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1-1. What is MED64 Mobius?

Chapter 1 Introduction

1-1. What is MED64 Mobius?

MEDG64 Mobius is the data acquisition and analysis software for the MED64 system. It allows MED64
users to acquire signals at 64 channels and analyze on-line (during recording) and off-line (after
recording). Mobius consists of various modules, which 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 recording and analysis. Pre-defined workflow tem-
plates are available 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 that you have a quick, smooth start working. 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 Mobius?

Modules

Module description

Acquire MED64 Data

Set acquisition parameters and acquires spontaneous activities

Acquire MED64 Data w/Stim

Programs stimulation protocols and acquires 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 measure 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

Detects and extracts the spikes which cross pre-determined thresholds

Cluster Spikes

Clusters the extracted spikes

Compute Spike Freqgs

Builds a time chart of spike frequencies

Display Spike Measures

Displays the process of detecting spikes, extracted spikes waveforms, and
spike time charts

Save Spikes

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

Save Spike Fregs

Saves the spike frequency data as a “csv” file

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)

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

Filter Spike Data

Filters extracted spikes

Filter Raw Data

Filters raw data

Mobius Tutorial (SU-MEDG640): Cahper 1-Introduction




1-1. What is MED64 Mobius?

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

w/stim w/stim ed
Acquire MED64 Data * * * * * * * *
Acquire MED64 Data w/Stim * * * * *
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 * * * *
Cluster Spikes * * * *
Compute Spike Fregs * * * *
Display Spike Measures * * * *
Save Spikes * * * * * *
Save Spike Freqgs * * * *
Extract Long Spikes * * *
Display Extracted Spikes * * *
Compute Beats per Minute * * *
Display Beats per Minute * * *
Save Beats per Minute * * *
Compute Interspike Intervals * * *
Display Interspike Intervals * * *
Save Interspike Intervals * * *
Extract Spike Measures * * *
Display Results Table * * *
Filter Spike Data * * *
Filter Raw Data * * * *

Notice) Acquire MED64R2 Data/Acquire MED64R2 Data w/Stim are for MED-A64MD1 amplifier.

Mobius Tutorial (SU-MED640): Cahper 1-Introducion 3



1-2. Important notice for the MED64 Mobius

1-2. Important notice for the MED64 Mobius

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

General
= 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 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.

= When Mobius is run for the first time after turning on your MED64 PC, it will take some time for the
baseline to appear and stabilize at O pV at all 64 channels. Run Mobius using the "Noise check™
workflow until the baseline trace stabilizes before you start your experiment.

= Particularly, do NOT start with workflows that include the "Extract spikes" or "Extract long spikes"
modules. These may cause Mobius to crash.

Fig.1-2.1.Baseline traces before stabilizing (left) and stabilized baselines (right).

= 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.

4 Mobius Tutorial (SU-MEDG640): Cahper 1-Introduction



1-2. Important notice for the MED64 Mobius

= Set the “Decimal symbol” to “period” (.). Mobius does not —_——————————
work properly with the “comma” (,) setting for the decimal — — \!!

symbol. Go to [Control panel] > [Clock, Language, and B S e =

Mumbers | Currency | Time | Date | Sorting|

Regions]. Open the [Format], and change the “Decimal o
symbol” to “period” (.). Or. select “English (US)” for the s BEE® e

“Language”.
(Deuma\ symbol: - )

Mo. of digits after decimal: 2 -

Digit grouping symbol , -

Digit grouping: 123,456,789 -

Fig.1-2.2. Selecting. (period) for the
“Decimal symbol”.

Acquire MED64 Data w/Stim

= The F-channel stimulation does NOT support the decimal number places.The smallest increment
possible with the F stimulator is 1 pA and 0.1 pA with the V stimulator.

= 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.)

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
experiment(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
duration 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.

e Minimize the number of recording channels.

Mobius Tutorial (SU-MED640): Cahper 1-Introducion 5



1-3. Activation

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.

1-3. 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.

4. Click OK for activation.

F&] Mobius 0.3.7 -- [Rew 3035 on 2010,/02,/09 23:01:14]
workflow  Layour | Help
User Guide. .,

Abaut,.,

5] Mobius Activation x|
Hardware serisl #

0B 57 05 53 36 A2 71 54

Keys file

Cancel I Ok

Fig.1-3. Activating Mobius.
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1-4. Getting started

1-4. Getting started

When Mobius is opened, there is no "Workflow". You must create and run your own "Workflows" for
acquisition and analysis. You can create your Workflow by:

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

In this chapter, you will learn briefly how to use Mobius Editor to design your own workflow. The follow-
ing chapters will instruct you how to start your experiments using some of workflow templates.

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

This section will quickly introduce you how to use Mobius Editor.

1. Open Mobius. Select the [Workflow] > [New] > [Blank] to open

the “Mobius Editor” window. [WorkflowLayout  Help
Open Gtrl+Q From Template
Close
Save Gtr 5

Save Az, Cirl+d
Edit F12

Exit Gitrl+x

Fig.1-4.1. Opening the Editor.

2. This window shows a library of available task

o . o)
modules (task specific panels) on its right Work flow Available task panels
panel. Click on a module to see its description B Do RD ot =
at the bottom of the screen. Acquire MEDE4 Data m/Stim

Boquire MEDGAR2 Data weStim
Cluster Spikes

A workflow is created by building a list of Compute Measure fveraces
task-specific modules on the left panel of the Gampute Beate per Minite
Editor. When a module is double-clicked, it is Doy Al Chmeis -
shifted to the left panel and the task-panel for Dl Crasied Shikes

the module appears on the screen. Display Interspike Intervals

Dizplay Beats per Minute
Display Results Table

For acquisition, start by double clicking either Dispiay Sinele Chanrel _
the [Acquire MED64 Data] or the [Acquire ———

MEDG64 Data w/Stim] module. For replaying or B
analyzing the acquired data, start with [Replay

Raw Data File]. Other modules for display and

analysis can follow either of these modules. Fig.1-4.2. Mobius Editor.

= [Acquire MED64R2 Data] and [Acquire
MEDG64R2 Data w/Stim] are acquisition modules for the MED-A64MD1 amplifier. It can NOT be
selected for your amplifier (SU-MED640).

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

Mobius Tutorial (SU-MED640): Cahper 1-Introducion 7



1-4. Getting started

Expert Fams Gt 1
- Fnabried Ehmlsren Filename medter
Tiaced  Tiae dsstonromarie | Traced  Toace deatinsemanve | 850 1 | g5vp 1 | S5 12 Step 08 S B4 | £5vp 12 | S50en 78 B 82
1 0:00:00 1 0:00:00 I i mais et @V MF @V O -wl
Tonirg L I Stisuister Enabled
e Ifanq\-t_'n Lem e ».,,nt Tor Toreh tot [ Aot o0
I I =
Charme d
s Mn S  —
g ; —— Svvn rom
i - Fiemame modder 256 ms
d e — "'°’ Riteps 100 ma
[ Erabie storaes T tervh o | - | fuoke °

E] Moblus Editor -0 =

ork flow Available task panels

fcquire MEDGY Data tim I Digplay &l Ghannels
B Export Raw Data I Display Extracted Spikes
2 Digplay All Channels > Dizplay Spike Meazures

I Dizplay Sinele Channel
I Export Raw Data

> Extract EP Meazures
I Extract Spikes

s Extract Lone Spikes
> Filter Raw Data

| futsscaie Oren | [ Autoncals  Vihage i) [F01 =] Durstion (eaded[T0 =] Cahuew " b G J
‘ Acquire MEDB4 Data w/Stim ‘ Fig.1-4.3. An example of a designed acquisition workflow. The modules
l l on the Workflow box (left box) are now on the screen.
Display Export
All Channels Raw Data

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 can be used 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.

8 Mobius Tutorial (SU-MEDG640): Cahper 1-Introduction



1-4. Getting started

In many cases, you can not have all the desired control panels on
a Tab (screen). You can create new tabs by selecting [Layout] >
[Add Tab], then type a name for the new Tab. (Fig.1-4.4)

In order to have control panels on the new tab, 1) open the new
tab by clicking the tab name, and 2) open the Mobius editor and
edit modules on the new tab. You can go back and forth between
these tabs during your experiments.

The Fig.1-4.5 shows analysis and export modules are added to the
workflow on a new Tab.

[8] Mobiuz Winl 039 - [Rew B4 en 2011/01/18]
Workflow  Layout  Help

" r g

[Exvct EF Measires

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

wiorkflow | Layout  Help

" PO
Main | Delets Tab
Acquire MEL Rename Tab ’_
Acguired ——
Trace # Charts Background Color .., e
1 0:00:00 | 1 0

Fig.1-4.4. Creating a new tab.

]

(1
(]

L]

oladePask ToPeskil

T,

1]
0
]
L]

Patential (s}

I
-1
[

Sopel mmsar Fit{ma/uh)

1]

1]

(]
|

eafbsoliteiuiome

=F
(]

1]

0 11 180 20 50
Traca tina (me}

]
Tima (mivestie)

Chaneal |1 =] Stp Filer [Siec 1 =] Shift(med [0 =] [ H-labels L] I Moo phais. ¥ Ftoscale Messures [ Aversse =] Traces

[} i 3 i H 8 ] 3 [} i i
0 i 3 i H 5 B 7 i [ i
] i ] H { : ] i ] ] {1

amguitn Megsien Arerates
Mesmres [ Waser Wbt

Wk flow

&) Mobius Editor

I =]

Available task panels

@ Acquire MEDGY Data w/Stim
Export Raw Data
Dizplay &l Chanr

B Save
B> Compute Measure Averages
Save Measure Averages

Messire foeemes

Chanel [T =] [ Usalar [0 w] oosfoheen b [

I Compute Measure fverages
> Dizplay Resultz Table
O Save Measures Data

Acquire MED64 Data w/Stim

I I I

Display Export
All Channels Raw Data Extract EP Measures

y

Compute Measure Averages Save Measures Data

y

Save Measure Averages

Main tab

Analysis tab

Fig.1-4.5. 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.
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1-4. Getting started

6. Save it as your own Workflow. (Select [Workflow] > [&] Mobius 0.3.6 -- [Rev 3010 on 2009,10/07 01:35:21]
[Save as]). Now you are ready to do an experiment. | Workflow  Layout  Help
Mew 3
7. Acquisition with saving data starts by clicking Open...  Ctl+O
Close

GREEN-RED button.

Save Chrl+5 —| fnalyzed 7

. . i . Save As.., ning | Trace # Trace duration

Running a recording workflow by clicking the . J 1 0:00:C
Edit Fiz

Green-Red button generates following files automati- —‘ ’—Hardwara

cally at the same folder where the recording workflow Exi Curet IE‘SEEB s = ILU°”1“ el
(.moflo) file is saved;

[T Auto-pause
‘ ‘ R Channels

Trare duratinn

Fig.1-4.6.
= Data file (.modat)
= Analysis workflow file(.moflo) including analysis modules you selected for your recording
= Acquisition workflow file (.moflo)

Data f||e (modat) Bum Mew folder

MName i Date modified Type Sizt
Acquisition workflow file (.moflo) | 20110413 12h35m58s._slicel.modat 2011/0471 MODAT File
saved automatically ————————— 5 20110413 12h35m58s_slicel.modat+ FEPSP+acquisiticn.moflo 2011/04/1 MED64 Mobius Workflow

&l 20110413_12h35m58s_slicel . modat+fEPSP +analysisl.moflo 2011/04/1 MEDB4 Mobius Work
Analysis workflow file (.moflo)/ [ fEPSP.moflo 2011/04/1 MED64 Mobius Warkflow

saved automatically

Acquisition workflow file (moflo) Fig.1-4.7. Data and Workflow files generated in a folder after recording
you made (running workflow with Green-Red button).

1-4.2. Running workflow

1. Your workflow can be opened by selecting [Workflow] > [Open]. R b 05 e [REr A

WorkfAow  Lavout  Help

1 Mewv 3

Close:
Save Ctrl+s
Save As..  Chrl-A

Edit Fiz
Exit Chrl+%
Fig.1-4.8.

2. You can run and stop your workflow with the Execution Buttons.

/I * o\\

Stop Run WITHOUT Run WITH Pause
Saving data/ or Saving data / or
Exporting Exporting
Fig.1-4.9.
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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.

Folders

Templates

Basic_recording

Noise_check

Spontaneous_recording

Evoked recording

EPs

EP_recording

Single_pulse_recording

Paired pulse_recording

Theta burst

LTD_conditioning

I-O_curve

EP_analysis

Single_pulse_analysis

Paired pulse_analysis

Spikes

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

Fig.1-4.10. Available workflow templates.

