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1-1. What is MED64 the Mobius?

Chapter 1 Introduction

1-1. What is MED64 the Mobius?

MEDG64 Mobius is the data acquisition and analysis software for the MED64 Systems. It allows MED64
users to acquire signals and analyze each of the 64 channels during and after acquisition. Mobius con-
sists of various moduleswhich correspond to task-specific control panels. You can design your own
experimental protocol as your own "Workflow" by combining these modules using Mobius Editor, and
then run those workflows both for acquisition and analysis. Pre-defined workflow templates are avail-
able so that you can run standard types of experiments immediately or design your own workflow easily
by modifying them.

The goal of this Mobius Tutorial is to enable a quick, smooth start working with the Mobius software.
Please refer to Mobius' on-line Help for detailed information about the software.

The following chart shows all the modules and their brief explanations. You can see which modules are
included in the package you purchased.

Representative Mobius packages

Basic (MED-MS64MR10)

EPSP (MED-MS64MR11)

Spike Sorter (MED-MS64MR12)

Spike Sorter with stim (MED-MS64MR13)
Pro (MED-MS64MR14)

QT (MED-MS64MR21)

QT with Stim (MED-MS64MR22)
Extended (MED-MS64MRO2)

PNoORWONE
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1-1. What is MED64 the Mobius?

Modules for Mobius

Modules

Module description

Acquire MED64R2 Data

Set acquisition parameters and acquires spontaneous activities

Acquire MED64R2 Data w/Stim

Programs stimulation protocols and acquires evoked responses

Acquire MED64R2 w/Pacing

Programs stimulation protocols and acquire evoked responses

Replay Raw Data File

Replays previously acquired data

Display All Channels

Displays data at all 64 channels

Display Single Channel

Displays data at a selected single channel

Export Raw Data

Exports the raw data to a binary or ASCII file

Extract EP Measures

Extracts evoked responses, computes and plots various waveform analysis
(amplitude, slope, time, etc.)

Save Measures Data

Saves data measured with Extract EP (or Spike Measures) as a “csv” file

Compute Measure Averages

Computes measured averages and standard deviations for all experimental
phases and plots the data

Save Measure Averages

Saves the Compute Measure Averages data as a “csv” file

Extract Spikes Advanced

Sets the thresholds and extracts the spikes which go over pre-determined
thresholds

Cluster Spikes

Clusters the extracted spikes into group by shape similarity

Compute Spike Freqgs

Builds a chart of spike frequency over time

Display Extracted Spikes (traces
only)

Displays spikes’ extractions

Display Extracted Spikes
(waveforms only)

Displays extracted spikes’ waveforms

Display Spike Frequencies

Display spike frequencies chart

Save Spikes

Saves extracted spikes / Time stamp as a “csv” file

Save Spike Fregs

Saves the spike frequency data as a “csv” file

Extract Spikes

Sets the thresholds and extracts the spikes which cross pre-determined thresh-
olds (old version of Extract Spike Advanced)

Display Spike Measures

Display spikes’ extractions, extracted spikes’ waveforms, and spike frequency
chart.

Extract Long Spikes

Detects and extracts the long spikes (>50ms) crossing pre-determined
thresholds

Display Extracted Spikes

Displays the process of detecting spikes and extracted spikes waveforms

Compute Beats per Minute

Computes beats per minute

Display Beats per Minute

Graphs the beats per minute

Save Beats per Minute

Saves the computed beats per minute as a “csv” file

Compute Interspike Intervals

Builds a time chart of Inter-spike intervals (the time between each successive
spikes)

2 Mobius Tutorial (MED-A64MD1): Chapter 1-Introduction




1-1. What is MED64 the Mobius?

Modules

Module description

Display Interspike Intervals

Displays the graph of Interspike Intervals

Save Interspike Intervals

Saves the computed inter spike intervals as a “csv” file

Extract Spike Measures

Computes and plots various extracted spike waveform analysis (amplitude,
slope, time, etc) of extracted spikes

Display Results Table

Displays cumulative results from Extracted EP (Spike) Measures and Compute
Measure Averages in a table

Extract Long Spikes (single
channel)

Detects and extracts the long spikes (>50ms) crossing pre-determined thresh-
olds at a selected channel

Display 4x4 channels

Display data at 16 (4x4) channels

Display 2x4 channels

Display data at 8 (2x4) channels

Display Remaining Time

Display the remaining time in a trace

Diaplay Micrograph

Open and display a graphic file

Filter Spike Data

Filters extracted spikes

Filter Raw Data

Filters raw data

Please note: Acquire MED64 Data / Acquire MED64 Data w/Stim are modules for SU-MED640 amplifier.

Mobius Tutorial (MED-A64MD1): Chapter 1-Introducion 3




1-1. What is MED64 the Mobius?

Availabilities for modules by packages

. Spike Spike
Modules / Package Basic EPSP Sorter sorter Pro QT QT Extend

w/stim w/stim ed
Acquire MED64R2 Data * * * * * * * *
Acquire MED64R2 Data w/Stim * * * * *
Acquire MED64R2 w/Pacing * *
Replay Raw Data File * * * * * * * *
Display All Channels * * * * * * * *
Display Single Channel * * * * * * * *
Export Raw Data * * * * * * *
Extract EP Measures * * * *
Save Measures Data * * * *
Compute Measure Averages * * * * * * *
Save Measure Averages & * * * * * *
Extract Spikes Advanced * * * *
Cluster Spikes * * * *
Compute Spike Freqgs * * * *
Display Extracted Spikes (traces
only) * * * *
Display Extracted Spikes
(waveforms only) * * * *
Display Spike Frequencies &3 &3 &3 &3
Save Spikes * * * * * *
Save Spike Freqgs * * * *
Extract Spikes * * * *
Display Spike Measures * * * *
Extract Long Spikes * * *
Display Extracted Spikes * * *
Compute Beats per Minute * * *
Display Beats per Minute * * *
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1-1. What is MED64 the Mobius?

. Spike Spike
Modules / Package Basic EPSP Sorter sorter Pro QT QT Extend

w/stim w/stim ed
Save Beats per Minute * * *
Compute Interspike Intervals * * *
Display Interspike Intervals * * *
Save Interspike Intervals * * *
Extract Spike Measures * * *
Display Results Table * * *
Extract Long Spikes (single
channel) * * *
Display 4x4 channels & * * * * * * *
Display 2x4 channels * * * * * * * *
Display Micrograph * * * * * * * *
Display Remaining Time * * * * * * * *
Filter Spike Data * * *
Filter Raw Data * * * * * *
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1-2. Installation of Mobius and your acquisition PC

1-2. Installation of Mobius and your acquisition PC

1-2.1. Installation of Mobius

The latest version of Mobius is available from the web site:
http://www.med64.com/products/trialsoftware.html

Mobius requires the amplifier-driver to be run for acquisition. Please download the driver from the same
web site.

1-2.2. Settings for your acquisition PC

NOTE:

Ask your local distributor or support@med64.com for the latest requirements and specifications for
your acquisition PC.

Display setting

= When a display monitor with a resolution of 1920 x 1080 is used, set the Windows 7 text size

([Control Panel] > [Appearance and Personalization] > [Display]) to “Smaller” (100%). Otherwise,
some modules are not displayed correctly.

Medium - 125% (default)

Larger - 150%

Figurel-2.1. Display setting.

Language Setting

= Set the “Decimal symbol” to “period” (.). Mobius does not work properly with the “comma” (,) set-
ting for the decimal symbol. Go to [Control panel] > [Clock, Language, and Regions]. Open the
[Format], and change the “Decimal symbol” to “period” (.).

Fermats | Locaion | Hayboards and Languages | Admnatrative I
et
S Customize Format
Murbers | Cumency [ Time | Date | Sorang
faample
Positive: 123,456 783.00 Hegative:  -123,456,789.00
I Dezimal symest - I
N o digits aftes decimal: 2 -
Dign grouping symbek: -
Digh grouping 13,45%678 -
Negative sign symbal: -

Figure 1-2.2. Selecting. (period) for the “Decimal symbol”.
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1-2. Installation of Mobius and your acquisition PC

Following initial-settings, 1-4 (below) are recommended for stable recording. They are strongly recom-
mended when long-term acquisitions (e.g., days) are performed.

1) Adding second hard drive

Save data to a drive where the operating system is NOT installed (e.g., D drive). For a desktop PC, use
an internal second hard drive. For a laptop PC, use a hard drive with e-SATA (or USB3) connection.

NOTE:
Mobius creates temporal "cache file" on the C drive whenever acquisition is made. This cache file is kept

until the acquisition is stopped. (It is deleted automatically when acquisition is stopped.) Saving data to
a second hard drive helps PC to avoid stopping due to insufficient disk space.

2) Setting for [Power Option]

Change the [Power Option] as following to achieve stable power supply. Unstable power supply could
cause PC to stop due to "buffer overflow".

1. Go to [Control panel] > [Power Option].

2. Select [High performance], and then click the [Change Plan Setting].

3. Select "Never" for the [Computer to Sleep]. (Figure 1-2.3, left)

4. Click [Change advanced power settings].

5. Go to [Hard disk] > [Turn off hard disk after]. Select "Never" both on Plugged in and on Battery.
(Figure 1-2.3. Middle)

6. Go to [USB settings] > [USB selective suspend setting]. Select "Disabled" in both options. (Figure

1-2.3, Right)
7. Click [OK] to save the changes.

. . Poweer
Change setings for the plar: High performance : e e
Advenced semngn Advared setings
Choose the sleep and display settings that you want your computer to use. ’ N
w  Select the powes plan that you want 1o customize, and - . .
\{; then choese settings veftect how you want your \ Select the power plan that you want to customize, snd
i On battery 9 Pluggedn " » then chease sestings that reflect hew you want your
L compuler 1 manage power,

@ Change ceiting: ® Chae

O Dim the display: lNever '] lNever '] High performance [ctive] - r— =
On battery: Ve Wireless Adapeer Seetings

I Turn off the display: [Mever | [Never - Phugged in: Yes Sheep

% Dell Enhanced Settngs.

] USB setting:
“F Adjust plan brightness: ° D% o 0 @ - o Intel T e
F\_“ I°F =askg ";“ g #1 Power buttons and lid
s Wireless Adapter Settings L P Express
& Siren
W Procecens nossr MANANEmMAn '3
Fstoae plan defautts
Change advanced power settings L Hestore plan defaults
Restore default settings for this plan oK Cancel [
oK Corcel

Save changes Cancel I

Figure 1-2.3. Setting for Power Option.
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1-2. Installation of Mobius and your acquisition PC

3) Setting for [Advanced system settings]

Increase the "virtual memory" to avoid overloading the PC due to memory shortage with following pro-
cedures.

Mobius usually uses up to 3Giga Bite to run. However, it could use more than 3GB when acquisition is
made for long-term. Increasing the "virtual memory" helps the PC to keep running without stopping
when long-term recording is performed.

1. Right-click the [Computer], and then select the [Properties].

2. Click the [Advanced system settings].

3. Select the [Advanced] tab, and click the [Settings] for "Performance". The [Performance Option]
window pops up.

4. Select [Advanced] tab. Click [Change] for "Virtual memory". Uncheck the "Automatically manage
paging file size for all drives" (Figure 1-2.4, left).

5. Select [No paging file] for the C drive. Select [Custom size] for the D drive, and then input 12000
for both [Initial Size] and [Maximum Size] (Figure 1-2.4. right). Click [Set], and finally [OK].

x| x|
™ Automatically manage paging fils size For all drives I™ Automatically manage paging file size for ol drives
~Paging fle size for each drive Paging file size for each drive
Drive: [Volume Label] Paging File Size (MB) Drive [Volume Label] Paging File Size (ME)
c: _[0s] Nore
D:  [data] None
¥:  [RECCVERY) None
Selacted drive: C: [05] Selected drive: D: [data]
Space available: 297379 MB Space avalable: 1819595 MB
" Custom size: (* Custom size:
sl 2 (1 Inktial size (1E); [ 12000
A Maximum size (MB): | 12000
€ System managed size " System managed size
¢ oot € womeate s
Total paging file size for all drives |- Total paging file size for all drives 7
Minirmum abowed: 16 MB Mo alowed: 16 ME
Recommended: 12145 M8 Recommended: 12145 MB.
Currently allocated: 8097 MB | Currently allocated: 8097 MB
I (o] oo

Figure 1-2.4. Setting “Virtual memory” in the [Advanced system settings] for C drive (left) and D drive (right).

If the 2nd drive does not exist, select the [Custom size], and then input 12000 for[Initial Size] and
[Maximum size] (Figure 1-2.5) Click [Set], and finally [OK] (Figure 1-2.5).

Vietual Memary i
Automatialy mariage pagng fle soe for ol drives.
B fie siom for minch drive
Drive. [Vokme Labe] Bagges Fie Sire (ME]
|
| i
Selected drive: C: [os]
Spce oedabie: 1
| @cumse
Grinal e () 1300
Madmym sige (ME); 1000 |
H System managed s7e
Mo pagng fle Set
Tt pagng fie sioe for ol drives. |
Memom slowed: 16 M8 |
Bt M
Curenty slocated:  LX00ME |
o ][ coxa
e — —

Figure 1-2.5. Setting the “Virtual memory” for a single drive.
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1-2. Installation of Mobius and your acquisition PC

4) Setting for [Intel Rapid Technology]

Change the setting for [Intel Rapid Technology] as following to achieve stable power supply to hard
disc.

1. Go to [All programs] > Open the [Intel] folder.> Click [Intel Rapid Storage Technology].
2. Open the [Performance] tab. Select "Disable" for the [Link power management].

1-2.3. Activation

Mobius needs to be activated with your key-file.

1. Save the key-file in the [Program file] = [WitWerx] >[Mobius] folder.

2. Open Mobius. Click [Help] > [Activation].

3. You will see your Hardware serial # in the box. Click the box next to the Keyfile box to select your
key-file. Click OK for activation.

(81 Mobius 0.3.7 — [Rev 3035 on 2010,/02/09 23:01:14]

workflow  Lavout | Help
User Guide, .,

=

Hardware serial #
0B 97 05 33 30 AZ 71 B4

Keys file

[mobivs Fevs pro-onine ams

Figure 1-2.6. Activating Mobius.
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1-3. Important notice for the MED64 Mobius

1-3. Important notice for the MED64 Mobius

Please read and follow the instructions below particularly during data acquisition.

General

= Connect your PC to the MED64 Head amplifier and Main amplifier and turn on both amplifiers to
open [Acquire MED64R2 Data], [Acquire MED64R2 Data w/Stim], or [Acquire MED64R2 Data
w/pacing] modules, or recording workflows including those modules.

= Make sure that your MED64PC's C drive has at least 50% free space.

= Make sure that the hard drive has enough free space when you start a long-term recording.
Recording with all 64 channels for 1 hour creates a 9.216GB data file.
(9.216GB is represented as 9,000,000KB, 8,739.06MB, or 8.58GB in the Windows.)

= Avoid saving data to the drive where the OS is installed (usually C drive). Save it to a separate hard
drive, that is internal or eSATA-supported (See the page 6 in detail).

= When a recording workflow is run with Green
or Green-Red button for the first time after it
is opened (or made), Mobius needs several
seconds for the calibration (as seen in the
pop-up message). Acquisition starts automati-
cally after the calibration.

If you would like to start acquisition immedi-

ately after clicking the Green-Red button, run
the workflow with the Green button for several
seconds, and then stop it before starting your
experiment. When the workflow is run the EE I e seme Dnan

next time, it will not require the calibration Figure 1-3.1. Initial calibration (left). Acquisition starts
and acquisition will start immediately. after the calibration (right).

= When running the [Acquire MED64R2 Data] module after running [Acquire MED64R2 Data w/Stim]
or [Acquire MED64R2 w/Pacing], the channels previously used for stimulation are disabled (as seen
in the Figure 1-3.2) and will not record. To activate these channels, one of two methods can be
used:

1) Open and run a NEW workflow including the [Acquire MED64R2 Data] module.

2) Run the [Acquire MED64R2 Data w/Stim] module for more than one trace while disabling all
stimulation options (uncheck all the stimulators, Figure 1-3.3), and then run [Acquire MED64R2]
module.

10 Mobius Tutorial (MED-A64MD1): Chapter 1-Introduction



1-3. Important notice for the MED64 Mobius

SN <timuilation
Step 1 | #Step 2¢ | #Step 34 | #S5tep 4 | HStep §

7] Ensble st
@%}a o <[]

Type ength (ms)  Amplitude jud) =

Const 5.00 0.00
| -
ra———|

Figure 1-3.2. (left) Example of disabled channel (ch26).
Figure 1-3.3. (right) Disabling the stimulator. Uncheck the“Stim” box for all stimulators, and then run workflow.

= When a display monitor with a resolution of 1920 x 1080 is used, set the Windows 7 text size
([Control Panel] > [Appearance and Personalization] > [Display]) to “Smaller” (100%). Otherwise,
some modules are not displayed correctly.

= Set the “Decimal symbol” to “period” (.). Mobius does not work properly with the “comma” (,) set-
ting for the decimal symbol. Go to [Control panel] > [Clock, Language, and Regions]. Open the
[Format], and change the “Decimal symbol” to “period” (.). Or. select “English (US)” for the “Lan-
guage”.

Acquire MED64R2 Data w/Stim

= Make sure that the STIMULUS CURRENT selection on the MED64 Head amplifier (MED-A64HEL1) is
set to [NORMAL] to deliver the stimulus current amplitude set in Mobius. Selecting [x2] doubles the
output stimulus current amplitude set in Mobius.
(e.g. When 100 pA is selected by Mobius while [x2] is selected on the head amplifier, the output
stimulus current is 200 pA)

= The maximum number of pulses for a [Step] in the "Stimulus waveform editor" (#12 in the Fig.
2-1.4, page 15) is 21.

Replay Raw Data

= Opening a large data file can take several minutes. (e.g. Opening a 10GB file takes over 1 minute.)

= Mobius processes data in blocks of 500 msec. For replaying data, the Trace Time duration must be
=501 msec.

Display All Channels

= For the data to be displayed properly in the Display All Channels module, you must set the Dura-
tion (ms/div) to 100 ms/div or greater. Mobius processes data in blocks of 500 msec and always
displays 5 divisions of time in each display channel. Displaying less than 100 ms/div will result in
cutting off some of the data display. For example, setting 20 ms/div results in a display of the first
100 msec of the 500 msec of data processes by Mobius (20 msec x 5 div). The other 400 msec of
data will not be displayed and the next update to the display will again be the first 100 msec of the
next 500 msec batch of data acquired. Conversely, for shorter duration applications (e.g., fEPSPs),
shorter duration recordings are not a problem.
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1-3. Important notice for the MED64 Mobius

Extract Spikes Advanced / Extract Spikes / Extract Long Spikes

= These modules require powerful computation and need to be used carefully during acquisition.
Mobius can appear to freeze when it extracts more spikes than it can analyze. This most often hap-
pens when non-biological signals cross the spike extraction thresholds on all channels at once. (e.g.
unexpected noises cross the thresholds or the baseline fluctuates due to vibration.) Please keep in
mind the following instructions when these workflows are used with acquisition.

= Avoid using these modules on-line (during signal acquisition) until you are familiar with your exper-
iment(s) and biological assay(s). Particularly avoid using these modules for long-term recordings.

= Set the trace duration to less than 10 minutes and the trace interval for longer than the trace dura-
tion so that the extracting spikes can catch up with acquisition during the trace interval.

= For recording neuronal spikes, make sure to set the low-cut filter to 100 Hz in order to remove
low-frequency noise.

= Make sure to PAUSE Mobius when drugs are applied.

= Minimize the number of channels for spike extraction.

Filter Raw Data

= Mobius acquires data in 500 msec blocks. Digital filtering can cause small noise spikes to appear at
the end of a data block if the baseline is offset from O at the end of the data blocks. To eliminate
this noise:
= While recording neuronal spikes, set the Low-cut filter to 100 Hz.

= While recording cardiac signals (low-frequency), avoid using the "Filter Raw Data" module.
Instead, use "Filter Spike Data" so that the extracted beating signals (long spikes) are filtered.

Compute Measure Averages
= Since this module is always at the end of the analysis chain, it can slow down the display of incom-
ing data. Thus, it is not recommended to use this module during acquisition. When it is used during

acquisition:

= Set the trace duration shorter than 10 minutes while the trace intervals for longer than the
trace duration.

= Minimize the number of recording channels.
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1-4. Getting started

When Mobius is opened, you will see blank diaplsy. The basic concept for the Mobius software is “you
need to create and run your own “Workflows” both for acquisition and analysis. You can cre-
ate your Workflow by:

1. Building your own workflow using Mobius Editor.
2. Using the pre-defined workflow templates.

In this section, you will learn quickly:

1) How to use Mobius Editor to design your own workflow.
2) How to start data acquisition.

3) How to replay acquired data.

4) How to export raw data.

The following chapters will instruct you on how to start your experiments using some of workflow tem-
plates.

Acquisition workflow Analysis workflow
Running the Running the
workflow workflow
Data Acquisition with real-time analysis Replay and analyze data

Figure 1-4.1. Basic concept for the Mobius software.

Mobius Tutorial (MED-A64MD1): Chapter 1-Introducion 13



1-4. Getting started

1-4.1. Building up your own workflow using Mobius Editor

[ Mobius Wini 93,9 — [Rav 106 on 2011/05/10]

This section will quickly introduce you how to use Mobius Editor. . s
auiery Y ==

1. Open Mobius. Select the [Workflow] = [New] > [Blank] to open
the “Mobius Editor” window.

Ext Gl

Figure 1-4.2. Opening the Editor.

2. This window shows a library of available task modules T o

(task specific panels) on its right panel. Click on a orkflom Avalabl task panels
module to see its description at the bottom of the b MEDSH Data /St
screen. Peaure MEDARG D /St

Acquire MEDESR2 w/Pacing
A workflow is created by building a list of task-specific e e St
modules on the left panel of the Editor. When a module St e e
is double-clicked, it is shifted to the left panel and the Comute Soke Py
task-panel for the module appears on the screen. Do 414 s

Display 24 Channels
For acquisition, start by double clicking either the Diolay Extsed S Craces e
[Acquire MED64R2 Data] or the [Acquire MED64R2 Dipley Brraced Spkes fuorearns ony

Task panel description

Data w/Stim] module. For replaying or analyzing the
acquired data, start with [Replay Raw Data File]. Other
modules for display and analysis can follow either of
these modules.

Figure 1-4.3. Mobius Editor.

e [Acquire MED64 Data] and [Acquire MED64 Data w/Stim] are acquisition modules for
SU-MED640 amplifier. It can NOT be selected for your amplifier (MED-A64MD1)

Figure 1-4.3 shows the designed acquisition workflow (top-left), its Editor (middle), and the workflow
structure (bottom).

i
w1 g 2 S 1 4 s 8 5 1 5 7 0L
T e sho en: @F WA

‘ Acquire MED64R2 Data w/Stim

Coml Swal 3 | w
—— ' Tose | Lanah ind) | Apinae Lok 1 l l
I Display Export
e e i . All Channels Raw Data
[ [T PP B S - S B

[8] Mobius Editor =0 =
--- Winrkf how Available task panels

-{E ficquire MEDG4R2 Data w./Stim
Export Raw Data

Dizplay All Channels

Puiorcan ron | 1 Amacals  Vehmn Gitfdd 7 ] Barstin {15 2] Gt | e 9 i

Figure 1-4.4. An example of a designed acquisition workflow. The modules on the Workflow box (left box) are now on
the screen.
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1-4. Getting started

3. You will see arrows next to the modules on the left. Their meanings are described below;

= Gray right pointing arrows: The modules with these arrows can be used AFTER the selected
module (highlighted in dark blue) in the Workflow list. Double-clicking a module with this
arrow next to it will insert it AFTER the selected module in the workflow.

= Green right pointing arrows: The modules with these arrows are located AFTER the selected
module (highlighted in dark blue).

« Light blue downward pointing arrows: The modules with these arrows can be used BEFORE the
selected module (highlighted in dark blue).

= Gray downward pointing arrows: When these arrows appear next to a module name, they indi-
cate that the output of this module can satisfy the input prerequisites of the currently selected
module (highlighted in dark blue) in the Workflow list. Double clicking one of these will insert
it BEFORE the selected step in the workflow.

= Red steps: You may notice that some of module names are written in red text. This means that
the step does not meet input prerequisites. Select the red step (click on it once) to see which
modules can satisfy its needs (the ones with gray downward arrows next to them) and select
the appropriate one to add to the Workflow box (double-click them). Or, right-click the red
step and select [Delete] to remove this module from the Workflow box.

4. In many cases, you can not have all the desired control panels on
a Tab (screen). You can create new tabs by selecting [Layout] > workfow | Layout Felp
[Add Tab], then type a name for the new Tab. (Figure 1-4.5) Ry
Main Delete Tab
5. In order to have control panels on the new tab, 1) open the new chuirel_ME[ Rename Tab
tab by clicking the tab name, and 2) open the Mobius editor and wa; Charts Background Color .. al
edit modules on the new tab. You can go back and forth between ( 1 0:00:00 | ‘ 1
these tabs during your experiments.

8] Mobius 0.3.7 -- [Rev 3034 on 2010,/02,/09 22:12:54

Figure 1-4.5. Creating a new tab.

The Figure 1-4.6 shows analysis and export modules are added to
the workflow on a new Tab.
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[F] Mbius Win? 839 — [Rev 81 on 2011701718) =18 x|

Posantial [V

] 74
+iiorkf low Available task panels
{3 Acquire MEDE4R2 Data w/Stim I Compute Measure Averages
Export Raw Data I Dizgplay Fesultz Table

Dizplay All Channels & Save Measures Data

Extract
Chural [1 =] Siep Pt e 1] 8 B Save
Coress Veanae Aromes B Compute Measure Averages
Meanres Baseire Washe Wonret

Save Measure fverages

[ p—
I bl

el [T =] e aat 3] pihase b

Acquire MED64R2 Data w/Stim

! ! I

Display Export
All Channels Raw Data Extract EP Measures
Compute Measure Averages Save Measures Data
Main tab
Analysis tab
Save Measure Averages

Figurel-4.6. An example of a workflow design. A new tab (Analysis) is created, then analysis and saving modules are
added to this tab. The bottom chart shows the configuration of this workflow.

6. Save it as your own Workflow. (Select [Workflow] > [Save as]). Now you are ready to for acquisi-
tion, and start acquisition by clinking the Green or Green-Red button.

7. The Workflow can be opened by selecting [Workflow] > [Open].

8] Mobius 0.3.6 -- [Rev 3010 on 2009,/10,/07 01:35:21]

wiarkflow  Layout  Help

Mew 3
Open. .. Chrl+O
Close
Save Chrl+3 m Analyzed -
5., ining | Trace # Trace duration
- 1 0:00:C
Edit F1z2
Hardware
Exit Chrl3 Range L Low cut
[~ Auto-pause ISDDD LI ID.‘I
Channels

Trara diration

Figure 1-4.7. Opening a workflow
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1-4. Getting started

1-4.2. Data acquisition

Data acquisition is performed by running the acquisition workflow. Open your acquisition workflow by
selecting [Workflow] > [Open]. Data acquisition starts by clicking either of Green or Green-Red button

in acquisition workflow. For saving data:

1. Check the Enable storage check box, and then
2. Start acquisition with the Green-Red button.

Clicking the Green button starts acquisition WITHOUT saving data.

Aoquire MEDE4R2 Data
fcquired
Trace #  Trace duration remaining

1 0:00:00

Timing
# Traces
48 - AutoPause
Trace duration
Hours Min Sec
1] ~ & ~ 0 -
Trace interval
Hours Min Sec
1] - 30 -~ 0 -

Aralyzed
Trave #  Trace duration remaining

1 0:00:00
Hardwars:
Tnput Range () Low cut fra (Hz)
23 - [T -
Channels Hieh cut freq (H)
1-64 [ [voom0 -

Save raw data
Filename moditier

/| Enable storage

Figure 1-4.8. Checking the Enable storage.

Stop Acquire WITHOUT  Acquire WITH

saving data

Figure 1-4.9. How the execution button works for acquisitions.

saving data

Mobius requires to save the acquisition workflow you made for saving the data file. Save your acquisi-
tion workflow if it is not made yet (See #6 in the page 14) in a folder. Acquisition with saving data
(clicking the Green-Red button) generates following files automatically at the same folder where the

acquisition workflow (.moflo) file is saved:

= Data file (.modat)
= Analysis workflow file(.moflo) including analysis modules you selected for your recording

= Acquisition workflow file (.moflo)

Data file (.modat)

Acquisition workflow file (.moflo)
saved automatically —————————B» [ 20110413 12h35m58s_slicel modats fEPSP+acquisition.moflo
Bl 20110413 _12h35m58s_slicel . modat+fEPSP+analysisl.moflo
5 fEPSP.moflo

Analysis workflow file (.moflo) /

Burn

MName

saved automatically

Acquisition workflow file (.moflo)

you made

| 20110413 12h35m58s_slicel .modat

Type Sizt
MODAT File
MED64 Mobius Workflow

MEDB4 Mobius Work
MEDB4 Mobius Workflow

Figure 1-4.10. Data and Workflow files generated in a folder after acquisition (with GREEN-RED button).
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1-4.2. Opening and replaying acquired data

Acquired data (.modat file) can be opened with the [Replay Raw Data File] module. Analysis is per-
formed in “analysis workflow” that contains this module. The quickest way to open the data file is using
the analysis workflow that was generated automatically when data was saved.

1. Open an analysis workflow.

[&] Mabius 0.3.6 -- [Rev 3010 on 2009/10,/07 01

|| MGl | Leyedk (RS This Open menu is to open a workflow file (.moflo),
Lo ien ’ NOT data file (.modat)

Close
Save Ctrl+5

Save As...  Chrl+a

Edit Fiz

Exit Chrhs

Figure 1-4.11. Opening an analysis workflow.

2. Click the box next to the Filename, and select the data file. When the file name appears on the File-
name box (right in the Figure 1-4.12), the data is ready to be replayed.

Replay Raw Data File Replay Faw Data File

Filename ~~ Filename
@ [20100627_15h32mb5s LTP-slice2-rea| .. |

Traces 1 to |1

Traces 1 to 300

Trace time 0 to 1 ms
Charnels  1-64 =
Delay (ms) 0 -

Trace

Trace time

Figure 1-4.12 Opening data file.

3. Data is replayed when the Green button is clicked. (Clicking the Green-Red button activates sav-
ing/exporting enabled (See page 18)).

Stop Replay data  Execute the Pause

selected exporting

Figure 1-4.13. The way the execution buttons works for data replay and analysis.
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1-4. Getting started

1-4.3. Starting with Workflow Templates

The easiest way to get started with Mobius is to use the predefined workflow templates. You can start
your experiments using these workflow templates right away or design your own workflow by editing

these templates. The following chapters will instruct you on how to start your experiment using these
workflow templates.

Basic_recording

Noise_check

Spontaneous_recording

Evoked recording

EPs

EP recording

Single_pulse_recording

Paired pulse_recording

Theta burst

LTD_conditioning

[-O_curve

EP _analysis

Single_pulse_analysis

Paired pulse_analysis

Spikes
(New)

Spontaneous_recording

Spike_recording

Spike_recording cluster

Spike_recording filter

Spike_recording filter_cluster

Spike_ recording and_stimulation

Spike_recording_stim

Spike_recording_stim_cluster

Spike_recording stim filter_cluster

Spike_analysis

Spike_frequency_analysis

Spike_frequency analysis filter

Spike_sorting

Spike sorting filter

QT

Spontaneous_recording

Beat_recording

QT recording

Simple_recording

Sponaneous_analysis

Beat_frequency analysis

QT _analysis

Export_for_propagation_analysis_spontaneous

Pacing recording

Pacing recording

Pacing_analysis

Pacing_analysis

Figure 1-4-14. Available workflow templates.

1.

Click [Workflow] = [New] > [Templates]. Select either of [64MD1_1280x1024] or

[64MD_1920x1080] folder depending on the size of your display monitor, and then select desired
template.

You can change parameters and save the template as your own workflow to go directly to your
experiment

Or, modify the templates with Mobius Editor. Select [Workflow] > [Edit] to open the Mobius Editor.

Mobius Tutorial (MED-A64MD1): Chapter 1-Introducion
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1-5. Exporting raw data

Raw data can be exported using Mobius [Export Raw Data] as either:
1) Binary shorts (2 byte integer values).

2) Binary doubles (8 byte floating point values).

3) ASCII text in “CSV” format.

4) Mobius native data format (.modat).

1. Open an acquired data in analysis workflow including the [Export Raw Data].

2. Check the “Enable storage” checkbox in the [Export Raw Data] module. (File name can be modified
in the Filename modifier box.)

3. Select the data format.

4. Select channels, Trace No, trace time for the Saving/Exporting in the [Replay Raw Data] module.
Channels shown with green will be enabled.

