Review Edit Data Records I Amplitude Histogram ~ Vatianoe Analysis | Spectral Analysis |
— Records
New Plot
ew | 30 DD 0
Set Axes |
O O O O
—Records —————— oy 20 - & ]
" All records f&
{* Range GED - I:‘:| 0 0 O
|1 0o-130 L
a 15 .
~Plot =
# Az = 10
[Mean (DC) =0 - :
Y iz
I‘Jariance 2T j ?.?'IHEE, SaEE — T T T T
0 10 20 a0 40 Al
— Cptions
[T Subtr't Backgr'nd Mean (DC) pA
— Analysis
EO | Y i = Wy + |y - 18 -
Lu=1.062+0.2226 (sd) pA?
Farahola 7
J Mo=87.71 225917 (sd)
Save to Log | YVh=0787+3.49 (5d) pA?
Fesidual 5.0.= 2.922 pA2
Degrees of freedam = 27
Mo, of iterations = 8 j

The best-fit single-channeturrent (1.), numberof channels(Nc) and backgroundvariance(Vy), unrelatedto channe
activity, along with estimated standard error aggldual standard deviation are displayed in thiagfitesults box.

Theoretical Background

An estimateof the single-channeturrentand the numberof channelsn the cell (or patch)canbe obtainedby plotting
currentvariancevs. meancurrent. For a cell containing a populatiomgfon channels, each capable of passingraent
l., and a probabilityp, of being open at any given time, the mean curfiarthe whole cell is

l,=1,In[p



The variance of the current fluctuations is
0-2 = IU2 |]]C Ep[ql_ p)

These two equations can be combined to provideabplic relationship betweerandl,,,

Estimatesof 1, andn, canthus be obtainedfrom plots of currentvariancevs. meancurrentby fitting the aboveusing
non-linear curve fitting.

Examplesof the use of variance-mearmlots and a discussionof the issuesinvolved can be found in Cull-Candyet a
(1988), Dempster (1992, 2001).



Noise Analysis > Power Spectra

The power spectrum is a measure of the frequestybdtion of the signal variance. Analysis of trapltude and
shape of the power spectrum provides a meansiofatisg both single-channel current amplitude amannel gating
kinetics. The averaged spectrum is obtained by atingpthe individual power spectrum for each var@necord using
the fast Fourier transform, averaging the corredipgrfrequency components from each record, anibfaily]
averaging adjacent frequency components. By colvetiie power spectra is then plotted using logalres.

Select thdPower Spe ctrumpage to compute and plot the averaged power speéor a series of variance records.

:'.Z'ff:Nuise Analysis

ReviewEdit Data Recards | &mplitucde Histogram | Vatiance Analysis | Spectral Analysiz |

— Records
New Spectrum

Set Axes

— Records
{+ All records
" Range

|1-85

— Tirmne wirndom
{* Hone
= 10% Cosine

— Options

[ Subtrt Trends

[ Subtr't Backg'd

[T Remove
Harmonics of

IIZIHz

— Freq. Averading
{+ Hone
i~ Logarithmic
{ Linear

Mo, Fregs. |1—

=101 %]

— Cunee fitting
Fit Curve |

INnne j

MEPC Frequency |

Save ToLog |

To plot a power spectrum :

1. Selectthe All Records option to include all available variance recordthia spectrum or seleBange andente
a specffic range of recorddN@te. Records marked as Rejected and Background reacedsxcluded.)

Recaords
" Allrecords
{+ Range

|11EI-342

2. Freq. Averaging: Selectthe type of averagingo be appliedto adjacentspectrafrequenciesSelectNone for
no averaging.SelectLogarithmic to logarithmicallyincreasethe numberof adjacentfrequenciesaveragedvith
increasingfrequency.SelectLinear to averagea fixed number of adjacent frequencies throughoufribguenc

range the numberenterecin the No. Fregs. box.



Freng. Averaging
" Hone
{+ Logarithmic
{~ Linear

M. Fredgs. |1_

3. Time Window: Selectthe time window to be appliedto the datain eachvariancerecord.SelectNone for nc
time window. Select0% Cosineto taper the first and last 10% of data pointegiai cosine bell function.
|'Tirne Wi oy

= Hone
{* 10% Cosine

4. Options: Tick the Subtr't Backg’d optionto subtractthe averaged power spectrum of the Backgroandrd:
from the spectrum of the Test records. (The backgt@pectrum is also plotted ( symbols).)
Tick the Subtr't Trends option to removeany linear trendsfrom the data points within eachvariancerecorc
before computation of its power spectrum.
Tick the Remove Harmonics of option and enter a basefrequencyin the box to remove frequenciesat
multiples of X1 and X2 the base.
— Cptions
[T Subtr't Trends
[ Subtr't Backg'd

[T Remove
Harmonics of

|IIIH2

— Fren &waranin ———

5. Click theNew Spe ctrumbutton to compute and plot the averaged spectrum.

The spectrapower at eachfrequencycomponenicanbe displayedusingthe blue readoutcursor. The averagevariance
containedwithin a rangeof frequenciesndicatedby the |--| region of interest cursors is also displayw totalariance
obtainedby integrating the spectrumand the median power frequency (frequencybelow/abovewhich 50% of the
variance lies) is displayed in the results box.