1. Click [Workflow] > [New] > [Templates]. Select [SU-MED640_1280x1024] folder, and then select
desired template.
2. You can change parameters and save the template as your own workflow to go directly to your
experiment
3. Or, modify the templates with Mobius Editor. Select [Workflow] > [Edit] to open the Mobius Editor.

Mobius Tutorial (SU-MED640): Cahper 1-Introducion
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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

1. Recording fEPSPs from hippocampal acute slices
2. Long Term Potentiation (LTP)
3. Drug testing

4. Replay and analysis of the acquired data

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.

1.0pen the "Single_pulse_recording"” workflow template.

B Mot win 035 ~ ey 201015 T

| worklow [ERSNICT 1) Click [Workflow] > [New] >[From Tem-
T plate]. Select [SU-MED640_1280x1024]

plate]

Close (0] .

Save Ctrl+5

Sawve As... Ctrl+4

Edit F12

Exit Ctrl+X

Open Workflow Template

@-\/-vl <«_Mobius »_mobius files b Workflow Templates » SU-MED640 1280x1024 » EPs » EP recording

Organize = New folder 2) Select [EPs] > [EP_recording] folders.
8 Downloads “  Name . Date medified Type Select the “Slngle pulse recording” Wor‘k_
% Recent Places — —
- (5] 1-0_curve.moflo 2011/02/21 1:49 MEDE4 Mobius W.. flow templ
Libs [B] LTD_conditioning.moflo 2011/02/21 1:49 MED64 Mo ow template.
N Paired_pulse_recording.moflo 2011/02/21 1551 MED64 Mabius
[ Documents it =
g | [l single_pulse_recording.moflo 2011/02/21 1:53 MED64 Mo i
“ 5] Theta_burst.moflo 2011/02/21 1553 MED64 Mobius W...

&) Pictures
=

Fig.2-1.1. Opening workflow template.
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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 MED64 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 MED64 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 MED64 Data w/Stim |

Display Export w P
All Channels| Raw data ‘:I Main” Tab
) ‘EPSP
Extract EP Measures Extract EP Measures measures” Tab
Save Save
Measures Data Measures Data

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

Acquire MED64 Data w/Stim

/ Export Raw Data

Save Measures Data

Display All Channels
Extract EP Measures

Pt T ——— - 1t Mo

Fig.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 MED64 Data w/Stim] module

The acquisition and stimulation parameters are set in this module.

ficquire MEDBY Data w/Stim
—#cguired —#inalyzed —Stimulation
Trace #  Trace duration remaining Trace #  Trace duration remaining Step 1 IS(EE 2 | #3tep 3#' #5tep 42 | #5tep 5# | #5tep 62 | #Step k| #3tep a# |
1 0:00:00 1 0:00:00 (3 ¥ Sten enabled leeerd O EA @V OF2
—Timing —Hardware ( IFT j [¥ Stimulator Enabled 12
# Traces Ranee i} Lows cut freq (Hzh
Tuvpe Leneth imz) | Amplitude LAY =]
1) [ioo =] (4) [500 =(5]1 = — w0
Trace duration Ghannels 1 - L
Hours Min Sec (5) h_ﬁq— I( Pulse = 020 -1000 0
2 =] P = [Const =] o480 0o e
T i | —Save raw data ™ Repeat pattern to trace end
rDauch in e%a Seo (7 Filename modifier i s Single rep = 10000 ms
- All reps = 10000 ms
S)I__l l__l' I__I2° |EPSP P -12
[V Enable storage I j e uP.)_I _I I Auto Tnc
z /

(11) @12) 14 (13) (15)

Stimulat
Step 1 ( Sta;hwsnep 3 | #Step 4% | #Step 52 | ¥Step 6% | #Step 7# | ¥Step 3 |

W Legend: [ w1 Bl F1 | w2 [ Fz
F2 I¥ Stimulator Enabled 1z
Fig.2-1.4. [Acquire MEDG64 Data w/Stim] module. | [ tereh sl | Ameliude 4 4=
The botom shows the stimulus parameters for the || =1 o= ST
Step 2 I: Repeat ::::rn ;o” ndeDDDD 0

rops =
[ Giud + | = | T Auts e

Acquisition
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)

4. Range (uV):

Maximum input signals level. This setting should be adjusted according to the signal amplitude to
achieve the maximal dynamic range.

5. 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.

6. 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.

7. 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.
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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.

8. “Step enabled” check box:
When the box to the left of [Step enabled] 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.

9. Stimulator selector and check box:
Select the MED64 amplifier’s built-in stimulator (F1, F2, F3, or f4) here. F1 corresponds to [INT. F1]
on the MEDG64 integrated amplifier while F2 corresponds to [INT. F2]. Checking the box on the right
of “Stimulator Enabled” activates the selected stimulator. The default settings have F1 enabled for
Step 1 and F2 for Step 2. Stimulation is applied through F1 and F2 alternatively 20 second inter-
vals.

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

10. Stimulus waveform editor:
Make your stimulus protocol here by selecting either [Const] or [Pulse] and typing in the desired
Length and Amplitude. Refer to Fig.2-1.5 for a schematic representation of a stimulus protocol

example.

e The F1 and F2 channels do NOT support the numbers of decimals. The smallest current incre-
ment possible with the F stimulator is 1 pA and 0.1 pA with the V stimulator.

e Do NOT select [Ramp] for the stimulation with the MED64.0nly bi-phasic stimulation is recom-

mended.
Type Length (ms) | Amplitude LAy (=
500 0.00
Pulee =|| 020 -1000
| Const =] 9480 0.00 - L

pre stimulation time: 5:msec

e EEEEEEE————

post stimulation time: 94.80 msec

Fig.2-1.5. Example of a stimulus protocol and its
schematic diagram.

11. 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.
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2-1. Recording of fEPSPs

12. Reps selector:
The stimulus protocol set at the “Stimulus waveform editor” (10) 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.

13. 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. (14*) For example, if 2 is set in the box (14) 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.

14. See #15

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 (14) to each preceding stimulation pulse. This is useful for making

1/0 curves. Please refer to section 2-2.3.Input/Output curve (page 23) for details.

In the default setting, Stepl (F1) and Step 2(F2) run alternating every 20 seconds in this workflow.

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
Fig.2-1.6. Execution buttons.
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2-1. Recording of fEPSPs

2-1.4. Before starting your experiment

When Mobius is run with Green or Green-Red button for the first time after turning on your MED6G4PC, it
will take some time for signals to appear on the screen and stabilize to the isoelectric baseline at all 64
channels. Before you start your experiment, change the [Trace Interval] to around 1-2 seconds tempo-
rarily and run several traces for a few minutes (WITHOUT the stimulus cables plugged in) until the
baselines at all 64 channels stabilize around O pV. After you see this, you can stop Mobius and start your
experiment.

Trace interval
Hours Mir Sec

P E Ey .

Fig.2-1.7. Baseline traces before stabilizing(left-top)
and stabilized baseline (left-bottom). The trace interval
changed to 1 sec. (right-top)
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2-1. Recording of fEPSPs

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 Fig.2-1.8)

1)
—StimuyStios

|ststep a# | #Step 42 | #otep B2 | #5tep 6# | #Step 7# | #Step 04 |
_____ legend @M v1 BWF @EvE [JF2
Stimulator Enabled 12

Type Leneth {ms) | Amplitude LAY | =
b 5.00 o0
Pulze | 0.20 -1000 o
[Gonst >l oaa0 0.00 e

I” | Repeat pattern totrace end
Single rep = 100.00 ms
F =lReps Al reps = 10000 ms

m (+f—u.°.);| ;I I Auto Inc
Fig.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. if you would like to use another stimulator (for
example, V1 instead of F1, change the stimulator following the procedure below:

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

2) Select V1 at the stimulator selector and check [Stimulator Enabled] for V1. Now V1 stimulator
is enabled instead of F1 (Fig.2-1.9)

e Check both F1 and V1 to stimulate through 2 channels simultaneously.

Uncheck the F1 stimulator (left), then check
v Step enaM V1 stimulator (bottom)

[ =

i*Siimulation

| Step 1 | #Step 2# | #Step 3# | #Step 4# | #Step 52 | #Step 6# | #Step 7 | #Step 52|

| ¥ Step enabled Legend: @ V1 W F1 mv2 [Fz

| W Stimulator Enabled iz

| Type | Length (ms) | Amplitude (LAY

5.00 0.00

Pulse ~| 020 -1000 [ i}

|lCon51 ~I 9480 000 =

| I Repeat pattern to trace end

[—_-I' Single rep = 10000 ms
1 Reps All reps = 10000 ms

m (""'UA);I ;I I~ Auto Inc
Fig.2-1.9. Changing the stimulator to V1 from F1.

|»
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2-1. Recording of fEPSPs

Connect a stimulation cable to INT. F1 and any channel at the CHANNEL SELECTOR on the MED64
amplifier.

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 by plugging the

stimulation cable in and out of the amplifier’'s CHANNEL SELECTOR. You can also change the ampli-
tude during this procedure for optimal stimulation.

When you find the optimal stimulation channel and amplitude, set the protocol for on-line analysis
as follows: (Refer to Fig.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]

== x|
workflow  Lsyout  Help

Lol Working Diractery ~ | Annataticns +

Save Messures Data - siepl
spiED Filename modifier
Bl
I~ Enable
s
3
b
o -
- s
5
g
5
2 F & & 160 [} i ] 3 ] ] 6
Trace time (ns) Time (mirwitesk
Swep1 =] Shift () T =] I dclsbels _ Reset | I bide phaces [ Autoscale Messures | Aversge [ w] Traces Edit Messures
a7 o [Fove Messures Data - oot
E Filename modifies
[EPsPz
I Ensble

EFSF Amp WV}

' D p ; 4005 -
a 20 @ 0
Trace time {ms)

v !
(] 6

v ! ’
1 2 3

4
Time {mirustes)

, n
&0 &0 i
D,armxl [ =] Step Fiter [510n 1 =] Shilifmd 0 =] I x-uh,\ Fessi | I Hids phoses |7 Autoscale Messures I Avermye [ =] Traces it Messres

f ~¥—___ 4)-(1) Click this button
3

to Edit measurements
Fig.2.1-10. fEPSP measurements.

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
Fig.2-1.11)

e Mobius must be stopped to change the measurements.
= Analysis can be done later off-line.
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2-1. Recording of fEPSPs

(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 @ 00 K B || workngDirsctory - | Annotations -

Main  EPSP measures | (2)
Extract EP Meastres - stepl
#dd Measure | Measures Help .

Step 1-13
Custom Ham

[ CusomMome ]
EPSP 51p {ns/u
EPSP Amp (V)
lope:
lope1D Fit
TimeErombmum okl

ToHalf .
Tincs (1)

Channel Cusorl () |Time0

FPR >

2586

2000

1500

1000

-1000

-1500

EPSP Amp L)

-2000

-660
6665

DS, n | ] | ] | 7]
0 z 8 80401 9

50 4
Trace time (ms) Time (minutes) 0

Channel [31 ~| Step Filter [Step1  +| Shift (ms [0 x| 7 Hlabels Reset I~ Hide phases ¥ Autoscale Measures [ Aversge |2 v | Traces Hide.

®) (4)

Fig.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 35.

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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2-1. Recording of fEPSPs

8} Mobius 0.3.6 — [Rev 3010 on 2009/ 10/07 01:35:21] =1=] x|
Worlflow  Lavout  Help
uPro Working Directoey = | Annotations -
Man | EPSP measures |
cauire MEDG4 Data w/Stim Expart Raw Data
Acquired Analyzed Stimulation Filename modifier
Trace #  Trace dwiation remainig || Trace #  Trace duration remanine | | Step 1 | #5tep 22 | #Step 38| #Step 43 | #Step 52| #Step 62 | #Step 72| #5tap 84
1 0:00:00 1 0:00:00 1% | Siep oreblod lecerd @VI WA mw OF2 e —
[Shart =
Timine Hardware F1 ] ¥ Stinulator Enabled 12 —— e
Rl enge 4 - Loweut e (22| || [T it e | Aot o [ ]
100 -] 2500 - [i |
Trace durati Charrieks 50 oo _,J
race duration T
e o - g C— Pue | 020 1000
i AP A = =] Const =|| 9480 000 -
Fr—— e ] I~ Fepeat pattern to trace end
ilename modifisr = Single rep = 10000 ms
FL‘_I """__Js;n‘__l TR [ Zlres AiSeas 10000 ma 12
= e =
F Ensble storage P = eruh o | - | auoine
Display All Channels

N N S v I N N - T N N - N I I N I I N I T N

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

7. Save this workflow as your Recording Workflow by clicking
[Workflow] > [Save As]. (Fig.2-1.13)

& Mobius 0.3.6 -- [Rey 3010 on 2009/10,/07 01

Workflow  Layout  Help

TEw » Etory - | Annotatio

Qpen. .. Chrl+0
8. Start Mobius with the GREEN-RED button. Close
Save Chrl+5 Anal.
- Mobius will require you to save the workflow as your T
own if you try to start Mobius with the Green-Red 1
button without having saved it already. Edit Fiz -
Exit Chrl+3 Ran
= The data file (.modat file) and analysis workflow |—||uu =1 ﬁ
including all analysis modules selected for the - - ~
recording workflow (.moflo file) and [Replay Raw Fig.2-1.13.