Replay Raw Data File Export Raw Data

Filename Filename modifier

[20130716_00h24m15s_nmda modat |E] Spikes
Enable storage

Traces 1 to |1
Tracetime 120000 to 125000 ms el
[AsCHl gxt) -

Channels 10 E]

Step1
sy ) =
Trace
Trace time

Figure 1-5.1. Exporting raw data. Raw data (waveforms) for channel 10 at 120000-125000 sec will be exported as an
“ASCII (text)” file in this example.

5. After setting all parameters, save the analysis workflow as your own (Figure 1-5.2).

Mobius Win7 0.4.2 -- [Rev 500 on 2014/05/07]

m Layout Help

New

hg Directory v| Ann

Open... Ctrl+0 -

Close
Save Ctrl+s

Save As... Ctrl+A tamps anly

tamps + spikes
Edit F12 pe e 4

Sr
De

Exit Ctrl+X Iy,

Figure 1-5.2. Saving the analysis workflow as your own.

0100 —

6. Run the analysis workflow with the Green-Red button. The exported data will be saved in the same
folder where the analysis workflow is saved.
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1-5. Exporting raw data

File Format Version 20071201
Session Start Time 2012/11/10 05:10:19 +09

time_ms chimV ch2mV c¢ch3mV chd.mV chbmV ch6mV ch7.mV

0 -0.00162 -0.00689 -0.00598 -0.00014 0.005626 -0.0019 -0.00021
0.05 -0.00077 -0.00288 -0.00654 0.0045 0.008087 0.002672 -0.00225
0.1 -0.00253 -0.00323 -0.00534 0.005836 0.007243 0.001547 -0.00288
0.15 -0.00633 -0.00394 -0.00281 0.001828 0.003305 0.005415 0.001899
0.2 -0.00534 -0.00499 -0.00401 -0.00288 0.002321 -0.00091 -0.00077
0.25 -0.00352 -0.00577 -0.00401 0.004852 -0.00415 -0.00415 -0.00366
0.3 -0.00316 -0.00534 -0.00457 0.005555 -0.00288 -0.0057 -0.0038
0.35 -0.00274 -0.00218 -0.00563 0.0045 0.001969 -0.00274 -0.00281
0.4 0.000844 -0.00127 -0.00506 0.003516 0.001195 0.003164 -0.00084
0.45 0.000211 -0.00162 0.000141 0.006751 0.002391 0.002742 -0.00316
0.5 0.001406 -0.0019 0.001336 0.006891 0.001617 0.003657 -0.00401
0.55 -0.00134 -0.00338 -0.00443 0.004079 -0.00436 -0.00239 -0.00577
0.6 0.000352 -0.00239 -0.00429 0.011181 -0.00795 -0.00162 -0.00647
0.65 0.000352 0.001688 -0.0019 0.009985 -0.00309 0.000141 -0.00485
0.7 -0.00113 -0.00183 -0.00211 0.010829 -0.00316 -0.00049 -0.00345
0.75 -0.00063 -0.00239 0.000211 0.00886 -0.00014 -0.0019 -0.00042
0.8 -0.00183 -0.00366 0.001406 0.007102 -0.00541 0.000914 0.000422
0.85 -0.00049 -0.00274 0.004782 0.005626 -0.00345 -0.00281 -0.00091
09 -0.00436 -0.00316 -0.00211 0.001266 -0.00563 -0.00415 -0.0026
0.95 -0.00323 -0.00063 -0.00028 0.002672 -0.00408 -0.00788 -0.00105
1 -0.00141 0.000563 -0.00197 -0.00204 -0.00028 -0.00689 -0.00155
1.05 0.002531 -0.00098 0.001547 -0.0019 0.002672 -0.00316 -0.00197
1.1 0.005696 0.002672 0.000914 -0.00091 0.003305 -0.00056 -0.00197
1.15 0.009704 0.001336 0.002531 -0.00415 0.001899 -0.0033 0.001477
1.2 0.007735 -0.00478 0.00218 -0.00499 0.000563 0.001899 -0.00323
1.25 0.003305 -0.00563 0.001899 -0.0019 0.000633 -0.00077 -0.00366
1.3 0.001406 -0.00563 0.000633 -0.00113 -0.00148 -0.00148 -0.00309
1.35 0.001617 -0.00253 0.005344 0.007454 0.006751 0.004922 0.006118
1.4 -0.00478 -0.0019 0.001406 0.003305 0.004079 0.007313 0.003094
1.45 -0.00429 0.002672 -0.00148 -0.00021 -0.00134 -0.00169 0.000492
1.5 -0.00499 -0.00134 -0.00281 0.001406 7.03E-05 0.000633 -0.00028
1.55 -0.00963 0.001336 -0.00443 -0.00218 0.000141 -0.00309 7.03E-05
1.6 -0.00394 0.00443 -0.00204 0.001195 0.00436 0.002813 0.002461
1.65 -0.00211 0.003094 0.00218 -0.00274 0.001336 -0.00134 -0.00197
1.7 -0.0012 0.003657 0.005344 0.001406 0.004922 0.001899 0.003586
1.75 -0.00352 -0.00267 0.003868 -0.00218 0.006118 0.000492 0.000281
1.8 -0.00429 -0.00373 -0.00084 -0.00584 -0.00127 0.004289 0.00225
1.85 -0.0038 -0.00591 0.001055 -0.00984 -0.00162 -0.00506 -0.00063
1.9 0.003446 -0.00408 0.002672 -0.00373 -0.00084 -0.00795 0.000141
1.95 0.006329 -0.00689 -0.00246 -0.00471 -0.00162 -0.00724 -0.00169
2 0.00225 -0.00401 -0.00288 -0.00731 0.003164 -0.00647 -0.00345

Figure 1-5.3. example of raw data exported with ASCII displayed in Excel.
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2-1. Recording of fEPSPs

Chapter 2 fEPSPs Recording

This chapter describes how to record and analyze fEPSPs using Mobius workflow templates. In this
chapter, you will learn about

. Recording fEPSPs from hippocampal acute slices.
. Long Term Potentiation (LTP).

. Drug testing.

. Replay and analysis of the acquired data.

. Dat output.

O DNWNPRF

2-1. Recording of fEPSPs

The goal of this section is that you be able to record fEPSP signals while measuring their amplitude and
slope using "Single_ pulse_recording” workflow template.

Opening the "Single_pulse_recording" workflow template.

1. Click [Workflow] > [New] >[From Template]. Select either of [64MD1_1280x1024] or
[64MD1_1920x1080] folder, depending on the size of your display monitor.

2. Select [EPs] > [EP_recording] folders. Select the “Single_pulse_recording” workflow template.

NOTICE:
In order to open the recording workflows, connect your PC to the MED64 amplifiers and turn on both
amplifiers.

B8] Mbio: win7 039 - (Rev8d an 201 o5, T

Blank
Open Workflow Template
Open... Cirl+ 0 From Template ...

Ty @-\)vl « Mobius » mobius files » Workflow Templates » 64MD1_1280x1024 » EPs » EP_recording

Save Ctrl+5S

e T
Save As.. Ctrl+A A -

18 Downlosds Name Date modified Type

| Recent PI
Edit F12 sesnt Flaces (5] 1-0_curve.moflo 2011/05/1012:33 MED64 Mobius

Exit Crl+X 5] LTD_cenditioning.moflo 2011/05/1012:32 MEDS4 Mobius
il Libraries

. 5] Paired_pulse_recording.moflo 2011/05/1012:32 MED64 Mobius
[) Documents L = =
D £ | Single pulse recording.moflo 2011/05/1012:32 MED64 Mobius
& Music

5] Theta_burstmoflo 2011/05/1012:33 MED64 Mobius

=) Pictures

Figure 2-1.1. Opening the workflow template.

Mobius Tutorial (MED-A64MD1): Chapter 2 - fEPSPs Recording 23



2-1. Recording of fEPSPs

2-1.1. Overview of the “Single_ pulse_recording” workflow template

The "Single_ pulse_recording" workflow template consists of the following modules located in the
“Main” and “EPSP measures” Tabs.

Tab Modules
Main

Acquire MED64R2 Data w/Stim / Display All Channels / Export Raw Data
EPSP measures Extract EP Measures (2) / Save Meausres Data (2)

Evoked signals are acquired with the [Acquire MED64R2 Data w/Stim] module. The acquired signals are
sent to the [Extract EP Measures] module, where several types of amplitude, slope, and time are mea-

sured and graphed. Raw data can be exported to binary or ASCII ("CSV" formatted text file).The mea-
surement chart can be saved as a "CSV" formatted text file.

| Acquire MED64R2 Data w/Stim |

Display Export “ R
All Channels| Raw Data \:| Main” Tab
] “EPSP measures’
Extract EP Measures Extract EP Measures Tab
Save Save
Measures Data Measures Data

Figure 2-1.2. Module configuration for the “Single_pulse_recording” workflow template.

[8) Mobius Win7 0.3.9 — Sincle_pulse_recording.moflo — [Rev 88 on 2011408/201

Acquire MED64R2 Data w/Stim
Wicekflow  Layoul  Help.
L) Working Directory ~  Annotations -

Peauve MEDBARE Data wiStim

[Export Raw Dota
Analyzed Stimulation Filename modifier
Trwce?  Trace Tesce

Step | | Step 2| #5tep o | #Step 48 | #Step 63| aStap 6 | #Step 72 | sStep 88
1 0:00-00 1 0:00:00

B Erble san [T Formit ~@}-Export Raw Data
Tmke == Fsim 71 3]s b0 S| S
N:fn‘“ 5 I‘;‘ﬂ‘" Ra"";“” i?“““""‘“‘_”" Type | Lonaih (s} | Anplitude (uA) =
500 o0
e= %‘" Pulse | 020 1000

Gonct =] athn 010
I Répest pattern to trace end
fier = Single rep = 10000
’7 ! s ﬂl\i:w? 100.00 m?
[ =l terum s | - | Asome

Save Measures Data

Figure 2-1.3. “Single_pulse_recording” workflow template. “Main” tab (left), “EPSP measures” tab (right).
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2-1. Recording of fEPSPs

2-1.2. Overview of the [Acquire MED64R2 Data w/Stim] module

The acquisition and stimulation parameters are set in this module.

NOTICE:
Connect your PC to the MED64 amplifiers and turn on both amplifiers to open this module.

Acquire MEDEIR2 Data w/Stim

—Acquired Analyzed —Stimulation
Trace # Trace duration remaining Trace # Trace duration remaining fe Step 1 | Step 2 | #Step 3#' #tep .ml #5tep 5#' #tep ﬁﬁl #5tep ?#l #step E#I
1 0:00:00 1 0:00:00 T trable stop (11) leeend O F1 M F2
—Timing Hardmare (E0)® stim [FI =] > o [ =] ]
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Figure 2-1.4. Top shows [Acquire MED64R2 Data w/Stim] module.
The bottom shows the stimulus parameters for the Step 2.
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T s Aernlfine
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Trace duration: Sampling (Recording) time for each
trace.

Trace interval:
Interval between traces. (From the beginning of the first trace to the beginning of the next trace)

Input Range (mV):

Maximum input signals level. This setting should be adjusted according to the signal amplitude to
achieve the maximal dynamic range. Select 2.3 mV, 2.9 mV, 5.0 mV, 12.5 mV, or 25 mV.

5 mV is recommended for recording of fEPSPs.

Low cut freq (Hz):
High pass filter. Select 0.1 Hz, 1.0 Hz, 10 Hz, or 100 Hz. If 1.0 Hz is selected, signals with frequen-
cies lower than 1 Hz are filtered out. Usually, 1.0 Hz is recommended for recording of fEPSP.

Channels:
Select the channels for recording here. When the square box is clicked, the channel selector pops
up. The enabled recording channels are colored green.

High cut freq (Hz):

Low pass filter. Select 1000 Hz, 2500 Hz, 5000 Hz, 7500 Hz, or 10000 Hz. If 5000Hz is selected,
signals with frequencies higher than 5000 Hz are filter out. Usually, 10000 Hz is good enough for
recording of fEPSP. Values lower than 2500 Hz is NOT recommended for recording of fEPSPs.

Save raw data:
When Mobius is started by clicking the Green-Red recording button while the [Enable storage] is
checked, the raw data is saved. Enter a descriptive file name of your choice.

Mobius Tutorial (MED-A64MD1): Chapter 2 - fEPSPs Recording 25



2-1. Recording of fEPSPs

imulati

Each Step is independent and can be programmed with different types of stimulation protocols. Enabled
steps will be applied in order (1 to 8) at the intervals set in the Trace Interval.

10.

11.

12.

“Enable step” check box:

When the box to the left of [Enable step] is checked, the Step becomes valid. The default settings
have Stepl and Step 2 enabled, and Steps 3-8 disabled (shown with # next to each Step). Stepl
and Step 2 are applied alternately at 20 second intervals.

Stimulator selector and check box:

Select the MED64 amplifier’s built-in stimulator (F1 or F2) here. Checking the box on the right of
“Stim” activates the selected stimulator. The default settings have F1 enabled both for Step 1 and
Step 2. Stimulation is applied alternately at 20 second intervals.

F1 and F2 can be enabled at the same Step to stimulate 2 channels simultaneously.

Stimulus channel selector:
Select stimulus channel here. The stimulus channel can be changed either by the drop-down or the
pop-up which appears by clicking the square box. The green shows the stimulus channel.

Mobius needs to be stopped (with black button) or paused (with yellow button) for the stimulus
channel to be changed.

= Stimulus channel can be changed without stopping or pausing by using the pop-up stimulus
channel selector. However, the changes are activated on the 2nd trace after the new channel is
selected by software since Mobius uses the next trace to reset itself.

Stimulus waveform editor:

Make your stimulus protocol here by selecting either [Const] or [Pulse] and typing in the desired
Length and Amplitude. Refer to Figure 2-1.5 for a schematic representation of a stimulus protocol
example.

= Make sure that the STIMULUS CURRENT selection on the MED64 Head amplifier
(MED-A64HEL1) is set to [NORMAL] to deliver the stimulus current amplitude set in Mobius.
Selecting [x2] doubles the output stimulus current amplitude set in Mobius.

(e.g. When 10 pA is selected by Mobius with [x2] selected, the output stimulus current is 20
pA. When -10 pA is set in the Mobius with NORMAL selected, the output stimulus current
amplitude is 10 pA)

e The maximum stimulus amplitude set by Mobius is 100 pA. Set the STIMULUS CURRENT selec-
tor for x2 when stimulus amplitude with greater than 100 pA is applied.

e The maximum number of stimulus pulses to be programmed here at a Step is 21.

e Do NOT select [Ramp] for the stimulation with the MED64. Only bi-phasic stimulation is rec-
ommended.
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Type Length (ms) | Amplitude LAy (=
5.00 0.00
Pulee =|| 020 -1000
| Goret =]l 9480 0.00 M -

pre stimulation time: 5:msec

—_—nD>

post stimulation time: 94.80 msec

Figure 2-1.5. Example of a stimulus protocol and itsschematic diagram.

13.

14.

15.

16.

17.

Repeat pattern to trace end check box:
When this box is checked, the stimulus protocol programed at the Stimulus waveform editor (12)
will be repeated to the end of the trace. Useful for LTD conditioning.

Reps selector:
The stimulus protocol set at the “Stimulus waveform editor” (12) will be repeated the number of

times set here. Useful for multiple pulse stimulation such as LTP conditioning.
= Repeat of the stimulus waveforms which durations are longer than 1 minute is not recom-
mended.

Stimulus current amplitude increment button:

When the + button is clicked, the absolute value of the stimulus current amplitude for the [Pulse] is
incremented by the value set it the left box. (16*) For example, if 2 is set in the box (16) and the +
button is clicked once, the stimulus amplitude will be changed to -12.00 pA from -10.00 pA. This is
useful for changing the stimulus amplitude for multiple pulse stimulations (e.g. Theta burst) with
just one click. The absolute value of the stimulus amplitude can be decreased sequentially using the
same procedure when - button is clicked.

= The stimulus current amplitude can be changed even during recording by using this button.
However, the changes are activated on the 2nd trace after the change since Mobius uses the
next trace to reset itself.

See #15

Auto Inc check box:

When this box is checked, the stimulus current amplitude will automatically increase adding the
value (in pA) set in the left box (16) to each preceding stimulation pulse. This is useful for making
1/0 curves. Please refer to section 2-2.3.Input/Output curve (page 35) for details.

In the default setting, Stepl (F1) and Step 2(F1) run alternating every 20 seconds in this workflow.
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2-1. Recording of fEPSPs

2-1.3. Running workflow

The workflow is run and stopped (paused) with the execution buttons.

Stop/Run WITHOUT Run WITH Pause

saving data saving data
Figure 2-1.6. Execution buttons.

2-1.4. Before starting your experiment

When a recording workflow is run with Green or Green-Red button for the first time after it is opened
(or made), Mobius needs several seconds for its calibration (as seen in the pop-up message). Acquisi-
tion starts automatically after the calibration.

If you would like to start acquisition immediately after clicking the Green-Red button, run the workflow
with the green button for a few traces with both stimulators un-enabled, and then stop before starting
your experiment. When the workflow is run the next time, Mobius does not require calibration but
acquisition will start immediately.

Please wait while the amplifier is calibrated ...

PO Figure 2-1.7. The top shows pop-up mesage for the calibration. Acquisition
Step 1 | #5tep 2| #5tep 3¢ | always starts after this message disappears.
¥ Enable step o . o
. m s Ch In order to start recording immediately after clicking the Green-Red button,
m run Mobius with the Green button for a few traces with stimulator un-enabled
Tvpe Length {ms) | Amp before starting your experimen. (bottom figure.)
- 5.00
[ | foan
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2-1.5. Recording fEPSPs with single pulse stimulation

Now you will set the parameters for single pulse stimulation at a single channel and record fEPSPs.

1. [Stepl] and [Step2] are enabled in the "Single_pulse_recording™ workflow template. Disable

[Step2] so that stimulation is applied only through the channel selected in the [Step1].
1) Click the [Step2] tab and uncheck [Step enabled].

2) You will see that the # mark appears next to [Step2], indicating that this Step is disabled.
(Refer to Figure 2-1.8)

-
1 @Step o DStep o | #Step 4% | #Step 5# | #Step 6t | #5tep 7| #tep 8 |

Enable step Llegend: [ F1 M F2
P stim [FT =] — ch iz =] .| 12
Type Leneth (ms) | Amplitude (ud) | =
- 500 0.on
Fulze | 020 —-10.00 ]
Const + 9480 n.on s

I Repeat pattern to trace end
Sinel = 100.00
[T =IRers AMSEIE To0 6 me
ID vl (+f'—uF'u);| ;I [ Auto e
Figure 2-1.8. Disabling [Step2 ].

2. Click on the tab for [Stepl] so that parameters for the Stepl appear.

How do | change the stimulator at a given Step?

F1 is enabled for Step 1 in the default settings. Unless stimulation is applied through 2 channels
simultaneously, F1 can be used for all Steps. However, if you would like to use another stimulator (for
example, F2 instead of F1, change the stimulator following the procedure below:

1) Uncheck [Stimulator Enabled] for F1 by clicking the check box.

2) Select F2 at the stimulator selector and check [Stim] for F2. Now F2 stimulator is enabled instead
of F1 (Figure 2-1.9)

Check both F1 and F2 to stimulate through 2 channels simultaneously.

Uncheck the F1 stimulator (left), then check
[¥ Enahle step F2 stimulator (bottom)

I Stim |FI vI —> Ch |IU vl

—Stimulation

Step 1 |#Step 2# | #Step 3% | #Step 4% | #Step 6# | #Step 6 | #Step 7# | #Step 8t |

¥ Enable step Leeend: [ F1 [ F2
W ostim [F2 =] —oh [0 =] | 12
Type Length (m=) | Amplitude (uA) |+

~ 500 000
Pulze =] 020 -10.00 = 1
Const = 94.80 0.00 bt
™ Repeat pattern to trace end

Sinele rep = 10000 ms
[T =IRers QM50 Y0000 me

[ <] trmumd o« | = | T e Ine '

Figure 2-1.9. Changing the stimulator to F2 from F1.
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3. Make sure that the STIMULUS CURRENT selector on the MED-A64HE1 amplifier is set to [NORMAL].

e Selecting of [x2] doubles the output stimulus current.

(e.g. when -10 pA is selected in the Mobius with x2 selected, the output stimulus current is
-20 pA.)

4. Start Mobius with the Green button (Run WITHOUT saving data). Find the best channel for stimula-
tion by looking at the 64 channel display and changing the stimulation channel. You can also
change the amplitude during this procedure for optimal stimulation.

= Mobius needs to be stopped or paused to change stimulus channels or/and amplitude.

= The stimulus channels and/or amplitude can be changed without stop or pause by using the
“stimulus channel selector” and/or “the stimulus current amplitude increment button.” How-
ever, the changes are activated on the second traces after new channel/amplitude is set.
(Mobius uses the next trace to reset itself.)

5. When you find the optimal stimulation channel and amplitude, set the protocol for on-line analysis
as follows: (Refer to Figure 2-1.10)

1) Open the "EPSP measures” tab.
2) Set the [Step Filter] to Stepl for both measures.

3) Select the channels you want to monitor analysis on-line during your recording.
= Channels can be changed even during recording (or running) by scrolling or typing the num-
bers directly.

[8] Mobius 0.3.7 — [Rev 3035 on 2010,02/09 23:01:14] ==l x|
Workflow  Layout Help

fluy_ Working Cirectory = | Annatatiens =

Step 1-13

Fatential V)

EPSP Amp W)

" " ! 0 |
0 20 a0 & 0 100

Trace time (ns)

Time (miwtes:
tep Filter [Step 1 = Shift tms) [T =] I %-labele __ Reset I Hide phases [ Autoscale Measures [ Average [2 =] Traces Edit Measures

ExtrogEP Measwes - step?

Step 1-121 887 & Measures Data - stepd

EFSP Sipims/u\)

Fotetial (V)

0

o Chirues)

T tine o
p1 x| Shittfms) [i =] I label I Hide phases [ Autoscale Measures [ Average £ =] Traces: Edit Measures.
ﬁi“\ 2) gV\ 4)-(1) Click this button

to Edit measurements

Dmnl Step Filter

"

Figure 2.1-10. fEPSP measurements.
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4) The default settings have "Slope 1040 LinerFit” (red cursor) and "Amplitude Minimum” (blue
cursor) selected for measurement. Change the measurement menu if necessary. (Refer to Figure
2-1.11)

e Mobius must be stopped to change the measurements.
= Analysis can be done later off-line.

(1) Click [Edit Measures], and then select the measurement (analysis) you want at the [Measure
Type] column. (The name can be customized by typing it directly into the [Custom Name]
column.)
= Please click [Measures Help] for detailed explanations for the measurements.

(2) Click [Add Measures] to perform more analysis.
(3) To delete a measurement, right click the custom name and select the [Delete].

(4) Close this editor by clicking the [Hide] button.

= b © 0 K B || workngorectory - | annatations -

Msin  EPSP measures | (2)

Extract EP Measures — stepl 4_/

Step 1-13 R — Add Measure | Measures Help

88 [ CustomMame ]
S

Measure Type

2000

1500

EPSP Slp (ms/u\

1000

(1)

6125

Patential L0

=1000

_1500 -640

-2000

EPSP Amp ()

-660
2585 = . ] 6665 | H
a 50 100 0 2 4
Trace time ms) Time (minutes)

i ]
80401 T
I

Charnel [31 «| Step Filter [Step1 =] Shift (msd 0 ~>| [T X-labels Reset I Hide phases | Autoscale Measures [~ Average [2 ~| Traces Hide.

fdd Mezeurs [iee=trarecm]

Measure Type
Slope 1040LinearFit

®) (4)

i Figure 2-1.11. Edit measurements.

5) Set the cursors by clicking on them and dragging them to the desired position.
= For detailed information on analysis, please refer to section2-4.3. Analysis of fEPSP signals on

page 45.

How do | adjust the graph scale to zoom in on the waveforms?

1) Left-clicking and dragging while pressing the shift button.

2) Changing the maximum (and/or minimum) numbers for both X (time) and Y (amplitude) axis.
Click, then, type in the new value(s) for the maximum and/or minimum.

= Double-clicking anywhere on the chart to return to the original axis range.

Make sure that [Enable storage] is checked in the [Save Raw Data] (“Main” tab) to save the data.
(The file name can be modified.) Set the # of traces.
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[s] Mobius Win7 0.3.9 — Single_pulse recording moflo — [Rev 88 on 2011/03/21] == x|
Werkflow  Lawout  Help
B P @ 00 || Working Directory ~ | Aanotations ~
Main | EPSP measures |
#cquire MEDBARZ Data w/Stim JExport Faw Data
Aequired Anabzed Stimulation Filename madifier
Trace #  Trace duration remaining Teace #  Trace duration remanng Step 1| #Step 24| #5tep 52| #Step 4 | ¥Step 58 | Ftep 64| Wtep 78| AStep 82
1 0:00:00 1 0:00:00 [ Enable stap Lesend M FI WF2 Foemat
Timing  Hardhware || Fstim[FT s]-=chfu =] | 1 T |
Tates Trput Rangs (m)  Low cut freq (Hz) Tope Lereth (ms) | Amplitede (af) =
10 = i = I I~ 50 | o |
T Channels High cut freq (H) ; T -
Hourz M Sec — - Puke =l 020 -1000
i = = = " L] [ ] || LGonst =] 9as0 0.00 -
2 S Fan data 1| I Fepeat pattern to trace end
mz "W’VMBJ‘ Sac Filename modifier [_| j, Plaps i'ﬁzle rep ?nénn[;ﬂﬂ [
F=pF =Ip = \/FEF D LS
7 Enable storsge [0 =erm o | - | fome

Display All Channals

Figure 2-1.12. Workflow for single pulse recording stimulating at 1 channel. Only the F1 stimulator is nale fr
[Stepl]. [Step2] is diabled.

14

7. Save this workflow as your Recording Workflow by clicking Fi] Mabhus 0.3.6. [Rer 301000 e IEEE
obius 0.3.6 - [Rey on

[Workflow] > [Save As]. (Figure 2-1.13)
/ workflow  Lawout Help
=] F Etory - | Annotatio
1 Qpen. .. Chrl4+0
8. Start Mobius with the GREEN-RED button. Close
Save Chrl+5 Anal
- Mobius will require you to save the workflow as your Tra
own if you try to start Mobius with the Green-Red 1
button without having saved it already. Edit F1z e
. . . Exit Chrl+3 Ran
= The data file (.modat file) and analysis workflow |—||UU ] ﬁ
including all analysis modules selected for the - - ~
recording workflow (.moflo file) and [Replay Raw Figure 2-1.13.

Data] module will be saved in the same folder.

(Refer to Figure 1-4.10 on page 17 for files generated after recording.)
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2-2. Long Term Potentiation (LTP)

This section describes how to perform an LTP experiment. This method involves recording baseline
activity and LTP with one workflow, whereas conditioning stimuli is applied with another. The following
procedures are detailed in this chapter.

Selecting the stimulation channels for experimental and control pathways.

Identifying the appropriate stimulus current amplitude for both pathways with an 1/0 curve.
Making the LTP workflow.

Making Theta burst workflow.

Recording LTP.

arwNE

1. Selecting the stimulation channels

Open the "Single_pulse_recording"” workflow template. Determine the 2 different stimulation channels
for experimental pathway and control pathways, and the desired channel for on-line monitoring by run-
ning the workflow without recording using the Green button. (Please refer to section 2-1.5. Recording
of fEPSPs” on pages 29-32)

2. Input/Output (1/0) curve

This procedure is carried out to determine the appropriate stimulus current amplitude for recording fEP-
SPs. The slope or/and amplitude are usually selected as the output parameters. A current amplitude
eliciting 30% to 50% of the maximal amplitude is typically selected. For LTP recording, the appropriate
stimulus amplitudes need to be identified with 1/0 curves for the control and experimental pathways.

1. Open the “10_curve” workflow template. In the default setting, (1)-10 pA is selected for the initial
stimulus current amplitude, (2) the [Auto Inc] button is checked, and (3)5 pA is set for the incre-
ment value. The current amplitude will increase automatically by 5 pA in subsequent trace until the
end of the recording (e.g. 10, 15, 20------ . 105 pA).

Modify the stimulus current amplitude, length, and increments depending on your signals and slice
viability. Change the stimulus channel to that identified for experimental pathway (or control path-
way).

FAcquire MEDE4R2 Data we/Stim
[ Acguired | [ Analyzed | Stimwlation
Trace #  Trace duration remaining Trace 2 Trace duration remaining Step | | #Step 2# | #Step 5% | #Step 42| 2Step 5| #Step 68 | #5tep 72| #3tep 82
1 0:00:00 | 1 0:00:00 F# Enable step legsnd [ F1 W F2
[~ Timing [~ Hardware W Stim [FI =] — 12
# Traces Input Range (mV)  Lows cut frag (Hz) Length (ms) | Arplitude (R |~
¥ =l I50 | L =l s | oo |
Trace duration Channels High cut freq (Hz) I ;
Hours  Min Sec =D [15000 | Pulse =] 020 | -1000 0
0 ~| [0 = N O | —I | | Const =] 9480 0,00
Trace intarval [ ?"’e raw d"ﬂil ™ Repeat pattern fo trace end
Hours Min Sac | Hename madifier 1 'I Reps g‘l’l‘srrpsmg |=|] a[.'u[:j']'&:'s o
[ | [0 'I 20 - =
[¥ Enable storage [ =l Crum e | = | P oo
Figure 2-2.1. "IO_curve” workflow template. (3) (2) 1)

2. Open the “EPSP measures” tab. Change the measurement to analyze if necessary, and then set the
cursors. (Refer to section 2-4.3. Analysis of fEPSP signals on page 45) Change the channels to
those you selected for on-line monitoring.
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3. Save the workflow as your custom 1/0 curve workflow. Click the Green-Red button to start the
recording. (Click on the Green button if you would not like to save data).

4. Determine the 30% (or 50%) for the maximal (saturating) stimulus amplitude. The following exam-
ple shows a protocol in which the stimulation started at 5 pA, and then increased by 5 pA in every
subsequent trace. The responses saturated at the 12th trace (60 pA) at approximately -1900 puV.
The 30% and 50% of -1,900 uV are 633 pV and 950 pV respectively. The stimulus current ampli-
tude eliciting 30% of the maximal response is 20 pA and the stimulus current amplitude eliciting
50% of the maximal response is 25 pA.

5pA 10 pA 20 pA 25 pA 60 pA

. |

0-
s 5004
=] — 30%, -633uV
E-1000 - -50%, -950pV
o
E =-1500 —

__ Saturation

2000 - ] I i i ] Ll -1900 pVv
0 02 0.4 L1133 il 1 1.240:

Time {minutes)

Figure 2-2.2. Determination of the stimulus current amplitude eliciting 30% and 50% of the maximal response.

5. Determine the stimulus amplitude for the experimental and control pathways.
= You can do test both pathways simultaneously if Step2 is enabled. In this case, stimulus ampli-
tude increases by 5 pA independently for each Step.

6. After you identify the stimulus current for both pathways, close this workflow.

3. Making an LTP workflow

In this section, you will learn how to make your LTP workflow using the "Single_pulse_recording" work-
flow template. Both baseline and LTP will be recorded with this workflow. After recording of the base-
line, you will apply theta burst with another workflow, and then come back to this LTP workflow for LTP
recording.

1. Open the "Single_pulse_recording™ workflow template, and modify the experimental parameters.
Keep in mind the following important points:

1) # of traces: set the number so that both the Baseline and LTP recordings will run with this
workflow. For example, inputting 300 for the # of traces and 20 seconds for the trace interval will
result in a recording 100 minutes long (20 sec x 300 times).

2) Step 1 stimulation: change the stimulus channel to that selected for the experimental pathway,
and amplitude to that identified by the 1/0 curve for the experimental pathway. In Figure 2-2.3,
the stimulus amplitude was changed to -20 pA and stimulus channel was changed to 30ch.

= Make sure that F2 stimulator is NOT enabled in Stepl.

3) Step 2 stimulation: change the stimulus channel to that selected for the control pathway, and
amplitude to that identified by the 1/0 curve for the control pathway. In the example, the stimulus
amplitude was changed to -25 pA and stimulus channel was changed to 32ch. Make sure that F2
stimulator is NOT enabled in Step 2.
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4) Make sure Steps 3-8 are NOT enabled.

In this example, Stepl is selected for the experimental pathway through which the theta burst
will be applied after recording of the baseline. Step2 is selected for the control pathway.

&) Mobius Win? 0.3.9 — Single_pulse_recording moflo -— [Rev 86 on 2011/04/17]
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Figure 2-2.3. Recording parameters for LTP recording.

2. Open the EPSP measures tab and modify the analysis parameters.
1) Change the channel to that identified for on-line monitoring in the previous step.