CINoise Analysis -0 x|
Review Edit Data Records | Ampltude Histooram | Yariance Analysiz  Spectral Analysis

— Records
New Spectrum |

Set Axes |

— Records

i~ All records .

i* Range X103
o
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A detailed discussion of the computation of pos@ctra can be found in Dempster (1992 or 2001).



Noise Analysis > Fitting Curves to Power Spectra

To fit a Lorentzian function to a power spectrum :

1. Select the region of the spectrum to fitted, usieg--f region of interest cursors.

4 \ |

Fp T TTTTI T II1?D_9§D_D3DE44IIIIII T

1n1 1n< 1n3
2. Select the function to be fittetigre ntzian, 2 Lorentzians) from the Fit Curve list.
Curve fitting

Fit Curve |

3. Click theFit Curve button. Set the initial parameter guesses (ogfiona

Set Fitting Parameters x|

— Parameters

Fixed Fixed

S0 [oosizpms [ -
o [weare r
[ [ F
[ [ F
[ [ F

Parameter Intialization ——
il {+ Automatic
Cancel| " Manual Initialisel

and click theOK button.

The bestfitting curve is superimposedipon the spectrumandthe bestfit function parametergzerofrequencyspectre
power, S, and corner frequency,f.) along with the parametersstandarderrors and residualstandarddeviation are
displayed in the resuits box. The single-channeke,|,, and channel gating time constant are also disglay



iINoise Analysis -0l x|
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Lorentzian Functions

The spectraof ion channelfluctuationshave characteristicshapesrepresentedby the sum of one or more Lorentzial
functions,

S(f)=—

1+(f/ £ 1)

At low frequenciesthe functiontendsto a constantvalue,S (units I2/Hz). At high frequencieshe spectrumdecaysin
proportionto 1/f2. The rate of ion channelopeningand closuredetermineghe cornerfrequency ., at which the powe!
hasdeclinedto S/2. Channelswvhich rapidly ficker between short open and closed states peotigher frequencgoise
and spectrawith higher cornerfrequenciesFor a channelwith two states(openand closed),f., is relatedto the ion
channel gating time constant, , and the mean opeclased timed, e, toses DY the formula,

r= 1 = 1
ZITch ]/topen + ]/tclosed (2)

If tclosed >> topen then topen-

If a channehasmore thantwo statesthenits noise spectrumwill consistof a mixture of n-1 Lorentzian functions fon
channelsstate. The relationshipbetweenchanneldwell times and corner frequenciesof the Lorentziancomponentss
more complicated in these cases (See Ruff, 1977).

If the spectrumhas beenrecordedunder conditions where the open channelprobability is small (e.g. p 0.1), the
single-channeturrentand conductanceanalsobe computedrom the power spectrum.For smallp valuesthe secon
term in the egn. 2 can be neglected leading toegtdielationship between current variance and roeiaent

o?=1,0,

3)

Since the spectrunris the frequencydistributionof the variance the variancecanbe calculatecfrom the integralof the



Lorentzian function.
2 - fc [SO
2 (4)

By combiningegns.3 and 4 the single-channel conductance can be c@dufiiom the Lorentzian curve fitted to tioaic
current power spectrum.

_ fc[SO
‘20,

g

|
®)

(Note. In these circumstances no information cadds&ed concerning the total number of channels.)

Miniature endplate current noise

It is also possibleto analysethe currentfluctuationsassociatedvith the miniature endplatecurrentsunderconditionsof
the high frequencyreleaseevokedby increasingthe K ion concentrationof the bathing solution. The MEPC noise
spectrum can be modelled with the three paramEteF{, A) function,

A
(]/Fd +]/Fr)f2+f4/(|:r2 D:dz) (6)
Egn. 6 canbe fitted to a spectrumby selectingMEPC Noise from the fitting function list. Parameter$, andF, are

associatedvith the MEPC rise and decaytime coursewhile A is associatedvith the overallnoise amplitude.The time
constants for MEPC rise and decagndqs, can be computed from these.

S(f)=

After the : andq, time constantshave beenestablishedoy fitting eqn. 6, to the MEPC noise power spectrum,the
frequency of MEPC release can be computed by mickieMEPC Fre que ncy button (on the Variance Analysis page).



Noise Analysis > Printing Plots or Spectra
To print the displayed plot, select

File

Print

To open the dialog box.

print x|

— Typeface — 1  Pade Margins —
|Aria| |||ttt [s0cem

SiTe 12 pts Righit | 2 A cm

Top 5.0cm

Line wvicth Iz pts Bottom | 5.0 cm
Marker size |5 pts

Ise colour N

Cancel I

Click the OK button to print the graph.