Data] module will be saved in the same folder.

(Refer to Fig.1-4.7 on page 10 for files generated after recording.)
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2-2. Long Term Potentiation (LTP)

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 19-22)

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).

Main | EPSP measures |

Acquire MEDES Data w./Stim
—Acaquired —#nalyzed —Stimulation
Trace #  Trace duration remaining Trace #  Trace duration remaining Step 1 | #Step 2# | #5tep 52 | #5iep 4 | #5tep 52 | #5tep 6t | #5tep 72| #5tep 52
1 0:00:00 1 0:00:00 [¥ Step enabled leeend v MWFA @Y COF2
~Timing ~Hardmare [ =] ¥ Stimulator Ensbled 12
# Traces Range i Low cut freq (He) Type Length {ms} | Amplitude WA |~
& =l EI N [ =l 500 000 5
Trace duration Channels
Hours  Min Sec h,m— Pulse | 0.20 RN 0
= =Pt = | Gonet =l 9480 000
B [Saverawdata | [" Repeat pattem to trace end -5
| = e SpESIES
o ~| |0 >0 - B
IV Enable storase g < (h/_“A)LI ;I Fenguto Inc a0
. » ”
Fig.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 35) Change the channels to
those you selected for on-line monitoring.
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2-2. Long Term Potentiation (LTP)

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).

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

. |

EPSP fimp (D

-500 -
— 30%, -633uV

-1000 - -509%, -950uV

-1500 -

__ Saturation

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

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

5.

6.

3.

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.

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

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 amplitude to the value identified by the 1/0 curve for
the experimental pathway. In Figure 2-2.3, the stimulus amplitude was changed to -20 pA.
Connect INT.F1 and a selected channel on the MED64 amplifier with the stimulation cable. Make
sure that other stimulus channels besides F1 are NOT enabled in Stepl.

3) Step 2 stimulation: change the stimulus amplitude to the value identified by the 1/0 curve for
the control pathway. In the example, the stimulus amplitude was changed to -25 pA. Connect the
INT.F2 and a selected channel on the MED64 amplifier with the stimulation cable. Make sure that
other stimulus channels besides F2 are NOT enabled in Step 2.

4) Make sure Steps 3-8 are NOT enabled.
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2-2. Long Term Potentiation (LTP)

In this example, Stepl (F1) is selected for the experimental pathway through which the theta

burst will be applied after recording of the baseline. Step2 (F2) is selected for the control
pathway.

8] Mobius 0.3.6 -- SinglePulseRecording.moflo —- [Rey 3010 on 2009,/10/07 01:35:21]
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Fig. 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 “Slopel1040 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 35 for detail.

Stepl:
Experimental
Pathway
(Conditioning stimulus
will be applied)

Step 2:
Control Pathway

5] Sn fim o 7 =] Benitmi 2]

Fig.2-2.4. Running th

[ e R —

eLTP Wbrkflow.

2)

3)
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2-2. Long Term Potentiation (LTP)

3. Save it as your own LTP workflow (Click [Workflow] > [Save as], and type file name) and leave it

open.

workflow  Layout

=

Open...

Close

Save

Edit

Exit

Help

Ctr+0

Chrl+5

Fiz

Chrl+i

o

I E— :
Fig.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.
Make sure steps 2-8 are NOT enabled
Make sure other stimulators besides F2 are NOT enabled at Stepl.

Save as your own Theta Burst workflow

LI ]
Main |

‘Working Directory ~  Annotations =

/2

Acqure MEDEA Data m/Stim
Acqueed Bnalyzed Stimulation
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ws  Min  Sec ! 10 =By Detarep
- - - PP PE Al reps = 200000 ms 241 i i i )
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2) Use this button so that all numbers at Pulses are

1) increased (or decreased) at one time.
Fig.2-2.5. Example of a theta burst conditioning stimulus protocol.

Leave it open on your MED64 PC.
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2-2. Long Term Potentiation (LTP)

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 stimulation cables are connected to the right channels on the
MEDG64 amplifier. 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.
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Ghennel [FT =] Step Fitter [Fon 7 <] Shift (med [T =] I stlabels _ Fesel | [ Hidephases [ Autascals Messures [ Aversge [ ] Traces Edit Measures
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Trace time tme)
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Fig.2-2.6. LTP experiment.
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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. (Fig.2-3.1)
2) Open the Editor in the new tab. (Click [Workflow] > [Edit]) (Fig.2-3.2)

L il || ‘working Directory - | Annotations - |

Main IEPSP measuref avEerages

&1 Mobius Editor

b

Delete Tab

[Ebast EPF  Rename Tab E‘;";‘?‘e raskﬁa‘lﬁ':: |
T T T — W ) isplay annels
chartsbeeigrotndlcolb s & Extract EP Measures — stepl > Dizplay Extracted Spikes
8 & Extract EP Measures - step? > Display Spike Measures
=2
Tab Name X| E B Display All Ghannels > Display Sinele Chanrel
£ & Export Raw Data > Export Raw Data
@ 4 Save Measures Data - step2 O Extract EP Measures
|averages| ol Save Measures Data - stepl O Ewtract Spikes
= =3 &> Extract Lone Spikes
2 ol > Filter Raw Data
5
S =
Fig.2-3.1. Making a new tab. Fig.2-3.2. Editor is opened in the new tab.

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

left "Workflow" bOX, and then double-click the Wiékf.cl\?:v;uire MEDEL Data we/Stim n:.-.-.."-.-_. Averazes
[Compute Measure Averages] on the right Extract EP Measures — stepi > Display Results Table

. . Extract EP Measures — step2 > Save Measzures Data
Available task panels. (Fig.2-3.3). Display All Channels

Export Raw Data
Save Measures Data — step?

You will see the [Compute Measure Averages] B Save Messures Data — stept
module shift to the left box, under the [Extract

- Fig.2-3.3.
EP Measures -stepl-] (Fig.2-3.4). The panel for g
this module will appear in the new tab. | i
Main EPSP measures Aaverases
& Lt {13
Measures [ Baseline [ Washin [ Washout | ‘ 10
R
=T
Wiarkflow Available task panels
ficquire MEDG4 Data w/Stim &> Display Results Table
2 Extract EP Measures - stepl B> Save Measure Averages

Extract EP Measures — step?
Display Al Ghannels

Export Raw Data

Save Measures Data - step?
Save Measures Data - stepl
Compute Massure Averages

Fig.2-3.4.
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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
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Fig.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 35).

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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10.

11.

12.

Pause Mobius with the YELLOW button
when the first phase or baseline recording
is completed. Click [Annotations] > [Add
New Phase]. Type the name for the 2nd
phase. (e.g. dose 1,Fig.2-3.6)

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
bar with the chosen name appears on the
measurement chart. (Fig.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
completed. Click [Annotations] > [Add
New Phase] again.

ity = || Annokations ~ |

Add K

Delete Last Phase

44 Delete Al Phases

X

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

ok |

n 2

Cancel |

Fig.2-3.6. Making a new phase.

4 5 [i] 213

Fig.2-3.7. Adding a new phase.

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 Fig.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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Fig.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 m |
1. Channel: Selects the channel to be displayed. The selection cannot be changed during recording.

2. Use last: If this box is checked, the selected (or typed) number of data points are used for compu-
tation. This is mostly for off-line analysis.

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

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

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 9) 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 [SU-MED640_1280x1024] folder.
Select [EPs] > [EP_analysis] folders, and then “Single_pulse_analysis” workflow template.

Bl wobie win 039 ey Shen 111

1 Open... Ctrl+0
Close
Save Ctrl+5S
Save As.. Ctri+&
Edit F12
Exit Ctrl+X

Elank
From Template ...

Cpen Workflow Template

@‘\j;vl . <« Mobius » mobius_files » Workflow Templates » SU-MEDG40_1280x1024 » EPs » EP_analysis

Organize v New folder

& Downloads o Marme

15| Recent Places
&) Paired_pulse_analysis.moflo

- B Single_pulse_analysis.moflo
4 Libraries

3 Documents
& Music S
l=| Pictures

B videos

Fig.2-4.1. Opening the analysis 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. (Fig.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.

Date modified Type

2011/02/21 1:48
2011/02/21 1:48

MED&4 Maobius V
MED&4 Mobius V
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Fig.2-4.2. Opening the data file: When the file name appears in the Filename box, it is ready to be replayed.
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Fig.2-4.3. Replaying fEPSP data.

In fields for the [Repl Raw D File] 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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2-4.2. 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

Fig.2-4.4. Module configuration for the “Single_pulse_analysis” workflow template.
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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
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Fig.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. (Fig.2-4.6)

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

1500
1000 axis range.
Fig.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.
(Fig.2-4.7)

[
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-400

Selecting [Copy Data] allows you copy the wave-
form data and paste to an excel worksheet.
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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. (Fig.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. Fig.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 38 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 Fig. 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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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
and selecting [Copy Data] allows you
to copy the measurement data (only
for currently selected channel) into
an excel file. (Fig. 2-4.10)

Selecting [Capture Image] allows
you to copy the chart image.

Measurement chart output

=

Slope1040LinearFit(uV/ms)
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=
=

Delete
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=
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=
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Gapture [mage  »

—-268.563
Fig.2-4.10. Copying measurement data.

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 40-41) 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 28.

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]. (Fig.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. (Fig.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.

Fig.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. Fig.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.
(Fig.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 EP Measures - stepl
Trace 50 =
2625 =
£
=
=
=3
E
]
2
=]
=
]
8
s @
= =
R C
5 13691
2 -5m
-1000 3 1800
2
T 1800
&£
i
-2000 —
T ! y | 21118 ]
40 60 100 i 8
Trace time (ms! Time {minutes)
Main | EPSP messures fverages
Campute Messure Averages = stepl
Measues Baseline | +/5d | dossl |#fad| dose? |efad| dosed |+had

Slope] 040LinearFitfuvims) [-1271.68 2783_-129899:2‘361 -1416.65 |57 54 |-1
1512.08 123,50 |-156464 [39.70 |-1722 87 |64.3

£59.34 51.27 |
1956.90 | 70.55

Measure Averases

Charrel 35 =] T Use last ﬁ =] pls/phase  Hide

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

Input 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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2-4.5. Data output

Mobius has several modules for data output of fEPSP signals and their analysis:

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]
module.

1. Export raw data

The [Export Raw Data] module is used. The raw data (waveforms) is exported either as 1) Binary shorts
(2 byte integer values), 2) Binary doubles (8 byte floating point values), or 3) ASCII text in "CSV" for-
mat.

File Format Version 20071201
Session Start Time 2007/9/05 17:15:56 +09

time_ms chl mV ch2 mV ch3_ mV ch4_ mV chb5_ mV

0 0 -0.00244 -0.00366 0 -0.00488

0.05 0.001221 -0.00366/ -0.00366 —0.00244 -0.0061

0.1 0.003662 -0.00366/ -0.00366 -0.00244 -0.00366

0.15 0 -0.00122 0 0.001221 -0.00244

0.2 0.001221 0.001221| -0.00244 -0.00122 -0.00244

0.25 -0.00244 -0.00488 -0.00244 -0.00366 -0.00122

0.3/ 0.001221 -0.00122 0.001221 -0.00122 -0.00122

0.35 -0.00244 -0.00122| -0.00366 —0.00244 -0.00488

04 -0.00122 0 -0.00366 0.002441 -0.00244
045 -0.00488 -0.00244 -0.00244 -0.00244 -0.0061
0.5 0 -0.00122 -0.00488 -0.00122 -0.00488

Fig.2-4.13. Example of raw data (waveforms) exported in ASCII format displayed in Excel.

2. Save the measurement chart

The [Save Measures Data] module is used. The measurements values are saved as a "CSV" formatted
text file.
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File Format Version
Recording Date

20080210
2007/9/05 17:15:56 +09

STIMULATION PARADIGM 1
EPSP Slp (ms/uV)

Trace# Phase Time (s) | cht ch2 ch3
Stepl-1 Baseline 0 -1.397 -2.041 -2.321
Step1-2 40.219 -1.011 -1.638 -2.49
Step1-3 80.422 -1.428 -2.305 -2.876
Step1-4 120.625 -1.06 -1.424 -2.953
Step1-5 160.813 -1.276 -1.552 -2.323
Step1-6 201.016 -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) | cht ch2 ch3
Stepl-1 Baseline 0 -8.545 -6.104 -7.324
Step1-2 40.219 -6.104 -7.324 -8.545

Fig.2-4.14. Example of the measurment chart saved as an Excel compatible CSV file. The chart of slope liner
fit and minimum amplitude for Step 1 are saved.