2) Change the measurements (analysis) as necessary.
= The default settings enable Slopel040 Liner Fit and Amplitude Minimum.

3) Run a few traces with the Green button. Once waveforms appear, set the cursors for the
measurements.

Refer to section 2-4.5. Analysis of fEPSP signals on page 45 for detail.

Stepl:
Experimental Pathway__|s =

(Conditioning stimulus
will be applied)

Step 2:
Control Pathway

vt [T ] Shap Tite

Figure 2-2.4. Running the LTP workflow.
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3. Save it as your own LTP workflow (Click [Workflow] > [Save as], and type file name) and leave it
open.

Workflow  Lawout Help

THEw * Etory ~ | Annok

Open... Chrl+O

Close

Save Ctrl+s |j

5. (Chrl+d il

Edit Flz
[ H

Exit Chrl+x I
- E— [

Figure 2-2.4. Saving the LTP workflow.

4. Making a workflow for LTP conditioning stimulus (e.g. Theta burst)

In an LTP experiment, you will need to apply a conditioning stimulus such as a theta burst to the exper-
imental pathway right after recording the baseline activity. The best way to do so is to have the 2 work-
flows, for baseline/LTP recording and conditioning stimulus, open and ready on your MED64 PC. In this
section, you will make a workflow for the theta burst stimulation using the workflow template.

1. Open the “Theta_burst” workflow template.

2. Change the stimulus amplitude at the [Pulse] to the value determined for the experimental path-
way.

= Use the +/- button to change the amplitude. For example, in order to change to -20 pA from
-10 pA, select 10 pA (Figure 2-2.5, (1)), then click the + button once (Figure 2-2.5, (2))so
that amplitudes for all 4 "pulses" are changed to -20 pA. If you directly type the number at the
[Pulse] boxes, you must type it in 4 times for all [Pulse] boxes.

3. Change the stimulus channel to that determined for experimental pathway. (Same to that selected
for Stepl at your LTP workflow).

4. Make sure steps 2-8 are NOT enabled
5. Make sure F2 stimulator is NOT enabled at Stepl.
6. Save as your own Theta Burst workflow

Workflow  Layout  Help

BEDbON HWDVK\“E Directory ~ | Annotations -
Main |

Boquire MEDBAR2 Data w/Stim

~fequired ~Analyzed

Trace #  Trace duration remaining | | Trace#  Trace duration remaining | | Step | | #5tep 22 | #5tep 3% | #5tep 42 | #5tep 52 | #tep 6| #tep 78| #tep s»j_/

1 0:00:00 1 0:00:00 ¥ Enable step Legend F2
~Timing ~Hardmare ¥ stim [F1 x| — Ch [a o
# Traces Irput Range (V) Low eutfrea (He) | | T o ooy ameliuss (uA) |~
[ - 50 ~ [ ~
I Bl I = =l Conet || 600 100
Trace duration Chamels High cut freg (He) || [ "
Hours  Min  Sec [t | [om = uke 2|

g R o 2 Ganst > o 5
Trace interval [Saveramdata —— | FThpeat paliem to frace end
Hours

Min Sec Filename modifier lﬁﬂeps Single rep = 20000 ms

T - mm All reps = 2000.00 m:

¥ Enable storage % (/= uA)%ulu e EEII[I WU‘UU IEhU ZUIU[I
/
/ (2) Use these buttons so that all numbers at Pulses are

increased (or decreased) at one time.

Figure 2-2.5. Example of a theta burst conditioning stimulus protocol.
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2-2. Long Term Potentiation (LTP)

7. Uncheck the Stim box for F1, and then run this workflow with the “Stimulation ————

8.

GREEN button once, and then stop. Step 1 | #5tep 2 | #Step 3¢

[V Enable step
= When a recording workflow is run for the first time, Mobius needs = sijm [FT =] — Ch

several seconds for its calibration before it starts acquisition. This Tome Loneth (me) | &
prevent you from applying conditioning stimuli quickly. = 500

[T | noan
It is recommended to run this workflow with the stimulator dis- Figure 2-2.6.

abled (with the “Stim” check box unchecked, Figure 2-2.6) before Disable the stimulator.
you start your experiment so that conditioning stimuli is applied
right after the baseline recording.

Check the Stim box for F1 so that the F1 stimulator is enabled again. Leave it open on your MED64
PC.

5. LTP experiment

Now you have 2 workflows (LTP workflow and Theta Burst workflow) open on your MED64 PC, and are
ready to start recording.

1.

Activate the LTP workflow by clicking the title bar on the LTP workflow. Make sure that [Enable stor-
age] is checked. Make sure that the STIMULUS CURRENT selector on the MED-A64HEL1 amplifier is
set for [NORMAL]. Start your experiment by clicking the GREEN-RED button.

After you finish recording baseline activity, PAUSE the experiment with the YELLOW button.
DO NOT stop the recording with the Black button. The experiment will be stopped. Baseline and LTP
data can NOT be stored in the same data file.

Quickly activate your theta burst workflow by clicking the title bar on the theta burst workflow.
Apply the theta burst by clicking the Green button once. (or Green-red button if you would like to
save this data.)

When the theta burst stimulus protocol is finished, quickly go back to the LTP workflow and restart
your experiment by clicking the GREEN-RED button.

worktlon Help
L3 M B | workng Direct oy = | Annetatiens -

Wain | PSP nasares |t
ot B Roweres = vt

[Gave Measures Data - stept
Filename maditier

Step 1-54

=

ShopelinearFitu\/ns)

Potential )

[} ) I 50 a0 100
Trace time {ms)

Ghannel [FT =] Step Finer -] snitt () I Melabols __ Passet | I Hidephases [ Autoocalo Meosures [ Averass [ v] Traces Edit Measwes

Extroct EP Measures - step2 [Gave Maasurss Dats - siosl
Step 2-54 Filensme modifier

2605

=

Fatential L)

Figure 2-2.7. LTP experiment.
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2-3. Drug testing

2-3. Drug testing

Mobius' [Compute Measure Averages] module calculates averages and standard deviations for the mea-
surements (waveform analysis) in all experimental phases. This is a useful tool for making a
dose-response curve or comparing the results from different phases during drug application. This sec-

tion will show you how to make a dose-response curve using this module.

Since this module is at the end of the analysis chain, it can slow down the data processing and causes
Mobius to stop during your experiment if you perform these analyses online. Thus, it is recommended

not to use this module during recording unless you are very familiar with your experiment and prepara-
tions. All analyses introduced in this section can be performed later off-line.

One alternative is just making bars (phase-annotations) at the beginning of phases (e.g. drugl) with-
out on-line analysis. The location of the phase bars are saved to the analysis workflow. To do this, skip

steps 1-3 and start with step 4.

1. Open the "Single_pulse_recording” workflow template.

2. Add modules [Compute Measure Averages] and [Save Measure Averages] to this workflow tem-

plate.

1) Make a new tab. Click [Layout] > [Add Tab], then type in the name for the new tab. (Figure 2-3.1)
2) Open the Editor in the new tab. (Click [Workflow] > [Edit]) (Figure 2-3.2)

B D @ 00 || Workine Directory ~ | Annotations ~ |

b

Delete Tab

Extract EF b Rename Tab

o Charts Background Color ...

x|

Iaveragesl

EFSP Slp (ms/uv)

Main I EPSP measuresf averages I
F&] Mobius Editor
iark f low
Acquire MEDAE4R2 Dat.

&b Extract EP Measures — step
> Extract EP Measures — step2
B Dizplay &ll Channels
& Export Raw Data
Save Measures Data - step2
Save Measures Data — stepl

Available task panels

S [=14|

T Display Al Channels

> Display Extracted Spikes
> Display Spike Measures
&> Display Sinele Channel
> Export Raw Data

> Extract EP Measures
s Extract Spikes

&> Extract Lone Spikes

@ Filter Raw Data

tential (v}

Figure 2-3.1. Making a new tab.

3) Click the [Extract EP Measures -step1-], on the

left "Workflow" box, and then double-click the
[Compute Measure Averages] on the right
Available task panels. (Figure 2-3.3).

You will see the [Compute Measure Averages]
module shift to the left box, under the [Extract
EP Measures -stepl-] (Figure 2-3.4). The panel
for this module will appear in the new tab.

Figure 2-3.2. Editor is opened in the new tab.

E Mobius Editor

hiorkf low Available task panels
42 Acquire MEDG4R2 Data wStim
Extract EP Meazures — stepl
Extract EP Meazures — step?
Dizplay All Channels
Export Raw Data

Compute Measure Averages
&> Display Results Table
> Save Meazures Data

Save Messures Data — step?
> Save Measures Data - stepl

Figure 2-3.3.

Msin | EPSP messures aversgss |

Ees

Measues |  Baseline [ Washin

[ Washout | ‘ 10
1
—Ioi x|

arkdlaw
Aoquire MEDE#R2 Data w/Stim

43 Extract EP Measures - step!
Extract EP Messures — step?
Display All Channels

Export Raw Data

Save Measures Data - step?

S5 pl

Co

Available task panels
® Display Results Table
> Save Measure Averages

Figure 2-3.4.
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2-3. Drug testing

4) Click the [Compute Measure Averages] module on the left “Workflow” box, then double-click the
[Save Measure Averages] on the right “Available task panels" so that the [Save Measure Averages]
module is shifted to the “Workflow” box under the [Compute Measure Averages].

Averages and standard deviations for the [Extract EP Measures -stepl-] (top chart in the EPSP
measures tab) will be computed and displayed. If online analysis for the other [Extract EP
Measurement-step2-](bottom chart) is necessary, add the same modules under the [Extract EP
Measures -step2-].

8] Mobius 0.3.7 — SinglePulseRecording.moflo - [Rev 3034 on 2010,/02/09 22:12:54] =~ x|

workilon  Layout  Help

"0 working Dirsctory ~ | Annotations v
Man | EPGP measures _averagss |

[Compute Messure Awerages

Measues Baseine Washin Washout 10

[&] Mobius Editor

‘Wior k. flow Available task par
3 Aequire MEDEAR2 Data wsStim
Chavel [T =] [ Uselost 2] ptesohese Hde [ Extract EP Meazures — ztepl

Extract EP Meazures — step

Dizplay Al Channels

Export Raw Data

Save Meazurez Data — step?

Save Meazures Data — stepl
-{? Compute Meazure Averages

re fwerages

Figure 2-3.5. Control panels for the [Compute Measure Averages] and [Save Measure Averages] modules (left)
and the modules in the completed new workflow (right).

Open the [Extract EP Measures] module (in the EP measures tab), select measurements for analy-
sis, and set the cursors (refer to section 2-4.5.Analysis of fEPSP signals on page 45).

Save it as your own workflow.

Run Mobius with the GREEN-RED button. The first phase (baseline) will start from time 0.
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2-3. Drug testing

10.

11.

12.

Pause Mobius with the YELLOW button

when the first phase or baseline recording li
ity ~ || Annatations -~ |

is completed. Click [Annotations] > [Add

New phase]. Type the name for the 2nd

phase. (e.g. dose 1, Figure 2-3.6)

44

Do NOT stop with the Black button. If it is
stopped, the experiment will end and new
phases will NOT be added.

When the OK button is clicked, a yellow

Add K

Delete Last Phase

Delete All Phases

Annotate Phase x|
Mame of phaze about to start:
[dose 1] |

Ok | Cancel |

n 2

bar with the chosen name appears on the Figure 2-3.6. Making a new phase.

measurement chart. (Figure 2-3.7)

Re-start Mobius by clicking the
GREEN-RED button.

Time in the measurement chart will
continue running even during the pause.

Pause Mobius with the YELLOW button .
when the second phase (e.g. dose 1) is 2

1 1
5 [i]

213

completed. Click [Annotations] > [Add Figure 2-3.7. Adding a new phase.

New Phase] again.

Type in the name for the 3rd phase. (e.g. dose 2) When the OK button is clicked, the yellow bar

with the name appears on the measurement chart.

Start Mobius again with the GREEN-RED button. Add subsequent phases using the same procedure.

You can see the table and graph of averages for each phase on the [Compute Measure averages]
module (in the “Averages” tab) (Refer to Figure 2-3.8)

= The phase annotations (yellow bars) can be shifted by clicking and dragging during off-line
analysis. When data is replayed after the phase annotations are shifted, averages and stan-
dard deviations are computed again based on the new phase annotations location.
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Figure 2-3.8. [Extract EP Measures] module with phase bars (top) and [Compute Measure Averages]

module (bottom).

Input fiel in th mpute M

re Aver

tation. This is mostly for off-line analysis.

m

Hide: You can hide the measurement which is checked from the chart.

Channel: Selects the channel to be displayed. The selection cannot be changed during recording.

Use last: If this box is checked, the selected (or typed) number of data points are used for compu-

Note: the chart can be zoomed up or down by clicking and changing numbers of the maximum and/or
minimum scale for both X and Y axis.
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2-4. Replay and analysis of acquired data

2-4. Replay and analysis of acquired data

Mobius data files (.modat) are opened and replayed with the [Replay Raw Data File] module and ana-
lyzed using the [Extract EP measures] module. In order to run and analyze the acquired data, you need
to create and run an analysis workflow. The quickest way to replay and analyze the acquired fEPSP data
is using the “Single_pulse_analysis” workflow template (which will be introduced in this chapter).

The analysis workflow including the analysis and saving modules you selected for your recording and
[Replay Raw Data File] instead of [Acquire MED64 Data w/Stim] are automatically saved to the same
directory where your recording workflow is saved. (Refer to page 17) The other quick way is to use
those workflows. The analysis workflow is opened by clicking [Workflow] > [Open] and selecting the
workflow (.moflo) file.

2-4.1. Replaying acquired data

1. Click [New] = [From Template]. Select either of [64MD1_1280x1024] or [64MD1_1920x1080]
depending on the size of your display monitor. Select [EPs] > [EP_analysis] folders, and then
“Single_pulse_analysis” workflow template.

5] ot e 039 v 050
m Layout Help
e

Close
Save Ctrl+5
Save As.. Ctrl+A
Edit F12 Open Workflow Template
Exit Ctrl+X @le .« Mobius » mobius_files » Workflow Templates » 64MD1_1280x1024 » EPs » EP_analysis
Organize Mew folder
& Downloads “  Name Date modified Type
2] Recent Places X X I " .
|&] Paired_pulse_analysis.moflo 2011/03/21 21:34 MED&4 Mobiu
. . || Single_pulse_analysis.moflo 2011/02/20 23:22 MEDG4 Mohbit
4 Libraries
3 Documents
.J1 Music 3
[ Pictures

Figure 2-4.1. Opening the aﬁalysis workflow template.

2. Open the acquired data file (.modat) by clicking the box next to the [Filename] and selecting the
desired file. When the file appears on the Filename box, the data is ready to be replayed by clicking
the Green button or Green-Red button. (Figure 2-4.2)

3. When the Green button is clicked, the acquired data is just replayed. Clicking the Green-Red button
executes the enabled Exports or Saves.
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Wordiow  Layout  Help
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Figure 2-4.2. Opening the data file: When the file name appears in the Filename box, it is ready to be replayed.

(5] Mobiais 0.3.5 — [y 3010 an 2009/10/07 01:35:21] lox]
Woddlow  Layout  Help

LN ] M || wokingDuectary + donckations ~
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Figure 2-4.3. Replaying fEPSP data.

In fields for the [Repl Raw D Filel] m |
1. Traces: Selects the trace(s) for processing.
2. Trace time: Selects the trace time for processing.

3. Channels: Selects the channels for processing. Click the box next to the “Channels” to open the
channel selector. Channels in green will be enabled.

4. Delay: Set this value to a value greater than zero to insert a delay between data "blocks" sent out
by this module. It is useful for slowing down data processing.
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2-4. Replay and analysis of acquired data

2-4.2. Overview of the “Single_ pulse_analysis” workflow template

The "Single_pulse_analysis" workflow template consists of following modules. (located in the 3 Tabs).

Tab Modules

Main Replay Raw Data File/ Display All Channels / Export Raw Data
EPSP measures |Extract EP Measures (2) / Save Meausres Data (2)

Awverages Compute Measure Awerages (2) / Save Measuure Awverages (2)

In general, the replayed data is sent to the [Extract EP Measures] module, where evoked signals are
extracted and their amplitude, slope, area, and time are measured and graphed. Phase measurement
averages are computed and graphed accordingly when phase annotations are added. The raw data can
be exported in either binary or ASCII ("CSV" -comma separated values- text file). The measurements
and averages chart can be saved by "CSV" formatted text file.

| Replay Raw Data File ‘
| | ] “Main" Tab

Display Export
All Channels| Raw Data

] “EPSP measures”

Tab
Extract EP Measures Extract EP Measures |:| Averages” Tab
Save Compute Save Compute
Measures Data Measure Averages MeasuresData Measure Averages
Save Save
Measure Averages Measure Averages

Figure 2-4.4. Module configuration for the “Single_pulse_analysis” workflow template.
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2-4. Replay and analysis of acquired data

2-4.3. Analysis of fEPSP signals

Amplitude, slope, area, and time of the extracted waveforms are measured (analyzed) in the [Extract
EP measures] module. The extracted evoked potential waveforms are displayed at the left-most chart
and time course of the selected measurements are graphed on the right charts.

Extract EP Measures - stepl

Step 1-11
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Channel 24 ~| Step Fitter [Step 1 ~| Shift (ms) 0 | [ H-labele Reset I Hide phases ¥ Autoscale Measures [ Average |2 ~| Traces
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Figure 2-4.5. Extract EP Measures module.

1) Raw data chart

Edit MFasurES 2) |npUt fields

9

1. The raw data chart on the left most shows the extracted evoked responses waveforms. When a
measurement chart is clicked, the corresponding cursor appears on the raw data chart. The cursors

for the measurements are shifted by left-clicking and dragging.

2. You can zoom in on the raw data chart by

Main  EFSH measures | Averages |

Step 1-

1000

2000

Extract EP Measures — stepl 1) left-clicking and dragging while pressing the shift button.

2) changing the maximum (and/or minimum) numbers for both X
(time) and Y (amplitude) axes. Click, then, type in the new
value(s) for the maximum and/or minimum. (Figure 2-4.6)

* Double-clicking anywhere on the chart to return to the original

1500
1000 axis range.
Figure 2-4.6.
Extract EP Measures — step1
3. The cursor locations can be copied to all or spe- 1000
cific channels by right-clicking and selecting the 30
[Apply Cursors to All Channels] or [Copy Cur- 80
sors]. Select [Apply Cursors to All Measures] to 410

200

copy the cursor locations to all measures. (Figure
2-4.7)

[

-200

-400

Selecting [Copy Data] allows you to copy the
waveform data to an excel work sheet.

~60n
-&0n

-1o000

Figure 2-4.7.

Step 1-8 -3685
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400 -
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Apply Gursors 1o All Ghannals
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Gapy Data

Gapture Image J
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2-4. Replay and analysis of acquired data

2) Input fields

1. Channel No:
Selects the channel(s) for display by scrolling or typing
the numbers directly. These can be changed even during
recording or replaying.

Fotent

1]
ajuwfn
vifafn
2

When the channel selector is right-clicked and [Select] is ]
clicked, the Channel selector box appears. The channels Tt |

of interest are selected here as well. (Figure 2-4.8) This is R - i e
useful for running the 4-sample system by allowing users s
to save charts to 4 different CSV files. Figure 2-4.8.

2. Step Filter:
Selects the Step to be analyzed here. Stepl is selected for the top chart and Step 2 is selected for
the bottom in the default settings. Useful for analyzing acquired LTP data with the “Single__
pulse_recording” workflow template.

= In order to analyze Conductor data, ALL must be selected.

3. Shift (ms):
For analysis of paired pulse experiments. When a number greater than O is selected here, the cur-
sors and chart for the 2nd pulse appear.

4. X Labels:
When this check box is clicked, the time point at which the waveform crosses the cursor is dis-
played on the Raw data chart.

5. Reset: Resets the shifted cursors to the original positions.

6. Hide phases:
The phase bar (yellow bars with characters on the measurement chart) is hidden when this button
is clicked. Please refer to the "Computing averages for phases"” on page 48 for details.

7. Autoscale:
When this check-box is checked, the scale for the measurement chart is automatically adjusted.
You can zoom in and out in the measurement chart by typing the number directly in the maximal
values for both the X and Y axes when the Autoscale button is NOT checked.

8. Average:
When this box is checked, the averaged measurements are computed and graphed. Set the number
of traces to be averaged with the selector right to the check box. (e.g. if 2 is input and the box is
checked, every two traces (1st and 2nd, 2nd and 3d, 3rd and 4th.) are averaged and graphed.)

9. Edit Measures: Click this button to select or change the measurement menu.

1) Select the analysis (measurements) you desire from the [Measure Type] box to change the
default measures.

2) You can name the selected measures by double-clicking and typing directly into the [Custom
Name] box.
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2-4. Replay and analysis of acquired data

3) In order to have more measurements, click [Add Measures] button so another row on the table
and new measurement chart appear.

4) You can delete unnecessary measurements by right-clicking the custom name, and selecting
the [Delete]. (Bottom figure in the Figure 2-4.9)
= Click [Measures Help] button for detailed information on measurements.

5) Click the [Hide] button to close this editor.
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Fig'ure 2-4.9.

3) Measurement chart

The time course for the selected measurements (analysis) are graphed here. Zoom in or out by chang-
ing the maximum (and/or minimum) values for the X and/or Y axis. Click and type the new number
directly.

Right clicking anywhere in the chart
Slope1040LinearFit(uV/ms)

and selecting [Copy Data] allows you E

to copy the measurement data (only ™" -265.604
for currently selected channel) into %-wu -277.293
an excel file. (Figure 2-4.10) 5 e ~285.283
2 -600 -273.298
- é -280.4
Selecting [Capture Imgge] allows & a0 T ¢ po5 16

you to copy the chart image. 3
-268.563

Figure 2-4.10. Copying measurement data.

Measurement chart output

After you select the analysis parameters, you probably will want to output a measurement chart. When
the check box for [Save Measures Data] is checked and the analysis workflow is run with the Green-Red
button, the charts are saved as a "CSV" text file.

The “Single_pulse_analysis” workflow template is designed so that the charts for Stepl and Step2 are
exported as separate file in the default setting.

Please refer to section 2-4.5 Data output (pages 50-52) for detail.
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2-4. Replay and analysis of acquired data

2-4.4. Computing averages according to phases

Mobius’ [Compute Measure Averages] module calculates averages and standard deviations for the
selected measurements (analysis) according to phases, and graph. This is useful for making a
dose-response-curve or comparing the measurements between phases such as baseline and LTP.

The “Single_pulse_analysis” workflow template includes the [Compute Measure Averages] module. This
section will show you how to make a dose-response curve by using this module in the workflow tem-
plate.

If you would like to add this module to your own analysis workflow, please refer to the stepl-2 at the
section 3-2. Drug testing on page 38.

1. Open the [Extract EP Measures] module and replay the data by clicking on the Green button. The
first phase (baseline) will start from O.

2. When the first phase (baseline) is fin-
ished, Pause Mobius with the YELLOW _ -
button. Click [Annotations] > [Add New ¥ = | annotatiens - |
phase]. (Figure 2-4.11) Ads

Delete Last Phasa

3. Type in the name for the 2nd phase. (e.g. * Delete &ll Phases |
dose 1). When the OK button is clicked,
the yellow bar with its name appears on
the measurement chart in the [Extract EP
Measures] module. (Figure 2-4.12)

Mame of phaze about to start:
|d|:|se 1] |

NOTICE: If Mobius is stopped with the
Black button, replaying is terminated and
a phase bar can not be added.

Figure 2-4.11.
4. Start Mobius with the Green button again.

5. Pause Mobius with the YELLOW button
when the second phase (e.g. dose 1) is
finished. Click [Annotations] > [Add New
phase] again.

6. Type the name for the 3rd phase (e.g.
dose 2). When the OK button is clicked,
the yellow bar for the 3rd phase with its i i ] o
name appears on the measurement chart. Figure 2-4.12.

7. Restart Mobius with the Green button. Add subsequent phases with same procedure and replay the
data to the end.

8. You will see the values and graphs for each phase in the [Compute Measure Averages] module.
(Figure 2-4.13, bottom)

9. The phase annotations (yellow bars) can be shifted by left-clicking and dragging. When the data is
replayed after the phase annotations are shifted, averages and standard deviations are recalculated

based on the new phase annotation locations.

10. If you are satisfied with the location of the phase bars, save it as your own analysis workflow.
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2-4. Replay and analysis of acquired data

11. In order to save the average chart to a "CSV" file, check the check-box for the [Save Measures

Averages] module, then run Mobius with the Green-Red button.

Main  EPSP measures | Averages |

Extract EF Measures - stepl

Trace B0
2625

2000

1500

Patential G\)

1

8 M 0

Maln | EPSP messures Averagss

Trace time {ms)

-11328 -,
=1200

-1400

=1600 -

Slopel 040L inearF it lu\//me)

17952 -

-13601 —

EFSP Amp V)

Time (minutes)

6
l
i} 8

Compute Measure Averages - stepl

Measures Bassline | 4/

Slone1040LineaFitfuvims) |-1271 68 |27.89 |-1298 99 |23 61 |-1416.65 |57 54 |-1659.34 15327 |
1512.08 | 2350 |-1564,64 |38.70 |-1722.87 |64.31 |-1956.90 | 70,55

hamel B8 »] [ Usslest I ] pis/phase Hide

dosel |#)sd dosel |efad| dosed el

Messure Averages

Figure 2-4.13. [Extract EP Measures] module with phase bars (top), and the table and charts at the [Compute Mea-
sure Averages] module (bottom).

1nput fields for [Compute Measure Averages] module

1. Channel: Selects the channel to be displayed. The selection can not be changed during replaying.

2. Use last: When this box is checked, the selected (or typed) number of data points are used for
computation. For example, if 10 is selected, average and standard deviation are measured for the
last 10 data points in each phase.

3. Hide: hides the measurement checked in the chart.

= Note: the chart can be zoomed up or down by clicking and changing numbers of the maximum
and/or minimum scale(s) for both X and/or Y axis.
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2-5. Data output

Mobius allows you to output folowing data/analysis of fEPSPs signals:

1. Raw data (waveforms)
2. Measurement chart
3. Average chart

All outputs are executed when Mobius is run by clickikng the Green-Red button with the check boxes for
the Save or/and Export modules are checked. (The analysis workflow needs to be saved to execute the
output.) Channels for output can be selected with channel selector in the [Replay Raw Data File] mod-
ule.

Replay Raw Data File

Filename

2010052?_15h32m553_LTP—inceQ—rea| )

Traces 1 to 10

Trace time 0 to 100 ms
Charnels 29 CJ
Delay (ms) 0 |

Trace

Trace time

Figure 2-5.1. The [Replay raw Data File] ready for expoert. Data for trace No 1-10 for channel 29 will be output

2-5.1. Export raw data

Please refer to 1-5. Exporting raw data (page 20-21) to export raw data.

Data for a waveform displayed in the [Extract EP Measurement] can be quickly copied to Excel with fol-
lowing procedure:

Select the waveform you would like to save in the [Extract EP Measurement]
Click anywhere in the Trace chart.

Select [Copy Data]

Open a new file in the excel, and then paste the data.

PONPE
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2-5. Data output

A B
1 -000122
2 | -0.00244
3 | -0.00244
4 | -0.00244
5 | -0.004583
&
7
=}

Step 2-15 (Trace 280

—0.00244

—0.00732

—0.00483
8 | -0.00364
10 —0.0061
11 | -0.00488
12 | -0.00488
13 | -0.00368
14 | -0.00368
15 | —0.00368
16 | -0.00438
17 —0.0061
18 | -0.00438
15 | —0.00368
20 | -0.00122

Figure 2-5.2. Copying the waveform data to excel. Waveform data for Trace 28, ch 29 was copied to excel.

2-5.2. Save the measurement chart

Enable the [Save Measures Data] module. The measurements values are saved as a "CSV" formatted
text file.

Save Measures Data - stepl File Format Version 20080210
Filename madifier Recording Date 2007/9/05 17:15:56 +09
| Enable

STIMULATION PARADIGM 1
EPSP Slp (ms/uV)

Trace# Phase Time (s) | chi ch2 ch3
Stepl-1 Baseline 0 -1.397 -2.041 -2.321
Step1-2 40.219 -1.011 -1.638 -2.49
Stepl1-3 80.422 -1.428 -2.305 -2.876
Stepl1-4 120.625 -1.06 -1.424 -2.953
Step1-5 160.813 -1.276 -1.552 -2.323
Stepl1-6 201.016 -1.116 -1.752 -2.665
Stepl-7 241.219 -0.966 -1.614 -2.191
Step1-8 281.422 3.999 -1.436 -2.471
Step1-9 321.625 -0.948 -1.595 -2.415
Step1-10 361.813 -0.962 -1.716 -2.815
EPSP Amp (uV)

Trace# Phase Time (s) | ch1 ch2 ch3
Stepl-1 Baseline 0 -8.545 -6.104 -7.324
Step1-2 40.219 -6.104 -7.324 -8.545

Figure 2-5.3. [Save Measure Data] module/control pannel (left) and example of the measurment chart saved as an
Excel compatible CSV file (right). The chart of slope linerfit and minimum amplitude for Step 1 are saved.
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2-5.3. Save the average chart

Enable the [Save Measure Averages] module. The values for the averages and standard deviations are
saved as a "CSV" formatted text file.

Save Measure Averazes - stepl| | File Format Version: 20090613

Filename madifier Recording Date: 2007/7/13 06:44:04 +09

/| Enable Slope1040LinearFit(uV/ms)
Phase chi +/-sd ch2 +/-sd ch3
Baseline 32.528 5996 -10.402 50.352 -63.225
dose 1 32.239 9.716  -28.377 55.214 -61.097
dose?2 39.948 11.97 -63.761 39.029 -62.029
dose 3 48.442 5472 -78.628 1577 -65.594

EPSP Amp (uV)

Phase chi +/-sd ch2 +/-sd ch3
Baseline -60.092 3.841 -246.416 5.54 -264.615
dose 1 -59.937 5.853 -250.977 6.666 —260.01

Figure 2-5.4. [Save Measure Averages] module/control pannel (left) and example of the measurment chart saved as
an Excel compatible CSV file (right).
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3-1. Recording spontaneous neuronal spikes (single unit activities)

Chapter 3 Spike Sorter

This chapter will teach you how to record and analyze spontaneous neuronal spikes (single unit activi-
ties) either from neuron cultures or brain slices using available workflow templates. In this chapter you
will learn:

1. How to record spontaneous neuronal spikes (single unit activities).

2. How to test drug effects.

3. How to replay and analyze spontaneous neuron spikes (single unit activities).
4. How to export analyzed data.

3-1. Recording spontaneous neuronal spikes (single unit
activities)

There are 5 workflow templates available for recording spontaneous neuronal spikes (single unit):

. Spike_recording (Recording with extracting spikes and their frequency analysis).

. Spike_recording_filter (1 + filter).

. Spike_recording_cluster (Recording with extracting, clustering spikes, and their frequency analyses).
. Spike_recording_filter_cluster (2+filter).

. Spontaneous_recording (Recording WITHOUT any real-time analysis).

abhwNBE

Opening the workflow template

1. Click [Workflow] > [New] > [From Template]. (Figure 3-1.1)

2. Select either of [64MD1_1280x1024] or [64MD1_1920x1080] folder, depending on the size of your
display monitor. Select [Spikes] > [New] >[Spontaneous_recording] folders. Select the workflow
template.

= Go to [Basic_recording] folder for the “Spontaneous_recording” workflow template.

= Workflow for the old spike sorter modules are located in the [Archives] folder.

NOTICE:
Connect your PC to the MED64 amplifiers and turn on both amplifiers to open the acquisition workflows.
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3-1. Recording spontaneous neuronal spikes (single unit activities)

lank I

[ coun wonnom Tameune ﬁ
‘; - [l + 64MD1_1020:0080 & Spikes + New + Spontamecus recordng -4 |[ Ta—y B
B X =
Ovganize = Hoew fchder i - " ]
r Faverites
W Desktop B Spike._recording

L Recenst Places 5] Spike_recording_cluster
B Downloads | Speke_recording_lites

&) Spekn_recordineg Titer_chustes

-4 Librasies

Figure 3-1.1. Opening the workflow template.

3-1.1. Setting the acquisition parameters

All the acquisition workflow templates include the [Acquire MED64R2 Data] module. Acquisition param-
eters are set in this module.

NOTICE:
Connect your PC to the MED64 amplifiers and turn on both amplifiers to open this module.