Suk




Noise Analysis > Copying Plots to the Clipbboard

Copying the plot data points to the Windows clipboard

The numerical values of the XY data points whieheyate the plot can be copied to the clipboarselscting

Edit
Copy Data

The datais placedon the clipboard as a table of data values, in tab texbéd, defining the histogram. There areadue:
per row, and one row for every bin in the histogr&ach row has the format

<X> <tab> <Y> <cr> <If>

Copying an image of the plot to the Windows clipboard

An image of the histogram plot can be copied toclipboard by selecting

Edit
Copy Image

to open thalialog box.

Copy Image ﬂ

— Typeface —————— [~ Image Size
|Aria| j Wictth

) I GO0 pixels
size |12 pixels

Height

500 pixels
Line wwictth Iz pixels I "
Marker size |5 pixels

Use colour N

The dimensions (pixels) of the bit map, which tdld the image, can be set using the Width andhtl@tage size
boxes. The size and style of the typeface can bess® the Typeface and Size boxes.

When the image parameters have been set, clidRlthéutton to copy the image to the clipboard.



Data Files > Opening an EDR Data File

WINEDR usesits own customdatafile format for storing digitised signalrecords.Thesefiles are identified by the file
extension “*.EDR”

To load a previously created EDR data file, select:

File
Open

to display the dialog box.

2 x|
Laok in: I@ Data j = I:'j B

__JRob roelfsema mtest.EDR

| IRocco Pizzarell Etest[LF‘=1EIEIEIH2 RD=1].edr
1 5mooth muscle {1ahn MoCarron)

) Steve Ennion

2 Sunil Logantha

Teskl

) Trewar Smart

) Toeries-06242009-1457-065

B Lirarised 5 14Etmi 1250-2250).EDR.
P¥ i best 2, EDR

P i best, EDR.

P ok 1L EDR.

P ok gaps 1-128.edr

2

File narne: || j

Filez of type: I EDR Filez [ EDR] j Cancel |
[ Open az read-only

Select the disk drive and folder from theok In list. A list of available EDR files will be displad.
Select one of the file names, then click @ button to open the data file for display and asialy



Data Files > Appending an EDR Data File

To append records from an EDR data file on to tieea# the currently open data file, select

File
Append..

To display the dialog box.

2] x|
Loak ir: I&}Data j = i

_IRob roelfsema Etest.EDR
| )Rocco Pizzarell Btest[LF‘=1EIEIEIH2 RD=1].edr
|1 5mookh muscle {John McCarran)

) Steve Ennian

1 5unil Lagantha

Teskl

) Tresvor Smark

) TSeries-06242009-1457-065

W i arised S14Etm{1250-2250),EDR.

B rioise test 2,EDR,

P s best, EDR.

P teck ] EDR

P tcck gaps 1-1238.edr

Dezktop

4

ty Documents

o

ky Computer

File name: r'u:ni:s:Ee test 2EDR j Open
I

Cancel

i

Files of type: | EDR Files [EDR)
™ Open as read-only

Selectthe disk drive andfolder from the Look In list. A list of availableWCP files wil be displayed.Selectone of the
fle names, then click th@K button to append the records from this file othtoend of the currently open the data file.

Note. You can only append files which have compatibi&ords with the same number of channels.



Data Files > Importing Other Data File Formats

To import records from a non-EDR data file, select

File
Import..

To display the dialog box.

mportfile 2 x|

Loak i I@TrevurSmart j ] £ B~

(2011 _06_16 0005 +GABAest ABF 1.8(integer), abfi
Z011_06_16_0005 +GABALest PCLAMP 9, abf
Z011_06_16_0005 +GABALest(integer), abf

2011 _06_16_000S +GEABAtest, abF

kesk pclamp ink, abF

Desktop
ty Documents
o
My Computer
File name:; Inl:uise test 2. EDR j
Files of type: I.-i‘-.:-:u:un Files [* DAT " ABF) j Cancel |

™ Dpen as read-only

Selectthe disk drive andfolder from the Look In list. Thenselectthe type of datafile to be imported from th€&iles of
Type list. A list of available files in that type ar@&splayed.

Select one of the file names, then click @kebutton to import the data into a .WCP format file.

Note. The original file is not changedA new .EDR formatfile is createdwith the samenameasthe importedfile but
with the extension.EDR.

The currently supported data file formats aredisitethe table below.

Importable Data File Formats

Axon Instruments *.abf  |Axon Instruments ABF (Axon Binary File) format $lgproduced by the PCLAM&
*.dat AxoScope programs. Note. ABF V2.0 format file (puoed by PCLAMP V10ar
currently supported. PCLAMP V10 files must be saasdh\BF V1.8 (Integerfprn
imported into WinEDR.