3. Save the average chart

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

20090613
2007/7/13 06:44:04 +09

File Format Version:
Recording Date:

Slope1040LinearFit(uV/ms)

Phase chi +/-sd ch2 +/-sd ch3
Baseline 32.528 5.996 -10.402 50.352 -63.225
dose 1 32.239 9.716/ -28.377 55.214 -61.097
dose?2 39.948 1197 -63.761 39.029 -62.029
dose 3 48.442 5472 -78.628 1577 -65.594
EPSP Amp (uV)

Phase cht +/-sd ch2 +/-sd ch3
Baseline -60.092 3.841 -246.416 554 -264.615
dose 1 -59.937 5.853 -250.977 6.666 —260.01

Fig.2-4.15. Example of the measurment chart saved as an Excel compatible CSV file.

Mobius Tutorial (SU-MED640): Cahper 2 - fEPSPs Recording 41



2-4. Replay and analysis of acquired data
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3-1. Recording spontaneous neuronal spikes (single unit)

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).

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

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

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

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

. Spike_recording_filter (2 + filter).

. Spike_recording_cluster (Recording with extracting, clustering spikes, and their frequency analyses).
. Spike_recording_filter_cluster (4+filter).

abrwWNBE

Opening the workflow template
1. Click [Workflow] > [New] > [From Template]. (Fig.3-1.1)

2. Select [SU-MED640_1280x1024] folder.
Select [Spikes] > [Spontaneous_recording] folders. Select the workflow template.

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

==

t Hep

Save Cirlat Open Workflow Template

@v,a\ « mobius files » Workflow Templates » SU-MED640_1280:1024 b Spikes b Spontaneous - recording

Fur [ Organize = New folder

& Downloads *  Name

%] Recent Places

4 Libraries

[Z] Documents = — —
- |[g spike_recording filter_cluster.moflo 2011/03/01 2:18

F|g3'11 o Music E

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

3-1.1. Setting the acquisition parameters

All the recording workflow templates include the [Acquire MED64 Data] module. Acquisition parameters
are set in this module.

..................... . ]

Acquire MEDE4 Data (4) x|
—F\cqulred%‘ —Analyzed i i ’EZ alalslel7]s
Trace # Trace duration remaining | Trace #  Trace duration remgirfing o [0 (1213 |14 |5 [ 16
1 0:00:00 | 1 0:00; | 17 [ 18 [ 19 20 [ o1 [z [ os ] 24
(1) Timne —— —Hardware il il I el R
‘#Traces T | Ranee (u% Low cut freagiz) | (5) N N I e T I
J000 =1 [oo a1 [ 42| 43| a4 |45 [ 96|47 ] a8
'__ CulEperEs Chermos 49 [ 60 | 61 [ 62 |68 | o4 |66 | o6
(2) Erc:f:; dura;};ci!: - [1-6a _{‘\ HEIEEIEEEE
B p5F =P = | seeas————— 6 A [ e | ok |
Trace interv..al Filename modifier
(3) onrs Y MinfRRR. oo [Erike Fig.3-1.2. [Acquire MED64 Data]
o 5= | S | =l IV Enable stora (7) ] o
= - —
) workflow template.

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 Auto-pause is checked.

5 min 5 min
< 30 min. > Recording

5. Range (uV):
Maximum input signal level. This setting should be adjusted according to the signal amplitude to
achieve the maximal dynamic range. 1000 puV is usually good enough for recording of neuronal
spikes.

6. Low cut freq (Hz):
High pass filter. 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.

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

3-1.2. Execution buttons . D
The workflow template is run and stopped
(paused) with the right execution buttons.
Stop Run WITHOUT Run WITH Pause
saving data saving data

Fig.3-1.3. Execution buttons.

3-1.3. Before starting your experiment

When the Mobius is run for the first time after turning on your MEDG64PC, it will take some time that sig-
nals appear on the screen and stabirize around O levels at all 64 channels. Before you start your exper-
iment, run Mobius with green button and make sure that the baselines at all 64 channels stabirize
around O pV.

When you run workflow including [Extract Spikes] for the first time after turning on your MED64 PC,
check [Disable] at the [Extract Spikes] module so that any signals are NOT extracted, then run
workflow. Otherwise, Mobius might stop trying to extract the irregular signals.

Fig. 3-1.3. Baseline traces before stabilizing (left) and (& » @ 1 i1 b1 || workngorectory - |[am

stabilized baseline (right). Check the [Disable] box Main_ Spike |fitter | Averages |
. . Extract Spikes
(bottom-right) so thas signals are NOT extracted. S e T ]
Channel +T hresh [miv] Thiesh [rmv]
003 -003
e | o s
CAUTION:

e 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 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.)

e Itis recommended you start your new experiments WITHOUT on-line (real time) extraction or clus-
tering (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. Important notice on pages 4-5.
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3-1.4. Recording without on-line (real-time) analysis

-Using “Spontaneous_recording” workflow template-

Overview of the “Spontaneous_recording” workflow template

The “Spontaneous_recording” workflow template consists of following modules located in the 2 Tabs of
“Main” and “Monitor”.

Tab Modules
Main Acquire MED64 Data / Display All Channels / Export Raw Data
Monitor Display Single Channel

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).

Acquire MED64 Data |

l

| |

Display
All Channels

Export

Raw Data Display Single Channel

" [

5] s W] 838 b o o sl — [Fw B4 s 3011BLTED

Acquire MED64 Data

altt X

“Main” tab

“Monitor” tab

Export Raw Data

Display Single Channel

Display All Channels

Fig.3-1.6. Control panels in the “Spontaneous_recording” workflow template.
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3-1. Recording spontaneous neuronal spikes (single unit)

Recording spontaneous neuronal spikes (single unit activities) without any
on-line analysis

The online spike extracting 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 later off-line.

1.

2.

Open the “Basic_recording” workflow template. (Refer to page 43)

Change the recording parameters in the [Acquire MED64 Data] module.
(Refer to section 3-1.1.Setting the acquisition parameters on page 44)

Make sure that [Export Raw Data] is NOT enabled.

5] Mobius 0.3.6 -- [Rev 3010 on 2009,/10,/07 01

e This can be done later. Woidly | lagac  GEp |
Mew * ECtory -+ | Annotatio
Open. . o !
Make sure that [Save raw data] is CHECKED. close

Save Chrl+s Anal:

——— 1

Edit F1z

Hard
Exit Chrl+x% Ran
- Click [Workflow] > [Save as]. (Fig.3-1.7) The workflow will be = = Lﬁ
saved as a moflo. file. Fig.3-1.7.
= The data file (.modat file) will be saved in the same folder as the
Recording workflow.

Save it as your recording workflow.

Refer to page 10 for the data and workflow files generated after recording.

Run Mobius with the GREEN-RED button.

= 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.

You can focus on a specific channel it the “Monitor” tab. Channels can be changed during recording.
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] robius %P 0.3.9 — [Rey 3052 an 2001/02/01]

=l
workllow  Livos e
L ‘Working Drestory = | Annotatiors =
Fain_ || soke | fiver |
[Acqare MEDSS Data
Aeured
Teace & Trace dr.
1 0:
Timig
tToees [ =]

I Auto-paume

[Epoet Fime Gt
Filename modilier

Format

[

Scales can be change
during recording.

Display Sinelg@fanne|
Cd

95

Scale for amplitude
can be changed by
clicking and typing
in the values for the

maximum and/or
minimum

The time scale is changed here

The maximum is 10 ms
Channel can be changed here

Fig.3-1.8. Recording with “Basic_recording” workflow template, “Main” Tab (top) and “Monitor” tab (bottom).
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3-1.5. 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.

Tab Modules

Main Acquire MED64 Data / Display All Channels / Export Raw Data

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

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

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

Acquire MED64 Data

]

} }

Display
All Channels

Export ]
Raw Data Extract Spikes

“Main” Tab

Compute Spike Fregs Save Spikes "Spikes” Tab

Save Spike Fregs

Display Spike Measures

Fig.3-1.9. Module configuration for the “Spike_recording” workflow template.

Spikes crossing over pre-defined thresholds are extracted, and the spike frequency of all extracted
spikes is computed and graphed during recording. You can monitor that 1) spikes are extracted, 2) the
extracted spikes’ waveforms, 3) the spike frequency chart at the [Display Spike Measures] control

panel.

In the “Spike_recording_filter” workflow template, 2 sets of [Filter Raw Data] modules are added in the
“Filter” Tab. In this workflow template, acquired data can be filtered with selected filter menu before
sent to the [Extract Spikes] module. (Refer to Fig.3-1.10). 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 Fig.3-1-11).
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\ Acquire MED64 Data

| ] I I

Display Export . Display
AllChannels Raw Data Filter Raw Data Single Channel (original data)
l Main Tab
Filter Raw Data
l Spike Tab
Extract Spikes
l l Filter Tab
. . Display
Sl Compute Spike Fregs Single Chanrel (filtered data
Save Spike Fregs

Display Spike Measures

Fig.3-1.10. Module configuration for the “Spike_recording_filter” workflow template.

Extract Spikes Compute Spike Freqgs

Compute Spike Fregs

Save Spike Fregs

Boqered Data Extracted Sphas

Filter Raw Data (1)

Display Spike Measures

Spikes are extracted (top),
Extracted spikes’ waveform (right),
The time course of spike frequency
(bottom) are displayed.

Prtertil G0

i i i i & ] i i) ] i 7 oo

Fig.3-1.11. Control panels in the “Spikes” and “Filter” tab for the “Spike_recording_filter” template. The “Main” tab
is same as “Spontaneous_recording”. (Fig.3-1.6).
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Recording spontaneous neuronal spikes with on-line spike extracting and
their frequency 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 45) Please follow the instructions below to
avoid stopping during recording when this workflow template is used (or this module is used for acqui-
sition).

e 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, you can export during off-line analysis.

e Set the trace duration (recording time) to less than 10 minutes and the trace interval to longer
than the trace duration 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 43)

2. Change the acquisition parameters in the [Acquire MED64 Data].
(Refer to section 3-1.1. Setting acquisition parameters on page 44)

3. Select the channels for recording. Click the box next to “Channel” in the [Acquire MED64 Data]
module to have channel selector.

4. Make sure that [Export Raw Data] is NOT checked (Uncheck the check-box).
e Once raw data is saved, this can be done later off-line.

5. Start Mobius with the Green button and run the workflow template for a few minutes to see signals,
and then stop. 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 63-67 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 recording with extracting spikes.
These can be done later off-line once raw data is saved.

6. Run Mobius with the Green button, then make sure that the thresholds you set are OK.
= Thresholds can be changed during recording. But it is not recommended to do so during
recording.

7. Save as your own recording workflow.(Refer to page 47) The workflow will be saved as moflo.file.
= 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 9-10)
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8. Make sure that the Save raw data in the [Acquire MED64 Data] module is checked, then run your
workflow with the GREEN-RED button.

= Start recording without on-line extraction to be

safe. Check the [Disable] button in the [Extract Extract Spikes
Spikes] module so that spikes are NOT _ I—_|
extracted. (Fig.3-1.12) However, when this i)' E
button is checked, extracted spikes or spike Lharnel +Thresh [mt] -Thresl
frequency chart can NOT be displayed during o3 -0
recording. 2 o3 il
] 0.0s il
e It is strongly recommended to start recording 4 003 -0l
with the Disable button checked during long R -MI
term recording over several days or weeks. Fig.3-1.12. Disable button.

= 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.

.
Warkflow Help
| [ B || Working Directory + | Annotations =
Main  Spike | Filter |
Extract Spikes Compute Spike Fregs Save Spike Freqs
r Ghan limit (spks/s) [100 = Binning window sice Filename moditier
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= o e ! = ™ Time stamps only Downsampling
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Fig.3-1.13. Spike extraction and spike frequency analysis.
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3-1. Recording spontaneous neuronal spikes (single unit)

3-1.6. Recording with on-line (real-time) 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 MED64 Data / Display All Channels / Export Raw Data

Extract Spikes / Cluster Spikes / Compute Spike Freqgs / Save Spikes / Save Spike
Fregs / Display Spike Measures

Spike

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

*Filter Tab is NOT available with “Spike_recording” workflow template

With these workflow templates, spikes crossing the pre-defined thresholds are extracted, and sorted
(clustered) based on the 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 frequencies of each spike clusters during recording.

| Acquire MED64 Data

| | |

Display Export .
All Channels Raw Data Extract Spikes

Cluster Spikes

l I l

Compute Spike Freqgs Save Spikes
l “Main” Tab
Save Spike Fregs “Spike” Tab

Display Spike Measures

Fig.3-1.14. Module configuration for the “Spike_recording” workflow template.