Acquire MEDB4R2 Data

2 Acquired —fAnalyzed (5) ]
\ Trace # Trace duration remaining Trace # Trace duration remainiry
0:00:00 1 0:00:00 6)
1) —Hardware /(
—~ Tnput Ranee fA/Low cut freq (H;
AutoPause EE] B4} [ 100 8
Trace duration Channel= High cut freq (H: /( )

Hovurs Min Sec [i-6¢ w -
e = e

- —Save raw data
Trace interval Filehame madifier (7)

Hours Min Sec I
i B2 W ETE B [ x
| =l =l =l ¥ Enable storaee 4_—__ (9)

Figure 3-1.2. [Acquire MED64R2 Data] module.

o
3
5
m

®)

(4) —|

1. #Traces: Number of Traces (sweeps).

2. Auto Pause:

Mobius will pause automatically when the current trace is finished if the box is checked. The trace
interval set below becomes invalid when this box is checked. Mobius re-starts by clicking either of
Green button or Green-Red button.

3. Trace duration: Sampling (Recording) time for each trace.
4. Trace interval:

Interval between traces. (from the beginning of the first trace to the beginning of the next trace.)

= In the default setting, signals are recorded for 5 minutes every 30 minutes (as seen in the fol-
lowing figure), which is repeated 48 times. Mobius will run for 24 hours in total.
= The trance interval becomes invalid when AutoPause is checked.

5 min 5 min
< 30 min. > Recording
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3-1. Recording spontaneous neuronal spikes (single unit activities)

Input Range (mV):

Maximum input signal level. This setting should be adjusted according to the signal amplitude to
achieve the maximal dynamic range. Select 2.3 mV, 2.9 mV, 5 mV, 12.5 mV, or 25 mV. Larger number
for the Input Range creates lower voltage resolution. 2.3 mV is usually good enough for recording
of neuronal spikes.

Low cut freq (Hz):

High pass filter for the amplifier. Select 0.1 Hz, 1.0 Hz, 10 Hz or 100 Hz. If 1.0 Hz is set, the signals
with frequencies lower than 1 Hz are filtered out. 100 Hz is recommended for the recording of
neuronal spikes.

Channels:

Select the channels for acquisition here. When the square box is clicked, the channel selector pops
up. The enabled recording channels are colored green.

High cut freq (Hz):

Low pass filter for the amplifier. Select 1000 Hz, 2000 Hz, 2500 Hz, 5000 Hz, 7500 Hz, or 10000 Hz.
If 5000 Hz is selected, signals with frequencies higher than 5000 Hz are filtered out. 10000 Hz is
recommended for the recording of neuronal spikes.

Save raw data:

When Mobius is started by clicking the Green-Red recording button while the [Enable storage] is
checked, the raw data is saved. The file name can be modified.

3-1.2. Execution buttons

Acquisition is initiated by running an acquisition workflow. Clicking the Green button runs the
acquisition workflow without saving data while clicking the Green-red button runs the acquisition
workflow while saving data to disc.

TESNN

Stop Run WITHOUT Run WITH Pause

saving data saving data

Figure 3-1.3. How the execution buttons work for acquisition.
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3-1. Recording spontaneous neuronal spikes (single unit activities)

3-1.3. Before starting your experiment

When an acquisition workflow is run with Green or Green-Red button for the first time after it is opened
(or made), Mobius needs several seconds for the calibration (as seen in the pop-up message). Acquisi-
tion starts automatically after the calibration.

If you would like to start acquisition immediately after clicking the Green-Red button, run the workflow
with the Green button for several seconds, and then stop it before starting your experiment. When the
workflow is run for the next time, it will not require calibration and acquisition will start immediately.

Ploase wait while the amplitier is calibrated .

Figure 3-1.4. The pop-up message for the calibration.

CAUTION:

Make sure that the hard drive has enough free space when you start a long-term recording.
Acquisition with all 64 channels for 1 hour creates a 9.216GB file.
(9.216GB is represented as 9,000,000KB, 8,739.06MB, or 8.58GB in the Windows.)

Avoid saving data to the drive where the OS is installed (usually C drive). Save it to a separate hard
drive in the following cases:

1) When trace duration is set to longer than 30 minutes.

2) When trace duration is set to longer than 5 minutes and # Traces is greater than 12.

Extracting and/or clustering spikes can slow down Mobius' data processing and appear to freeze
when it extracts more spikes than it can analyze. This most often happens when non-biological sig-
nals cross the spike extraction thresholds on all channels at once. (e.g. Unexpected noises cross the
thresholds or the baseline fluctuates due to vibration.)

It is recommended you start your new experiments WITHOUT spike extraction or clustering (using
the Spontaneous Recording template or disabling spike detection). Perform your experiments with
real-time analysis when you are familiar with your preparation and experiments. When recording is
done with extraction, clustering, and filtering, please follow the instructions in section 1-2. Impor-
tant notice on pages 8-10.
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3-1. Recording spontaneous neuronal spikes (single unit activities)

3-1.4. Recording with extracting spikes and their frequency analysis
-Using the “Spike_recording(__ filter)” template-

Overview of the “Spike_recording(_ filter)” workflow templates

The “Spike_recording(_filter)” template consists of the following modules.

Tabs Modules

Main Acquire MED64R2 Data / Display All Channels / Export Raw Data

Extraction |Extract Spikes Advanced

Spike Compute Spike Freqs / Save Spikes / Save Spike Freqgs / Display Spike Measures
Filter* Filter Raw Data (2) / Display Single Channel (2)

* “Filter” tab is NOT available with the “Spike_recording” workflow template.

Acquire MED64R2 Data “Main” Tab
: ll l l l “Filter” Tab
Display Export . . .
Filter Raw Data Display Single Channel
All Channels Raw Data ¢ “Extraction” Tab
Filter Raw Data “Spike” Tab
Display Single Channel Extract Spikes Advanced
Compute Spike Freqgs Save Spikes

'

Save Spike Fregs

A 4 A 4

Display Spike Measures

Figure 3-1.5. Module configuration for the “Spike_recording_filter” workflow template. The “Spike_recording” does
nos include modules in the “Filter” Tab.

Thresholds are set using the [Extract Spikes Advanced] module and spikes crossing the set thresholds
are extracted. Spike frequency of all extracted spikes is computed and graphed during acquisition. You
can monitor 1) spikes are extracted, 2) the extracted spikes’ waveforms, and 3) the spike frequency
chart.

2 sets of [Filter Raw Data] modules are added in the “Filter” Tab. Acquired data can be filtered with
selected filter menu before sent to the [Extract Spikes Advanced] module. In the “Filter” tab, the top
[Display Single Channel] module shows the original non-filtered data while the bottom module shows
filtered data. (Refer to the bottom figure on the Figure 3-1-7).
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3-1. Recording spontaneous neuronal spikes (single unit activities)

Acquire MED64R2 Data Export Raw Data

:

E 3

Duplay A1 Charals

7
£

Display All Channels

Extract Spikes Advanced

Figure 3-1.6. Control panel for the “Spike_recording_filter” workflow template. "Main” tab (top), and “Extraction” tab
(bottom).
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3-1. Recording spontaneous neuronal spikes (single unit activities)

Save Spikes Compute Spike Freqs Save Spike Freqs

Display Spike Measures

Filter Raw Data Display Single Channel
(Raw data is displayed)

i ,. : ; ’
b] (Baaitea] B |

Display Single Channel

(Filtered data is displayed)

Figure 3-1.7. Control panel for the “Spike_recording_filter” workflow template. “Spike” tab (top) and “Filter” tab (bot-
tom). The “Spike_recording” does not have the “Filter” tab.
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3-1. Recording spontaneous neuronal spikes (single unit activities)

Recording spontaneous neuronal spikes with spike extracting and their fre-
quency analysis

Extracting spikes can slow down data processing and Mobius can even freeze when it extracts more
spikes than it can process. Refer to CAUTION on the page 56. Please follow the instructions below to
avoid stopping during acquisition when this workflow template is used (or this module is used for acqui-

sition.)

Select 100Hz for the low-cut filter. (Accidental low-frequency noise might cause to stop
Mobius).

Avoid enabling any [Export] or [Save] modules when raw data is saved. Once raw data is
saved, all exporting can be performed post-acquisition.

Set the trace duration (recording time) to less than 10 minutes and the trace interval to longer
than “the trace duration x 2” so that the analysis can catch up with the acquisition during the
trace interval. Particularly, keep the trace duration short for long-term recording lasting days,
weeks, or months.

Decrease the number of recording channels.

1. Open the “Spike_recording(_filter)” workflow template. (Refer to page 53)

Change the acquisition parameters in the [Acquire MED64R2 Data].
(Refer to section 3-1.1. Setting acquisition parameters on page 54-55.)

2. Start Mobius with the Green button and run the workflow template for a few minutes to see signals,
and then stop.

3. Select the channels for recording. Click the box next to “Channel” in the [Acquire MED64R2 Data]
module to have channel selector.

4. Select the channels for spike extraction in the chart of [Extract Spike Advanced]. (Analysis is not
monitored during acquisition for the channels that are un-checked although data is saved.)

A selection is applied to all channels easily by 1) right-clicking the check box and 2) selecting

1 0.030

-0.030

=

[Apply to All].
Extract Spikes Advanced
Channel limit (spkedz) 100 -
+Thresh -Thresh  Pre  Post -
Chan {mV) {mVy {ms)  (ms) On
§ 0030 | -0030 | 1 25 K
70030 | -0030 | 1 ] =
8 | 0030 |-0030 | 1 N
g 0030 | -0080 | 1 25
10| 0030 | -0030 | 1 25
1 0030 | -0030 | 1 25
12 0030 | -00%0 | 1 25
13 opan | -oese | I
1 N

Figure 3-1.8. Enabling/disenabling the spike extraction.

5. Make sure that [Export Raw Data] is NOT checked (Un check the check-box).

Once raw data is saved, this can be done later.
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3-1. Recording spontaneous neuronal spikes (single unit activities)

6. Set the analysis parameters.

1) Change the filter menu depending on the acquired signals.
(If the “Spike_recording” template is used, this is not necessary.)

2) Set the thresholds.

= Refer to section 3-3.2 Analyzing the spike rate on pages 74-82 for detail.

3) Change the parameters for [Compute Spike Freqs].
4) Make sure [Save Spikes] and [Save Spike Freqgs] are NOT enabled.

- It is not recommended to enable these modules during acquisition. These can be done later
once raw data is saved.

7. Run Mobius with the Green button again, then make sure that the thresholds you set are OK.
= Thresholds can be changed during acquisition. But it is not recommended to do so.
8. Save as your own acquisition workflow. (Refer to page 16) The workflow will be saved as moflo.file.
= The data file (.modat file) and the Analysis workflow (including all analysis modules and
parameters selected for the acquisition workflow and [Replay Raw Data File] module) will be

saved in the same folder. (Refer to pages 17)

9. Make sure that the Save raw data in the [Acquire MED64R2 Data] module is checked, then run your
workflow with the Green-Red button.

= Itis recommended to start acquisition without spike extraction when you are not familiar with
your experiments. It is strongly recommended to start recording WITHOUT extrac-
tions for long term recording over several days or weeks.

= Mobius will require you to save the workflow as your own if you try to start Mobius with the
Green-Red button without having it already.
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Figure 3-1.9. Spike extraction (top) and spike frequency analysis (bottom).
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3-1. Recording spontaneous neuronal spikes (single unit activities)

3-1.5. Recording with spike sorting
-Using the “Spike_recording(_filter)_ cluster template-

Overview of the “Spike_recording( filter)_cluster” workflow templates

The “Spike_recording(_filter)_cluster” workflow template consists of following modules.

Tabs Modules
Main Acquire MED64R2 Data / Display All Channels / Export Raw Data
Extraction |Extract Spikes Advanced

Cluster Spikes / Compute Spike Freqs / Save Spikes / Save Spike Freqs / Display Spike
Measures

Filter* Filter Raw Data (2) / Display Single Channel (2)

Spike

* "Filter” Tab is NOT available with the “Spike_recording_cluster” workflow template.

’ Acquire MED64R2 Data

l l l l “Main” Tab
Display Export ) . " “Filter” Tab
All Channels Raw Data Filter Raw Data lEEy el el
Il “Extraction Tab
Filter Raw Data “Spike” Tab
Display Single Channel Extract Spikes Advanced
Cluster Spikes
v !
Compute Spike Fregs Save Spikes
Save Spike Fregs

Display Spike Measures

Figure 3-1.10. Module configuration for the “Spike_recording_cluster_filter” workflow template. The
“Spike_recording_cluster” does not include the modules in the “Filter” tab.

Thresholds are set at the [Extract Spikes Advanced Spikes] and spikes crossing over the thresholds are
extracted. The extracted spikes are sorted (clustered) based on the similarity of waveform shapes. The
spike frequencies of each spike cluster are computed and graphed. You can monitor 1) that spikes are
extracted, 2) different spike clusters’ waveforms grouped by clusters, and 3) cumulated spike frequen-
cies of each spike clusters.

2 sets of [Filter Raw Data] modules are added in the “Filter” Tab. The acquired data can be filtered with
selected filter menu before sent to the [Extract Spikes Advanced] module. In the “Filter” tab, the top
[Display Single Channel] module shows the original non-filtered data while the bottom module shows
filtered data. (Refer to the bottom figure on the Figure 3-1-7).
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3-1. Recording spontaneous neuronal spikes (single unit activities)

Cluster Spikes Compute Spike Freqs

Save Spikes

Belay foke Mesmrre

Display Spike Measures

Figure 3-1.11. Control panels in the “Spikes” Tab for the “Spike_recording(_filter)_cluster” workflow template. The
“Main” and “Filter” tabs are same as “Spike_recording__ filter"(Refer to Figure 3-1.5).

Recording spontaneous activities with spike sorting

The purpose of clustering spikes is to identify and separate signals referred from multiple cells acquired
on a single channel (electrode) based on their waveforms similarities. The extracted spikes are treated
as vector inputs to define centroids (center of mass vector). However, the centroids can not be defined
unless “frozen” (ignoring any incoming spikes to alter centroids) and will change depending on the
incoming spikes. Thus, on-line spike clustering is limited to give you an idea how many different kinds
of spikes you have on each channel (electrode).

More importantly, clustering can slow down Mobius’ data processing and appear to stop it when the
analyzing can not keep up with data processing. Thus, it is recommended to:

1) Use this workflow template to get an idea of how many kinds of spikes you have before starting
acquisition.

2) Start acquisition without the spike extraction or sorting. It is strongly recommended to do so
when recording is performed for long term.
When on-line spike sorting (clustering) is performed, please follow the instructions below;

e Select 100Hz for the low-cut filter. (Accidental low-frequency noise might Mobius to stop.)
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3-1. Recording spontaneous neuronal spikes (single unit activities)

= Do NOT enable any [Export] or [Save] module when raw data is saved.
(Exporting can be done later off-line.)

= Set the Trace duration (recording time) to less than 10 minutes and the Trace intervals for lon-
ger than the trace duration so that the analysis catches up with the acquisition during the
trace interval. Particularly, make the trace duration even shorter for long-term recording last-
ing days, weeks, or months.

e Decrease the number of recording channels.

1. Open the “Spike_recording(_filter)_cluster” workflow template. (Refer to page 53)
Start Mobius with the Green button and run the workflow template for a few minutes to see signals,
and then stop.

2. Select the channels for recording. Click the box next to “Channel” in the [Acquire MED64R2 Data]
module to have channel selector.

3. Select the channels for spikes’ extractions in the chart of [Extract Spike Advanced].

= All analyses are not performed during the acquisition for the channels that are un-checked
although data is saved.

= The selection is applied to all channels easily by 1) right-clicking the check box and 2) select-
ing [Apply to All].

Extract Spikes Advanced

Channel limit (spks/z) 100 -
+Thresh -Thresh  Pre  Post o
{mV) {mV)y {ms) {ms)
0030 | -0.030 1 25
0030 | -0030 1 25
0030 | -0.030 1 25
0030 | -0.030 1 25
10 0030 | -0030 1 25
1 0030 | -0.030 1 25
1
1
1

Chan

(=)
5

m

[<l<N<N<N N N<

12| 0030 | -0030 25
13 0030 | -0030 El
25 W)

=

1 0.030 | -0.030

Figure 3-1.12. Enabling/disenabling the spike extraction.
4. Make sure that [Export Raw Data] is NOT checked (Uncheck the check-box).
= After raw data is saved, this can be done post acquisition.

5. Set the analysis parameters.

1) Change the filter menu depending on the acquired signals.
(If the “Spike_recording” template is used, this is not necessary.)

2) Set the thresholds.
= Refer to section 3-3.2 Analyzing the spike rate on pages 74-81 for detail.

3) Modify the parameters for clustering spikes (in the [Cluster Spikes] module).
= Refer to section 3-3.3 Spike Sorting (pages 83-87) for detail.

4) Make sure [Save Spikes] and [Save Spike Freqgs] are NOT enabled.

- It is not recommended to enable these modules during acquisition with extracting spikes.
These can be done post-acquisition once raw data is saved.
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3-1. Recording spontaneous neuronal spikes (single unit activities)

6. Run Mobius with the Green button. Make sure that the thresholds you set are OK.

= Although thresholds can be changed during acquisition, it is not recommended to do so during
acquisition.

7. Save as your own acquisition workflow. (Refer to page 54) The workflow will be saved as moflo.file.

= The data file (.modat file) and the Analysis workflow (including all analysis module selected for
the acquisition workflow and [Replay Raw Data File] module) will be saved in the same folder.
(Refer to page 17)

8. Make sure that the Save raw data in the [Acquire MED64R2 Data] module is checked, then run your
workflow with the Green-Red button.

= Itis recommended to start acquisition without spike extraction when you are not familiar with
your experiments. It is strongly recommended to start recording WITHOUT extrac-
tions during long term recording over several days or weeks.

= Mobius will require you to save the workflow as your own if you try to start Mobius with the
Green-Red button without having it already.

Figure 3-1-13. Spike sorting.
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3-1. Recording spontaneous neuronal spikes (single unit activities)

3-1.6. Recording without analysis
-Using “Spontaneous_recording” workflow template-

There is workflow template for “recording without any analysis” available in the [Basic_recording]
folder. The spike extractions can slow-down Mobius’ data processing and cause it to stop when it
extracts more spikes than it can analyze. It is recommended to record signals using this template until
you are familiar with your preparation and experiment. Analysis and exporting can be done post-acqui-
sition.

The “Spontaneous_recording” workflow template consists of following modules located in the 2 Tabs of
“Main” and “Monitor”. Acquired signals are simply displayed at all 64 channels and an any selected
channel. The data can be exported to binary or ASCII (“CSV” formatted text file).

Tabs Modules
Main Acquire MEDG4R2 Data/ Display All Channels / Export Raw Data
Maonitor Display Single Channel
| Acquire MED64R2 Data
l l l “Main” tab
Displ Export ) .
All Channels Raw Data Drepliey SE|e Cnenms] “Monitor” tab

Figure 3-1.14. Module configuration for the “Spontaneous_recording” workflow template.

Acquire MED64R2 Data
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e s / Export Raw Data
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Display All Channels

Figure 3-1.15. Control panels in the “Spontaneous_recording” workflow template.
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3-2. Drug testing

The [Compute Measure Averages] module calculates averages and standard deviations for the spike
frequencies for all the experiment’s phases. This is a useful tool for making a dose-response curves or
comparing phases before, during and after drug applications. This section will demonstrate how to
make a dose-response curve for spike frequencies using this module.

Since this module is at the end of the analysis chain, it can slow down the data processing and cause
Mobius to stop during your experiment if you perform these analyses during acquisition. So, it is recom-
mended not to use this module during recording unless you are familiar with your preparations and
experiment. All analysis introduced in this section can be done post-acquisition.

An alternate solution to avoid stopping is to just set the phase-annotations (yellow bars) without the
[Compute Measure Averages], and then analyze later. (The location of the phase bars will be saved in
your analysis workflow.) To do this, skip following steps 1-2 and start with Step 3.

1. Open the “Spike_recording(_filter)” (or any other) acquisition workflow.

2. Add the [Compute Measure Averages] and [Save Measure Averages] to this workflow template.
1) Make a new tab. Click [Layout] > [Add Tab], then type in the new tab’s name. (Figure 3-2.1).
2) Open the Editor in the new tab. (Click [Workflow] > [Edit]) (Figure 3-2.2)

Workflow Help

nre Working Directory » | Annobations «
Xy - 1 [ [~ )
w Delete Tab [T Mobius Editor L= |y
T = Workskoee Avnkabie task nanes
Foquire MEDS  Rename Tab [l v Mepotr oo % Ciepla Al ol
Acquired B Export Flaw Dats B Display ded Channsls
a Charts Backgreund Color ... B Display All Charnals ) Display 2k Channels
Trace # race duration remaining  Fiter oo Dt W Ditplay Extracted Spi
1 0-00:00 1 0-00-:00 Filter Fuws Dista W) Display Extracted Spkes (vaces anlv)
Rl ket - Extratt Sokes Advanced ©p Display Spike Measure:
T Compute Soke Frags U Display Single Channel
‘m‘;gTraces Tab Name Iéj S ok ) Export Faw Data

ingle Channel - original B Extract EP Mastures

48 - [ AutoPause

ingle Channel - filter B Extract Spies

@ D
Averages| Display Extractad Spies (maveforns cnly) W) Extract Spiker Advanced
Trace duration Display Extractad Spikes (vaces orly) O Extract Lo Spikes
Hours Min Sec Save Spke Frege B Extract Lok Spkes Single Chareel
[ + B - 0 - — Display Spie Frequenciss B Fitter Flaw Duts

. Save raw data
Trace interval o

Figure 3-2.1 (left). Making a new tab.
Figure 3-2.2 (right). Opening the Editor in the new tab.

3) Click the [Compute Spike Freqs] in the left “Workflow” box, then double-click [Compute Measure
Averages] in the right “Available task panels”. (Figure 3-2.3, left)

You will see the [Compute Measure Averages] module shift to the left box, under the [Compute
Spike Fregs] module (Figure 3-2.3, right). The control panel for this module appears in the new

g Mobius Editor = | )
Mobius Editor =AR=N X
orkflon Available task panels

ok flow Available task panels Acquire MEDB4R2 Data T Display Results Table
Acquire MEDE4R2 Data LA Comp s Export Raw Data B Sawe Messure Averazes
Expart Raw Data > Display Spike Measures Display All Channels
Display All Channels > Display Spike Frequencies Filter Raw Data
Filter Raw Data > Save Spike Fregs Filter Raw Data
Filter Raw Data Extract Spikes Advanced

<P Extract Spikes Advanced <2 Compute Spike Freqs
Gompute Spike Fregs Save Spikes
Sawe Spikes Display Sinele Channel - original
Display Single Channel - original Display Single Channel - filter
Display Sinele Channel - filter Display Extracted Spikes (waveforms only)
Display Extracted Spikes (waveforms only) gwsu\asv Ekx"?cteﬂ Spikes (traces only)
Display Extracted Spikes (traces anly) ave Spike Freqs

W Save Spike Fregs Display Spike Frequencies

) Display Spke Frequencies

Figure 3-2.3. Adding the [Compute Measure Averages] to the workflow.

68 Mobius Tutorial (MED-A64MD1): Chapter 3 - Spike Sorter



3-2. Drug testing

4) Click the [Compute Measure Averages] module in the left “Workflow box”, then double-click on
[Save Measure Averages] in the right “Available task panels” so that the [Save Measure
Averages] is moved to the “Workflow box”, under the [Compute Measure Averages] and the
control panel for this module appears in the [Average] tab.

Averages and standard deviations for the spike frequencies will be measured and graphed in the
[Compute Measure Averages] control panel.

Available task panels

Mobius Win7 0.4.2 -- Spike_recording_filter.moflo -- [Rev 500 on 2014/05/07] -
Workflow  Layout Help
) ] || Working Directory - | Annotations v|
Main | Extraction | Spike | Filter | Averages
Compute Measure fverages
Measures Baseline Washin Washout 10—
7
o
I
L
2
=
o
e
4 Wiorkflow
= Acquire MEDBAR2 Data
2] Export Raw Data
Dizplay all Channels
0. Filter Raw Data
UI Filter Raw Data
Extract Spikes Advanced
ormsl <] Pt 1 - phnee Wee [ ]| RREET
Dizplay Single Charnel - original
Dizplay Single Channel - filter

Display Extracted Spkes (waveforms only)
Dizplay Extracted Spikes (traces only)
Save Spike Freqs
Display Spike Frequencies

G Compute Measure Averages
Save Measure Averages

Figure 3-2.4. Control panels for the [Compute Measure Averages] and [Save Measure Averages] modules (top-left)
and all modules in the completed new workflow (bottom-right).

3. Set all acquisition and analysis parameters, and then start Mobius by clicking the Green button.
(Refer to page 54-55,77-80)

4. When you are satisfied with the new thresholds settings and other analysis parameters, stop and
save it as your own workflow. (Refer to page 54)

5. Run Mobius by clicking the Green-Red button. The first phase (baseline) will start from time 0.

6. Pause Mobius by clicking YELLOW button when the first phase (baseline) is finished. Click [Annota-
tions] > [Add New Phase]. Type in the name for the 2nd phase. (e.g. Drug 1.) (Figure 3-2.5).

Do NOT stop with the Black button. If it is stopped, the experiment will end and new phases will NOT

be added.
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Mobius Win7 0.4.2 -- Spike_recording_filter.moflo -- [Rev 500 on 2014/05/07]

Workflow  Layout  Help

P @ Working Directory -

Main | Extraction | Spike | Filter | fverage l
Save Spikes Delete Last Phase [e Spike Freqs
Filename modifier Data type Delete All Phases E window size
Time stamps oy " Oownzampling T Trace
Enable storage 9 Time stamps * spikes 4 § Annotate Phase

Display Extracted Spikes (traces only)

Mame of phaze about to start:

|Drug ]

0.100

oo |

Figure 3-2.5. Making a new phase.

7.

When OK button is clicked, the yellow bar with the chosen name appears in the [Display Spike Fre-
quencies] chart. (Figure 3-2.6)

Figure 3-2.6. a new phase is added in the [Display Spike Frequencies].

10.

11.

12.

Re-start Mobius with the Green-Red button.

Time continues running while paused in the measurement charts.

When the second phase (e.g. Drug 1) is finished, pause Mobius with the YELLOW button. Click on
[Annotations] > [Add New phase].

Type in the 3rd phase name (e.g. Drug 2). The yellow bar with the name appears in the spike fre-
quency chart when the OK button is clicked.

Start Mobius again with the Green-Red button. Add subsequent phases following the same proce-
dure and run Mobius until the end of experiment.

You can see the averaged values for each phase on the table and their graph in the [Compute Mea-
sure Averages] (in the “Averages” tab) (Refer to Fig. 3-2.7)

= The phase annotations (yellow bars) can be shifted by left-click and dragging when the data is
analyzed later. Averages and standard deviations will be calculated based on the new phase
annotations when the data is replayed.
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(8] b w7 04 3 . Bk ey _araiyan_ el = [ 558 20 561 405/571 L T = o
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okt Frequmecy

IRt ansLra Evacates
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ICTEM 4495 (328 (5615 (431 (7313 (475

Measure Averages

Channel 11 - Use last 0 ~ ptefphase  Hide

Figure 3-2.7. Computed measure averages. [Display Spike Frequencies] module with phase bars (top) and [Compute
Measure Averages] module (bottom).
In fields in th m M re Aver m |

1. Channel: Selects the channel to be displayed. The selection can not be changed while running
workflow.

2. Use last: When this box is checked, the selected (or typed) number of data points are used for
computations. This is mostly used for post-acquisition analysis (Refer to page 82).

3. Hide: hides the measurement checked in the chart.

= Note: the chart can be zoomed up or down by clicking and changing numbers of the maximum
and/or scale(s) for both X and Y axis.
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3-3. Replay and analysis of acquired data

The Mobius data files (.modat) are opened and replayed with the [Replay Raw Data File] module, and
analyzed using modules such as [Extract Spikes Advanced], [Cluster Spikes], and [Compute Spike
Fregs]. You will design your Analysis workflow by combining those modules for replay and analysis of
the acquired data. The quickest way to replay and analyze the spike data is using the Analysis workflow
template, which will be introduced in this chapter.

The Analysis workflow with the [Replay Raw Data File] and the analysis modules you selected for your
acquisition will be automatically saved to the same directory when you run acquisition workflow with
the Green-Red button. These analysis workflows can also be used for quickly performing analysis.

3-3.1. Opening and replaying acquired data

1. Open the analysis workflow template. Click [New] > [From Template]. Select either of
[64MD1_1280x1024] or [64MD1_1920x1080] folder, depending on the size of your display monitor.

Select [New] > [Spikes] > [Spike_analysis] folders, then select an analysis workflow template.
Four templates are available for analyzing spontaneous neuron spikes (single unit activities).

1) “Spike_frequency_analysis™: Spikes are extracted and spike frequency is computed and
graphed.

2) ”"Spike_frequency_analysis_filter”: 1) + filter

3) “Spike_sorting”: Spikes are extracted and sorted (clustered). Spike frequencies of clustered
spikes are computed and graphed.

4) “Spike_sorting_fiter”: 3) + filter

Blank
From Template ...

Open Werkfiow Templaze @
it o~ @-v-v‘ <« BAMDL_1920:1080 » Spikes » New » Spike_analysic [ 4] [ Search Spike_analysis ol
Organize = New felder = I @

X Favorites Name Date modified Type Size

B Deskiop [ spike_frequency_analysis MED64 Mobius W... 15 KB
MEDS4 Mobius 19 KB
MEDS4 Mol 15 KB

MED&4 Mo 18 KB

5] Recent Places ], Spike_frequency_analysis_filter

&8 Downloads @, Spike_sorting

[ Spike_sorting_filter
4 Libraries
& Documents | =

Figure 3-3.1. Opening analysis workflow template.

= In order to open your own analysis workflow, click [Workflow] > [Open], and then select the
workflow file (.moflo).

5. Open the data file by clicking the box next to the “Filename” and select the desired .modat file.
When the file name appears in the Filename box as seen on the right figure of the Figure 3-3.2, the
data is ready to be replayed by clicking the Green button or Green-Red button.

= Opening large data files can take several minutes. (e.g. Opening 10GB data takes over 1 min-
ute.)
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3-3. Replay and analysis of acquired data

6. The acquired data is just replayed when the Green button is clicked. Clicking the Green-Red button
while checking the [Enable] check-box executes the selected Export or Saves.

Click here to
open a data file.

v Computer ¢ O (0 » MEDGd data »

Feplay Raw Data File

20101126 0Sh0Sml0s_Spece.modat .
Filename

20101126_05h06m I0= Spikemodat | |

— Traces |I to |I
ASCRn Crabee
Trace time [0 to [180000 ms
ol Homeg,
Channels Il—ﬁ-t |
co
Delay (m=l [0 VI

Pl name: 0101136 05h06mL0s_Spike.eodat = | Datafiles " modat”. med)

| unoseaks O | T Astnscale  Vetage fibtidivi [T =] Duation imaddnd[101 =] Castee | Dhew @ CHs

Figure 3-3.3. Replaying spike data.

In fields for the [Replay Raw D Filel m l
1. Traces: Sects the trace(s) for processing.

2. Trace time: Selects the trace time for processing.

3. Channels: Selects the channels for processing. Click the box next to the “Channels” to open the
channel selector. Channels in green will be enabled.

4. Delay: Set this value to a value greater than zero to insert a delay between data “blocks” sent out
by this module. It is useful for slowing down data processing.
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3-3.2. Analyzing the spike frequency

This section describes how to analyze the spike rate with the “Spike_frequency_analysis_filter (or,
Spike_frequency_analysis)” workflow template. These Analysis templates consist of following modules
located in the Tabs of “Main”, “Extraction”, “Spike”, “Filter”, and “Averages”.

Tabs Modules

Main Replay Raw Data / Display All Channels / Export Raw Data

Extraction [Extract Spikes Advanced

Spike Compute Spike Freqs / Save Spikes / Save Spike Freqs / Display Spike Measures
Filter* Filter Raw Data (2) / Display Single Channel (2)

Averages Compute Measure Averages / Save Measure Averages

* “Filter” tab is not available with the “Spike_friquency_analysis” workflow template.

The raw data is filtered by the selected filter menu. Thresholds are set and spikes crossing the
pre-defined thresholds are extracted in the [Extract Spike Advanced] module. Spike frequencies of all
extracted spikes are computed and graphed. Raw data can be exported as a binary or ASCII (“CSV” for-
matted text) file. Waveforms of extracted spikes, time stamp, and spike frequency charts can be saved
as “CSV” formatted text file.

The [Compute Measure Averages] module calculates and graphs the spike frequency averages for the
different phases. In the “Spike_frequency_analysis” template, the replayed data is sent to [Extract
Spikes] module without filtering.