Cambridge Electronig*.cfs Cambridge Electronic Design CFS (CED Filing Systiemjat files.
Design CFS *.dat

CDR Files *.cdr Strathclyde Electrophysiology Softer@@DR program (an MS-DOS basaéctroy
package) data fies.
Chart Files *.cht Strathclyde Chart data files.

(* CHTY



HEKA *.asc ASCII format aata records exported fromiteka PULSE software.

Igor Binary Files *.ibw IBW (Igor Binary Wave) filegroduced by the IGOR Pro software package.
PAT Files * pat Strathclyde Electrophysiology Softei&AT single-channel analysis program dilata
Physionet WDBF  [*.hea Physionet WDBF format data fies.

(*.HEA)

PoNehMah Files *.pro PoNehMah cardiovascular anafystware data fies.

SCAN Fies *.sca Strathclyde Electrophysiology Sofev@ CAN program data fies.

SPAN Files *.spa Strathclyde Electrophysiology Sofw&PAN spectral analysis program data fies.
Wave File *wav | WAV format sound files.

WCD Files *wcd | trathclyde Electrophysiology Softwa8nCDR program data fies.




Data Files > Importing from ASCII Text Files

To import records from a text file containing tablef numbers in ASCII format:
1. Select

File
Import..

to display the dialog box.
TmportFle 2| x|
Look in: Ila Data j - £F E-

Rob roelfsema

Rocco Pizzarell
Smioath muscle (John MoCarron)
Steve Ennion
[@. Sunil Logantha
Testl

Deszktop

Documents

Trewar Srark
TSeries-06242009-1457-065
‘ [Z] 04-0z-z009[R].bxt
: E] binarised S14Etm{1250-22500, bxtk
My Documents E] kest (cursor measurements), bxk

4] [+

File name: In-:uise test 2.EDR j Open I
Filez of type: ASCI Test [F.T:T .2 ASC.F C5Y] Cancel |

[T Open az read-only

Selectthe disk drive andfolder from the Look In list. ThenselectASCII Text (*.txt, *.asc) from theFiles of
Type list. A list of available files in that type ar&splayed.

2. Selectoneof thefile namesthenclick the OK buttonto openthe ASCII Import dialog box



ASCII Import x|

-0.o02  -0.06811
-0.00193 -0.06115
-0.ome -0.0811
-0.001585 -0.061145
-0.00ME  -0.06115
-0.00173 -0.06113
-0.omy -0.0611

— column Separatar — Channels

* Tab { Comma { Space ch Mame Units ﬂ
Yim s

Mo, of title lines to be skipped I 0

— Time

{~ Time Data in Col. 0
{* User Defined

Sampling Intetval I 0=

— Units
" msecs + secs{ mins

OK | Cancell LI

0 0~ m M e W R = O

which allows you to view the format of the dateb&imported and to specify how it should be impbrte
Column Separator: Selectthe characterusedto separatedata columnsin the file (<tab>,commaor single
space character).

No. of title lines to be skipped:The first data row(s) in the table often contain labels or identificatior
information, which should not be treatedas samples.To skip one or more of theselines, enterthe numberto
skipped in theéNo. of title lines to ignore box.

Sample times. If the first columnin the table containssamplegimes,selectthe Time Data in Col.0 optionto
derive the samplingintervalfrom the times of successiveows. Selectthe units that the time data is expresged
from the Units list. If no sampletime datais available,selectUser Defined and enter the sampling inte riato
the Sampling Interval box.

Time Units: Select the units of the time data column (secegcsamins) from th&nits list.

Channels:Enter the names and units for each channel int€ti@anels table.
Click the OK button, to import the data when the import settigs complete.



Data Files > Importing from Raw Binary Data Files

To import records from a text file containing tablef numbers in ASCII format:

1. Select

File
Import..

to display the dialog box.

Documents

m,:.

Diezkho Ju]

4

by Documents

"

by Cormputer

-

My I
P

d Pl
Laak in: IE} Rabbit C¥S [Susan Coker) j = I.:j( -
'ﬁ?ﬁ!&i.{mﬁﬁﬁ.ﬁ!é
a139.RAW
- File name: Iavg.dat j Open
W I
! Files af type: IHaw Binary [*.dat,” raw) j Eamesl |
™ Open as read-only

If the type of datafile beingimporteddoesnot matchany of the known formats, the import module revertstso
general purposBinary import mode. The import module assumes that the loas the general format

File Data
Header block

At the beginning of the file, there is a blockfi# headerdata which contains the information on the nundfeecords
in the file, size of record, number and scalinglidinnels. This is followed bydata block containing the A/D converter
samples stored as 16 bit integers. If more tharimme channel has been digitised, samples ardeiateed within the
data block (e.g. Ch.0,Ch.1,Ch.2,Ch.0,Ch.1.,Ch.2,...).