For the “Spike_recording_filter_cluster” workflow template, 2 sets of [Filter Raw Data] modules are
added in the “Filter” Tab. (Fig.3-1.15) The acquired data can be filtered with selected filter menu before
sent to the [Extract Spikes] module. (Refer to Fig.3-1.15). 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 Fig.3-1-11).
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3-1. Recording spontaneous neuronal spikes (single unit)

| Acquire MED64 Data

I | | i

Display Export . Display
All Channels Raw data Filter Raw Data Single Chanrel (original data
Filter Raw Data
Extract Spikes
l ] “Main” Tab
Cluster Spikes
} ] ! el “Spike” Tab
Save Spikes | | Compute Spike Fregs Bingle Chanrel (filtered data
l “Filter” Tab
Save Spike Fregs
4
Display Spike Measures
Fig.3-1.15. Module configuration for the “Spike Sorting_filter” workflow template.
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Fig.3-1.16. 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 Fig.3-1.11)
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3-1. Recording spontaneous neuronal spikes (single unit)

Recording spontaneous activities with on-line 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.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. On-line spike clustering does not have much meaning unless it gives you an idea how many dif-
ferent 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 with the [Disable] button checked. Spikes will NOT be extracted during acqui-
sitions. You will not be able to see the extracted spikes’ waveforms or spike frequency chart.

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 cause to stop
Mobius.)

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

e 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 43)

2. Change the acquisition parameters in the [Acquire MED64 Data] module.
(Refer to section 3-1.1. Setting the acquisition parameters on page 44)

3. Select the channels for recording. Click the box next to “Channel” in the [Acquire MED64 Data]
module to have channel selector.

4. Make sure that [Export Raw Data] is NOT Enabled.
e This can be done later off-line once raw data is saved.

5. Run the workflow template (clicking the Green button) for a few minutes to see signals on the
screen, then stop it. Set the analysis parameters.

1) Change the filter menu depending on the acquired signals. (Refer to pages 64-65)
= If the “Spike_recording_cluster” template is used, this step is not necessary.)

2) Set the thresholds for spike extraction. (Refer to page 75)

3) Modify the parameters for clustering spikes (in the [Cluster Spikes] module).
= Refer to section 3-3.3 Spike Sorting (pages 76-78) for detail.
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4) Make sure that [Save Spikes] and [Save Spike Freqs] are NOT enabled.

= It is not recommended to enable these while recording and extracting spikes. These can be
done later off-line once raw data is saved.

6. Run Mobius (clicking the Green button) to make sure that the thresholds you selected are OK.

= Thresholds can be changed during recording. But it is not recommended to do so during
recording.

7. Save as your own recording workflow. (Refer to page 47). The workflow will be saved as .moflo file.
= The data file (.modat file) and the Analysis workflow (including all analysis modules selected
for the recording workflow and [Replay Raw Data File] module) will be saved at the same
folder. (Refer to pages 9-10)

8. Make sure that the [Save raw data] is checked, then run the workflow with the GREEN-RED button.

e Start recording without on-line extraction to be safe. [
Check the [Disable] button in the [Extract Spikes] it s Ty e }m
. . B 3 -
module so that spikes are NOT extracted. (Fig.3-1.17) | #iable an JImi teprsss
However, when this button is checked, extracted spikes Chaninel +Thresh (] -Thres
and/or spike frequency chart can NOT be displayed 0.03 il
during recording. g ggg 'g-
. . . 4 no3 -0.
= It is strongly recommended to start recording with the = 0 e
[Disable] button checked during long term recording . isable b
over several days or weeks. Fig.3-1.17. Disable button.
[s] Mobius Win7 0.39 — Spike_sorting_filter moflo — [Rev 84 on 2011/01/18] 1=
Warkflow  Layout  Help
W b O 00 M B || working Direstory - | Amotations -
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Fig.3-1.18. Spike sorting.
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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 on-line. So, it is recommended
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 later off-line.

An alternate solution to avoid stopping is to just set the phase-annotations (yellow bars) without
on-line analysis during recording, and then analyze later off-line. (The location of the phase bars will be
saved in your analysis workflow.) To do this, skip following steps 1-3 and start with 4.

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

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. (Fig.3-2.1)
2) Open the Editor in the new tab. (Click [Workflow] > [Edit]) (Fig.3-2.2)

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

Workflaw | Layout Help

O Add Tab - |
Main Delste Tab
Extract Spik Rename Tab
I Dizable Charts Backeround Color ..
Channer TSI T TTITESFTIY | ‘ Pre [ms] | Post [ms] -~
003 25
: o S —
3 003 25 l—
4 003 25
5 003 |averazes| 25
5} 002 25
7 003 . . 25

Fig.3-2.1. Make a new tab.

3)

Click the [Compute Spike Freqgs] in the left
“Workflow” box, then double-click [Compute

Measure Averages] in the right “Available task

panels”. (Fig.3-2.3)

You will see the [Compute Measure Averages]

module shift to the left box, under the
[Compute Spike Fregs] module. (Fig.3-2.4)
The control panel for this module appears in
the new tab. (Fig.3-2.5)

B b @ 00 || working Directory - | Annotations - |

Main | Soike | fidh,_{averases 1 )

[8] Mobius Editor

Workflow

available task panels

=1l

Acquire MEDGS Data
s Display All Channels
) Display Single Channel - ariginal
B> Filter Raw Data
W Export Raw Data
Filter Raw Data
Extract Spikes
Gompute Spike Frags
Save Spikes
Digplay Spike Measures
Save Spike Frags
Digplay Single Channel - filter

B> Digplay All Channels
> Display Extracted Spikes
B> Display Spike Measures
&> Display Single Charinel
M Export Raw Data

T Extract EP Measures
T Extract Sphkes

> Extract Lore Spikes

> Filter Raw Data

Fig.3-2.2. Editor is opened in the new tab.

] Mobius Editor
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Fig.3-2.3.

&P Display Spike Measures
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B> Display Spike Measures
> Save Spike Fregs

fel Mobius Editor
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ok o

Acquire MEDGS Data
Display All Channels
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> Save Measure Averases
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Filter Raw Data
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Fig.3-2.4.

= Freqs

Yo, =
Display Sinele Channel — filter
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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 tab.

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

[ Wobiius 0137 — (R 3535 om 70100120019 2300041 aldl x|

Waklon  Lwot Ml
LN ) Werk i Dirvctory | Arrotatiors +

el o
g ¢

[Compnte Moaiurg
§
:
i & Mobius Editor
ork flove Available task panels
Acquire MEDGY Data
Dizplay All Ghannels
Dizplay Single Channel - original
Filter Raw Data
Export Raw Data
Chaeal [T =] " Uslast [ x] stafohece  Hoe .
— Filter Raw Data
e Extract Spikes
e Compute Spike Fregs

Save Spikes
Dizplay Spike Meazures
Save Spike Fregs

@ Compute Meazure Averages

Fig.3-2.5. 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. Open the [Filter] tab. Run Mobius (click the Green button) and modify the filter menu (Refer to
page 64), and then stop it by clicking the Black button. Set the thresholds and parameters for
[Compute Spike Frequency]. (Refer to pages 65-67)

4. Start Mobius by clicking the Green button. When you are satisfied with the new thresholds settings
and other analysis parameters, stop and save it as your own workflow. (Refer to page 47)

5. Run Mobius by clicking the GREEN-RED button. The first phase (baseline) will start from time O.
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10.

11.

12.

Pause Mobius by clicking YELLOW button
when the first phase (baseline) is fin- J prm—]

phase]. Type in the name for the 2nd = PT——— —
phase. (e.g. dose 1.) (Fig.3-2.6) I

Delete All Phases

. Lo wesh [my] ] Fre [ms] F_
Do NOT stop with the Black button. Ifitis o 1 AnnotatSiEE. X
stopped, the experiment will end and new == ] - Mame of phase about to start:
phases will NOT be added. 002 | 1 [do=e 1| |
Ok, | Cancel |

When OK button is clicked, the yellow bar Fig.3-2.6. Making a new phase.

with the chosen name appears in the
[Display Spike Measures] module’s spike
frequency chart. (Fig.3-2.7) Troce e 0

Spike Frequency

Re-start Mobius with the GREEN-RED but-
ton.

Time continues running during pausing in
the measurement charts.

12 13 14
Experiment time ()

Autascale

Fig.3-2.7. New phase is added.

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

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

Start Mobius again with GREEN-RED button. Add subsequent phases following the same procedure
and run Mobius until the end of experiment.

You can see the average table and graph for each phase in the [Compute Measure Averages] mod-
ule (in the “Averages” tab) (Refer to Fig. 3-2.8)

= The phase annotations (yellow bars) can be shifted by left-click and dragging during off-line
analysis. Averages and standard deviations will be calculated based on the new phase annota-
tions when the data is replayed.
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Mobius 0.3.7 -- SpikeFrequency Analysis_filter.moflo —- [Rev 3035 on 2010/02,09 23:01:14]
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Fig.3-2.8. Computed measure averages. [Display Spike Measures] module with phase bars (top) and [Compute
Measure Averages] module (bottom).

fields in the [ ] ul

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

Use last: When this box is checked, the selected (or typed) number of data points are used for
computations. This is mostly used for off-line analysis (Refer to page 72).

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], [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

recording will be automatically saved to the same directory when you run recording workflow with the
Green-Red button. These analysis workflows can also be used for quickly performing analysis.

3-3.1. Replaying acquired data
1. Open the analysis workflow template. Click [New] > [From Template]. Select
[SU-MED640_1280x1024] folder.

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

‘ Blank 1) "Spike_frequency_analysis”:

| G @ Spikes are extracted and spike frequency
Close .
o cuns is computed and graphed.
Save As... Ctri+A
Edi F12 2) "Spike_frequency_analysis_filter”:
Exit Cirl+X 1 + filter

[5] Cpen Wkl Template 3) "Spike_SOFtl ngn -
0_\ g - « Mobius » miobius files » Workflow Templates » SU-MEDSS0_101024 » Spikes » Sp ‘*_Eﬂ Spikes are extracted and sorted
Organize » New folder . H
""0 S —_— (clustered). Spike frequencies of
] Recent Places ) Spike frequency_analysismedla 102 MEDG4 b W clustered Spikes are ComPUted and
— : sS::::{:::-::;:Ir:lym_hnu.mulh. 2 507 tius graphed.
T B Spike_torting_filtermollo 10 Ve
o Music
e 4) “Spike_sorting_fiter:
Fig.3-3.1. Opening analysis template. 3 + filter

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

2. 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 Fig.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.)

3. 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 Export or Saves.
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Fig.3-3.3. Replaying spontaneous data.

fields f he [ I ile] ul
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 rate

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”, “Spike”, “Filter”, and “Averages”.

Tab Modules

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

Spike Extract Spikes / Compute Spike Fregs / Save Spikes / Save Spike Fregs / 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. Spikes crossing pre-defined thresholds are
extracted. Spike frequencies of all extracted spikes are computed and graphed. Raw data can be
exported as a binary or ASCII (“CSV” formatted 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

| | ] ]

Display Export . Display
AllChannels| | Raw Data Filter Raw Data Single Channel (original data)
Filter Raw Data
Extract Spikes “Main” tab
l l “Spikes” tab
Save Spikes Compute Spike Fregs Display
P P p q Single Channel (filterad data) “Eilter” tab

“Averages” tab

Compute Measure Averages| | Save Spike Fregs

Display Spike Measures

Save Measure Averages

Fig.3-3.4. Module configuration for the “Spike_frequency_analysis_filter” workflow template.
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Fig.3-3.5. Control panels on the “Spike” tab in the “Spike_frequency_analysis_filter” workflow template. Refer to
Fig.3-3.3 for the “Main” tab, Fig.3-3.6 for the “Filter” tab, and Fig.3-3.20 for the “Averages” tab.

1. Set the filter menu

Replay data by clicking the Green button. Change the filter menu accordingly.

= Select the type of filter in the “Filter Type” drop down menu and the cut-off freqs (or time)
scale in the bottom drop down menu below.