‘ Replay Raw Data File

l l l l “Main” tab
- “Filter” tab
Display Export . . .
All Channels Raw Data Filter Raw Data Lzl sl L )
! “Extraction” tab
Fifter Raw Data “Spikes” tab
l l “Averages” tab
Display Single Channel Extract Spikes Advanced
Compute Spike Freqgs Save Spikes
Save Spike Fregs
k. " Y
Display Spike Measures Compute Measure Averages

Save Measure Averages

Figure 3-3.4. Module configuration for the “Spike_frequency_analysis_filter” workflow template.
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Replay Raw Data Export Raw Data

|
Extract Spikes Advanced

Figure 3-3.5. Control panel for the “Spike_frequency_analysis_filter” workflow template. "Main” tab (top), and “Extrac-
tion” tab (bottom).
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Save Spikes Compute Spike Fregs Save Spike Fregs

Display Spike Measures

Filter Raw Data Display Single Channel
(Raw data is displayed)

Display Single Channel
(Filtered data is displayed)

Figure 3-3.6. Control panels in the “Spike_frequency_analysis_filter” workflow template. “Spike” tab (top) and “Filter”
tab (bottom). The “Spike_frequency_analysis” does not have the “Filter” tab.
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3-3. Replay and analysis of acquired data

Setting the filter menu

Raw data can be filtered using the [Filter Raw Data] module (in the Filter tab) before spikes are
extracted. Therefore, spikes are extracted from filtered data rather than raw data.

1. Replay data by clicking the Green button to have signal in the Display Single Channel.

2. The workflow template allows you to set 2 different types of filters. Select the type of filter in the
“Filter Type” drop down menu and the cut-off fregs (or time) scale in the bottom drop down menu
below.

3. The top chart displays the raw data and the bottom chart displays the filtered data. The scale for
amplitude (Y axis) can be modified by clicking and typing directly in the maximum and /or mini-
mum amplitude values (Figure 3-3.7).

4. The time (X axis) can be changed by selecting numbers in the “Duration” drop down menu. The
maximum duration is 10 sec (Figure 3-3.7).

[} Mobiuz Win7 0.3.9 — [Rev 106 on 2011/05/10] =181x] =
Wakfon Layaut_Help Dizplay Single Channel -

" rO M | ‘Working Directory = Annotations ~

Ve [Spke Fiter | Averages |

Filter Raw Data Display Smgle Channel - orgmnal
Filter type Trace 1 El
DO remove =

Typical spike leneth (ms)

C—

Filter Rawe Data

100 150 200 250
Trace time (ms)

Channel [11 =] Duration ()05 ]  Autescale Once | ™ Autoscale

Display Single Ghannel - filter

Trace |

;u'm'dﬂ,-,#,iwﬁf \ medpr’, *wma'W"#‘m'w",.wf,ﬂwlw,w.fmiﬁwgw\.w#m,w

—Change the duration
(Scale for X axis)

here

Channel [TT =] Duration (s)[05 ?ﬂu!mca\acms ™ Autoscale

Figure 3-3.7. Setting the filter menu in the Filter tab. The top display shows the raw data and the bottom display shows
the filtered data.
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Setting the thresholds

Set the thresholds in the [Extract Spike Advanced] module (in the [Extraction] tab). The module has 4
options to set the thresholds:

1. Typing the values in the chart.

2. Moving the bars in the Trace chart.

3. Moving the bars in the 64ch display.

4. Setting the Standard Deviation (SD) percentage of signal amplitude.

Extracted spikes are highlighted with light-green at both single and all channels display.

TR A7 00 DL 0] e e e e . sadms "B . = o o

Figure 3-3.8. [Extract Spikes Advanced] module. Thresholds are set in this module.

The top-left chart allows you to set the values for thresholds as well as pre/post times. Double-click and
type in new values directly to change them. A value can be applied to all other channels by right-click-
ing the number and selecting “Apply to ALL”. (Figure 3-3.9)

+Thresh Thresh  Pre  Post Extract Spikes Advanced

{m\) {mVy {ms) {ms)
0030 | -0030 1 25
0030 | -0.030 25
0030 | -002 25
0030 | -0030 25
0030 | -0.030 25

Chan

m| »

Channel limit (spks/s) 100 -

+Thresh -Thresh  Pre Post
mV) mv) ims) (ms)
0030 | -0030 1 25 V|
00%0 | -0030 1 25 V|
(D) 1 LI 7]

1

2

PRI o

& 0.030 -0.030 1 25 V|

[ 0030 -0.030 1 25 | ~0r

Figure 3-3.9. Changing the thresholds in the chart (left). The value can be applied to all channels at once (right).

Chan On ot
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1
1
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The extractions are on or off using the “On” check box. The selection here is also applied to all channels
by right-clicking the check box and selecting “Apply to All”.
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 Please refer to Mobius User Guide (5.2.4. Extract Spikes) for more information on thresholds
and pre/post times.

= Channel limit selector: the maximum numbers of spikes to be extracted per 1 second per

channel is set here. This is useful for preventing Mobius crash due to unexpected high-fre-
quency noise during acquisition.

Thresholds can be changed by clicking and dragging the red threshold bar both in the single

channel display or within the all channels display chart. Simply click the red bar, and the drag it to
desired location.

Thresholds can be set based on “RMS percentage of the baseline noise”. Select the value for percentage
and click the [Set thresholds] button.

Paotential {mi)

Figure 3-3.10. Moving threshold bars (red). Click and drag them to desired location to set thresholds.

[Display Spike Measures] charts

The [Display Spike Measures] has 3 charts and show you the analysis in a selected channel. A channel
for displayed is selected in the channel selector in the bottom-left.

1) Trace 1 chart (top-left):
Spike extractions are displayed. Extracted spikes are high-lighted in light green color.

2) Extracted Spikes chart (top-right):
Extracted spikes’ waveforms are displayed.

3) Spike Frequency chart (bottom):
Time course of spike frequency are graphed here.

The duration of the display in the 1) and 2) can be changed in the “Duration” drop down menu (Figure
3-3.11). The time (X) and amplitude (Y) scale can be changed with by clicking the minimum and/or

maximum value and typing a new number (Figure 3-3.12). (Scales in the Spike Frequency Chart are
unchangeable.

Figure 3-3.11. [Left] Channel selector and Duration drop down menu.
Figure 3-3.12. [Right] Changing the scale for the Time (x) by clicking the maximum value and typing a new number
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Setting the parameters for computing spike frequency

Spike frequencies for all extracted spikes are computed with the [Compute Spike Freqs] module.
Mobius gives instantaneous spike frequency for each second at 1 second resolution. The default
setting has 1 second selected for the Binning window size. Extracted spikes are counted every 1 sec-
ond. Selecting “Trace” instead of “Arbitrary (s)” means the spikes are counted for the whole trace.

Compute Spike Fregs

Binning window size
" Trace

o Arbitrary Gz |1 vl

Figure 3-3.13. [Compute Spike Freqgs] control panel.

After setting all analysis parameters, you are now ready to output the data. Please refer to Data Output
(for page 86) for exporting the analysis.

[B] e Win7 6,510 = [Ruy 43 o SOLRJ/30] IP— - p— . B — .

Figure 3-3.14. Spikes extractions and their frequencies analysis.

NOTE:

The 3 charts in the [Display Spike Measures] are available as independent modules/control panels of
[Display Extracted Spikes (traces only)], [Display Extracted Spikes (waveforms only)], and [Display
Spike Frequencies] for more flexibility.
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3-3. Replay and analysis of acquired data

3-3.3. Computing spike frequency averages according to phase
-Making the dose-response-curve-

The [Compute Measure Averages] module calculates spike frequency averages and standard deviations
for all experimental phases. This is a useful tool for making a dose-response curve. This section will
walk you through making a dose-response curve for spike frequency using the “Spike__
frequency_analysis(_filter)” workflow template in which this module is included.

If you would like to add this module to your own analysis workflow, please refer to the stepl-2 at the

section 3-2. Drug testing on pages 66-67. (If you added phase bars while recording, the location of the
phase bars were saved to your analysis workflow.)

1. Set the all analysis parameters according to the previous section 3-3.2 Analyzing the spike fre-
quency (Pages 74-81).

2. Open the “Spike” tab and replay data by clicking the Green button. The first phase (baseline) will
start from O.

When the first phase is finished, pause Mobius with the YELLOW button. Click [Annotations] > [Add
New phase]. Type in the name for the 2nd phase. (Figure 3-3.15, left)

When the OK button is clicked, the yellow bar with its name appears on the Spike Frequency chart
(Figure 3-3.15, right).

NOTE:

If Mobius is stopped with the Black button, replaying is terminated and a phase bar can not be
added.

J| Annotations |

Delete Lask Phase Annotate Phase )

I Delste All Phases Mame of phaze about to start:
wesh [mb] | Pre: [ms] Post [r |Drug 1 |
-002 1 o5

1 25
-0.0z2 1 2h | Ok | | Gancel |
-0.02 [ 1 o5

|

Figure 3-3.15. Adding a new phase bar (left) and the new phase bar added on the spike frequency chart (right).

3. Start Mobius by clicking the Green button again. When the 2nd phase is finished, pause Mobius with
the YELLOW button and make a new phase.

4. Replay the data to the end. Averages and standard deviations are computed and graphed for each
phase (dose) in the [Compute Measure Averages] module in the “Average” tab (Figure 3-3.16).

5. The phase annotations (yellow bars) can be shifted by clicking and dragging. The averages and
standard deviations are recalculated once Mobius is run with the Green or Green-Red button after
changing the locations of phase bars.

6. If you are satisfied with the location of the phase bar, save it as your own analysis workflow.
(Refer to page 54)
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3-3. Replay and analysis of acquired data

7. In order to save the average chart to a "CSV" file, check the check-box for the [Save Measures
Averages] module, then run Mobius with the GREEN-RED button.

Dwplay [rvacied Spdes (muvtorms oriy)

I W

..... i Tiom )

Crarval 11 = 4] Autoscan

Gompute Measure Averages

Measures Baseine +/sd Dugl +/'sd Dug2 +/sd

D 5455 1328 (5615 (431 (7313 (475
&
g
g
£ 3
¢
5
=

Charnel 11 = Usslsst 0+ pis/phase  Hide

Figure 3-3.16. [Display Spike Frequencies] module with phase annotation bars (top) and the graphs for averages and

standard deviations in the [Compute Measure Averages] (bottom).

Input fields for mpute M re Aver m |

1. Channel: The channel to be displayed is selected here. Channels can NOT be changed during replay.

2. Use last: When this box is checked, the selected (or typed) number of data points are used for
computations. For example, if 10 is selected, average and standard deviation are computed for the
last 10 traces in each phase.

3. Hide: hides the measurement checked in the chart.

= Note: the chart can be zoomed up or down by clicking and changing numbers of the maximum
and/or minimum scale(s) for both X and/or Y axis.
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3-3.4. Spike sorting (clustering)

The purpose of sorting (clustering) spikes is to identity and separate signals referred from multiple cells
acquired on a single channel (electrode) based on their waveform similarity.

This section will teach you how to sort (cluster) spikes and analyze the spike frequency using the
“Spike_sorting(_filter)” workflow template. This template include following modules in the tabs of
“Main”, “Spike”, and “Filter”

Tabs Modules

Main Replay Raw Data / Display All Channels / Export Raw Data

Extraction |Extract Spikes Advanced

Cluster Spikes / Compute Spike Freqs / Save Spikes / Save Spike Freqgs / Display Spike
Measures

Filter* Filter Raw Data (2) / Display Single Channel (2)

Spike

The raw data is filtered by the selected filter menu. Thresholds are set and spikes that cross the pre-
defined threshold are extracted in the [Extract Spike Advanced]. The extracted spikes are sorted
based on the waveform shape similarity. Clustered spike frequency is computed and graphed. Raw
data can be exported as binary or ASCII (“CSV” format text) file. Extracted spike waveforms, time
stamp, spike centroids and spike frequency charts can be saved as “CSV” format text file.

With the “Spike_sorting” workflow template, the replayed data is not filtered but sent directly to the
[Extract Spikes Advanced].

‘ Replay Raw Data File

l l l l “Main” tab
i “Filter” tab
Display Export . . .
All Channels Raw Data Filter Raw Data Display Single Channel -
i “Extraction” tab
Filter Raw Data “Spikes” tab
Display Single Channel Extract Spikes Advanced

l

Cluster Spikes

! !

Compute Spike Fregs Save Spikes

l

Save Spike Fregs

k.

Display Spike Measures

Figure 3-3.17. Module configuration for the “Spike_sorting_filter” workflow template.
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M || Working Directory ~ | Annotations -
e LT ds o

Cluster spikes

Trace 1 Exracied Sodies

Figure 3-3.18. “Spike_sorting_filter” workflow template. [Extraction] tab (top) and [Spikes] tab (bottom). Spikes are
color-coded at all display panels.

Set the filter menu and thresholds with the same procedure described in the page 77-81.
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Setting the menu for spike sorting (clustering)

As mentioned above, the purpose of sorting (clustering) spikes is to identify and separate signals
referred from multiple cells acquired on a single electrode based on their waveforms.

The sensitivity of the clustering process is changed using (1) Similarity Radius and (2) Min # spikes
parameters.

The default settings are 30% for the Similarity

) ) . ) ) Gluster Spikes

Radius and 5 is for Min # spikes. This means: . Mapping
when spikes with similar waveforms occurs 5 (1) — WP Similarity Radius [0 & Cuuster | Cell | # Spikes
times, a valid cluster is identified and its centroid (smaller % = more clusters) A 106
(an “average” spike shape) is determined. Spikes (2)—->Min #spikes [§ =] g § 1354?
not assigned to any cluster are not color coded. I Freeze centroids T :
They will remain green until there are 5 spikes Reset Centraids_| | F B 20
with similar waveforms. —Gentroids filename

|:| Channel [11 =
Extracted spikes that come sequentially are T ey - Reset Mapping |
assigned to a Cluster (A,B,C, etc.) if their similarity
to the Cluster’s centroid is higher than 30%. Figure 3-3.19. Cluster Spikes module.

Spikes with less than 30% similarity to the Cen-
troid will remain green. Un-assigned spikes will be marked as NC in the saved data.

Each Cluster (A,B,C, etc in the Mapping chart) has a different color code (e.g. A with red) and its wave-
forms and frequencies are displayed with the same color code on the charts in all display modules that
come under the [Cluster Spikes] module.

The Parameters to establish valid sets of clusters can be modified as followings:

(1) Similarity
This parameter determines how sensitive the sorting (clustering) is to variations in spike waveforms.

Larger numbers > more sensitive to spike shape variations > produce FEWER clusters.
Smaller numbers > less sensitive to spike shape variations > produce MORE clusters

(2) Min # spikes

This determines how many spikes need to come to be recognized as a Cluster.
Increasing this value means FEWER clusters.

After replaying data to determine centroids, you may see that different clusters (e.g. C and D) actually
represent the same cell and you may want to merge them. Change the Cell humber for Cluster D to 3
by double-clicking and directly typing in this number so that the Cluster D is merged to the Cluster C
(Figure 3-3.20).

—Mapping Mappine
Cluster Cell # Spikes Cluster Cell # Spikes
102

Mmoo W=
FN[SYN)
ra
F )

i)
(=1t=1t
m|o|0m
Immm—t

o
F

]
=3t

Figure 3-3.20. Merging Cluster D and C.
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3-3. Replay and analysis of acquired data

For another example, you may see that Cluster E is probably just noise and you want to remove it from
your analysis. In this case, you can delete this cluster by deleting the number at the Cell column. (Right
click the Cell number, then select Delete.) (Figure 3-3.21)

Those changes can be reset by clicking [Reset Mapping] button.

— Mapping

i Mapping

Cluster |
2 *
o]
D
E

Cluster # Spikes

102

>

Figure 3-3.21. Deleting a Cluster.

Once you have a valid set of Clusters that you believe represent different cells, you can freeze them by
checking the [Freeze centroids] check-box. This means that incoming spikes will NOT alter the defini-
tion of the existing clusters (their centroids), nor cause new clusters to form. Centroids must be frozen
to be definitely established. Otherwise, centroids are changing whenever new spike is assigned to a
cluster.

CAUTION:

Freeze Centroid to export all analysis data with accurate clustering.

Display of sorted spikes

Spikes’ extractions are displayed in the “Trace 1” chart while the waveforms for extracted spikes are
displayed in the “Extracted Spikes” chart in the [Display Spike Measures]. Be noted that extracted
spikes are color coded according to cluster since these modules are under [Cluster Spikes] in the
“Spike_sorting(_filter)” workflow template. Spikes NOT assigned to any Cluster are displayed in green.

In the “Extracted Spikes” chart, you will see waveforms with solid lines and ones with dot lines. The
waveforms with solid lines are the centroid waveforms and the dotted lines are extracts spikes’ wave-
forms (Figure 3-3.22). (Refer to page 79 for further information and modifications for these charts.)

Extracted Spikes

Foteritial {m'y)
=
=
=
g
|

] i i i i i i
nnno 0500 1.000 1500 2000 2500 3000 3500
Time {ms)

Figure 3-3.22. “Extracted Spikes” chart in the “Spike_sorting_(filter)” template. Solid lines show centroid waveforms
while dot lines extracted spikes' waveforms.
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Computing spike frequencies for sorted spikes

In the “Spike_sorting(_filter)” workflow template, [Compute Spike Freqs] is under the [Cluster Spikes]
module. Spike frequencies are computed independently for clusters and color-coded in the [Display
Spike Frequencies] control panel.

Note that the frequency calculations are reset when a new cluster is formed during replay
(or acquisition). When the check box for [Freeze Centroids] is checked, the numbers of clusters are
fixed and frequency calculations are not reset anymore.

After replaying all data and modifying the clustering, check the [Freeze Centroids] to have the
spike frequencies analyzed properly.

Disglay S Maassres

Euwaeied Sphes

Spka Frequercy

Figure 3-3.23. Computing for spike frequencies of clustered spikes. The [Display Spike Frequencies] panel is reset
whenever a new cluster is formed.

Cluster Spikes
Centroids Mapping
Similarity Radius 30 ¥ Cluster Cell
(smaller % = more clusters)
Min # spikes 5 -
/| Freeze centroids
(Resst Gentioids |

o MmO W3
||| [ | ra

Centroids filename
Display Spke Measures

: F_:_ o f“‘m

F'i‘gu”re 3-3.24. Sb'ike frequencies are now displayed properly with the Centroid frozen.

After setting all analysis parameters, you are now ready to output the data. Please refer to Data Output
(for page 88-91) for exporting analyzed data.
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3-4. Data Output

Now, you are ready to output your analyzed data. All analysis results can be saved as “CSV” formatted
text file with following procedures.

1. Check the check-box for the [Save] module (e.g. Save Spikes, Save Spike Freqs), that you would
like to output the data (Refer to page 89-91). File names can be modified by directly typing them
into the Filename modifier box.

2. Select channels, Trace No, trace time for the Saving/Exporting to export in the [Replay Raw Data]
module. Channels shown with green will be enabled. (Figure 3-4.1)

Replay Raw Data File

Filename
[20130716_00h24m15s_rmdamodat | .. |

Traces 1 to |1

Trace time 300000 | to 600000 ms

Channels 36 E]
Delay (ms)

Trace

Figure 3-4.1. [The Replay Raw Data File] ready for export. Data for 300,000-600,000 msec at channel 36 will be
saved.

3. After setting all parameters, save the analysis workflow as your own. (Figure 3-4.2)

[G] Mobius Win7 0.5.0 - [Rev 514 on 2014/05/18] I

[ workdion TR

New * g Directory - | Annotations -

Open..  Cul+Q
| Close |[Exprrt Rere Dista

CrieS Filtnsme modifir
Save As... Ciri+A = Spikes
= = 4] Enabhe storae

Format

Exit Ctri+X ot

Channels  1-64

[

Figure 3-4.2. Saving analysis workflow.

4. Run the analysis workflow with the Green-Red button. The output data will be saved in the same
folder where the analysis workflow is saved.

NOTE:

In the “Spike_sorting(_filter) “ workflow template, all Save module is under [Cluster Spikes]. All saved
data include “Cluster ID”.

CAUTION:

The Centroids MUST be frozen for the all analyzed data saved correctly when clustered spikes are
exported.

Please refer to 1-5. Exporting raw data (page 20-21) for exporting raw data.
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3-4.1. Saving extracted spikes and time stamps

Check the “Enable storage” in the [Save Spikes], and then run the analysis workflow with the
Green-Red button to save the analysis below as a “CSV” formatted text file.

1) Time stamp only, or
2) Time Stamps, and waveforms of all extracted spikes

Save Spikes
Filename modifier Data t%fpe Spike
Spikes Time stamps only Downzampling
J| Enable storage @) Time stamps + spikes 1/ 1 -

Figure 3-4.3. [Save Spikes] module/control panel. Time stamps and spikes waveforms will be saved.

Figure 3-4.5 is an example of the time stamps and waveforms for clustered spikes saved as a “CSV” file

displayed in Excel. Be noted that each Time Stamp and waveforms have cluster IDs since the
“Spike_sorting(_filter)” workflow template is used. If non-clustered spikes are exported (using
“Spike_frequency_analysis), the column for cluster_id has all NONE.

Session 2010/8/11 19:03:39 +09:00

Trace D 10252

channel time_of_day within_session_ti \;VSIT:::;: within_trac cluster trace pre_ post. y0_mV yl_mV

me - e_time_ms _id _num ms ms
e_ms

1 19:03:39.221 0d:00:00:00.221 2214 2214 1 1 1 25 0.00913 0.00948
1 19:03:39.271 0d:00:00:00.271 271.25 271.25 1 1 1 25 0.006259 0.005788
1 19:03:39.344 0d:00:00:00.344  344.55 34455 1 1 1 25 0.002066 0.002188
2 19:03:39.19 0d:00:00:00.19 190.85 190.85 1 1 1 25 0.003162 0.003685
2 19:03:39.282 0d:00:00:00.282 282.2 282.2 1 1 1 25 -0.00199 -0.00099
3 19:03:39.021 0d:00:00:00.021 21.3 21.3 1 1 1 25 0.002024 0.002668
3 19:03:39.292 0d:00:00:00.292  292.05 292.05 1 1 1 25 -0.0154 -0.01643
5 19:03:39.177 0d:00:00:00.177 177.35 177.35 1 1 1 25 0.005864 0.006522
5 19:03:39.217 0d:00:00:00.217  217.35 217.35 1 1 1 25 0.002684 0.003227
5 19:03:39.351 0d:00:00:00.351 351 351 1 1 1 25 0.00163 0.002463
6 19:03:39.461 0d:00:00:00.461 461.75 461.75 none 1 1 25 0.001753 0.001386
6 19:03:39.468 0d:00:00:00.468 468.9 468.9 1 1 1 25 0.004138 0.005201
6 19:03:39.472 0d:00:00:00.472 4729 4729 none 1 1 25 -0.00232 -0.00321
6 19:03:39.485 0d:00:00:00.485 485.8 485.8 1 1 1 25 0.004636 0.004055
6 19:03:39.492 0d:00:00:00.492  492.85 492.85 1 1 1 25 -0.00255 -0.00276
7 19:03:39.437 0d:00:00:00.437 437.75 437.75 1 1 1 25 0.003172 0.001977
9 19:03:39.006 0d:00:00:00.006 6.6 6.6 1 1 1 25 0.005892 0.004139
9 19:03:39.011 0d:00:00:00.011 11.85 11.85 1 1 1 25 -0.00646 -0.00638
9 19:03:39.056 0d:00:00:00.056 56.6 56.6 2 1 1 25 0.003823 0.00482
9 19:03:39.073 0d:00:00:00.073 73.85 73.85 2 1 1 25 -0.00664 -0.00679
9 19:03:39.113 0d:00:00:00.113 113.65 113.65 1 1 1 25 -0.00189 -0.00076

Figure 3-4.5. Time stamps and waveforms for clustered spikes saved as a “CSV” file displayed in Excel.
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3-4.2. Saving the spike frequency data

Check the “Enable” in the [Save Spike Freqs] and run the analysis workflow with the Green-Red button
to save the frequency data as a “CSV” formatted text file.

Save Spike Freqs
Filename modifier

V| Enable

Figure 3-4.6. [Save Spike Freqgs] module.

The Figure 3-4.7 is an example of the spike frequency data for clustered spikes saved (only for channel
5) as a “CSV” file displayed in Excel. The data include cluster ID (NC, C1, C2) since the
“Spike_sorting(_filter)” workflow template is used..

File Format 20071201
Session St2003/12/15 18:13:29 +09

time_secs phase chb chb chb chb
NC Ci1 C2 C3
1 Baseline 0 6 1 1
2 0 13 0 2
3 0 1 0 0
4 0 17 0 2
5 0 2 0 0
6 0 9 1 3
7 0 4 0 0
8 0 11 1 1
9 0 3 0 0
10 0 9 0 5
11 0 7 0 0
Figure 3-4.7.
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3-4.3. Saving the average chart

Check the “Enable” in the [Save Measure Averages] and run the analysis workflow with the Green-Red
button to save the averages and standard deviations as a “CSV” formatted text file. (Refer to
section 3-3.3. Compute averages of spike frequency by phases.)

File Format Version 20080212
Session Start Time 2008/10/01 16:16:43 +09

Channel Number 57
Measure Baseline +/-sd dose 1 +/-sd dose 2
NC 0.143 0.655 0.05 0.224 0.895

Channel Number 58
Measure Baseline +/-sd dose 1 +/-sd dose 2
NC 0.857 2.833 455 9.139 22211

Channel Number 59
Measure Baseline +/-sd dose 1 +/-sd dose 2

Figure 3-4.8. Example of the average chart saved as a “CSV” file diplayed in Excel. (Only channel 57, 58, and 59 are
exported.)

3-4.4. Saving Centroids

The centroid waveforms (shown with solid lines at the [Display Extracted Spike (waveforms only)] are
saved as a “CSV” formatted text file by checking the storage/reload in the [Cluster Spikes] and running
the workflow with the Green-Red button.

CHANNEL 1

#Centroids 2

Centroid 1

sign -1
ms mV

0 0.0017

0.05 0.0051

0.1 0.0057

0.15 0.0064

0.2 0.0071

0.25 0.0077

0.3 0.0081

0.35 0.0083

04 0.0085

0.45 0.0087

05 0.0085

) N &R nNN7R ) o )
Figure 3-4.9. Example of the centroids saved as a “CSV” file displayed in excel.
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4-1. Recording of spontaneous myocardial signals

Chapter 4 Mobius QT

This chapter describes how to record and analyze signals from cardiac myocyte cultures, acute heart
tissue, or stem cell derived cardiac myocytes using available workflow templates.

4-1. Recording of spontaneous myocardial signals

There are 3 workflow templates available for recording spontaneous myocardial signals.

1. Simple_recording:
For recording myocardial signals (long spikes) WITHOUT any analysis.

2. Beat_recording:
For recordings with extracting myocardial signals (long-spikes), and measuring their
frequencies and inter-spike intervals.

3. QT_recording:
For recordings with extracting myocardial signals (long-spikes), measuring their frequencies and
analyzing extracted waveforms. Use this workflow template for the Field Potential Duration (FPD)
analysis.

After reading this section you should be able to record spontaneous myocardial signals using any of the
above workflow templates.
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4-1. Recording of spontaneous myocardial signals

4-1.1. Overview of the acquisition workflow templates

“QT_recording” workflow template

The "QT_recoding" workflow template consists of following modules located in the “Main”, “Detect beat-
ing”, and “Measurement” tabs.

Tab Modules
Main Acquire MED64R2 Data / Display All Channels

Extract Long Spikes /Display Extracted Spikes / Compute Interspike Intervals / Display
Interspike Intervals / Save Interspike Intervals

Filter Spike Data (2) / Extract Spike Measures / Save Measures Data / Display Results
Table

Detect beating

Measurement

Acquire MED64R2 Data

Display ;
Pl Extract Long Spikes
. Yy v h 4 v
Display Compute
Extracted spikes Interspike Intervals Filter Spike Data
Save I1S] Display 15l Filter Spike Data

I

Extract Spike Measures

“Main” Tab

“Detect beating” Tab

“Measurement” Tab
Save Measures Data Display Results Table

Figure 4-1.1. Module configuration for the “QT_recording” workflow template.

With this workflow template, spikes (myocardial signals) crossing pre-determined thresholds are
extracted. The extracted long spikes are filtered according to the selected drop down filter options in
the [Filter Spike Data] module, and then sent to the [Extract Spike Measures] module, where a variety
of waveform analyses can be performed and graphed (e.g., amplitude, slope, area, and peak to peak
time etc.). The inter-spike intervals for the extracted long spikes are also computed and graphed. Use
this workflow template if your interest is waveform analysis including field potential duration (FPD) for
studying QT prolongation.
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4-1. Recording of spontaneous myocardial signals

Acquire MED64R2 Data

Extracted Long Spikes

Compute Interspike Intervals

[B] Mobius Win7 0.4.1 -- [fev 268 on 2013/03/03] == sl ke et .
Workflow Layout HHp
[ ] Working Pirectory - | Annotations -
Man | Detect beating | Helilirement
!ﬁcqutc MEDS4R2 Data
| Acguired Analyzed H
Tracas | Tram arati msue || T e ol rarminn Save Interspike Intervals
1 0:00:00 1] 0:00:00
Timing Hardware
Taces Trput Range (mv)  Low cut freq (Hz)
3 v [ Aumbase  [23 = & =
Trace duration Charnels High cut freq (Hz)
Hours M Sec 188 000 =
o - - 0 -
Save ram data

Filename modifier as

7] Enable storage

futoseale  Voltaes (uW/did 100~ Dughtion (me/div) 20| *

Display All Channels
Display Extracted Spikes

Display Interspike Intervals

Filter Spike Data
Save Measures Data

(ST a—

Extract
Spike
Measures

o

[——————

T % Vi 16 v i [F] ik phasan (7] Ackincale Masmire: s Moaures

Draplas Pty T

Display Results Table

Figure 4-1.2. Control panels for the “QT_recording” workflow template. “Main” tab (top-left), “Detect beating” tab,
(top-right), and “Measurement” tab (bottom).
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4-1. Recording of spontaneous myocardial signals

“Beat_recording” workflow template

The “Beat_recording” workflow template consists of following modules located in the “Main” and
“Detect beating” tabs.

Tab Modules
Main Acquire MED64R2 Data / Display All Channels

Extract Long Spikes / Compute Beats per Minute / Save Beats pre Minute / Display Beats
Detect beating [per Minute / Compute Interspike Intervals / Save Interspike Intervals / Display Interspike
Intervals / Display Extracted Spikes

With this workflow template, long spikes (myocardial signals) crossing pre-determined thresholds are
extracted, and their beat frequencies (beats per minute) and interspike intervals are measured and
graphed. Use this template if your interest is beat frequency.

Acquire MED64R2 Data “Main” tab
D_l I l “Detect beating” tab
isplay .
All Channels Extract Long Spikes
|
_ ryY k. k.
Display Compute Beats Compute Interspike
Extracted Spikes per Minute Intervals

, : : |

Save Beats | | Display Beats Display
perMinute perMinute Save IS| 1SI

Figure 4-1.3. Module configuration for the “Beat_recording” workflow template.

“Simple_recording” workflow template

Signals are acquired, and the acquired signals are displayed at all 64 channels.

Acquire MEDG64R2 Data

| I

Display Export
All Channels Raw Data

Figure 4-1-4. Module configuration for the “Simple_recording” workflow template.
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Acquire MED64R2 Data Extract Long Spikes Display Beats per Minute

[B] Mobius Win7 0.4.1 -- [Re}r 268 on 2013/03/03]

L=IBIESS Digplay

Workflow  Layout  Hel

iy Working Dlrectory - | Annotations - Interspike
Main | Datnct beating | Me: -
i MEDGHRE Lo Invervals
Acquired Analyzed
Trece 2 Trace durstion remaning Trace & Trace duration remaning
1 0:00:00 1 0-:00:00
Timing Hardvs:

are

Frgut Range ) Lom cut freq (He)
(28 - 1 -
Chamets High cut freq (Hey
1-64 100 -

Save ram dats

Filename modifier

# Traces

] Enable storage

[ Putozcale chea | Autaseal z

Compute Interspike Intervals (top)
Compute Beats per Minute (top) Save Interspike Intervals (bottom)

Save Beats per Minute (bottom)

Display All Channels

Display Extracted Spikes

Figure 4-1.5. Control panels for the “Beat_recording” workflow template. “Main” tab (left) and “Detect beating” tab
(right).

Opening the workflow template

1. Click [Workflow] > [New] > [From Template]. (Figure 4-1.6)

2. Select [64MD1_1280x1024] or [64MD_1920x1080] folder, depending on the size of your display
monitor.

3. Select [QT] > [Spontaneous_recording] folder, and then any of the recording workflows.

NOTICE:
Connect your PC to the MED64 amplifiers and turn on both amplifiers to open the recording worfklows.