Giveninformationon the size of eachof the file headerblock andthe number of channels, the import module esnac
the signalsfrom the file. Thesedetailsof the datafile structurecanoften be obtainedfrom the usermanualsassociate
with the software which createdthe datafiles. (Note that the sampling interval and other scafifgrmation isdiscarde
by the binary import module.)



:'-Z'T?:Raw Binary Import -10| x|
— File Description — Channels
File header size (hytes) |0 Ch. Mame Unitsihit  Units

Mo. of sianal channels |1 0 Vm 0.001 m
Read in blocks of | 517

Sample Format————
{” Float {* Integer

Mo, of bytesizample IQ
e, Walue |2|:|.-_1_T

Sampling interval IT

* msecs { secs{ mins

0K | Cancell

The Import settings must be set up to match the characteristics dfithand data being imported.

1.

2.

Enter the size of the fie header in fRige headerbox. (If no file header exists, set this valueeo.)
Enter the number of analog data channels in thénflheNo. of signal channe Idox.
Provide names, scaling factors and units for eaté dhannel in the Channels table.

Setthe numberof time points readfrom the file in a single operation in tHeead in blocks ofbox (usually seto
512).

Specify the format of the analog data samplesto be imported. Select the Float option and No. of
bytes/samplesto 4 for 4 byte floating point samplesor Integer for binary integer samples and the sizéhef
sample iMNo. of bytes/samplesEnter the upper limit of the sample value inithax. Value box.

Enter the time intervalbetweenadjacentsampleswithin eachchanneln the Sampling interval box. Selectthe
units of the time interval from thEime units list.

Click the OK button, to import the data when the import settigs complete.



Data Files > Exporting to Other Data File Formats

EDR data files can also be exported in a numbeat file formats.

To export the currently open data file, select

File

Export

to open the dialog box. .

x|

— Cutput file
IE:".Data‘l.I'.'I arko Gosak\TEA-glu_003[10-104].ibw

Change File |

—Range ——— Output format
¥ Vihole file " Axon " CED
i~ Range " EDR = Chart

|u-2su1.rs  TabText ( Wave

{+ Igor = MAT

— Channels
v Im

OK | Canoell

1. Output Format: Select the data format of the file to be exporteftdm the list of options.

2. Range: Selectthe Whole File optionto exportall data in the currently open EDR data file, or selR@nge anc
enter the range be exported.

3. Channels:Tick the signal channels to be exported.

4. Output File: To changethe namef/folderof the exportedfile, click the Change File Name buttonandselecta
new folder/name.

5. Click the OK button to create the export file.

The currently supported export file formats astetlil in the table below.

Export Data File Formats
Axon Instruments *.abf | Axon Instruments ABF (Axon &g File) V1.8 format files.

Cambridge Electronic  [*.cfs  |Cambridge Electronic Design CFS (CED Fiing Systiemiyat files.
Design CFS *.dat

ASCII Text *txt [Tab-delimited columns of ASCII text.

WCP *wcp |Strathclyde Electrophysiology Software WitEdata file format.

EDR *.edr |[Strathclyde Electrophysiology Software WitEdata fle format.

Igor Binary Files *ibw | IBW (Igor Binary Wave) flegroduced by the IGOR Pro software package.

Matlab *mat IMatlab.MAT datafile.
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Data Files > Inspecting File Properties

To inspect or change the data scaling, units amplsg rate properties of a data fie, select
File

Properties

to display the File Properties dialog box

Properties Page

=

Properties | Caliration Table | File Header |

S ampling Interal I 4 ms
&40 Woltage Range [+/-] I 000512y
&40 zample data max. value I 1024

File wersion: 6.10 ;I
Date Created: 14-08-2012 11:493:21

InR

Mo, zamples in file: 45000

Mo, of channels: 2

Ma. af samples/channels 22500

File header zize [butez]: 2048

Sample value range: -1025 - 1024

0K | £t s

The Properties pages shows the no. of samplesjirgpimierval, no. of data channels and other patara of the
data stored in the fle. The sampling interval, ADnverter Voltage Range and the upper limit ofriteger binary
A/D converter samples can be edited by the user.

Calibration Table Page




-l

Properties  Calibration Table I File Headerl

Ch. Name  Wilnits LInits

0 [CRull 0.000888

1 Chi 0.000999 v

0K | £ At E

The Calibration Table pages shows the name, umitsealing factor (in Volts/unit) of each data afenvithin the file
and allows them to be edited by the user.




ol

Propertiez I Calibration Table  File Header |

WVER=E1
CTIME=14-08-201211:43:21
ADCMax=1024

MBH=2042

NC=2

A0=0.00512

NP=45000

0T=0.004

DETCH=0

DETRS=512

DETYT=0

DETTT=0.01

DETDD=01 —
DETEA=100

DETPF=0.2

DETAWS=512

DETPOSPE=T

DETEBASST=T

DETEASSUR=F

DETBASPTS=E

DETBASGAP=20

DETTDECP=30

DETDECFR=0

DETREWw=2

WARRS=4096

YaROw=0 j

m;l

The File Header pages shows the contents of thefleDiRader. It cannot be edited.

|»




Data Files > EDR File Structure

The EDR data file is designed to store up to 12wbis of 16 bit integer binary records of digitissathlogue signals, the
associated scaling information required to rectutstactual signal levels.