= 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
minimum amplitude values. (Fig.3-3.6)

= The time (X axis) can be changed by selecting numbers in the “Duration” drop down menu.
The maximum duration is 10 msec. (Fig.3-3.6)
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3-3. Replay and analysis of acquired data

[} Mobius Win7 0.3.9 — [Rev 106 on 2011/05/10] == x| =

Soiiow | Loyt Hole Digplay Single Channel -
"o M || ‘Working Direstory = | Annotatians =
Main | Spike  Fitter | Averages |

Fifter Faw Data Dizplay Siele Ghannel - orienal

Typical spike length (ms)

=20

: ] -wﬁlu.wll.w s JWW*I"WM*M 'MIW*'M'WM}I,%NN o

Ghannel [T1 =] Durations)[05 =] Autoscale Onge | [~ Autoscale

Display Single Channel = filter

Trace |

f‘dl:n!ia\ W)

la'm#,-,#,law \ mepr',*w.ma,'W|‘4‘.~ﬁ"w'mwfr«n'«,w,mwM’ﬁwgw'wm,w
|

—Change the duration
(Scale for X axis)

here

Channel [T1 =] Duration (s)[05 ?ﬁu!mca\aﬁms

™ Autoscale

Fig.3-3.6. The filter tab. The top display shows the raw data and the bottom display shows the filtered data.

Extract Spikes

[~ {izablé  Chan limit fspks/s [100 'I

2. Set the Thresholds

Channel +Th|De 3[m\:] -w_ensg 3Emv] Pre1[ms] Pn;t ms]
Open the “Spike” tab, and set the thresholds and § §U§ §§§ i 2_5 i
pre/post times for spike extraction in the [Extract 5 003 o 1 2
Spikes] module (table). The thresholds are displayed 1 o -
on the top-left chart in the [Display Spike Measures] 2 g o
module- 11 003 -0 2.

Fig.3-3.7. [Extract Spikes] module.

1) The values for thresholds and pre/ post times can be
changed by double clicking and typing them in directly.

(Fig-3-3.8) e ke
10 003
2) The values can be applied to all another channels by i 3_3§|<_
right-clicking the number and selecting “Apply to ALL". 12 e
(Fig-3-3.9) Fig.3-3.8.

* Please refer to Mobius User Guide (5.2.3. Extract Spikes) | +Thrgzg[mw | -ThieDsESImV] I
for more information on thresholds and pre/post times. i :

= Disable button: when this check box is checked, spikes are T “AnR

NOT extracted. It is used mostly for acquisition. Fig.3-3.9.

= Channel limit selector: the maximum numbers of spikes to be extracted per 1 second at a
channel are selected here. This is useful for preventing crashing due to unexpected high-fre-
quency noise during acquisition.
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3-3. Replay and analysis of acquired data

3. Set the Parameters for computing spike frequency

Modify the parameters in the [Compute Spike Freqgs] module. (Fig.3-3.10) BOmiLie Splis Fre

This module creates a cumulative record of spike frequency changes. . ,
Binning windovw zize

" Trace

The default setting has 1 second selected for the Binning window size. = :
Extracted spikes are counted every 1 second. Selecting “Trace” instead of | frbitrary & [i =1
“Arbitrary (s)” means the spikes are counted for the whole trace.

Fig.3-3.10.

4. Modifiy the charts in the [Display Spike Measures]

The [Display Spike Measures] module consists of 3 charts:

1) Trace chart (top-left):
Raw data and thresholds are displayed. Extracted spikes are high-lighted in light green color.

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

3) Spike Frequency chart (bottom):
Spike frequencies are displayed.

Zoom in or out the charts module using the following procedure:
e [Trace] Chart (top_left): Display Spike Meazures
The time scale for amplitude can be changed by clicking and typing in

the desired minimum and/or maximum values. (Fig.3-3.11)
0050

The time duration can be changed in the “Duration” drop down menu.

(Fig.3-3.12) Fig.3-3-11.

» [Extracted Spikes] chart (top-right): ]
The scale for amplitude and time can be changed by o . . ‘
clicking and typing in the desired minimum and/or max- ! o il P o
imum values. (Fig.3-3.11) Sthennel 1= coresianj@)Jos = [ Caunecte |

. Fig.3-3.12.
= Spike frequency chart: '9

Can not be changed.

5. Replay data by clicking the Green button with the new parameters. When you are satisfied with the
new threshold values, save as your own analysis template. (Refer to page 47) The output will be
the data you have selected.
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.
arkflam Help
n K Bl || %orkine Directory ~ | Annotations =
Main  Spike | Fitter | Averages |
Fxtract Spihes Compute Saike Frens Save Spike Frags
r Chan limit tepke/) [0~ Einning window size Filename modifier
Channel | +Thresh V) | -Thresh mV) | Fre fms) Postims) || © Trace
] [TE] 008 1 2| @ asivay @ [T =] | T
2 g 003 1 a5
f [TE] 008 1 25
' [TE] 0 1 28 e Spikes
5 g 003 1 25 Filname modifier - Data type Spike
? ggg ‘ggg : gg | © Timesumpeonly Dowmsarpling
- “ .
i i i i o - Tine stams + spikes | 1/ [T =]
Display Bpike Measires
Tracs 1 Etracted Spikes
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Trace time (] Time (ms}
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Fig.3-3.13. Spikes extractions and their frequencies analysis.
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3-3. Replay and analysis of acquired data

Data output

Now, you are ready to generate data. When the workflow is run by clicking GREEN-RED button with the
boxes for the Save and/or Export modules checked, the data are saved and/or exported.

Channels for the Saving/Exporting are chosen with the channel selector in the [Replay Raw Data] mod-
ule. Channels shown with green will be enabled. File names for all Save/Export modules can be modi-
fied by directly typing them into the Filename modifier box.

1. Export raw data

The [Export Raw Data] module is used. The raw data (waveforms) are exported either as 1) Binary
shorts (2 byte integer values), 2) Binary doubles (8 byte floating point values), or 3) ASCII text in
“CSV” format.

File Format Version 20071201
Session Start Time 2004/7/28 17:29:48 +09

time_ms chl_mV ch2mV ch3mV ' chd.mV | chdmV | ch6.mV

0 0.006348 -0.00293 -0.00537 0.001953| -0.00635 -0.00391

0.05 0.001465| -0.00195 -0.00391 0.003906 -0.0083 -0.00684

0.1, 0.001953 -0.00244 -0.00098 -0.00244 -0.00635 -0.00977

0.15 0.005859| -0.00244 -0.00098 0.000488 -0.00488 -0.00781

0.2 0.006836 -0.00195 -0.00244 -0.00049 -0.00635 -0.00732

0.25 0.006348/ —-0.00635 -0.00391 0.001465 -0.00195 -0.00342

0.3 0.003418 -0.00635 -0.00049 -0.00195 -0.00342 -0.0083

0.35 0.002441| -0.00293 0.002441 -0.00244 -0.00195 -0.00391

0.4 0.005859 -0.00146 0.003418 -0.00195 -0.00244 -0.00049

0.45 0.004395 -0.00293 0 -0.00391 -0.00244 -0.00342

0.5 0.005371 -0.00439 -0.00049 -0.00684 —0.00391 -0.00586

0.55 0.005371 -0.00342 -0.00342 -0.00928 -0.00488 -0.00391

0.6/ 0.006348 -0.00146 -0.00195 -0.00928 -0.00342 -0.00293

0.65 0.005859 -0.00244 -0.00781 -0.01074 -0.00537 -0.00635

0.7 0.007324 -0.00146 -0.00439 -0.00977 -0.00391 -0.00342

0.75 0.005859 -0.00146 -0.00488 -0.00977 -0.00732 -0.00488

0.8/ 0.002441 -0.00195 -0.00244 -0.00879 -—0.00488 0.000977

0.85 0.004883 -0.00342 -0.00391 -0.01025 -0.00391 -0.00488

Fig.3-3.14. Example of raw data exported with ASCII displayed in Excel.
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3-3. Replay and analysis of acquired data

The [Save Spikes] module is used.

1) Time stamp only, or
2) Time Stamps, and waveforms of all extracted spikes

are saved as a “CSV” formatted text file.

File F.

20071201

Sessi 2004/7/28 17:29:48 +09:00

Trace

chan
nel

W W W W W W W wWwWwWwwwww NN DNdDDNdDN

60262

time_of day

17:29:48.326
17:29:48.397
17:29:48 411
17:29:48 437
17:29:48.495
17:29:48.009
17:29:48.016
17:29:48.027
17:29:48.041
17:29:48.056
17:29:48.063
17:29:48.068
17:29:48.077
17:29:48.095
17:29:48.099
17:29:48.12
17:29:48.13
17:29:48.134

within_session_time |within_s within_trac
ession_ti | e_time_ms

me_ms

0d:00:00:00.326 326.9 326.9
0d:00:00:00.397 397.95 397.95
0d:00:00:00.411 4115 4115
0d:00:00:00.437 43745 43745
0d:00:00:00.495 4953 4953
0d:00:00:00.009 9.9 9.9
0d:00:00:00.016 16.4 16.4
0d:00:00:00.027 2175 275
0d:00:00:00.041 41 41
0d:00:00:00.056 56.25 56.25
0d:00:00:00.063 63.85 63.85
0d:00:00:00.068 68.35 68.35
0d:00:00:00.077 77.65 7765
0d:00:00:00.095 95.75 95.75
0d:00:00:00.099 99.35 99.35
0d:00:00:00.12 120.2 1202
0d:00:00:00.13 130 130
0d:00:00:00.134 134.4 1344

Save extracted spikes and time stamps

cluster_i/trace pre_ms post_

d num

none
none
none
none
none
none
none

none

1
1
1
1
1
1
1
1
none 1
none 1
none 1
none 1
none 1
none 1
none 1
none 1
none 1

none 1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1

ms

2.5
2.5
2.5
2.5
2.5
25
2.5
2.5
25
25
2.5
2.5
2.5
25
2.5
2.5
25
25

y0o_.mV

0.00681065
0010181873
0.002042739

-0.001707017
-0.0084337
0.00425918

-0.007372998

0.002399721

0.00108115

-0.001126919

-0.004111407

0.004206802
0.000747327
0.001295781
0.001450416
-0.005230252
-0.000629679
0.008337011

Fig. 3-3.15. Example of the Time Stamps and Waveforms saved as a “csv” file displayed in Excel.

yl_ mV

0.006670749
0.011403289
0.000903023
-0.002345263
-0.011750365
0.002154879
-0.005078022
0.000965411
0.001782467
-0.002629422
-0.004061442
0.004814135
0.001243812
0.001522645
0.000778917
—-0.004370654
0.000788942
0.007848071

o o I
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3-3. Replay and analysis of acquired data

3. Save the spike frequency data

The [Save Spike Fregs] module is used. The spike frequency data is saved as a “CSV” formatted text
file.

File Format Version 20071201
Session Start Time 2004/7/28 17:29:48 +09

time_secs phase chi ch2 ch3 ch4
NC NC NC NC

1 Baseline 5 20 69 1

2 2 32 51 0

3 9 58 37 0

4 13 20 6 0

5 6 5 8 0

6 13 1 2 0

7 5 14 3 0

8 1 0 3 0

Fig.3-3.16. Example of the spike frequency data saved as a “CSV” file displayed in Excel.

4. Save the average chart

The [Save Measure Averages] module is used. The averages and standard deviations are saved 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 22.211

Channel Number 59
Measure Baseline +/-sd dose 1 +/-sd dose 2

Fig.3-3.17. Example of the average chart saved as a “CSV” file diplayed in Excel. (Only channel 57, 58,
and 59 are saved.)
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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
according for all experimental phases. This is a useful tool for making a dose-response curve. This sec-
tion will walk you through making a dose-response curve for spike frequencies 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 57-58. (If you added phase bars while recording, the location of the
phase bars were saved to your analysis workflow.)

1.

Spike frequency (Hz)

Set the all analysis parameters according to the previous section 3-3.2 Analyzing the spike rate.
(Pages 64-66)

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. (Fig. 3-3.18) J| Annatations - |

When the OK button is clicked, the yellow bar with its name | Delete Last Phase

appears on the Spike Frequency chart (Fig.3-3.19). [ Delete All Phases
wesh [mWf] ] Fre [mg] | Fost [mgz]
02 ]

*NOTICE: If Mobius is stopped with the Black button, replaying is Mome of phase sbout 10 start

terminated and a phase bar can not be added. o Foce 1 ]

Ok | Cancel |

Spike Frequency.

Fig.3-3.18.
Adding a new phase.

0=

hannel [68 ~] Duration @ [05  ~] Autoscale

Fig.3-3.19. The added new phase (dose 1).

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.

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.(Fig.3-3.15)

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.