8] Mbius win7 0,29 = ey B4 6 2071701157

Layout  Help

‘ Blank
Open..  Ctr+0
Close
Save Ctrl+S -
D] Cipen Workdiow Template
Gmmis.  (Hr & cpe ,
B Rz K3 o[ w 05(C) v Program Files (58] » Mabius b mobius files » Wordlow Templates » S4MDL 1900080 » QT b Spontaneous recording
di «
Exit Ctrl+X Grgueize = v

5 Best recoeding moflo
ads 9 QT _recording maofie

Recent Flaces 5, Simple_recording.mofl

Figure 4-1.6. Opening workflow template.
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4-1. Recording of spontaneous myocardial signals

4-1.2. Setting the acquisition parameters

All the acquisition workflow templates include the [Acquire MED64R2 Data] module. Acquisition param-
eters are set in this module.

NOTICE:
Connect your PC to the MED64 amplifiers and turn on both amplifiers to open this module.

Acquire MEDE4R2 Data x|
fcquired finalyzed e ]e|e]s|e]z]|e
. » . . o [0 [ [1e e |5 ] e
Trace #  Trace duration remaining Trace #  Trace duration remaining | (5)
1710 [z
1 0:00:00 1 0:00:00 EE B E1E1 BN E
— 5 [ 04 [ 55 [ 36 [ a7 |38 [0 |40
Timing Hardware 1 [z |4 [a [as 46 w7 [
(1) Ny # Traces Thput Range {mi) 10 |50 |61 |62 |62 |64 | 8 | 5
/Hﬁ AutoPause |2.g - |] 4= (6) HEIEIEIEIFIEIE
(2) ol Trace duration Channels High cut freq (Hz) —IA” —INW —IOK
Hours Min Sec ] o
1-fi4 1000 I
Ly ] - 2 - 0 - (8)
(3) Trace interval Save raw data
race interva : o
Hours Min Sen Filename modifier (7

(4) "/'D | -0 M V| Enable Storage<§—‘(9)

Figure 4-1.7. [Acquire MED64R2 Data] module.
(1) # Traces: Number of Traces (sweeps).

(2) Auto Pause:

Mobius will pause automatically when the current trace is finished if this box is checked. The trace
interval set below becomes invalid when this box is checked. Mobius re-starts by clicking either of
Green button or Green-Red button.

(3) Trace duration: Sampling (Recording) time for each trace.

(4) Trace interval:

Interval between traces. (from the beginning of the first trace to the beginning of the next trace.)
= Signals are recorded for 2 minutes every 3 minutes 5 times in the default setting as seen in
the following figure. Mobius will run for 15 minutes total.

2 min. 2 min.

&
[~

3min. Recording
- The trace interval becomes invalid when Auto Pause is checked.

(5) Input Range (mV):

Maximum input signal level. This setting should be adjusted according to the signal amplitude to
achieve the maximal dynamic range. Select 2.3 mV, 2.9 mV, 5 mV, 12.5 mV, or 25 mV. Larger number
for the Input Range creates lower voltage resolution.

2.9 mV is set in the default. This is the Input Range recommended for the field potential duration
analysis combined with 1 kHz for the “High cut freq” (low-pass filter) to achieve the stability for the
repolarization (K* efflux) peak time. Change it depending on the size of your signals, purpose of your

analysis, and/or the parameter selected for “High cut freq”. It is highly recommended that you
change it to 5.0 mV (or greater) when 10 kHz is selected for the “High cut freq”.
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4-1. Recording of spontaneous myocardial signals

(6) Low cut freq (Hz):

High pass filter for the amplifier. Select 0.1 Hz, 1.0 Hz, 10 Hz or 100 Hz. If 1.0 Hz is set, the signals
with frequencies lower than 1.0 Hz are filtered out. 1.0 Hz is typically recommended for the recording
of myocardial signals.

(7) Channels:

Select the channels for recording here. When the square box is clicked, the channel selector pops up.
The enabled recording channels are colored green.

(8) High cut freq (Hz):
Low pass filter for the amplifier. Select 1000 Hz, 2,000 Hz, 2500 Hz, 5000 Hz, 7500 Hz, or 10000 Hz.
If 5000 Hz is selected, signals with frequencies higher than 5000 Hz are filtered out.

1000 Hz is typically recommended for the field Potential duration analysis to achieve the stability for

the repolarization (K™ efflux) peak time. Change it depending on the analysis you would like to
perform.

(9) Save raw data:

When Mobius is started by clicking the Green-Red recording button while the [Enable storage] is
checked, the raw data is saved. The file name can be modified.

4-1.3. Execution button

Acquisition is initiated by running an acquisition workflow. Clicking the Green button runs the
acquisition workflow without saving data while clicking the Green-red button runs the acquisition
workflow while saving data to disc.

Stop Run WITHOUT Run WITH Pause

saving data saving data

Figure 4-1.8. How the execution buttons work for acquisition.
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4-1.4. Before starting your experiment

When a recording workflow is run with Green or
Green-Red button for the first time after it is opened (or
made), Mobius needs several seconds for the calibra-
tion (as seen in the pop-up message). Acquisition starts
automatically after the calibration.

Ploase wait while the amplitier is calibrated . I
-

If you would like to start acquisition immediately after
clicking the Green-Red button, run the workflow with ---
the Green button for several seconds, and then stop it

before starting your experiment. When the workflow is Figure 4-1.9. The pop-up message for the
run for the next time, it will not require calibration and calibration.

acquisition will start immediately.

CAUTION:

= Make sure that the hard disc drive has enough free space when you start long-term recording.
Recording with all 64 channels for 1 hour creates a 9.216GB file.
(9.216GB is 9,000,000KB, 8,739.06MB, or 8.58GB in Windows.

= Avoid saving data to the drive where the OS is installed (usually C drive). Save it to a separate hard
drive, that is internal or eSATA-supported.

4-1.5. Recording spontaneous cardiomyocyte signals

Extraction of long spikes and online analysis require powerful computation and needs to be used care-
fully during acquisition. Thus, it is recommended to record signal WITHOUT analysis (by disabling the
spikes’ extractions) until you are familiar with your experiments. When acquisition with analysis is
made, please follow the cautions below:

CAUTION:

e Minimize the channels for spikes’ extractions.

= Avoid enabling any [Export] or [Save] modules when raw data is saved. Once raw data is saved,
you can export post-acquisition.

e Set the trace duration (recording time) to less than 10 minutes and the trace interval to longer than
“the trace duration x 2” so that the analysis can catch up with the acquisition during the trace inter-
val. Particularly, keep the trace duration short for long-term recording lasting days, weeks, or
months.

e Set the thresholds as low as possible for negative signals (high for positive signals) so that other
components of the signals or noise are NOT extracted as spikes.

= Make sure to pause Mobius with the yellow button when a drug is applied.
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4-1. Recording of spontaneous myocardial signals

1. Modify the #Traces, Trace duration, and Trace interval in the [Acquire MED64R2 Data] module.
(Refer to page 98, section 4-1.2. Setting the acquisition parameters.)

2. Start running the workflow with the Green button to have signals on the screen, and then stop.
3. Select the channel for acquisition.

1) Click the box next to the “Channels” in the [Acquire MED64R2 Data] module to open the channel
selector. (Figure 4-1.11)

2) The recording channels are colored green and non-recording channels are colored red.

Active Channel

i () )

() ) )
() ) 2 )
() ) 2 5
() ) ) i
|| () ) )
CCENEC I
()

[ A ][ Mone |[ ok |

P——

—

Figure 4-1.10. Selecting acquisition channels

4. Open the “Detect beating” tab. Select a channel for spikes’ extractions. The default has all channels
with “checked”. Click the check box to diable them. The setting can be applied to all other channels
by right-clicking and selecting [Apply to All].

= Itis recommended to select only one channel for spike extraction and analysis during acquisi-
tion although it is possible to select more than 1. Once data is saved, all analysis can be per-
formed post-acquisition. Particularly, select only one channel when acquisition is made with
[Extract Spike Measures] analysis from non-synchronized signals. Otherwise, the waveform
cannot be captured on the [Extract Spike Measures].

5. Set the thresholds by typing the number in the chart of Extract Long Spikes (Refer to page 114).

Extract Long Spikes [
Channel limit (epkaS=) 100 -
Chan  =Thresh {mV} -Thresh {mV) Pre {ms) Post fms) On =
50 -0.050 50 U N |
51 ~0.050 50 700 L
52 -0.050 50 = [
53 -0.050 50 0 2N
54 -0.050 50 I =
EFE —nneEn En Inn "

Figure 4-1.11. Extract Long Spikes module. Channel 51 is selected for extraction. For the Ch 52, data is saved but
spikes are not extracted (analysis is not observed.)

6. Set the analysis parameters for the analysis module (Refer to page 113-125).

7. Open the “Main” tab. Make sure “Enable storage” is checked in the “Save raw data” on the [Acquire
MED64R2 Data] module.
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8. Save it as your own acquisition workflow by clicking [Workflow] > [Save

5] Mobius 0.3.6 -- [Rev 3010 on 2009,/10,/07 01

as]. (Figure 4-1.12) TR | \me G |
Mew » Ltory = | Annotatio
Open.. ChHO
9. Start Mobius with Green-Red button. Close

Save Chrl+S Anal;
= Mobius will require you to save the workflow as your own if you try L

Edit F1z

to start Mobius with the Green-Red button without having saved it 'R

Exit Chrl+x% Ran
already. [ = [255
Figure 4-1.12.

= The data file (.modat file) and the Analysis workflow (including all

analysis module selected for the Acquisition workflow and [Replay Raw Data File] module will
be saved in the same folder.

oy Gl

Figure 4-1.13. Recording cardiomyocyte signals with analysis .
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4-2. Drug testing

The [Compute Measure Averages] module calculates averages and standard deviations for the wave-
form analysis (Extract Spike Measures), beat frequencies, and interspike intervals for all the experi-
ment's phases. This is a useful tool for making a dose-response curve or comparing phases before,
during and after drug application. This section will demonstrate how to add "phase bars" so as to make
a dose-response curve easily and quickly post-acquisition.

1. Open the “QT_recording” or “Beat_recording” workflow template.

2. Set the acquisition parameter and check the “Auto Pause” check boX. |z iEseins bas

(Figure 4-2.1) Acquisition will be PAUSED automatically after each Acquired Ani
trace recording is finished. Trace # Trace duration remaining T

1 0:00:00 i

3. Set the analysis parameters (refer to page 113-). Save it as your Timing Ha
own workflow. ([Workflow] > [Save as]) # Traces n

5 * [V AutoPause =

4. Open the Measurement tab. Start recording in Mobius with clicking Trace duration g
Green-Red button. The first phase (baseline) will start from time 0. Hourw  Mn_ See I

0 v 2 « 0 -

5. After the first phase is completed, Mobius will pause automatically Figure 4-2.1. Checking the
and the “ACQUISITION PAUSED” pops up. Auto Pause”.

Apply the drug and type the name for the 2nd phase in the box. (e.g. 100 nM E4031) (Figure 4-2.2)

= Do NOT stop Mobius with the Black button. If it is stopped, the experiment will end and new
phases will not be added.

When you are ready for the next phase, click the OK button to re-start Mobius. A yellow bar with
chosen name appears on the charts in the [Extract Spike Measures] and [Display beat freq]. (Figure
4-2.3)

Main | Detect beating | Measureme: it
Filter Spike Data Filter Spike Data

Save Measures Data
Filename modifier 240

Baseline oTodnk E40:1

Filter type Filter type
|Bessel lowpass Spole | || [N

Cutoff freq (Hz)
1000 - 1

Extract Spike Measures

ACQUISITION PAUSED

@
=

Name of phase about to start

0100nM E4031]

Ok | [ cancel |

@
=

TimeCf fmplitudeMin Tobaxd ms)

Potential {u¥/|

Figure 4-2.2. (Left) Adding a new phase.
Figure 4-2.3. (Right) A new phase added on the [Extract Spikes Measures].
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;
If the Auto-pause is not checked, go forward to the next sl

phases with following procedure: etors W[ reatona ]
I Averages
e Data Delete Last Phasze
1) Pause Mobius with YELLOW button. = e
5| I Erble Annotate Phase |
= Do NOT stop Mobius with the Black button. —3 Narme of phase about to start
[010inM E4031] |
yne Firing Event 199
2) Click [Annotations] > [Add New phase]. Type the EEEEE— ok | Cancel |

name for the 2nd phase. (Figure 4-2.4)
Figure 4-2.4

3) When the OK button is clicked, a yellow bar with the
chosen name will appear. (Figure 4-2.3)

4) Click the Green-Red button to re-start Mobius.

When the 2nd phase is finished, Mobius pauses automatically again and the pop-up menu comes
up.

Apply drug, and then type the name for the third phase. (e.g. 1000 nM E4031)

Click OK button to re-start Mobius. The Figure 4-2.5 shows the [Extract Spike Measures] module
with added phase bars.

The analysis workflow including all analysis parameters and phase bars you set are automatically
made in the same directory as the acquisition workflow. Use this analysis workflow to make a
dose-response-curve later. (Refer to page 124-126 for detailed instructions on how to make a
dose-response-curve.)

TimeOt&mplitude MirTaMax(ms)

OT0onkd E4031 T000nk E403T

no Ra
£ o
==

- w na
= o 2
= 3 =

@
=1

=
=

!
i} 2 4 i 8 10 12 14 16436
Time {minutes)

Figure 4-2.5. The [Extract Spike Measures] module with phase bars.

The phase bars can be added and saved to the analysis workflow even without extracting long
spikes. (Signals and analysis are not seen during recording in this case.)

104 Mobius Tutorial (MED-A64MD1): Chapter 4 - Mobius QT



4-3. Replay and analysis of acquired spontaneous data

4-3. Replay and analysis of acquired spontaneous data

Mobius data files (.modat) are opened and replayed with the [Replay Raw Data File] module, and ana-
lyzed using modules such as [Compute Beat Frequency], [Compute Interspike Intervals], and [Extract
Spike Measures]. You will design your analysis workflow by combining those modules for replay and
analysis of the acquired data. The quickest way to replay and analyze the data is using the analysis
workflow templates, which will be introduced in this chapter.

The following analysis workflow templates are available for analysis of spontaneous myocardial data:

1. QT_analysis:
Workflow for waveform analysis including field potential duration analysis (measurement).

2. Beat_frequency_analysis:
Workflow for signal frequency analysis.

3. Export_for_propagation_analysis_spontaneous:
Workflow for making a propagation map.

The Analysis workflow with the [Replay Raw Data File] and the analysis modules you selected for your

acquisition will be automatically saved to the same directory when you record with the Green-Red but-
ton. These workflow templates can also be used for quickly performing analysis.

4-3.1. Opening and replaying acquired data

1. Open the analysis workflow.

1) Click [Workflow] = [New] > [From Template].

2) Select [64MD1_1280x1024] or [64MD1_1920x1080], depending on the size of your display
monitor.

3) Select [QT] > [Spontaneous_analysis] folders, then select a workflow template.

= In order to open your own analysis workflow, click [Workflow] > [Open]. Select the analysis
workflow file (.moflo file).

m Layout  Help
e
Close
Save Ctri+5
Save As.. Ctrl+A Open Warkfiow Template
Edit F12 @\\Jv‘ « 05(C) v Program Fless86) » Mobius »_mobius files » Workflow Templates » 64MD1 19201080 » QT » Spontaneous analysis
Exit Ctrl+X

Organize ~  New folder

Moo Name Date modified Type Size

MEDG4 Mobius W... 13KB
MEDG4 Mobius W... 9KB
MED64 Mobius W... 17Kk8

B Desktop [ Beat_frequency_snalysismflo
§ Downloads [ Export_for_propagatien_anlysis_spontan...

] Recent Places ] QT_analysismofio

4 Libraries

Figure 4-3.1. Opening analysis workflow template.
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2. Click the box next to the “Filename” and select the .modat file. When the file name appears in the
box (as seen on the left figure of the Figure 4-3.2), the data is ready to be replayed by clicking the

Green or Green-Red button.

< It can take several minutes to open large data sets. (e.g. Opening 10GB data can take over 1

minute.)

3. When the Green button is clicked, the acquired data is just replayed. Clicking the Green-Red button

while checking the “Enable” check-box executes the Export or Saves.

Replay Raw Data File

Filzname

Traces 1 to 1000
Trace time 0 to 120000 ms

Channels  20-22, 28-30 [ ]

Delay {ms) | 1] -

[20101004_14n35m53s QT modat | [ ]

2 Workdlow  Layest  Help

LN ] M || Working Divectory = | Anmotations =

Ovganize *  New fokder
& Dowmioads

Recent Places

20101004_1 k35 QT modat

Figure 4-3.2. Opening a Mobius data file (.modat file).

) IR T e re—
o nc berg | e | e
e P D

O 8 et

Frot P Tt

by o

Atomcam e Aisecsn ok L) 28

Figure 4-3.3. Replayed spontaneous myocardial data.

In fields for the [R

| Raw D Fil m |

1. Traces: Selects the trace(s) for processing.
2. Trace time: Selects the trace time for processing.
3

Channels: Selects the channels for processing. Click the box next to the “Channels” to open the

channel selector. Channels in green will be enabled.

4. Delay: Set this value to a value greater than zero to insert a delay between data “blocks” sent out

by this module. It is useful for slowing down data processing.
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4-3. Replay and analysis of acquired spontaneous data

4-3.2. Overview of the analysis workflow template

This section provides an overview of the workflow templates available for analysis of spontaneous myo-
cardial signals.

“QT_analysis” workflow template

Use this workflow template for waveform analysis of the extracted myocardial signals (long-spikes)
including field potential duration analysis. This workflow template consists of the following modules
located in the “Main”, “Detect beating”, “Measurement”, and “Averages” tabs. Please refer to section
4-3.2 on field potential duration analysis (page 113-121) for instructions on how to use this workflow
template.

Tab Modules

Main Replay Raw Data File / Display All Channels / Export Raw Data

Extract Long Spikes / Display Extracted Spikes / Compute Interspike Intervals / Save
Interspike Intervals / Display Interspike Intervals

Filter Spike Data (2) / Extract Spike Measures / Save Measures Data / Display Results
Table (for Eextract Spikes Meausres)

Compute Measure Averages (for Extract Spike Measures) / Save Measure Averages (For
ESM)

Detect beating

Measurement

Averages

The replayed raw data is sent to the [Extract Long Spikes] module where long spikes crossing
pre-defined thresholds are extracted. The extracted long spikes are filtered, and then sent to the
[Extract Spike Measures] module where their amplitude, slope, time, or area is measured and graphed.
The [Display Results Table] shows the values for the analyses performed with the [Extracted Spike
Measures].

The [Compute Measure Averages] module computes and graphs the averages of the waveform analy-
sis. The extracted long spikes are sent to the [Compute Interspike Intervals] module for their interspike
intervals to be analyzed as well. Raw data can be exported as a binary or ASCII ("CSV" formatted text
file). The measurement chart and average chart can be saved as "CSV" formatted text file.

‘ Replay Raw Data File ‘

l I I “Main” tab
AIIDCiTgﬁeIS Extract Long Spikes Ri:vpg:\ta “Detect beating” tab
l l ‘ l B “Measurement” tab
EX"azizzlasypikes Interg;filr::eplur:teervals IFiizr Sfaili Detin “Averages” tab
! ! !
‘ Save ISI ‘ ‘ Display ISI ‘ Filter Spike Data
!
Extract Spike Measures
[ I —
Save Measures Data| |Display Results Table ComPA:'/t:r;‘gZiSUfe

Save Measure
Averages

Figure 4-3.4. Module configuration for the “QT_analysis” workflow template.
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Compute Interspike Intervals Save ISI
Extract Long spikes

Gapiay v St

Display Extracted
Spikes T

Drsplay brerizhn bnersals

Display Interspike
Intervals [+

Save Measures Data

Save Measure Averages,

- - \-s-

S Wosen b

Extract Spike
Measures — g

Tenet At M Tabact

Display Results e S
Table —_—

Compute Measure
Averages EEE—

(for Extract Spike Measures) i

Figure 4-3.5. Control panels for the “QT_analysis” workflow template. “Detect beating” tab (top), “Measurement” tab
(middle), and “Averages” tab (bottom).
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4-3. Replay and analysis of acquired spontaneous data

“Beat_frequency_analysis” workflow template

Use this workflow template if your interest is beat frequency analysis. The "Beat_frequency_analysis "
workflow template consists of following modules located in the “Main”, “Detect beating”, and “Aver-
ages” tabs. Please refer to section 4-3.3, Beat frequency analysis (page 122-123) for instructions on
how to use this workflow template.

Tab Modules
Main Replay Raw Data File /Display All Channels / Export Raw Data
Extract Long Spikes /Display Extracted Spikes / Compute Beats per Minute / Save Beats per

Detect beating |Minute / Display Beats per Minute / Compute Interspike Intervals / Save Interspike intervals /
Display Interspike Intervals

Averages Compute Measure Averages (for ISI) / Save Measures Averages (For ISI)

The replayed raw data is sent to the [Extract Long Spikes] module in which long spikes crossing
pre-defined thresholds are extracted. The extracted long spikes are sent to the [Compute Beats per
Minute] module for measuring their frequencies as well as [Compute Interspike Intervals] module for
measuring interspike intervals. The [Compute Measure Averages] module computes and graphs the
averages of the interspike intervals.

The raw data can be exported as Binary or ASCII ("CSV" formatted text file). The beat frequency chart,
inter-spike-interval chart, and averages chart can be saved as a "CSV" formatted text file.

‘ Replay Raw Data File ‘ “Main” tab
l l l “Detect beating” tab
Display ; Export
All Channels Extract Long Splkes Raw Data . .
| I “Averages’ tab
Display Compute Gompute
Extracted Spikes Beats per Minute Interspike Intervals

! ! | I |

Save Beats | Display Beatg .
perMinute perMinute Save ISI Dls‘gl‘ay

Compute Measure Averages

I

Save Measure
Averages

Figure 4-3.6. Module configurations for the “Beat_frequency_analysis” workflow template.
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[8 Mobiuz Win? 0.3.9 -~ Beat_analysis.moilo — [Rev $4 on 2011/01/18]

=15 x
) Workfiow  Layout  Melp
Extract Long Spikes =:e M || vertine Deetory = | smvetstons =
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Charvel |11 =)

Dicpilay ntersin sl
Save Beats p——
per Minute o

Camgarte Ftmspin Rimvake

Compute  —— _pg| #esechm
Interspike intervals -

Save trrspibn tereabs

Fileriame il

Save Interspike !
. ™ Eneble
intervals — %

[Display Exvacied Spkes

Ertiacte Sodms

Display Interspike
Intervals ]

Pobantial (m)

Display Extracted — g
Spikes :

i : 3 i

[

Trace time ()

Chaneal 11 «| Durationie) [ =) Autoscsle

[ Mbiass Wi 933 — Leat analysin motle = [Rev 84 an 2011/ 1)

A0l
Wkt it b
LN L Ferelaln
Man | Dot bt
[Eumguse Wewsurs Frorngms - B rve Messrs Areges - £
e e [ = Fiawmn madir
Eratie

Compute Measure
Averages (for ISI)

T

Save Measure S T T o T Bl S Sy T |
Averages —]. 3 s ] e e | - i
(for ISI)

Figure 4-3.7. Control panels for the “Beat_frequency_analysis” workflow template. “Detect beating” tab (top) and
“Averages” tab (bottom).
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“Export_for_propagation_ analysis_spontaneous” workflow template

This workflow template allows you to export the time stamps of the extracted long spikes with a “CSV”
file. This is useful for creating a propagation map. It consists of following modules located at 3 Tabs.
Please refer to section 4-3.6. Propagation analysis for spontaneous data (page 127-129) for instruction
on how to use it.

Tab Modules

Main Replay Raw Data File / Display All Channels

Filter Filter Raw Data (2) / Display All Channels

Detect beating Extract Long Spikes / Save Spikes / Extract Spike Measures

The replayed raw data are filtered, and then sent to the [Extract Long Spikes] module, in which long
spikes crossing pre-defined thresholds are extracted. The [Save Spikes] module allows you to save the
Time Stamps of the extracted long spikes as a “CSV” file.

Replay Raw Data File “Main” tab

: |

Display
All Channels

“Filter” tab
Filter Raw Data

|

Filter Raw Data

! |

[ ‘Detect beating” tab

. Display
ExtractLong Spikes All Channels
Save Spikes Display

Extracted Spikes

Figure 4-3.8. Module configurations for “Export_for_propagation_analysis_spontaneous” workflow template.
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Werkllom  Layout Help
= o M| Werkine Directony = | Aertations =

Fiter w7 e

Raw Data

Display All
Channels

(for filtered
data)

al2l x|

i Autoscale Orce |

[piar Lrtnactes bpaes

[rs—r— Exnacted Sphas

Extract Long Spikes

Save Spikes /

Display Extracted Spikes ——p»

Figure 4-3.9. Control panels for the “Export_for_propagation_analysis_spontaneous” workflow. “Filter” tab (left) and
“Detect beating” tab (right).
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4-3.3. Field potential duration analysis
-Analysis for extracted long spikes’ waveforms with the “QT_analysis” workflow template-

1. Open the “QT_analysis” workflow template, and then the data file. (Refer to page 107)

2. Replay the data by clicking the Green button, and then stop. Select a channel for analysis. Check
“On” box for the selected channel in the [Extract Long Spikes] module.

Or, channel(s) for analysis can be selected by the channel selector in the [Replay Raw Data]. (The
channel selector pops up when the box next to channels on the [Reply Raw Data File] module is
clicked.)

Extract Lore Spikes (
Channel limit (spks/g) 100 -
Chan  +Thresh {mV) -Thresh (m\) Pre (ms) Postimg) On =
27 -0.050 50 T = |
2% —0.050 1] 450 L
2 T o m b
30 -0.050 a0 460
3 -0.050 50 T = |
an —nneEn En AEN l_.

Figure 4-3.10. Selecting analysis channel with the “On” check box in the [Extract Long Spikes].

Notice:
= Itis recommended to select only one channel to speed up your analysis although it is possible
to select more than 1 channel. (Extraction of long spikes and following analysis require power-
ful computation.)
= Select one channel particularly when signals are NOT synchronized. Otherwise, the waveforms

cannot be captured in the [Extract Spike Measures].

3. Open the “Detect beating” tab, and and set thresholds.
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How to set thresholds

Check the [ON] check box to activate spikes’ extractions.
-Green shows data is acquired (or processed for replay) while Red does not.

= The numbers for Thresholds and Pre/Post times can be changed by double-clicking
and typing numbers directly on the chart (Figure 4-3.11).

 Pre/Post times must be identical for all 64 channels. Different numbers can be
selected for thresholds.

= The number changed for threshold can be applied to all other channels by right-click-
ing the number and selecting Apply to All (Figure 4-3.12).

Extract Long Spikes ]

Channel limit {zpkefs) 100 -

Chan  +Thresh {mV) -Thresh (m') Pre (ms) Post(ms) On =
a7 -0.050 50 T N |
28 el IN11:11] Al 460 ] L
29 -0.] 50 450 e
a0 -0.050 a0 450 ] F
31 -0.050 50 T
an —nnen En AEN " [

Figure 4-3.11. Setting the thresholds for channel 29 by typing the number in the chart.

Extract Lone Spikes

Ghannel limit {(spks/s) 100 -

Chan  +ThreshmV)  -Thresh mV) Pre ms) Postfms) On =
26 -0.050 50 [ = |
27 -0050 50 T = |
2% -0.050 50 450
]

30 -no5y |l RS
at _nnen En 1N | o |

Figure 4-3.12. Apply to ALL button.

Notice:

= It is not recommended to set thresholds both for + and -. Select either one for detecting long
spikes.

 Set the thresholds as low as possible for negative signals (high for positive signals) so that
other components of the signals are NOT extracted as spikes. (Figure 4-3.13)
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Figure 4-3.13. Bad example for spikes’ extrication.

4. Replay data with Green button. The long spikes extracted are high-lighted in light green on the left

chart of [Display Extracted Spikes] and waveforms of extracted long spikes are displayed on the
right chart. (Figure 4-3.14)

isplay Exiracted Spkes

Dovscnnd Sohes
[F

o

(1T

embinl (A}

-0200 . .
1 £ e 5B
Time ()

|.':mr.;.- ] Dwsen(d[i x]  Ascacak

Figure 4-3.14. Long spikes are extracted (high-lighted with light green color).

How to modify the charts in the [Display Extracted Spikes]

[Trace] chart (left):

The scale for amplitude (Y axis) can be changed by clicking and typing in the desired
minimum and/or maximum values (Figure 4-3.15).

The time duration (X axis) can be changed in the “Duration” drop down menu.
(Figure 4-3.16)

Display Extracted Spikes

EN)
E i

Figure 4-3.15. (Left) Changing the scale for amplifier.
Figure 4-3.16. (Right) Chancing the time duration.

[Extracted Spikes] chart (right):

The scale for amplitude and time can be changed by clicking and typing in the
desired minimum and/or maximum values. (Figure 4-3.15)

The scale can be adjusted automatically by clicking [Autoscale] button or dou-
ble-clicking anywhere on the chart.
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4-3. Replay and analysis of acquired spontaneous data

5. Open the “Measurement” tab by clicking the tab name. The extracted long

. i . Filter Spike Data
spikes are filtered before they are sent to the [Extract Spike Measures] mod-

ule. In the default setting, the “Bessel low pass 9 pole with 1000 Hz” and Filter type
“None” are selected. Modify the filter type and cut-off frequencies depending Bessel lowpass 9 pale x|
on your signals. (Figure 4-13.17) Cutoff freq (Hz)
{100n |
Figure 4-3.17.

6. Set the waveform analysis parameters in the [Extract Spike Measures] module.

The "Time of Amplitude Min To Max" is the default setting. This measures the “duration” from

the time point for signal’s minimum amplitude between the 2 cursors on the left to the time point

for signal’'s maximum amplitude between 2 cursors on the right (Figure 4-3.18). Set the cursors by
left-clicking and dragging them. Or, change the analysis menu. Similar analysis includes: “Time of
Amplitude Max to Max, Max to Min, Min to Mim”.

|_HOd Measurs | | Measures Heio . |

Time of Amplitude : , Custom Name Measure Typs
- [ I Timecot AmplitudsMin Tobtas (ms) TimeO{ AmplitudetdinToMax -
1
Min to Max ! AmplitudeMaximum
e AmplitudeMinimum
1 AmplitudePesk ToPeak
! fireafibsolute
1 fresfepSpke
1 0 opeLinearFit
Channel CursorT ms) Curse oo oDl nsarFit
4500 161 Slope 104 LinearFi
B 1500 151 Time0f AmplitudeMascimum
3 1500 151 Time0f fimp ur
TimeOf Amplitu Max
L] 45.00 151 TimeQf AmplitudeMax Tohin
5 4500 181 TimeOf AmplitudeMin ToMin
|
? ::gg 12,7mameMm.muanHauM.mmum
TimeFromMaximumToHalfMaximum
8 45.00 181 TimeDfCross ing HorizCursor
[ 4500 161 TimeQfSlapeCrossine HorizGursor
1] 4500 16iP imum
1 4500 [HE:
PPRTimeOf AmplitudeMascimum
12 45.00 181 PPRTimeOt AmplitudeMinimum
- *7 PPRAmplitudePesk TaPesk

Figure 4-3.18. Definition of the “Time of Amplitude Min to Max” (left) and how to select the measurement type (right).

7. In order to change the measurement type, click [Edit Measures] button, and then select different
analysis (measurement) with the drop-down menu for the “Measure Type”. (Figure 4-3.18)

* Please refer to page 119-121 for detail about the [Extract Spike Measure] module.

8. Replay data with the Green button. When you are satisfied with your [ Fiobiuzos s [REvEOTOGENEI D]
analysis parameters, save this as your analysis workflow. (Figure IR | Wty
4-3.19) The measurement chart can be saved as a “CSV” text file when —ame | omotat
the workflow is run with Green-Red button while checking the “Enable” close
check box for [Save Measure Data] module is checked. (Refer to section ﬁm 5
4-7. Data output on pages 151-154 for details. = e H;d
e [E
Figure 4-3.19.

= The “QT_analysis” workflow template includes the modules for inter spike intervals. Please
refer to section 4-3.4. Beat frequency analysis on pages 122-123 for details.
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Evact Gobe Measres

Timet eyt Te sl s
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Figure 4-3.20. Field potential duration analysis. The time between peaks are measured with the “Time of Amplitude
Max to Max” protocol and graphed (middle-right). The numbers are shown on the [Display Results Table] module (bot-
tom).
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4-3. Replay and analysis of acquired spontaneous data

Other available analysis (Measures) for analyzing field potential duration

Time of Crossing Horizontal Cursor

e Computes the “time” from the left-most vertical cursor (“Cursor 1”) to the first intersection of the
extracted spikes with the horizontal cursor AFTER the right-most vertical cursor (“Cursor 2”). (Fig-
ure 4-3.21)

Time of Crossing
Horizontal Cursor

Figure 4-3.21.