EDR files consistsof a 2048 byte header block at the beginningof the file which containsa list of ASCII-forma:
keywords,detailing the numberof recordsin the file, recordsize, scalingfactorsetc. It is followed by the data block
containing the digitised A/D samples.

Header Block

The headerblock containsthe informationneededo allow a programto determinethe number of channels, sample
in the file. It is usually the first block to be readwhena file is opened.File parametersare storedas ASCII text in the
form of keywords, one word per line, as follows

KEY= <value> <cr> <If>

where <value>is a numberor text dependingon the parameterand <cr> <If> are the carriagereturnand line feec
characters.

A typical header block (from a file with 2 channetentains the following keywords.

VER=6.4 <cr><If> EDR file version number

NC=2 <cr><If> No. of analogue input channels
NP=102400 <cr><If> No. of A/D samples in data block
NBH=2048 <cr><If> No. of bytes in file header block

AD=5.0000 <cr> <If> A/D converter upper limit of voltage range (V)
ADCMAX=4095 <cr><If> Maximum A/D sample value

DT=.1600 <cr><I|f> A/D sampling interval (s)

YNO=Im <cr> <If> Channel 0 name (n=0 .. NC-1)

YUO=nA <cr> <If> Channel O units

YCF0=0.0001 <cr> <If> Channel O calibration factor V/units
YAG0=10.0 <cr> <If> Channel 0 gain factor

YZ0=1024 <cr> <If> Channel O zero level (A/D bits)

YO0=0 <cr> <If> Channel 0 offset into sample groupatadblock
YN1=Im <cr> <If> Channel 1 name (n=0 .. NC-1)

YU1l=nA <cr> <If> Channel 1 units

YCF1=0.01 <cr> <If> Channel 1 calibration factor V/units
YAG1=1.0 <cr> <If> Channel 1 gain factor

YZ1=1024 <cr> <If> Channel 1 zero level (A/D bits)

YO1=1 <cr> <If> Channel 1 offset into sample groupatadblock
TU=ms <cr> <If> Time units

ID= Cell 1 <cr> <If> Experiment identification line

BAK=T1 <cr> <If> BAK=T indicates a .BAK file exist

Event detector parameters

DETCH=0 <cr><If> Event detector channel

DETRS=1024 <cr><If> No. samples in event detector record
DETYT=500 <cr><If> Event detector amplitude threshold (A/D units)
DETTT=5E-3 <cr><If> Event detector.time threshold (s)
DETDD=5-E2 <cr><If> Event detector dead time (s)

DETBA=5E-2 <cr><If> Event detector.baseline averaging time (s)
DETPT=10.0 <cr><If> Event detector pretrigger percentage

Single-channel analysis parameters



VARRS=1024 <cr><If> No. samples in variance record

VAROV=0 <cr><If> Percentage overlap of variance records
VARTR=0.0005 <cr><If> MEPC rise time (MEPC freq. analysis) (S)
VARTD=0.005 <cr><If> MEPC decay time (MEPC freq. analysis) (s)
UNITC=1.0 <cr><If> Single channel current

DWTTH=50 <cr><If> Transition detection threshold (%)

Note. It should not be assumed that the keywords witiioany particular order.
Data block

The data block contains the digitised signals estan the form of 16 bit binary integers. Each AA@mple takes up 2
bytes of space. The size of the data block is d@ted by the number of channels and number of ssmar channels
in the record

N = 2 [ N channel[sN

bytes

sample A2
If there is more than one A/D input channel, sample interleaved within the data block. For exafripr 2 channels,
Y01 Y11 Y02 Y12 ..... YOnsamples Ylnsamples A.3

Different laboratory interfaces supported by WinEBfurn multi-channel A/D samples in different asieThe channel
interleaving order for a data file is specifiedtbg YOn= channel keyword in the file header block.

Scaling from A/D unit to physical units

The calibrated signal level&y in the appropriate channel units can be recattgtdu(for channel n) using information
stored in the header block, using,

AD
YCFnx YAGnx (ADCMAX +1)

ycal = (yadc - an) X

whereAD is the maximum positive limit of the A/D convertertage range, ADCMAX is maximum A/D sample value,
YCFn is the channel calibration factor, YAGn aniglifgain and YZn zero level.



Simulations > Postsynaptic Currents

The post-synapticcurrentmodule generateseries of post-synaptic currents (PSCs) which eansied to teVinEDR'’s
signaldetectiormoduleand theMEPC frequencyestimationprocedure in the noise analysis module.