If you are satisfied with the location of the phase bar, save it as your own analysis workflow.
(Refer to page 47)

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.
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3-3. Replay and analysis of acquired data

Mobius 0.3.7 -- SpikefrequencyAnalysis_iilter.moflo -- [Rev 3035 an 2010/02,09 23:01:14]

1= x|
werkflow reb
b I DI || werking Drectory ~ | Arrotations =
Main _Spke | fiter | Averages |
Exiract Spkes [Save Spkes [Corpute Spke Freqe
- Chan limt Gpks/alToT =] oot | miEs = By window size
Channel +Thissh fniv] Fre [ms] Fotins] ||  Time stamgs anly Downsampling Trace
1 [ 1 25 @ Time stamps * spike =
2 [ T o5 r we stamps ¢ spikes | 3/ [T = abitary &) [T =]
3 e 1 25
é g:g : ﬂ: [Save Spie Freqs
[ 00 1 25 Filename modifier
7 e 1 25
] e 1 25 r
] 008 ] 25
0 0% 1 25
3] 0 1 25

Orsplay Spike Measures

Trace 1

Extracted Spikes

Patential (m\)
Potential {m\)

n
il 2000
Trace time (s] Time {ms)

Spke Frequency

GChannel [85 =] Duration &3 [05 ~ Fuatoscale

= B4 M || working Dirsctory - | Annatations -
Man | Soke | fiter  Aversess

Tred | dowe 2 | +7sd
7 12195 1345

Mezsure Averages

Chamel F8 =] I Usslsst [0 =] ptofphese Hde [TRS

Fig.3-3.20. [Display Spike Measures] module with phase annotation bars (top) and the graphs for averages and
standard deviations in the [Compute Measure Averages] module (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 measured 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. Replay and analysis of acquired data

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 waveforms.

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”

Tab Modules
Main Replay Raw Data File / Export Raw Data
. Extract Spikes / Save Spikes / Cluster Spikes / Compute Spike Freqs /
Spike .
Save Spike Freqgs
Filter Filter Raw Data (2) / Display Single channel (showing original data) /

Display Single channel (showing filtered data)

‘ Replay Raw Data File

| ] ! J

Display Export - Display Single Channel
All Channels Raw Data Filter Raw Data (original data)

Filter Raw Data

l “Main” tab
Extract Spikes “Spikes” tab
l : - “Filter” tab
Cluster Spikes
1 l

savespikes | | Compute Spike Freqs Dis”'?}:,g;%'ﬁ;:f"”e'

}

Save Spike Fregs

Display Spike Measures

Fig.3-3.21. Module configuration for the “Spike_sorting_filter” workflow template.

Replayed signals are filtered with the selected flitter menu, and then sent to the [Extract Spikes] mod-
ule. Spikes crossing the pre-defined thresholds are extracted and sorted based on the waveform
shapes. Clustered spikes’ frequencies are computed and graphed. Raw data can be exported to 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] module.
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3-3. Replay and analysis of acquired data

Extract Spikes Cluster Spikes

Compute Spike Freqgs

Save Spike Fregs

[} Mobius Win/ 8.3.9 - Gipik _sorting_filter mafla ~~ [Fav 84 on 2011/01/18] =l#l x|
Workllow  Lavoul  Help

L ] L]

Main  Soke |r.». |

T [Camguto Sobe Froee Foke Frea

™ Dieabis  Chan linit (spha/s) [130 = Canteoids Maggng | Benine wn o wice -

Dareed Thoesh i) | -Theesh o Pre s} Pomimal =] | Similaity Redis [0 % Custer | Cel | & Skes " Trace

1 o2 1 5 P — & ebiteary () [1 =] | et
] [17) 17} 1 5
3 (15} oAz T 24 Min # spikes [ x]
4 o o . o ™ Froeon centroits N
8 A2 ! L Spka
[] [17] 11] 1 25 Flnsat Cantroids e . .
: b o i i T ag——Save Spikes
] [1%] ooz 1 2 Caroids likwans N |
s [17] BT 1 25 Charwal [ =
10 [T 013 i 2} | I
1 [17] 098 1 25 s nas Fovet Maping
[ (11 (1) 1 £}

Aegured Data

Extracied Sphes

Porertial {mA)

=068

Trasce fima {x)

Tekn Fraquancy

Spike frequency [z

LE D n D " D o
i (13 i 15 3 15 5 5E
Esperiment time ()

Chorewl [ »| Dwatenfsh[s =]

/ Display Spike Measures

1. Spikes are extracted

(top-left)
2. Waveforms of extracted

spikes (top-right)

3.Time course of spike
frequency (bottom)

are displayed.

Autnscale

Fig.3-3.22. Control panels on the “Spikes” tab in the “Spike_sorting_filter” workflow temp
for control panels in the “Main” tab and Fig.3-3.23 for the “Filter” tab.

1. Select the filter menu

late. Refer to Fig.3-3.3

Open the data file and replay the data with the Green button. Change the filter menu accordingly.

The top chart displays the raw data and the bottom chart displays the

filtered data.The ampli-

tude (Y axis) can be changed by clicking and typing values in the maximum and/or minimum

amplitude.

The time (X axis) can be changed by selecting numbers in the “Durati
The maximum duration is 10 msec

on” drop down menu.
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3-3. Replay and analysis of acquired data

2. Set the thresholds

Click on the “Spike” tab. Set the thresholds and
Pre/Post times for spike extraction depending on the

aliix

Dizplay Single Channel -

—

50

] [ e e e we sin e [ s 1o
Thaca vt Dokl

Churved [T =] Duration (a)]7 =] Ausoscaie e | 1 Auoscaie

Tpiay Srwie Crarral -~ lioer

|- Change the duration
(Scale for X axis)
with this drop-down
menu

Crurvai [T =] Durstem (i =] _Ackoscaie Orcn || 1 pusssente

Fig.3-3.23. Control panels for the “Filter” tab in the “Spike_sorting_filter” workflow template. Top chart
shows the raw data and bottom chart shows filtered data.

Extract Spikes

[ iLiisakle  Chan limit tspksss) [100 v|

Channel +Thresh (m¥] Thresh () Pre [ms] Post (ms]
h I 00 I

cloooooeelee

sizes of spikes. : 5 B : %
8 -0.0
a -0.0:

The thresholds are displayed on the top-left chart in T ] B

the [Display Spike Measures] module. Fig.3-3.24. Extract Spikes module.

1) Change the values for thresholds by double clicking and typing

2)

[~ Disable Gharnel limit (spks.

values directly into the [Extract Spikes] module chart. Channel +Thresh (mv
(Fig.3-3.25) . 05—
12 0.03
13 0.03

The thresholds and Pre/Post times can be applied to all channels Fig.3-1§.25.
by right-clicking and selecting Apply to All. (Fig.3-3.26)

fThresh [mv] | -Thresh [mi]

Please refer to Mobius User Guide (5.2.3 Extract Spikes) for
details on thresholds and pre/post times.

0.03

nnz [
Disable button: Fig.3-3.26.
When this check box is checked, spikes are NOT extracted.

Channel limit selector:
The maximum numbers of spikes to be extracted per 1 second at a channel can be limited
here. (This is used mostly for acquisition.)
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3-3. Replay and analysis of acquired data

3. Set 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 setting are 30% for the Similarity

Cluster Spikes
Radius and 5 is for Min # spikes. This means: oo

—Centroids ———— —Mapping

when spikes with waveform similarity higher (1) — WP Similerity Radivs 30 % Cluster | Call | # Spikes
than 30% are proceeded 5 times, a valid cluster {smailer % = more clusters) A 106
is identified and its centroid (an “average” spike (2 ———{ -t # spikes [f =] : : B
shape) is determined. I Freeze centroids 2 : o

Reszet Gentroids | | F [ an
Spikes not assigned to any cluster are not color —Centroids filename
coded. They will remain green until there are 5 ] cliemi] |
spikes with similar waveforms. I storagesreload Reset Mapping_|

Extracted spikes are assigned to a Cluster - -
(A,B,C, etc) if their similarity is higher than Fig.3-3.27. Cluster Spikes module.

30% to the Cluster’s centroid. Spikes with less

than 30% similarity to the centroid will remain green. Un-assigned spikes will be assigned as NC in
the saved data.

Each Cluster (A,B,C, etc in the Mapping chart) has different color code (e.g. A with red) and its
waveforms and frequency are displayed with the same color code on the charts in the [Display Spike
Measures].

These parameters can be modified to establish valid sets of clusters.

(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

—Mappine Mappine

Cluster Cell # Spikes Cluster Cell H Spikes
clusters (e.g. C and D) really represent the A 1 10z A 1 102
same cell and you may want to merge c 2 % c 5 £
them. Change the Cell number for Cluster £ : i I 3 ﬂ i
D to 3 by double-clicking and directly

typing in this number so that the Cluster D i _
is merged to the Cluster C. (Fig.3-3.28) Fig.3-3.28. Merging Cluster D and C.
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For another example, you may see that —
Cluster E is probably just noise and you e o | oo
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.)
(Fig.3-3.29)

Fig.3-3.29. Deleting a Cluster.

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

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
definition 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.

Display Spike Measure charts Extracted Spikes

0.0s0

In the [Display Spike Measures] control panel, the 0050
top-left chart shows that spikes are extracted, the
top-right chart shows extracted spikes’ waveforms,
and the bottom chart shows spike frequency. The

waveforms and time course of spike frequency are g
color coded according to cluster since this module is
under [Cluster Spikes] in the “Spike_sorting(_filter)”

000 S

Potential (my/)

-0100

workflow template. (Refer to Fig.3-3-32) 000 1000 i} (2.0)'00 3000 3500
In the Extracted Spikes chart, you will see wave- Fig:3-§.30. Extracted spikes.

forms with solid lines and ones with dot lines. The Solid lines show centroid waveforms.
waveforms with solid lines are the centroid wave- Dot lines show extracted spikes’ waveforms.

forms and the dotted lines are extracts spikes’ wave-
forms (Fig.3-3.30). Spikes NOT assigned to any Cluster are displayed in green. (Refer to page 66
for modifications for these charts.)

Compute spike frequencies

Compute Spike Fregs

Spike frequency is calculated every second in the default settings. Binning window size
This can be changed by selecting different value for “Arbitray(s)” on = Trace
the [Compute Spike Freqs] module. When “Trace” is selected, the & Arbitrary (=) |1 vl

whole trace’s spikes are counted.

In the “Spike_sorting(_filter)” workflow template, this module is Fig.3-3.31.

under the [Cluster Spikes] module. Spike frequencies for all Clusters
(clustered spikes) will be color coded and displayed in the spike frequency chart.

The frequency calculations are reset when the number of clusters changes during replay. The fre-
quency chart is reset whenever a new Cluster is formed. When the check box for [Freeze Centroids]
is checked, now the numbers of cluster are fixed and frequency calculations are not reset anymore.

The [Freeze Centroids] check box must be checked, when the Spike frequency chart is saved.
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6. Run the workflow again by clicking the Green button to make sure that you are satisfied with valid
clusters and all other analysis parameters, and then stop it. Save it as your own analysis workflow.
The output will be the data you have selected.

[&] Mobius Win7 0.3.9 —— Spike_sortine_filter moflo - [Rev 84 on 2011/01/18] =lElx]
orkflow Help

W P O 00 K B | Workine Directory = | Annotations -

Main  Spike |Filter |

Extract Spikes Cluster Spikes Compute Spike Fregs Save Spike Fregs
r Ghan limit (spks/a) [100 = Centroids Mappine EbutE i & Filename modifier
Channel | +Thresh V) | -Thresh (V) | Pre ms) Pastfms) || | Similarity Radius %  Trace
1 002 1 25 (smaller % = more clusters) ® dibirary ) 1 =] |
2 0.05 ETE] 1 25
3 0.05 ST 1 25 Min # spikes [T -]
[ 005 003 1 25 (B S
¥ Fresze centroids
5 0.0 008 1 25 Filename modifier  —Data type Soike
: g g: 73 g: 1 g: Reset Centroids [ € Timestampsonk By
= . ’
8 0.05 -0.0% 1 25 Gentroids filename r Tine sEmme s gee | G4 |l
] 0.0 003 1 25 Charnel [38 =]
10 us B 1 15 L ]
1 0.05 ETE] 1 25 - Reset Mappine
12 0.05 003 1 25
Display Spike Messures
Trace 1 Extraoted Spikes

0.100 -

Potential {m%)
|
Potential {m%)

| |
0 3.000

] ]
18.300 18.400 20
Time (ms)

Trace time (s)

Spike Frequency

Spike fremuency (He)

9
Experiment time ()

Channel (38 »| Duration (s} |05+ Autoscale

Fig.3-3.32. Spike sorting.
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Data Output

Now, you are ready to generate data. When the analysis workflow is run by licking the GREEN-RED but-
ton with the boxes for the Save or/and Export modules checked, the data are saved and/or exported.

Channels for the Saving/Exporting are selected with the channel selector in the [Replay Raw Data]
module. Channels shown with green color will be saved. File names for all Save/Export modules can be
modified by typing directly them into the Filename box.

1. Export raw data

The [Export Raw Data] module is used. The raw data (waveforms) are exported either as 1) Binary
shorts (2 byte integer values), 2) Binary doubles (8 byte floating point values), or 3) ASCII text in
“CSV” format.