Time of Slope Crossing Horizontal Cursor

= This measure uses four cursors as shown in Figure 4-3.22 - three vertical and one horizontal. It
computes the “time” from the left-most vertical cursor (“Cursor 1) to the intersection of the linear
fit slope line computed on the data between the second and the third vertical cursor (“Cursor 2” and
“Cursor 3”) with the horizontal cursor. (Figure 4-3.22)

Time of Slope Crossing
Horizontal Cursor

Figure 4-3.22.
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4-3. Replay and analysis of acquired spontaneous data

[Extract Spike Measures] module

This module allows you to perform waveform analysis for extracted long spikes. Time, amplitude, slope,
and area can be measured and graphed.

Raw data chart Measurement chart

Exiract Spke Messures 1

Sync Firing Event 95

| v g p p ow)
500 04 05 03 034538
Time {minutes)

Chamnel [28 =| I Average [f  ~| Traces izpture Labels st Probe [1well =| Sync Thresh |0 =|% Window [125 v| ms Hide phases Autoscale Measures Edit Measures
' ol
! i;

1 2 3 4 5 6 7 8 9 10 Input fields

a00
Time {ms)

Figure 4-3-23. [Extract Spike Measures] module.

Raw data chart
The raw data chart on the left shows the extracted long spikes’ waveforms. The cursors for the mea-
surements are shifted by left-clicking and dragging.

You can zoom in on the Raw data chart by:

Extract Spike Meazures

Swnc Firing

= Left-clicking and dragging while pressing the shift button.

= Changing the maximum (and/or minimum) numbers for both X (time)
and Y (amplitude) axis. Click, and then, type in the new value(s) for the | £
maximum and/or minimum. (Figure 4-3.24)

= The scale can be adjusted automatically by double clicking any- Figure 4-3.24.
where on this chart.

Extract Spike Measures

The cursor locations can be copied to all or specific channels by 10 A
right-clicking and selecting the [Apply Cursors to All Channels] or [Copy 0 e
Cursors]. Select [Apply Cursors to All Measures] to copy the cursor

locations to all measures. (Figure 4-3.25)

Apply Cursors ta All Channels and Measures

Copy Cursors

2
Tj; o Paste Cursors
:E Gopy Data
Selecting [Copy Data] allows you to copy the waveform data for the - e
selected channel and paste to an excel worksheet. (Figure 4-3.25) 401 el

=600

Figure 4-3.25.
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4-3. Replay and analysis of acquired spontaneous data

Measurement chart

The time course for the selected measurements is graphed here. Zoom in or out by changing the maxi-
mum (and/or minimum) values for the X and/or Y axis. Click and type in the new values directly.

Right-clicking anywhere in the chart and selecting [Copy Data] allows you to copy the measurement
data for selected channel(s) and paste to an excel worksheet (Figure 4-3.27). Selecting [Capture
Image] allows to copy the chart image.

500

Time OfAmplitude MinToMax(ms)
Delete 148.05
161.65
156.1
162.9
156.75

400

)

2

£
2
2
3

s
=
3

=
£

)

Figure 4-3.26. Copy data.

Input fields for the [Extract Spike Measures] module

1. Channel No: Selects the channel for display.

2. “Average” check box + “Traces” dropdown:
Check this box to average extracted spike waveforms. Set the number of traces to determine how
many traces will be averaged (e.g. If 3 is input and the box is checked, every three traces (-1st,
2nd, and 3rd / 2nd, 3rd, and 4th / 3rd, 4th, and 5th) are averaged and plotted.

3. “Capture” button: Syne Firine Event 219
Click the Capture button on three different waveforms ool
to capture each of them on the screen. (Figure 4-3.27)
Additional clicking will drop and replace the oldest cap-
ture with a new one. Right-click on the [Capture] but-
ton to expose a menu of options for clearing captured
waveforms. Useful for comparing the waveforms in dif-
ferent phases. T

4. “X-labels” checkbox: o '” i e W e
Check this box to display the X-axis positions of the Figure 4-3.27

cursors in the left Raw data chart.

Fotential (u/}

5. “Reset Cursors” button:
If zooming operations have caused the cursors in the left Raw data chart to move out-of-sight, click
this button to bring them back into view.

6. “Probe” dropdown:
This input field will be fully enabled in future upgrade.

7. “Sync Thresh % dropdown” + “Windows ms” dropdown:
This feature is helpful only when more than one channel is analyzed at once. (Selecting more than
1 channel is NOT recommended in current version of Mobius.) You can detect long spikes and filter
out unexpected noise by requiring that a certain percentage of active channels (“Sync Thres”) pro-
duce long spikes within a certain window of time (“Window”). It is useful to view the output of this
panel in [Display Results Table] when adjusting these settings, because you can quickly see which
channels are not producing synchronized responses, and deactivate them.
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4-3. Replay and analysis of acquired spontaneous data

8. “Hide Phases” check box:

The phase bars (yellow bars with characters on the measurement chart) are hidden when this but-
ton is clicked.

9. *“Autoscale Measures” check box:
When this box is checked, the scale for the measurement chart is automatically adjusted. You can
zoom in and out in the measurement chart by typing values in the X and Y axes' limits when the
Autoscale button is NOT checked.

10. Edit Measures: Click this button to select or change the analysis (measurement) menu.

1) Select the analysis (measurements) you desire from the [Measure Type] box to change the default
measures. (Figure 4-3.28)

2) You can name the selected measures by double-clicking and typing the desired name directly into
the [Custom name] box.

3) To perform more than one analysis (Measure), click [Add Measures] button so another row on
the table and new measurement chart appears. (It is NOT recommended to select more than 1
measure during acquisition because it can slow down analysis significantly.)

4) You can delete unnecessary measurements by right-clicking the [Custom Name], and selecting
[Delete].

 Click [Measures Help] button for detailed information on measurements.

5) The table shows the cursor values. Cursors can also be adjusted by changing numbers in this
table.

6) Click the [Hide] button to close the editor.
3)

Exfract Spike Measures

&ync Firing Event 16

)

Add Measure I Meagures Heln I

500

150 Custom Name Measure Type
o TimeOf AmplitudeMinToMax( ms) TimeOf AmplitudeMinToMax ;I
Slope 1090Linear Fitlut/ms) Slope 1090LinearFit A

300 AmplitudeMaximum
AmplitudeMinimum
AmplitudsPeak TaPeak
Areafbsolute
AresPapSpike
SlopelinearFit

arF
Slope 1040LinearFit
TimeOf Aimplitude Maximum
TimeOf AimplitudeMinimum
TimeOf AimplitudeMax ToMax
TimeOf implitude Max ToMin
[ TimeOf AmplitudeMinTaMin
TimeOf AmplitudeMinToMax
TimeFromMinimumToHalfMinimum
TimeFromMaximumToHalfMaximum
TimeOfCrossing HorizCursor
TimeOfSlopeGrossing HorizCursar
PPRAmplitudeMaximum
PPRAmplitudeMinimum
PPRTimeOf Amplitude Maximum
PPRTimeOt AmplitudeMinimum
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Figure 4-3.28. Edit Measures.
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4-3.4. Beat frequency analysis

The [Compute Beats per Minute] and [Compute Interspike intervals] modules in the
"Beat_frequency_analysis" workflow template are used.

Extract Lone Spikes

Ghannel limit (spksfs) 100 -

o T P 13 T
23 -0060 | b0 a0
20 IO -o0g0 | 50 50
30 -00&0 | B0 450
M -00s0 | &0 4510

Open the analysis workflow template and data file. (Refer to page 105)
Replay the data by clicking the Green button, and then stop.

Open the “Detect beating” tab. Select channels for analysis. Check “On” box for the selected chan-
nel in the [Extract Long Spikes] module.

Or, channel(s) for analysis can be selected by the channel selector in the [Replay Raw Data]. (The
channel selector pops up when the box next to channels on the [Reply Raw Data File] module is
clicked.)

Set the thresholds in the [Extract Long Spikes] module by following instructions described at How
to set thresholds at page 114.

Figure 4-3.29. Selecting analysis channel with the “On” checkbox in the Extract Long Spikes.

4. The [Compute Beats per Minute] module builds a cumulative record of beat frequency changes. The
computations are made independently on all channels and displayed on the [Display Beats per Min-
ute] control panel.

The default setting has 10 seconds selected for the Binning window size. Extracted long spikes are
counted every 10 seconds. Selecting "Trace" instead of "Arbitrary (s)" means that spikes are
counted for the whole trace (Figure 4-3.30).

5. The [Compute Interspike intervals] measures the time between each successive spike and creates
a cumulative record of the changes. The computations are made independently on all channels and
displayed on the [Display Interspike Intervals] module.

The "Average Channel ISI" function in the [Compute Interspike Intervals] module measures the
average time between the two most recent spikes across all active channels (Figure 4-3.31).
Compute Beats per Minute Compute Interzpike Intervals
Binning window size fwerage Channel 151
" Trace B603.7 ms
& mrbitrary (=3 [10 -

Figure 4-3.30. (Left) Compute Beats pre Minute module.
Figure 4-3.31. (Right) Compute Interspike Intervals.
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4-3. Replay and analysis of acquired spontaneous data

= The chart for the [Display Interspike Intervals] and [Display beats per minute] can be zoomed
in or out by changing the maximum (and/or minimum) values for the X and/or Y axis. Click
and type in the new values directly. (Figure 4-3.32)

Dizplay Interzpike Intervalz

Figure 4-3.32.

6. Replay data with Green button. When you are satisfied with your analy- zprrerersrrrrresrrsm
sis parameters, save this as your analysis workflow. (by clicking [Work- | ek tayau - Heip

flow] > [Save As]) (Figure 4-3.33) D AL
Close
7. In order to save these charts as "CSV" text files, check the “Enable” box pr—— ; E
on the [Save Beats per Minute] (and/or [Save Interspike Intervals]), — = L
then replay data with GREEN-RED button. (Refer to section 4-7. "Data = o= "
output on pages 151-154). = = =0
Figure 4-3.33.

Voersoka bl

Figure 4-3.34. Analysis performed with the “Beat_frequency_analysis” workflow template. Beats (long spikes) are
counted by every 10 seconds and displayed on the [Display Beats per Minute] module. (top-graph) Interspike intervals
are measured and graphed in the [Display Interspike Intervals] module (center graph). The bottom graphs show long
spikes that are extracted over time (high-lighted with light-green) (left) and each extracted long spike (right).
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4-3.5. Making a dose-response-curve

This section will walk you through making a dose-response curve with the field potential duration from
the acquired data. The Mobius' [Compute Measure Averages] module computes averages and standard
deviations of:

1) waveform analysis selected at the [Extract Spike Measures].

2) beat frequencies.

3) interspike intervals.

How to add [Compute Measure Averages] module to your analysis workflow

1. Open the analysis workflow which was automatically made when you acquired the data.
(Go to [Workflow] > [Open].)

2. Add the [Compute Measure Averages] module to this analysis

workflow. Workflow | Layout | Help
= > o IEEECN

1) Create a new tab by clicking [Layout] > [Add Tab] and typing Main dete  Delete Tab

[ Mobius Win7 0.3.9 — 20101004_14h39m59=_QT.moda

the name for this tab. (Refer to Figure 4-3.35) Extract Lone  Resname Tah lay Beats £
I” Disable Charts Backeround Color ..
2) Open the new tab, and then open the “Mobius Editor” by clicking  [eeme " 55T ™ T e
[Workflow] > [Edit]. (Figure 4-3.36, left figure) e R |
-0 50 |Dose-responses|

n [ [ [ro

-0 50

-1 i1l \-lﬁﬂ\”zﬂ -
Figure 4-3.35. Adding a new tab.

3) Click the [Extract Spike Measures] on the left “Workflow” box,
and then double-click the [Compute Measure Averages] on the
right “Available task panels” box. Now you will see that
[Compute Measure Averages] module shift to the left “Workflow” box and the control panel for this
modules appears on the new tab. (Figure 4-3.36).

4) Click the [Compute Measure Averages] on the left "Workflow” box, and then double-click the [Save
Measure Averages] on the right "Available task panels” box. The control panel for the [Save
Measures Averages] module will be displayed on your screen.

B b @ 00 [ D || Working Drectory » | finnotations ~ | B P ® 00 K M || Working Directory - | Amnstations - |
Main I Detect beatingl Measuremam@ Main | Detect beating | Measurement Doss-respanses |
Mez M Edit ﬁ
[} Mobius Editor - B vobius Editer =lalx
: Worleflom Available task panels

ok low Available task panels Replay Raw Data File T Digplay Results Table
Replay Raw Data File B> Compute Measure Averages Display All Channels B> Save Measure fverages
Digplay All Channels I Display Results Tahle Ex"alm '-ED“E SD‘I;ESS "

. isplay Extracted Spikes
E>.<tract Long Spikes > Save Measures Data Export Faw Data
Display Extracted Spkes Computs Beats per Minuts
Expart Raw Data Filter Spike Data
Compute Beatz per Minute Filter Spike Data
Filter Spike Data 42 Extract Spike Measures
{3 Filtet Spike Data Sawe Measures Data
Display

Extract Spike 3 C 3

B> Save Measures Channe

W Display Results Table Display Beats par Minuts
Save Beate per Minute
Display Beats per Minute

Figure 4-3.36. Mobius Editor was opened in a new tab and the [Extract Spike Measures] is clicked (left). The [Com-
pute Measures Averages] was double-clicked and shifted to the left “Workflow” box. The control panel for this module
now appears (right).
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4-3. Replay and analysis of acquired spontaneous data

3. Set the analysis parameters according to the instructions in 4-3.2. Field potential duration analysis
(pages 113-121).

4. Run Mobius with Green button to replay the data to the end. You will see the phase bars you set
during your acquisition in the [Extract Spike Measures] module, and averages and standard devia-
tions in the [Compute Measures Average] control panel. (Refer to Figure 4-3.37)

5. The phase bars are shifted by clicking and dragging. The averages and standard deviations are
recalculated once Mobius is run with Green or Green-Red button after changing the locations of
phase bars.

= If you are working with analysis workflow template or did not add phase bars during recording, add
phase bars according to the instructions on the next section, “How to add phase bars”.

Extract Spike Measures

Swnc Firing Event 570
500

400

Potential (L)
|
TimeOf AmplitudeMinTolax{ms)

I 1 I [
300 400 500,05 0 2 i 3 8 10 12 14 16436
Time (ms) Time (minutes)

Charnel 20 v| [ fverage 3 =] Traces  Gaptue Labels: Reset Probe [Twell w| Sync Thresh [0 «|% Window [125 »| ms Hide phases W Autoscale Measurss Edit Measures
P

Chael [T =] [ Useiast [F =] ptefphase M [T TimeciAmeinodeble Tobadm]

Figure 4-3.37. The results of “Time of Amplitude Max to Max” with phase bars in the [Extract Spike Measure] (top) and
the averages and standard deviations for each phase displayed in the [Compute Measure Averages] control panel.

6. In order to save the average chart, save it as your own analysis workflow first. ([Workflow] > [Save
as]) Check the “Enable” check-box on the [Save Measure Averages] module, then run Mobius with
the Green-Red button. (Refer to section 4-7. Data output on pages 151-154 for details.)
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How to add phase bars

Even if phase bars are not added during recording, they can be added later off-line using the following

procedure.

1. Open the “QT_analysis” workflow template (or your own analysis workflow), and then open the
data file. (Page 105-106)

2. Set the analysis parameters according to the instructions in the 4-3.2. Field potential duration anal-

ysis (page 113-122).

3. Open the “Measurement” tab, and then replay the data with the Green button. You will see the first

phase, Baseline (yellow bar) is already at time O.
4. When the first phase is finished, pause Mobius with YELLOW button, and make a new phase.

= Select [Annotators] > [Add New phase], then, type the name for the new phase. (Figure
4-3.38) Now you will see the new bar at the right chart of the [Extracted Spike Measures].
(Figure 4-3.39).

= Do NOT stop Mobius with Black button. You will not be able to add more phases.

is.moflo —— [Rev 84 on 2011017181 250 —
ectory - |F\nnotat|ons - | = 220
=

| Averages
& Data Delete Last Phase
pe Delete All Phases
— x

I”| Enable Mame of phase about to start:
[0700nM E4031] |

TimeCttAmplitudeMinToMax{me
[ T

—

Ok | Gancel | 100 —

wnc Firing Event 199

Figure 4-3.38. (Left) Adding a new phase bar.
Figure 4-3.39. (Right) A phase bar added on the [Extract Spike Measures].

5. When the second phase finished, pause Mobius again and make a new phase.
*The location of the phase annotator (yellow bar) can be shifted later.

6. Replay the data to the end. Averages and standard deviations are computed and graphed for each

phase (dose) in the Average tab. (Refer to Figure 4-3.37)

7. In order to save the average chart, save it as your own analysis workflow first. Check the “Enable”
check-box on the [Save Measure Average] module, and run Mobius with Green-Red button. (Refer

to section 4-7. Data output on pages 151-154 for detail.)

Input fields for mpute M re Aver m |

1. Channel:
The channel to be displayed is selected here. Channels can NOT be changed while running an
experiment.

2. Use last:

If this box is checked, the selected (or typed) number of data points are used for computation. For
example, if 10 is selected, average and standard deviation are measured for the last 10 data points

in each phase.
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4-3.6. Propagation analysis for spontaneous data

This section describes how to generate a propagation map (distribution of the peak times) using the
“Export__ for_propagation_analysis_spontaneous” workflow template and excel. You will save the “time
for the amplitude peak” as a “CSV” file using this workflow template, and then generate a propagation
map using an excel file. The excel file (“Propagation_analysis_spontaneous”) is available from the Sup-
port page on the MED64 website. www. med64.com/Support.

CAUTION:

10.

11.

12.

All 64 channels must have signals for the excel file to work.

Open the “Export__ for_propagation_ analysis_spontaneous” workflow template (Refer to page
111).

Open the data file, and replay the data by clicking the Green button.
(Refer to section 4-3.1. Opening and replaying acquired data on page 105)

When the peak points in the original raw data are not clear enough, modify the filter menu so that
peak points are seen clearly.

Set the thresholds for the all channels. (Refer to page 114)
Replay data again to make sure you are satisfied with the new thresholds.

Make sure that “Enable storage” is checked and
“Time stamps only” is selected in the [Save Save Spikes
Spikes] module (Figure 4-3.40). Filename modifier

Itime_nfpeark

¥ Enable storage

% Time stamps only Dawnsampling

" Time stampz + spikes 1/ |1 .I

Click the Green-Red button so that the time Figure. 4-3.40. [Save Spikes] module.
stamps for the peaks are saved as a “CSV” file.

Save it as your own analysis workflow by click-

|7Data type —————————— Sl
ing [Workflow] > [Save as].

Open the “CSV” file with excel. (Figure 4-3.41 shows an example of the CSV file.)

Open the excel file, "Propagation_analysis_spontaneous". This file consists of 4 sheets of [data],
[analysis], [map_data], and [map]. You will copy some data to the [data] sheet. Propagation map
will be displayed in the [map] sheet.

Copy the data in the “within_trace_time_ms” for channel 1-64 (marked with red in the Figure
4-3.41) on your “CSV” file, and paste them in the second row on the [data] sheet in the
“Propagation_analysis_spontaneous” excel file.

Transpose Raw and Line.

A propagation map is generated in the “map” sheet of the “Propagation_analysis_spontaneous”
excel file (Figure 4-3.42).
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4-3. Replay and analysis of acquired spontaneous data

File Format, 20071201
Session St: 2010/4,/16 052356 +03:00
Trace Dura 300000

channel time_of day | within_ses within_sess within trace time ms | cluster id | trace_ num | pre_ms
1| 05:23:57.126( 0400000 501 501| none 1 20
2| 05:23:57.125 0400000 500.9 500.9] none 1 20
3| 05:23:57.125 0d:00:000 500.95 500395] none 1 20
4| 05:23:57.157 0400000 532.05 53205] none 1 20
5| 05:23:57.153 0400000 528.6 528.6 none 1 20
6| 05:23:57.152| 0400000 527.45 527 45| none 1 20
7| 05:23:57.152 0d:00000 5271 527.1| none 1 20
8| 05:23:57.154 0400000 520.45 52045] none 1 20
9| 05:23:57.125 0400000 500.8 500.8] none 1 20
10 05:23:57.125 0400000 a00.7 500.7| none 1 20
11 05:23:57.125 0400000 500.7 500.7| none 1 20
12 05:23:57.15 | 0400000 525.3 525.3| none 1 20
13 05:23:57.140 0400000 524.3 524.3| none 1 20
14 05:23:57.15 | 0400000 529.6 523.6| none 1 20
15/ 05:23:57.151 04:00000 526.45 52645] none 1 20
16/ 05:23:57.154 0400000 520.95 52095] none 1 20
17| 05:23:57.123 0400000 408.55 408.55] none 1 20
18 05:23:57.123 0400000 498.05 49805] none 1 20
19 05:23:57.123 0400000 408.75 408.75] none 1 20
20 05:23:57.124 0400000 4099.95 40995| none 1 20
21| 05:23:57.119 0400000 404 55 404 55| none 1 20
I | : : I
] ] ] ] ] ] ] |
: : : : : : : ;
52 05:23:57.087 0400000 462.7 462.7| none 1 20
53 05:23:57.087 04:00000 462.4 462.4| none 1 20
54 05:23.57.087 0400000 462.9 462.9] none 1 20
55 05:23:57.083 0400000 47465 474 65| none 1 20
56 05:23:57.11 | 0400000 485.75 485.75| none 1 20
57 05:23:57.089 0400000 47435 474 35| none 1 20
58 05:23:57.085 0400000 470.6 470.6| none 1 20
50 05:23:57.081 0400000 466.65 466.65| none 1 20
60 05:23:57.08 | 0400000 465.1 463.1| none 1 20
61/ 05:23:57.00 | 0400000 465.4 465.4| none 1 20
62 05:23.57.082 0400000 467.65 467 65| none 1 20
63 05:23.57.107 0400000 48233 482.35] none 1 20
64 05:23:57.111 0400000 486.95 486.395] none 1 20
5| 05:23:57.625 0400000 1000 1000 none 1 20
17 0%:23.57.625 04:00000 1000 1000 none 1 20
1/ 05:23:58.079 0d00000 145405 1454035 none 1 20
2| 05:23:58.078 0400000 1453.2 1453.2| none 1 20
3| 05:23:58.077| 0400000 145275 145275 none 1 20
4| 05:23.58.067 0400000 14428 1442.8| none 1 20
5 05:23:58.11 | 0400000 148515 148515 none 1 20
6| 05:23:58.107 0400000 14826 1482.6| none 1 20
7| 05:23:58.107 0400000 1482.5 1482.5| none 1 20

CH1 CH2 CH3 SH4 CHE CHE& CHT CHE CHY CH10 CH11 ————4CH&1 CH&62 |(CH&E3 CHE4
| 501 | 5005 501 | 5321 5286 B275 5271 5205 5008 5007 BOOY o 4854 4877 4834 43'."

Figure 4-3.41. Top shows an example of data for saved time stamps displayed in excel. The data in the
“Within_trace_time_ms” (marked with red) is copied and pasted to the second row in the [data] sheet of
“Propatation_analysis_spontaneous” excel file
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Figure 4-3.42. A propagation map generated in the [map] sheet of the “Propagation_analysis spontaneous file.
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4-4. Recording of myocardial signals with pacing

The "Pacing_recording" workflow template is available for recording of myocardial signals with electrical
stimulation (pacing).

4-4.1. Overview of the “Pacing_recording” workflow template

The “Pacing_recording” workflow template consists of following modules located in the “Main” and “Pac-
ing measures” tabs.

Tab Modules
Main Acquire MED64R2 Data w/Stim / Display All Channels / Export Raw Data

Extract Long Spikes, Filter Spike Data (2), Extract Spike Measures, Save Measures
Data, Display Extracted Spikes

Pacing measures

Acquisition and stimulation parameters are set in the [Acquire MED64R2 Data w/Stim] module. Signals
are extracted with the [Extract Long Spikes] module. The extracted signals are sent to the [Extract
Spike Measures] module, where extracted signals’ waveform analysis are performed (amplitude, slope,
time, and area). The raw data can be exported either as binary or ASCII data while the measurement
chart is saved as a "CSV" formatted text file.

‘ Acquire MED64R2 Data w/Stim

} } !

Display Export .
All Channels Raw Data Extract Long Splkes

|
Display
Extracted Spikes Filter Spike Data

!
Filter Spike Data

I

Extract Spike Measures

l

Save Measures Data

“Main” tab

“Pacing measures” tab

Figure 4-4.1. Module configuration for “Pacing_analysis” workflow template.
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Acquire MED64R2
Data w/Stim. ——— %>

Export Raw Data

Display All Channels

Filter Spike Data

Save Measures Data

Extract Spike Measures

Figure 4-4.2. Control panels for “Pacing_recording” workflow template. "Main” and “Pacing measures” tab.

Opening the workflow template

1. Click [Workflow] > [New] > [From Template].

2. Select [64MD1_1280x1024] or [64MD1_1920x1080] folder, depending of the size of your display
monitor. Select [QT] > [Pacing_recording] folder, and then the “Pacing_recording” workflow tem-

plate.

NOTICE:
Connect your PC to the MED64 amplifiers and turn on both amplifiers to open the recording workflow.

[ vetius win? 039 - Rer B 20rt01/ s

Layout Help
Blank
Open... Ctrl+0
Close
Save Ctrl+5
_ Open Workfiow Template
Save As..  Ctri+A _
@\ /v‘ « 05(C) » Program Files (x86) » Mobius » mobius files » Workflow Templates » 64MD1 19201080 » QT » Pacing_recording
Edit F12 =
Organize v Newdolder
Exit Crl+X

¢ Favorts Name Datemodifid  Type e

B Desktop 8 Pacing_tecording meflo N1L/05311504  MEDS4 Mobius W.. 2KB
4 Downloads

< Recent Places

Figure 4-4.3. Opening workflow template.
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4-4. Recording of myocardial signals with pacing

4-4.2. Setting the acquisition and stimulation parameters

Acquisition and stimulation parameters are set in the [Acquire MED64R2 Data w/Stim] module. The
default setting will allow you to stimulate with intervals of 1 second for one minute using the function
“Repeat pattern to trace end”. Change the parameters depending on your experimental plan.

NOTICE:
Connect your PC to the MED64 amplifiers and turn on both amplifiers to open this module.

(11

Bcquire MEDE4R2 Data w/Stim
Acquired Analyzed Stimulation
Trace #  Trace duration remaining Trace #  Trace duration remaining Step 1 | #5tep 28 | #5tep 3% | #Step 42 | #Step #tep 6 | #5tep 72 | #Step 52
1 0:00:00 1 0:00:00 (9) & encbie step legend [ FI M F2
Timing Hardwmare élo) 7] Stim [F1 =] — Ch (10 =||. 60
# Traces Tnput Range (mW)_ Low cut freq (Hz) Troe Length Amplitude (WA)  ~ 1
1) M (4) [zs -G - :
] o | Ganst |+ 500 non =
Trace duration annels High cut freq (Hz!
! — it Bl Pul - 060 —sonn <l
Hours Min Sec (6) 1-64 - T - (7) ulze 1
(2) i |1 - 0 - I—I Const || 99440 0.00 -
Trace interval Save raw data. . /| Repeat to trace end Add rev pol pulse
Hours  Min Sec FERD Godilss 1 Reps 3ingle rep =
reps = ——
0 i 0 e = 1
(3) (8) /| Enable storage 0 (+f—u.°.)\+_/ I'_I 1oan

(13) (15) (16) 17) (18) ((14) (12
Figure 4-4.4. [Acquire MED64R2 Data w/Stim] module.

1. # Traces: Number of Traces (Sweeps).
2. Trace duration: Sampling (Recording) time for each trace.
3. Trace interval:

Interval between traces. (From the beginning of the first trace to the beginning of the next trace)
In the default setting, the Trace interval is invalid because the #Trace is set for 1. Select any nhum-
ber greater than 1 for # Trace to activate it.

4. Input Range (mV):

Maximum input signals level. This setting should be adjusted according to the signal amplitude to
achieve the maximal dynamic range. Select 2.3 mV, 2.9 mV, 5.0 mV, 12.5 mV, or 25 mV. Larger
number for the Input Range creates lower voltage resolution.

2.9 mV is set in the default. This is the Input Range recommended for the Field Potential Duration
analysis combined with 1 kHz for the “High cut freq” (Low-pass filter) to achieve the stability for the

Repolarization (K* efflux) peak time. Change it depending on the size of your signals and setting
for the parameter selected for “High cut freq”. Particularly change it to 5.0 mV (or greater) when 10
kHz is selected for the “High cut freq”.

5. Low cut freq (Hz):

High pass filter. Select from 0.1, 1.0, 10 and 100 Hz. If 1 is set, signals with frequencies lower than
1 Hz are filtered out. The recommended filter setting for recording myocardial signals is 1.0 Hz.
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6. Channels:
Select the channels for recording here. When the square box is clicked, the channel selector pops
up. Green shows enabled channels.

7. High cut freq (Hz):
Low pass filter. Select 1000 Hz, 2,000 Hz, 2500 Hz, 5000 Hz, 7500 Hz, or 10000 Hz. If 5000 Hz is
selected, signals with frequencies higher than 5000 Hz are filtered out. Typically, 1000 Hz is recom-
mended for the Field Potential Duration analysis to achieve the stability for the repolarization peak
time. Change it depending on the analysis you would like to perform.

8. Save raw data:
When Mobius is started with Green-Red button while the [Enable storage] is checked, the raw data
is saved. Enter a descriptive file name of your choice.

Stimulation

Each Step is independent and can be programmed with different type of stimulation protocols. Enabled
steps will be applied in the order (1 to 8) at the intervals set in the Trace interval.

9.

10.

11.

12.

Enable step:

When the box to the left of [Enable Step] is checked, the Step becomes valid. The default settings
have Stepl enabled and Steps 2-8 disabled (shown with # next to each Step).

= For example, if both Step 1 and Step 2 are enabled, the Step 1 and Step 2 are applied alterna-
tively at the interval set with the Trace interval.

Stimulator selector and check box:

Select the MED64 amplifier’s built-in stimulator (F1 or F2) here. Checking the box on the right of
“Stim” activates the selected stimulator. The default settings have F1 enabled for Step 1.

= In order to stimulate through both stimulators simultaneously, enable both F1 and F2 stimula-
tor in Step 1.

Stimulus channel selector:

Select stimulus channel here. The stimulus channel can be changed either by the drop-down or the
pop-up which appears by clicking the square box. The green shows the stimulus channel.

Mobius needs to be stopped (with Black button) or paused (with Yellow button) for the stimulus
channel to be changed.

Stimulus waveform editor:
Make your stimulus protocol here by selecting either [Const] or [Pulse] and typing in the desired

[Length] and [Amplitude]. Refer to Figure 4-4.5 for a schematic representation of a stimulus proto-
col example.
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Type Length (ms)  Amplitude LA)

| Const |~ 5.00 0.00
| Pulse |~ 0.60 -50.00
| Comst [=| 99440 0.00

¥

Y

post stimulation time: 994.40 msec

Figure 4-4.5. Example of stimulus protocol and its schematic diagram.

= Make sure that the STIMULUS CURRENT selection on the MED64 Head Amplifier
(MED-AG4HELS) is set to [NORMAL] to deliver the stimulus current amplitude set in Mobius.
Selecting [x2] doubles the output stimulus current amplitude set in Mobius.

(e.g. When 10 pA is selected by Mobius with [x2] selected, the output stimulus current is 20
pA. When -10 pA is set in the Mobius with NORMAL selected, the output stimulus current

amplitude is 10 pA)

e The maximum stimulus amplitude set by Mobius is 100 pA. Set the STIMULUS CURRENT selec-
tor for x2 when stimulus amplitude with greater than 100 pA is applied.

e The maximum number of stimulus pulses to be programmed here at a Step is 21.

e Do NOT select [Ramp] for the stimulation with the MED64. Only bi-phasic stimulation is rec-

ommended.

13. Repeat pattern to trace end check box:

When this box is checked, the stimulus protocol programed with the Stimulus waveform editor will

be repeated to the end of the trace.

In the default setting where the box is checked, stimulus pulses are delivered with interval of 1000

ms for 1 minute.

1000 ms 1000 ms

Sl ~ 1

1.0 min

14. Add rev pol pulse check button:

Recording

Stimulus pulse

When this box is checked, the other stimulator is automatically activated and creates the stimulus
waveform which has identical amplitude (uA) and length (ms) with REVERSED polarity to the given

stimulator.
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15.

16.

17.

18.

For example, if the box is checked at the default setting, F2 (that is not activated as default) is acti-
vated and has stimulus waveform with 50 uA and same duration to the F1

Reps selector:

The stimulus protocol set at the “Stimulus waveform editor” (11) is repeated the number of times
set here. Useful for multiple pulse stimulation.