The PSCsare modelledas signalswith a rapid exponential rise and slower exponential desagurring at fixedntervals
or randomtime intervalsgovernedby an exponentiatdistribution. Gaussiarbackgroundhoise andsine wave interferenc
can be added to the signals to test the abilfiélseoevent detection system.

To create a data file containing simulated mPSCs:

1. Create a new data file to hold the records, byctiete
File
New
and entering the name of a new data file.

2. Select
Simulations
Post-synaptic currents

to open the window
i Postsynaptic Current Simulation =10 %]

Start Simulation

Ahort I

Duration | 4 5 aor

|

— P=C Parameters
Peak | 4 i,

i

st.Dev. | o oo pa,
Tau (Fze) | 010 ms L
Tau (decayl| 2 o ms

Units |i1.0,

|

— Ewent Freqguency
{~ At Random Intervals m
{+ At Fixed Intervals

Frequency | 100 Hz
Delay |2 =
St.odev o Hz
Prelease |4
Rel. Poal | 100

Depression | g o

T

Time Conzt. |4 5 -40]

— Moize & Interference
sing Amplituds | o oo pa

Sine Frequency | 50,00 Hz 7.94 7.945 7.95 7.955 79 s
Random Moize | 010 pa,

Al

3. Enter the time period over which PSCs are to begeed in thduration box.
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12.
13.
14.

15.

Enter the PSC peak amplitude in fh@ak box.

Enter the standard deviation of the inter-eveniatian in PSC peak amplitude in th#¢. DeV. box.
Enter the time constant of the PSC rising phasleeiiau (rise) box.

Enter the time constant of the PSC decay phase et (de cay)box.

Select the current units from thinits list.

Selectthe At Random Intervals optionto generateP SCsat randomintervalsor At Fixed Intervals for fixed
intervals

. Enter the rate of occurrence of PSCs inRreque ncy box.
11.

At Fixed Intervals options: Enterthe quantalreleaseprobability for eachstimulusinto the P releasebox anc
the number of quanta available for releasein the releasablepool the Rel. Pool box. Set the percentag
depressioror faciltation during the fixed frequencytrain of stimuli in the De pressionbox (0%=nodepressiol
100 = 100% depressiorduring the train, -100 = 100% facilitation) and timee constant of depression in fhigne
Const. box. To randomlyvary the fixed interval frequencyentera non-zerovalue into the FrequencySt Dev.
box..

To delay the start of the PSC series enter thereshidelay in thédelay box.
Enter the standard deviation of the signal backgtowise in thdRandom Noisebox.

To apply a slow sine wave baselinedrift to the recording,entera non-zerovalue in the Sine Wave Amplitude
(pk-pk) box and its frequency in tHere que ncybox.

Click the Start Simulation button, to start the simulation run.



Simulations >lon Channel Noise

The ion channel noise simulation generates theorarfllictuations in current associated with the églese gating of a
population of receptor-activated ion channels. iroglel simulates the application of agonist, the oscurrent during a
period of increasing agonist concentration anditttuations and about the steady-state mean dui@annel gating is

simulated using a simple two state model. The aitedlcurrent noise can be used to test the opetibhenoise

analysisnodule

To create a data file containing simulated ionirent noise:

1. Create a new data file to hold the records, byctete
File
New
and entering the name of a new data file.

2. Select
Simulations
lon Channel Noise
to open the window

Il Ion Channel Moise Simulation =10 x|

O £ Y[V R

Abont I BO000f

— Time periods
Backaround | 100 5

Onzet | 505 m " >

El
EDoE

Steady state | 200 5

il

Sampling | .05 ms
Irtersal

-20000
— lanic Current -

Soc.oourrent | 4 pa,

01 02 03 04 0O5s

il

Ma. channelz | 100

POOpEm) | 0100

Tauiopen) [ 1 0 ms

"Hecnrding conditions

Random Moize I 1.00 pA

3. Enterthe durationof the initial period before the application of agonisiridg which background noiserscorde:
in the Background box

Enter the onset time during which agonist concéiatrds rising in theOnsetbox.

Enter the period of time that the agonist concéintrds in a steady-state in tide ady-statebox.

4
5
6. Enter the single-channel current amplitude inShe curre nt box.
7. Enter the number of ion channels in the cell inNleeChannelsbox.

8. Enter the steady-state probability of a channehbegen in the®(Open) box.

9. Enter the mean channel open time inTae (ope n)box.

10. Enter the standard deviation of the signal backutawise in thdRandom Noisebox.

11. Click the Start Simulation button, to start the simulation run.



Simulations > Single-channel Currents

The single-channeturrentmodule simulatesthe currentsassociatedvith the openingand closureof a single (or smal
number of) ion channel(s).

Channel gating is modelled using a 3-state modblavie open state and two closed,
C,-0=C

Channelopeningsoccurin burstswith the kinetics of the channelsdeterminedy the meandwell timesin eachof the 3
states.

To create a data file containing simulated singlarmel currents:

1. Create a new data file to hold the currents, bycdiab
File
New
and entering the name of a new data file.

2. Select
Simulations
Single-channel currents
to open the window

i single-channel current simulation =10 x|

Ahort | -

— Recording -
Duration I 10000 = I
z
Sampling I 005 m= @ pé

Intersyal L

— =ingle-channel propeties —— 3
.-G, CUrrent | 1 00 pa, 15

Mo, channels | 4 T T T T T 1
10.00 1002 1002 1003 1003 1004 ¢

Topen | 2.0m=s

il

Tclosed (shot) | 1.0 ms

Recording conditions
Telozed (long) | 20.0 ms Fandom Moize  Baszeline drift

[0.10pa, | 0.00 pass

CREnngs per | 4
L b=t

|

Enter the duration of the simulated recording @Duration box.

Enter the time interval between simulated A/D sas\a theSampling Interval box.
Enter the single-channel current amplitude in$kh& curre nt box.

Enter the number of active ion channels in thepat¢heNo Channelsbox.

Enter the mean channel open time inTiage n box.

Enter the mean number of channel opening per btigenings irthe Openings per burstbox.
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Enter the meanintra-burstclosedtime in the Tclosed (short) box andthe meaninter-burstclosedtime in the
Tclosed (long)box.

10. Enter the standard deviation of the backgrouncennisheRandom Noisebox.

11. [Optional] To apply a linear trend to the signasbline level enter a non-zero value into Braseline drift box.



12. Click the Start Simulation button, to start the simulation run.



COM Automation Interface > COM Automation Interface

WINEDR implementsa COM automationserverwhich allows its recordingand sealtestfunctionsto be controlledfrom
VBSCRIPT batch files or from applications such astllyb which supports COM automation.

The name of the WInREDR automation objedMEDR.AUTO and is opened by the VBSCRIPT command

set W = CreateObject(“winedr.auto”)

Recording functions

Recordingcan be started/stoppedlatafiles created/openedndthe recordingtrigger mode and stimulus pulse protocok
selected. The recording methods and propertieisted below.

Recording Methods & Properties

.NewFile(“filename.wcp”) Method Creates a new data file with the
supplied name

.OpenFile(“filename.wcp”) Method Opens a pre-existing data file with th
supplied name

1%

.RecordDuration R/W Property Reads/sets duration of recording (s)
.StartRecording Method Starts recording to disk.
.StopRecording Method Stops recording to disk.
.HoldingVoltage R/W Property Reads/sets the selected DAC chanpel

holding voltage (V) applied to the cell.
E.g. W.HoldingVoltage = -0.06

D

.DAChannel R/W Property Reads/sets the selected D/A chann
to which .HoldingVoltage is applied.

.TriggerMode R/W Property Read/sets the recording sweep trigger
mode. “F'=Free run, “E"= External
trigger.

.NumTriggerSweeps R/W Property Read/set number of triggered sweeps

to be acquired when recording with
.TriggerMode="E"

.StimulusProtocol R/W Property Read/sets the selected stimulus pulde
protocol.
e.g. W.StimulusProtocol = “prot01”

.StartStimulus Method Start stimulus selected by
.StimulusProtocol




.Status Read Only Reads the current operational status [of
Property WInEDR. (0= idle, 1=seal test running
2=recording to disk)

Seal test functions

WIinWCP'’s sealtest function can be initiated via the commandinterface and usedto apply test pulsesto cells anc
calculatethe cell membraneconductance, capacity, access conductance antepaetl resistance. Theseasuremer
can be read via the command interface while thétestis running.

The seal test commands are listed below:

Seal Test Methods and Properties

.StartSealTest Method Displaysthe sealtestwindow and applies
the seal test pulse.

.SealTestPulseAmplitude R/W Property Reads/sethe amplitude (Volts) of the
seal test pulse
(e.g. W.SealTestPulse Amplitude= 0.01

.SealTestPulseDuration R/W Property Reads/setbe durationamplitude (S) of
the seal test pulse
(e.g. W.SealTestPulseDuration= 0.01)

.SealTestSmoothingFactor R/W Property Setell parametersmoothingfactor (0.1
- 1.0) " 1 = no smoothing," 0.1 =
maximum smoothing (equivalent to
averaging over 10 pulses

Vm Read Only Reads the most recent cell holding
Property potential(V) measurementgomputedby
the seal test.

Am Read Only Returns the most recent cell holding
Property current (A) measurementcomputedby
the seal test.

.Ga Read Only Reads the most recent cell accesg
Property conductance (S) measurement.

.Gm Read Only Reads the most recent cell membrang
Property conductance (S) measurement.

.Cm Read Only Readsthe most recentcell capacity(F)

Property measurement.




.Rseal Read Only Reads the most recent pipette seal
Property resistance () measurement.

A file (WIinEDR VBSCRIPT Example.vbs)containing VBR@® T example code can be found in the c:\winediefol
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