In the default setting, this selector is invalid because the “Repeat pattern to trace end” is checked.
Uncheck the "Repeat pattern to trace end” to activate this selector.

Stimulus current amplitude increment button:

When the + button is clicked, the absolute value of the stimulus current amplitude for the [Pulse] is
increment ed by the value set in the left box. (15*) For example, if 2 is set in the box (15) and the
+ button is clicked once, the stimulus amplitude will change to -12.00 pA from -10.00 pA. This is
useful for changing the stimulus amplitude for multiple pulse stimulations with just one click. The
absolute value of the stimulus amplitude can be decreased sequentially using the same procedure
when - button is clicked.

= The stimulus current amplitude can be changed even during recording by using this button.
However, the changes are activated on the 2nd trace after the change since Mobius uses the
next trace to reset itself.

= In the default setting, this button is invalid because the “Repeat pattern to trace end” is
checked. Uncheck the "Repeat pattern to trace end” to activate this selector.

See #15.

Auto Inc check box:

When this box is checked, the stimulus current amplitude will automatically increase adding the
value (in pA) set in the left box (15) to each preceding stimulation pulse. This is useful for making

1/0 curves.

= In the default setting, this check box is invalid because the “Repeat pattern to trace end” is
checked. Uncheck the ”"Repeat pattern to trace end” to activate this selector.

4-4.3. Execution button

Acquisition is initiated by running an acquisition workflow. Clicking the Green button runs the
acquisition workflow without saving data while clicking the Green-red button runs the acquisition
workflow while saving data to disc.

TENN

Stop Run WITHOUT Run WITH Pause

saving data saving data

Figure 4-4.6. Execution buttons
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4-4.4. Before starting your experiment

When a recording workflow is run with Green or Green-Red button for the first time after it is opened

(or made), Mobius needs several seconds for its calibration (as seen in the pop-up message). Acquisi-
tion starts automatically after the calibration.

If you would like to start acquisition immediately after clicking the Green-Red button, run the workflow
with the green button for a few traces with both stimulators un-enabled, and then stop before starting

your experiment. When the workflow is run the next time, Mobius does not require calibration but
acquisition will start immediately.

-stimulation ——————
Step 1 I#.Step 2#' #Step 3#'
[v_Ensble step
I~ stim)[F1~] —> Gh

Tvpe Length {m=) | Amp
- s.aa

moaoo oA

Please wait while the amplifier is calibrated I
-

Figure 4-4.7. The left shows pop-up mesage for the calibration. Acquisition always starts after this message
dissaears. In order to start recording immediately after clicking the Green-Red button, run Mobius with the
Green button for a few traces with stimulator unenabled (right Figure) BEFORE starting your experiment.

4-4.5. Recording of cardiomyocyte signals with pacing

CAUTION:

Make sure that the hard disc drive has enough free space when you start long-term recording.
Recording with all 64 channels for 1 hour creates a 9.216GB file.
(9.216GB is 9,000,000KB, 8,739.06MB, or 8.58GB in Windows.)

Avoid saving data to the drive where the OS is installed (usually C drive). Save it to a separate hard
drive, that is internal or eSATA-supported.

Extraction of long spikes and following analysis require powerful computation and need to be used
carefully during acquisition. Mobius can appear to crash when it extracts more spikes than it can
analyze/display. This most often happens when there is noise or baseline fluctuation that crosses

the spike extraction thresholds on all channels at once. (e.g. unexpected noises cross the thresh-
olds the baseline fluctuates due to vibration.)

It is strongly recommended you start your new experiments WITHOUT on-line (real- time) analy-
sis (by disabling the spike detection).
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For pacing to cardiomyocyte, stimulating 2 adjacent electrodes simultaneously is recommended
to induce pacing activity more effectively. Make sure that the stimulus waveforms have identical
stimulus current amplitude and length but reversed polarities.

1. Set the stimulus waveform for the F1 stimulator, and then click the [Add rev pol pulse] button. F2
stimulator will have an identical stimulus waveform with reversed polarity to the F1 stimulator.

Stimulation

Step 1 | #Step 2# | #Step 3% | #5tep 4% | #Step G# | #Step 6F | #Step 7 | #Step 82

V]| Enable step legend: [ F1 M F2
7lstm [FI v - oh [0 ~|][.] 80~

Type Length Amplitude (u) = ]

| Gonst |~ 5.00 000 £

| Puize |~ 050 -50.00 0

[Canst [+ 90440 000 -

V| Repeat to trace end [J] Add rev pal pulze

1 Reps Sinele rep = 100000 ms .
All reps = —— ms —G

0 (+/-uf) |I| |Z| futa Inc 0

Stimulation

Step 1 | #Step 2% | #Step 3% | #Step 4% | #Step 5# | #5tep 6# | #Step 74 | #Step 83

/| Enable step legend: [ F1 W F?
7)stim [F2 »] — oh (18 ~|[.] 60~

Type Length Amplitude (Al - ]

[Const |»| 500 0.00 3

| Pulze |+ 0.60 50.00 o]

[Gonst || 99440 0.00 -

V| Repeat to trace end [V Add rev pol pulze

1 Reps  Sinele rep = 100000 ms .
All reps = — ms -fi -

0 i-ub) [+ ] [=] [ Auto The 0

Figure 4-4.8. Examples of the parameter for bipolar stimulation to adjacent electrodes. Both F1 and F2 are acti-

vated and their waveforms are identical except their polarities are reversed. Adjacent channels (ch 10 for F1 and
ch 18 for F2) are selected for stimulus channels.

Change other parameters on the Acquire MED64R2 Data w/Stim module.
(Refer to section 4-4.2. Setting the acquisition and stimulation parameters on pages 133-136)
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How to change the stimulus pulse intervals

The default parameters will allow you to stimulate with the interval of 1000 msec for one
minute. In order to change the pulse intervals, change the post-stimulation time (994.80 ms
for default) .

Type Length (ms}  Amplitude &) -
| Const |+ 5.00 0.00 |
| Puse |~ 0.60 -50.00 | ‘ ‘

[Cona [] [soeso] | 000 |- [ Zoooms T toooms ™

Repeat pattem to trace end
Single rep =_1000.00 ms
Al

1 Reps

reps = —ms
Type Length ims)  Amplitude [LA) -
[ Const [»| 5.00 0.00 ]
(Puse |»| o060 5000 | | | | ‘
| Const |~| [694.40 | 0.00 i |< >|< >|< >
; 700 ms 700 ms 700 ms

Repeat pattem to trace end

1 Bens Ejipgle rep = 700.00 ms

Figure 4-4.9. Changing the stimulus pulse intervals. Change the number for post-stimulus time.
The pulse intervals are shown as the “Single rep”.

3. Run Mobius with the Green button.

4. Select the channels for recording.

1) Click the box next to the “Channels” in the [Acquire MED64R2 Data] module to open the channel
selector. (Figure 4-4.10)

2) The recording channels are colored green and non-recording channels are colored red.

Active Channe

[ Al [ Mane |[ oK |

Figure. 4-4.10.

5. Open the “Pacing measures” tab. Select a channel for spikes’ extractions. The default has all chan-
nels with “checked”. Click the check box to disable them. The setting can be applied to all other
channels by right-clicking and selecting [Apply to All].

= Itis recommended to select only one channel for spike extraction and analysis during acquisi-
tion although it is possible to select more than 1. Once data is saved, all analysis can be per-
formed post-acquisition. Set the thresholds by typing the number in the chart of Extract Long
Spikes.

Mobius Tutorial (MED-A64MD1): Cahper 4 - Mobius QT 139



4-4. Recording of myocardial signals with pacing
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Figure 4-1.11. Extract Long Spikes module. Channel 17 is selected for extraction. For the Ch 16,18-20, data is saved
while spikes are not extracted (analysis is not observed.)

Set the analysis parameters and cursors.
(Refer to section 4-6.2. Analysis of the evoked potential data on pages 143-147)

Save it as your acquisition workflow by clicking [Workflow] >[Save as].
(Figure 4-4.12)

workflow  Layout  Help

51 Mobius 0.3.6 — [Rev 3010 on 2009,/10,/07 01]

e » Brory - | Annatstia
Open... ChrlO
Make sure the “Save raw data” in the [Acquire MED64R2 Data w/Stim] close
R Save Crrl+s Anal:
module is checked. : emaining | | Tra
1
Edit F1z
Run Mobius with the Green-Red button. = = "o
L — =
Figure 4-4.12.

= Itis recommended without online analysis (by checking the Disable
button) unless you are familiar with your experiment and cells. (When the Disable button is
checked, no long spikes’ extractions or analysis can be displayed during recording.)

= Mobius will require you to save the workflow as your own if you try to start Mobius with the
Green-Red button without having saved it already.

= The data file (.modat file) and the Analysis workflow (including all analysis module selected for
the Recording workflow and [Replay Raw Data File] module) will be saved in the same folder.
(Refer to pages 17-18)

Figure 4-4.13. Recording of cardiomyocyte signals with pacing. The FPD analysis is performed using the
[Extract Spike Measures] module (right).
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4-5. Drug testing

The [Compute Measure Averages] module calculates averages and standard deviations for the wave-
form analysis (Extract Spike Measures). This is a useful tool for analyzing prolongation for the Field
Potential Duration with multiple doses. This section will demonstrate how to add “phase bars” so as to

make a dose-response curve easily and quickly later off-line.

1. Open the “Pacing_recording” workflow template.

2. Change the #Traces to the number for doses (or Man | Pacing measures
more) . Acquire MEDG4R2 Data w./Stim
Acquired
. Trace#  Trace duration remaining
3. Set a large number (e.g. 20 min) for the Trace 1 0:00:00
intervals which allows enough time to apply durg. Tining
# Traces
5 -
Trace duration
4. Modify other acquisition and stimulation parameters T
as you like. Teme
Hours Min Sec
0 * 20 « 0 -
5. Set the analysis parameters in the Pacing measures

tab. (refer to page 143-147). save it as your own
workflow. ([Workflow] > [Save as]). testing.

Analyzed
Trace#  Trace duralion remaining

1 0:00:00

Hardware
Input Range: (mV)  Low cut freq (Hz)

E
|

Channels High cut freq (Hz)
164 \_/ 1000 -

Save raw data
Filename modifier

U] Enable siorage

Stimulation
Step 1 | HStep 2

/| Enable step

V| Stim \L

Type Ler
Const |~

Pulse |~
Const |»| ¢

V| Repeat pattel
1 Reps

(+/u

Figure 4-5.1. Example of parameters for drug

6. Start recording in Mobius with clicking the GREEN-RED button. The first phase is started as “base-

line” from time of 0.

7. When the first trace is finished, Mobius will pause automatically. Once it is paused, click YELLOW
button so that the next trace will NOT start without clicking the Green-Red button.

= Do NOT stop with Black button. If it is stopped, the experiment will end and new phases will

not be added.

8. Apply the drug and add the 2nd phase.

Click [Annotations] > [Add New phase]. Type the name for the 2nd phase. (e.g. 100 nM E4031)
(Figure 4-5.2) When the OK button is clicked, a yellow bar with the chosen name appears in the

[Extract Spike Measures] (Figure 4-5.3)

iz.moflo — [Rev 84 on 2011/01518]
-ectory = || Annotations -

I frverages

Delste Last Phase
Delste All Phases

& Data

pe

TimeOfAmplitudeMinToMasd ms)

»| !

Mame of phaze about to start:

= [1100nM E4031]

Ok | Ganecel |

vno Firing Event 199

Figure 4-5.2. (left) Adding the 2nd phase.
Figure 4-5.3. (right) Phase bar on the [Extract Spike Measures].
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. Drug testing

10.

11.

12.

13.

14.

When you are ready for the second trace (phase), click GREEN-RED button to re-start Mobius.
Using this technique, you can start next phases without waiting for the end of trace interval.

When the 2nd trace phase is finished and Mobius pauses automatically, click YELLOW button again
not to re-start Mobius automatically.

Click [Annotations] > [Add New Phase], then type the name for the third phase. (e.g. 1000 nM
E4031). Apply drug again.

Click the GREEN-RED button to re-start Mobius to the end of experiment. (or add subsequent
phases with same procedure and run Mobius to the end of experiment.)

The Figure 4-5.4 shows the [Extract Spike Measures] module with added phase bars.

The analysis workflow including all analysis parameters and phase bars you set is automatically
made in the same directory as the acquisition workflow. Use this analysis workflow to make a
dose-response-curve later off-line. (Refer to page 148-150 for detailed instructions on how to make
a dose-response-curve.)

TimeOf AmplitudeMinTaMax{ms)

Bazeline

@
=1

v
8 12 14 16436
Time (minutes)

Figure 4-5.4. The [Extract Spike Measures] module with phase bars.

The phase bars can be added and saved to the analysis workflow even without extracting long spikes.
(Signals and analysis are not seen during recording in this case.) It is still recommended to perform
experiments without spike extracting unless you are very familiar with your experiment and prepara-

tio

ns.
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4-6. Replay and analysis of acquired paced data

4-6. Replay and analysis of acquired paced data

A Mobius data file (.modat) can be opened and replayed with the [Replay Raw Data File] module and
analyzed using various analysis modules. You will design your Analysis workflow by combining those
modules for replay and analysis of the acquired data.

The quickest way to replay and analyze the paced data is using the analysis workflow which was auto-
matically generated when you run recording workflow with the Green-Red button. The analysis work-
flow includes the [Replay Raw Data File] and the analysis modules you selected for your recording.

The "Pacing_analysis" workflow template is also available to analyze the Field Potential Duration of
acquired paced data. This section will introduce you how to perform the FPD analysis using the work-
flow template.

4-6.1. Replaying acquired data

=

Open the analysis workflow template.

1) Click [Workflow] > [New] > [From Template].

2) Select [64MD1_1280x1024] or [64MD1_1920x1080], depending on the size of your display
monitor.

3) Select [QT] = [Pacing_analysis] folders, then select the “Pacing_analysis” workflow template.

= In order to open your own analysis workflow, click [Workflow] > [Open]. Select the analysis
workflow file (.moflo file).

T oout Hep

I
[ Open. Ctl+0 From Template ...

Save Cirl+S

Save As.. Ctri+A

Edit Fi2

Exit Ctrl+X

Open Workflow Template

@vv‘ « 0S(C) » Program Files (@6) » Mobius » mobius files » Workflow Templates » 64MD1 19204080 » QT » Pacing_analysis

Organize > Newfolder

X Favates Name Date modified Type Size

B Desktop 8] Pacing analysismoflo 21105311504 MED64 Mobius W.. 848
8 Downloads

] Recent Places

= Librares

Figure 4-6.1. Opening analysis workflow template.

2.

Click the box next to the “Filename” and select the .modat file. When the file name appears on the
box as seen on the right figure of the Figure 4-6.2, the data is ready to be replayed by clicking
Green button or Green-Red button.

When the Green button is clicked, the acquired data is just replayed. Clicking the Green-Red button
execute the Exports or Saves which “Enable” check-box is checked.
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4-6. Replay and analysis of acquired paced data

Worlflow
ra
Main | Detect beating | M

Layou Help
| | ‘Working Directory | Annotations ¥ |

urement | Averages

Replay Raw Data File

Filename
|20140?29_18h5?m1ds.modat

Traces 1 to |1

Trace time 0 to 60000

Channels 8, 5-7. 1012 1628 [ ]

ms

Replay Raw Data File Display All Channels Dielay (mS); 0 -
Filename Trace
=3 :
Trace time
Traces 1 to |1
Organize v Mew folder
Tracetime 0 to 1 ms .
— Favon = Name Date modified Type
Channels  1-64  Favorites
— Bl Desktop | 20140729_18h57ml4s.modat MODAT File

Delay |

elay (ms) |”_' 5| Recent Places __| 20140729_18h59m36s.modat MODAT File
Trace @ Downloads
Trace ti

fmeetme s Libraries

Figure 4-6.2. Opening the Mobius data file (.modat file).

Figire 4-6.3. Replayed paced data.

Input fields for the [Repl Raw Data File] m |

1. Traces: Selects the trace(s) for processing.

2. Trace time: Selects the trace time for processing.

3. Channels: Selects the channels you would like to process. Click the box next to the “Channels” to

open the channel selector. Green channels will be processed.
Delay: Set this value to a value greater than zero to insert a delay between data "blocks" sent out
by this module. It is useful for delaying processing.
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4-6. Replay and analysis of acquired paced data

4-6.2. Field potential duration analysis for paced cardiomyocyte sig-
nals

This section describes how to perform Field Potential Duration (FPD) analysis for paced cardiomyocyte
signals using “Pacing_analysis” workflow template. The workflow is available for the analysis of the data
acquired with the “Pacing_recording” workflow template.

Overview of the “Pacing_analysis” workflow template

The “Pacing_analysis” workflow template consists of following modules located in the “Main” and “Pac-
ing measures” tabs.

Tab Modules
Main Replay Raw Data File / Display All Channels / Export Raw Data

Extract Long Spikes / Filter Spike Data (2) / Extract Spike Measures / Save Measures
Data / Display Extracted Spikes

Pacing measures

The replayed data is sent to the [Extract Long Spikes] module, where signals which go over pre-deter-
mined thresholds are extracted. The extracted signals are sent to the [Extract Spike Measures] module,
where amplitude, slope, time, and area are analyzed. (The extracted signals can be filtered out using
[Filter Spike Data] module before sent to the [Extract Spike Measures].

The raw data can be exported either as binary or ASCII data while the measurement chart is saved as a
"CSV" formatted text file.

‘ Replay Raw Data File ] “Main” tab
l l l ] “Pacing measures” tab
Display Export .
All Channels Raw Data Extract Long Splkes

!

Display ] ]
Extracted Spikes Filter Spike Data

|
Filter Spike Data

I

Extract Spike Measures

l

Save Measures Data

Figure 4-6.4. Module configurations for “Pacing_analysis” workflow template.
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4-6. Replay and analysis of acquired paced data

Replay Raw Data File
Display All Channels

Extract Long Spikes

Export Raw Data

Filter Spike Data

Save Measures Data/ | oo e e e o) :

Figure 4-6.5. Control panels for the “Pacing_analysis” workflow template. “Main” tab (left) and “Pacing measures "tab
(right).

Field potential duration analysis for paced cardiomyocyte signals

1. Open the “Pacing_analysis” workflow template (or your own analysis workflow), and then the data
file. (Refer to page 105-106)Replay the data by clicking the Green button, and then stop.

2. Open the “Pacing measures” tab. Select a channel for spikes’ extractions. The default has all chan-
nels with “checked”. Click the check box to disable them. The setting can be applied to all other
channels by right-clicking and selecting [Apply to All].

= Itis recommended to select only one channel for spike extraction and analysis during acquisi-
tion although it is possible to select more than 1 to perform your analysis quickly and stably.

Extract Long Spikes

Channel limit {spks/s) 100 -

sThresh — Thresh P Pot o
{m\) {mVy {ms) {ms)

13 R = |
n -0500 | &0 [ | E
15 ETHEENE = |
16 -0E00 | 60 750

17 -0500 | 50 F 2
19 -0500 | 50 750

19 -0E00 | 60 750

20 -0500 | 50 750

Chan

Figure 4-6.6. Extract Long Spikes module. Channel 17 is selected for extraction.
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4-6. Replay and analysis of acquired paced data

3. Set the thresholds by typing the number in the chart of Extract O S
Long Spikes. Set the thresholds to the location lower than the ose0

o400 ]

depolarization spikes but higher than peak of stimulus artifacts
so that signals are extracted based on the stimulus artifacts.

(Figure. 4-6.7)

0100

4. Perform analysis according to the instruction in the 4-3.3. Field
potential duration analysis (page 113-121).

= Make sure to set the first cursor between stimulus artifact
and depolarization spikes for analysis of FPD. (Refer to Fig-  Figure 4-6.7. Setting thresholds
ure 4-6.8) for paced data,

Extract Spike Measures

Step 1-2

400

300

200 -

100

300 -

Potential (ub)
|

N
=
|
TimeOf & mplitudeMin ToMax(ms)
-
|

=200 -

—300

400 -} 1 I 1 I 1 ] 1
o an 400 500 600 00 200

Time {ms)

Gharrel 42 - [V Average 3 w Traces | Captwe | [[|labels | Resst | Probe Twell » SyncThresh 0 % Window 100 » ms Hide phases Autoscale Measures

Figure 4-6.8. FPD analysis with the “Time of Amplitude Min to Max”. Noted that the first cursor is located after the
stimulus artifact and before the depolarization spikes.
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4-6. Replay and analysis of acquired paced data

4-6.3. Making a dose-response curve

This section will walk you through making a dose-response curve with the FPD from the acquired pacing
data. The Mobius' [Compute Measure Averages] module computes averages and standard deviations of
waveform analysis selected at the [Extract Spike Measures].

How to add [Compute Measure Averages] module to your workflow

1. Open the analysis workflow which was automatically made when you acquired the data. (Go to
[Workflow] > [Open].)

2. Add the [Compute Measure Averages] module to the analysis [ Mobiue Win? 839 = 28 1ulls1 IR 8Tl SRR
WOI’kflOW. Wiork flow W Help
mro natations
1) Create a new tab by clicking [Layout] > [Add Tab] and typing Main dete  Delets Tab
the name for this tab. (Refer to Figure 4-6.9) BRI Fename Tah =
I Disable Charts Backeround Color ..

EY P PP P

2) Open the new tab, and then open the “Mobius Editor” by clicking  [chamel e m} i i

[Workflow] > [Edit]. (Figure 4-6.10, left figure) T h |
-0.1 50 nze-tesponses|

3) Click the [Extract Spike Measures] on the left “Workflow” box, oL s
and then double-click the [Compute Measure Averages] on the Figure 4-6.9. Adding a ne1v|v fwab -
right “Available task panels” box. Now you will see that 9 e 9 '
[Compute Measure Averages] module shift to the left “Workflow” box and the control panel for this
modules appears on the new tab. (Figure 4-6.10, right figure)

4) Click the [Compute Measure Averages] on the left "Workflow” box, and then double-click the [Save
Measure Averages] on the right "Available task panels" box. The [Compute Measure Averages] is
shifted to the left [Workflow] box, and the control panel for the [Save Measures Averages] module
appears on the screen.

workflow  Layout Help Workflow Layout Help
® b @ 00 M M || Working Directory - | Annotations - W P @ 01 M M || Working Directory - | Annotations -
Dose-responses | Main | Pacing maasuresl Dose-tesponses ‘
L

Mobius Editor u Mobius Editor =
Wark flow Available task panels ol low Available task panels

Replay Raw Data File I Compute Measure fverazes Replay Raw Data File > Display Results Table

Display fll Channels 5 Display Fecults Table Display All Channels Wy Save Measure Averages

Export Raw Data &> Save Measures Data Export Raw Dsta

Extract Long Spikes

Extract Long Spikes * '

Dizplay Extracted Spikes Display Extracted Spikes

i e B Filter Spike Data

[er SRike TEa Filter Sipiks Data

4% Extract Spke Measures
Save Measures Data
Compute Measure Averages

Figure 4-6.10. Mobius Editor was opened in a new tab and the [Extract Spike Measures] is clicked (left). The
[Compute Measures Averages] was double-clicked and shifted to the left “Workflow” box (right). The control panel
for this module now appears.

3. Set the analysis parameters according to the instructions in 4-3.3. Field potential duration analysis
(pages 113-121).

4. Run Mobius with Green button to replay the data to the end. You will see the phase bars you set
during your acquisition in the [Extract Spike Measures] module, and averages and standard devia-
tions in the [Compute Measures Average] control panel. (Refer to Figure 4-3.37)
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4-6. Replay and analysis of acquired paced data

If you work with “pacing_analysis” workflow template or did not add phase bars during recording,
add phase bars according to the instruction in the next section, “How to add phase bars”.

The phase bars are shifted by clicking and dragging. The averages and standard deviations are
recalculated once Mobius is run with Green or Green-Red button after changing the locations of
phase bars.

Compute Measure Averages
[B:

i ascine | +/-sd | 0100nM £4031 | </-sd | I:Hmonm 20371
Time OfAmolitudeMinToMaxims) [ 160.05 571 [186.33 [788 (21244 1062

Measure Averages

Chamnel [28 =] I Use kst [0 =] ptsfphase  Hide [T TimeOfAmpitude MinToMax ms)

Figure 4-6.11. The results of “Time of Amplitude Min to Max” with phase bars in the [Extract Spike Measure] (top,
and the averages and standard deviations for each phase displayed in the [Compute Measure Averages] control

panel.

In order to save the average chart, save it as your own analysis workflow first. ([Workflow] > [Save
as]) Check the “Enable” check-box on the [Save Measure Averages] module, then run Mobius with
the Green-Red button. (Refer to section 4-7. Data output on pages 151-154 for details)

How to add phase bars

Even if phase bars are not added during recording, they can be added later off-line with following pro-
cedure.

1.

Set the analysis parameters according to the instructions in the 4-3.3. Field potential duration anal-
ysis (page 113-121).

Open the “Measurement” tab, and then replay the data with the Green button. You will see the first
phase, Baseline (yellow bar) is already at time O.

When the first phase is finished, pause Mobius with YELLOW button, and make a new phase.
= Select [Annotators] > [Add New phase], then, type the name for the new phase. (Figure
4-6.12)
Now you will see the new bar at the right chart of the [Extracted Spike Measures]. (Figure
4-6.13)

= Do NOT stop Mobius with Black button. You will not be able to add more phases.
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4-6. Replay and analysis of acquired paced data

ie.moflo —— [Rev 34 on 20117015181
ectory = |P.nn0tati0ns - |

| Averages

& Data Celete Last Phase
pe Delete All Phases
=T x
[~ Enahilz

MName of phase about to start:

| [TT00nM E4031] |

Ok | Cancel |

whz Firing Event 199

T || |
Figure 4-6.12. (left) Adding a new phase bar.

TimeCrf&mplitudeMinTaMax!ms

Figure 4-6.13. (Right) A new phase bar on the [Extract Spike Measures].

When the second phase finished, pause Mobius again and make a new phase.
*The location of the phase annotator (yellow bar) can be shifted later.

Replay the data to the end. Averages and standard deviations are computed and graphed for each
phase (dose) in the Average tab. (Refer to Figure 4-3.37)

In order to save the average chart, save it as your own analysis workflow first. Check the “Enable”
check-box on the [Save Measure Average] module, and run Mobius with Green-Red button. (Refer
to section 4-3.7. Data output on pages 151-154 for detail.)

1nput fields for [Compute Measure Averages] module

Channel:
The channel to be displayed is selected here. Channels can NOT be changed while running an
experiment.

Use last:

If this box is checked, the selected (or typed) number of data points are used for computation. For
example, if 10 is selected, average and standard deviation are measured for the last 10 data points
in each phase.
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4-7. Data output

4-7. Data output

Mobius has several modules for data output of cardiomyocyte signals and their analysis. All analysis
results can be saved as “CSV” formatted text file with following procedures.

1. Check the check-box for the [Save] module (Refer to page 151-152). File names can be modified
by directly typing them into the Filename modifier box.

2. Select channels, Trace No, trace time for the saving in the [Replay Raw Data] module. Channels
shown with green will be enabled. (Figure 4-7.1)

|
Replay Raw Data File

Filename

[20130716_00h24m15s_rmdamodat | .. |

Traces 1 to |1

Tracetime [R0D000 | to 600000 ms

Channels 36 E]
Delay (ms)

Trace

Figure 4-7.1. [The Replay Raw Data File] ready for export. Data for 300,000-600,000 msec at channel 36 will be
saved.

3. After setting all parameters, save the analysis workflow as your own. (Figure 4-7.2)

[G] Mobius Win7 0.5.0 - [Rev 514 on 2014/05/18] I

[ wiorktion [T

New * g Directory - | Annotations -
Crl+0

Open...

| Close |[Exprrt Rere Dista
S CirieS Filename modifisr
Save As... Ciri+A = Soikes
= = 7] Enable storane

Format

Exit Ctri+X ot

Channels  1-64

[

Figure 4-7.2. Saving analysis workflow.

4. Run the analysis workflow with the Green-Red button. The output data will be saved in the same
folder where the analysis workflow is saved.

= Refer to page 20-21 for exporting raw data.
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4-7. Data output

4-7.1. Save the measurement chart

Check the [Save Measures Data]. The measurement values in the [Extract Spike Measures] module are
saved as a “CSV” formatted text file.

Save Measures Data File Format 20080210

Filename modifier Recording 2010/10/04 14:39:59 +09

7| Enable Time OfAmplitudeMinToMax(ms)
Trace# Phase Time (s) ch29

1 Baseline 1.531 148.3
2 2.136 161.4
3 2.74 159.65
4 3.344 158.2
5 3.946 155.4
6 4549 158.1
7
8
9
0
1

5.152 152.35
5.755 153.2
6.356 153.15
6.956 158.85
7.557 158.7

Figure 4-7.3. [Save Measures Data] module/control panel (left) and example of the “Time Of Amplitude Min to Max
(ms)” for channel 29 saved as a “CSV" text file and displayed in excel (right).

4-7.2. Save the beat frequency data

Check the [Save Beats per Minute]. The beat frequency data is saved as a “CSV” formatted text file.

Save Beats per Minute File Format 20071201
Filename modifier Session St2010/10/04 14:39:59 +09
7| Enable time_secs phase ch21 ch22 ch29 ch30
NC NC NC NC

10 Baseline 102 102 102 102

20 96 96 96 96

30 102 102 108 102

40 102 102 96 102

50 102 102 102 102

60 102 102 96 102

70 96 96 102 96

80 102 102 102 102

90 102 102 102 102

100 96 96 96 96

110 102 102 102 102

430.641 0100nM E4031 102 102 102 102

440.641 96 96 96 96

450.641 96 96 96 96

460.641 96 96 96 96

470.641 96 96 96 96

480.641 96 96 96 96

Figure 4-7.4. [Save Beats per Minute] module/control panel (left), and example of the beat frequency data for channel
21,22, 29, and 30 saved as a “CSV" text file and displayed in excel (right).
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4-7. Data output

4-7.3. Save the interspike interval data
Check the [Save interspike intervals] module. The inter-spike-interval data is saved as a “CSV format-
ted text file.

= Select SINGLE channel to save ISI data which signals are NOT synchronized for all channels.
Otherwise, data will not be saved correctly.

Save Interzpike Intervals File Format 20071201
Filename modifier Session St2010/10/04 14:39:59 +09
7| Enable time_secs phase ch21 ch22 ch29
NC NC NC
0.92355 Baseline 605.4 605.35 605.35
1.529 605.45 605.5 605.25
2.1335 604.5 604.5 604.6
27376 604 .1 6041 604.05
3.34125 603.65 603.7 603.8
3.944 602.75 602.75 602.5
45469 602.9 602.85 603.15
5.14945 602.55 602.55 602.55
5.7525 603.05 603 603.05
6.3536 601.1 601.1 601

Figure 4-7-5. [Save Interspike Intervals] module/control panel (left) and the inter-spike-interval data for channel 21, 22,
and 29 saved as a “CSV” file displayed in excel (right).

4-7.4. Save the average chart

Check the [Save Measures Averages] module. The averages and standard deviations are saved as a
“CSV” formatted text file.

File Format Vers 20090613
Recording Date: 2010/10/04 14:39:59 +09

Time OfAmplitudeMin ToMax(ms)

Phase ch29 +/-sd

Baseline 160.553 48717
0100nM E4031 186.493 6.663
1000nM E4031 212.575 7.272

Figure 4-7.6. [Save the average chart] module/control panel (left) and the averages and standard deviations of the
“Time of Amplitude Min to Max” for channel 29 is saved as a “CSV file and displayed in excel (right).
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4-7. Data output

4-7.5. Save extracted long spikes’ waveforms

The waveform for extracted long spikes at selected channel and trace is quickly saved by:

1. Right click anywhere in the Raw data chart and select Copy.

2. Paste it to the Excel sheet.

Exiract Spke Messures

500

400

300

200 -

100

1
1]

Syne Firine Event 73

Apply Cursors to All Channels
Apply Cursors to All Measures
Apply Cursors to All Channels and Measures

Copy Cursors

Paste Cursors

Channel

29 -

fweraee 3 v Traces | Oaptuwe | Capture Image

Disply Fesults Tabl

Zooming and Panning Help ...

Timart &melitclabin Tabasd mel

5 500

0 & Window

Em—

Lot o o T (T (Y SR ol B e T

— e | = = = = |
Lot T C N [ o e [ S S o Y e e v

-2
L]

21

014 M

A B C
231E-10
383E-08
33208
187E-07
TAGE-07
2. 73E-08
TH0E-08
1 85E-05
444E-05
5.00E-05
0000167
0000259
0000469
Qo008
0001047
0.001461
(0.001 561
0002544
000320
0003318

0.00468
1NNR47

a0
Figure 4-7.7. Copying the extracted long spikes using Mobius (left) and the data pasted in an excel sheet (right).
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