File Format 20071201
Session St2010/8/11 19:03:39 +09

time_ms chitmV ch2mV ¢ch3mV chdmV ch5mV ch6.mV

0 0.000488 -0.00049 -0.02002 -0.00244 -0.00049 -0.00098
0.05 0.000977 -0.00293 -0.01953 -0.00244 0.000977 0
0.1 0.000488 -0.00391 -0.01807 -0.00439 -0.00049 0.000977
0.15 0.001465 -0.00342 -0.01465 -0.00537 -0.00146 0.000488
0.2 0.002441 -0.00342 -0.00879 -0.00439 -0.00244 0.001465
0.25 0.001953 -0.00195 -0.00439 -0.00293 0 0.00293
0.3 0.001465 -0.00146 -0.00146 -0.00195 0.001953 0.00293
0.35 0.001465 -0.00146 0.000977 -0.00146 0.000977 0.002441
0.4 0.001953 -0.00244 0.001465 -0.00098 -0.00146 0.001465
0.45 0.001953 -0.00195 0.002441 -0.00049 -0.00293 0.000977

0.5 0.002441 -0.00195 0.000488 0.001465 -0.00391 0
0.55 0.001465 -0.00195 0.002441 -0.00049 -0.00439 0
0.6 0.000977 -0.00293 0.002441 -0.00195 -0.00391 0
0.65 0 -0.00391 0.002441 -0.00244 -0.00391 0

0.7 0.000488 -0.00391 0.001465 -0.00293 -0.00293 -0.00098
0.75 0.001465 -0.00293 0.000977 -0.00195 -0.00049 -0.00244
0.8 0.001953 -0.00342 0.001465 -0.00098 0.000977 -0.00537
0.85 0.001465 -0.00342 0.00293 -0.00146 0.000977 -0.00537
0.9 0.000977 -0.00293 0.005859 -0.00195 0.000488 -0.00537
0.95 -0.00146 -0.00195 0.005859 -0.00244 -0.00049 -0.00439

Fig.3-3.33. Example of raw data exported as ASCII displayed in Excel.
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2. Save extracted spikes and time stamps

The [Save Spikes] module is used.
1) Time stamps only, or

2) Time Stamps and waveforms of all extracted spikes (shown with dot line at the [Display Spike
Measure] chart) are saved as a “CSV” formatted text file.

= In the “Spike_sorting(_filter) “ workflow template, the [Save Spikes] modules is under [Clus-
ter Spikes]. The time stamp and spike waveforms will have cluster IDs in the saved file.

e The Centroids MUST be frozen for the data saved correctly.

File Forr 20071201

Session 2010/8/11 19:03:39 +09:00

Trace D 10252

channel time_of_day within_session_ti \;VSIT:::US:] 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 000913 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 34455 344.55 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 -00154 -0.01643
5 19:03:39.177 0d:00:00:00.177 17735 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 0001753 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:00:00:00.472 472.9 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 0003172 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 0003823 0.00482
9 19:03:39.073 0d:00:00:00.073 73.85 73.85 2 1 1 25 -0.00664 -0.00679
1 1 1

©

19:03:39.113  0d:00:00:00.113 ~ 113.65 113.65 25 —0.00189 -0.00076

Fig.3-3.34. Example of Time Stamps and Waveforms saved as a “CSV” file displayed in Excel. Each Time Stamp and
Waveform has cluster ID.

3. Save Centroids

The [Cluster Spikes] module is used. The centroid waveforms (shown with solid line at the [Display
Spike Measure] chart) are saved as a “CSV” formatted text file.

e The Centroids MUST be frozen for the data saved correctly.
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4. Save the spike frequency data

The [Save Spike Fregs] module is used. The spike frequency data is saved as a “CSV” formatted text
file.

= In the “Spike_sorting(_filter)” workflow template, [Compute Spike Freqs] module is under

[Cluster Spikes] module. The spike frequency chart for spikes with cluster ID (C1, C2) will be
saved.

< The Centroids MUST be frozen for the data saved correctly.

coPnEL y  File Format 20071201
ntroi R
Session St2003/12/15 18:13:29 +09
Centroid 1
sign -1 time_secs phase chb chb chb chb
e NC Ci C2 C3
005 00051 1 Baseline 0 6 1 1
01 00057 2 0 13 0 2
0.15 0.0064 3 0 1 0 0
0.2 0.0071 4 0 17 0 2
0.25 0.0077
0.3 0.0081 0 0 2 0 0
035 00083 6 0 9 1 3
04  0.0085 7 0 4 0 0
045  0.0087 8 0 11 1 1
0.5 0.0085 9 0 3 0 0
0.55 0.0075
0.6 0.0053 10 0 9 0 o
065  0.0017 11 0 7 0 0
007'; :g'ggg; Fig.3-3.35.
68 _0'01 51 Left: Example of the centroids saved as a “CSV” file displayed in Excel.
0_é5 _0:021 5 Right: Example pf the spike frequency data saved as a “CSV” file displayed
09 -00272 in Excel. Centroids for channel 5 are saved.
095 -0.0313
1 -0.0332
1.05 -0.0331
1.1 -0.0311
1.15 -0.0279
1.2 -0.0239
125 -0.0198
1.3 -0.0157
135 -0.0116
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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 on-line (real-time) 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 inter-spike intervals, and analyzing extracted waveforms.

After reading this section you should be able to record spontaneous myocardial signals using any of the
above workflow templates.
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4-1.1. Overview of the recording 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 MED64 Data / Display All Channels

Extract Long Spikes /Display Extracted Spikes / Compute Beats per Minute / Display
Beats per Minute

Filter Spike Data (2) / Extract Spike Measures / Save Measures Data / Display Results
Table

Detect beating

Measurement

Acquire MEDG64 Data

Display :
All Channels Extract Long Spikes
Yy v v
N h 4
Display Compute Beats
Extracted spikes per Minute Filter Spike Data

Save Beats Display Beatd
per Minute per Minute Filter Spike Data

“Main” Tab Extract Spike Measures

“Detect beating” Tab l

h 4

Measurement” Tab Save Measures Data Display Results Table

Fig.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 analyses can be performed and graphed (e.g., amplitude, slope, area, and peak to peak time etc. ).
The beat frequency of 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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Acquire MED64 Data Extracted Long Spikes Compute Beats per Minute

[ 10 Wctius Win 833 — QT rocondin matls — (R 88 om 281181716

Woklonw  Lnodt  Help
"o Werkire Dirvctorzle | Aerstationd =
M | Doeet boatie | Mosines

[Recyire MEDH Dana

Save Beats per Minute

1] Mobius Win? #.38 — QT rocond
[ el

malls — [Rev 84 on 2811001/ 18]

Exbactod Spbes

Fetersial (=)

Chueet [11 =] Gasmtel[5 =]

[Gremlar lmats por Mirsie

|h ----- Cres /':.m-.n» Vahaee luid/dnd [T =] Durstion (maidnd[60 7] / cashurs | F :
Display All Channels '

Display Extracted Spikes

Display Beats per Minute

Filter Spike Data
Save Measures Data

6] Mebaus Win? 738 — OT rocording mofls — [Rev 84 om 2001701716]

—— Extract Spike Measures

-¢—————— Display Results Table

Fig.4-1.2. Control panels for the “QT_recording” workflow template. “Main” tab (tbp-left), “Detect beating” tab ,
(top-right), and “Measurement” tab (bottom).
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“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 MED64 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 MED64 Data

I I

Display Extract L Spik “Main” tab
All Channels Xtract Long Spikes
| “Detect beating”
tab
Yy ¥ ¥
Display Compute Beats Compute Interspike
Extracted Spikes perMinute Intervals
Save Beats | | Display Beats Display
per Minute per Minute il ISI
Fig.4-1.3. Module configuration for the “Beat_recording” workflow template.
“Simple_recording” workflow template
Acquire MEDG64 Data Signals are acquired, and the acquired signals are dis-
l l played at all 64 channels.
Display Export
All Channels Raw Data

Fig. 4-1-5. Module configuration for the “Simple_
recording” workflow template.
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i Display Beats per Minute
Acquire MED64 Data Extract Long Spikes y p

1] Mebiaus Win? §38 — Beal rec wding mafls — [Rev 81 en 3011781/16]

Display Interspike Invervals

6] Mebaus Win? 838 — Be 1 recording mafls — [Rev 81 en 3011/81/18]

Iterzpin Ftarval

e Ftaripke Fhervals
Bvesen Churral 151

Extracted Sphes

Fotemtial (=)

|M=¢w(&-\u Aumocaly  Vohaee lided [T =] Durstion (maided[J5 =] Cashee
Display All Channels

Compute Beats per Minute (iop)

) Compute Interspike Intervals (top)
Save Beats per Minute (bottom)

Save Interspike Intervals (bottom) ] | ]
Display Extracted Spikes

Fig.4-1.4. 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 & Mobius Win7 039 — [Rev 84 on 2011/01/ o]
Template]. (Fig.4-1.6) | Loyout_Help

Open.. Ctrl+0O

2. Select [SU-MED640_1280x1024] SR
folder. Select [QT] > LR TE

[Spontaneous_recording] folder, and :: a,:;

then any of the recording workflows.

Open Workflow Template

@,\ J®| Ll s mobius files » Workflow Templstes » SU-MED640_1280x1024 » QT » Spontancous_recording

Organize ¥ New folder

B Downloads  *  Name ’ Date modified Type

| Recent Places

| Beat_recording.moflo MED64 Mobius W
| QT_recording.moflo MED64 Mobius W
4 Libraries - -
§ | Simple._recording.moflo MEDE4 Mobius W

%) Documents

Fig.4-1.6. Opening workflow template.
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4-1.2. Setting the acquisition parameters

All the recording workflow templates include the [Acquire MED64 Data] module. Acquisition parameters
are set in this module.

[l

fequire MEDE# Data =
—fcquired —fnalyzed oz ¢]s]s]r]e
Trace # Trace duration remaining | Trace # Trace duration remaining SAIAICHRIIR KT RIEH AT BIEEID
(5) 17 18 [ (e[ [ [ o[
(1) 1 0:00:00 ‘ 1 UZUOZUM BB E B B E
] - 3 | a4 |96 | o6 | o7 [ | o8 [0
:ﬁm‘ﬂi‘ —Hardware a1 | 42 | 48 | 4% | 4 |46 | 41 [
#Ti |5 vI Fange (uy) ow cut freq (Hz) | L 45 |50 | 51 | 52 [ 50 | 54 | %5 [ 56
races |1EIDEI = I] A/:I/ (6) 57 [ 50 [ 58 [0 [ o1 [ o2 [oa [ ot
(2) Ti»:_- Auto-pause Channels Al Hone oK
race duration — (7
Hovurs Teiry Sec II B4 :I— ( )
3) _'H'U LI I2 LI IU j —Save raw data
Trace interval Filename modifier
Haurs i Sec I
[
(4)—[?|” i | IR | (e [ Enable storazs (®)  Fig.4-1.7. [Acquire MED64 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) Range (uV):

Maximum input signal level. This setting should be adjusted according to the signal amplitude to
achieve the maximal dynamic range.

(6) Low cut freq (Hz):

High pass filter: Select 0.1, 1.0, 10 or 100 Hz. If 1Hz is set, the signals with frequencies lower than
1 Hz are filtered out. 1Hz is 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.
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(8) 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

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

StOD/Run WITHOUT Run WITH Pause
saving data saving data

Fig.4-1.8. Execution buttons.

4-1.4. Before starting your experiment

When the Mobius is run for the first time after turning on your MED64PC, it will take some time for sig-
nals to appear on the screen as the baseline is zeroed at all 64 channels. Before you start your experi-
ment, run Mobius with Green button and make sure that the baselines at all 64 channels stabilize
around O pV.

When you run workflow including [Extract Long Spikes] for the first time after turning on your MED64
PC, check “Disable” at the [Extract Long Spikes] module so that signals are NOT extracted, then run
workflow. Otherwise, Mobius might crash trying to extract irregular signals.

Extract Lone Spikes

¥ Dizable
Channel |FTT7esh | -Thresh | Fre | Pos Fig.4-1.9. Unstable baseline (left) and stable baseline (right).
V) | V) | ims) | (ms Run Mobius while checking the “Disable” button (bottom-left) so that

-005 | &0 Lail! signals are not detected.
-0.05 a0 450

-0.05 a0 450

nnc cn icr

-cur\_‘-I
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4-1.5. Recording spontaneous cardiomyocyte signals

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 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.

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 or 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).

Modify the #Traces, Trace duration, and Trace interval in the [Acquire MED64 Data] module. (Refer
to page 86, section 4-1.2. Setting the acquisition parameters.)

Open the “Detect beating” tab. Check the “Disable” box so that
myocardial signals (long spikes) are NOT extracted. Extract Lone Spikes
(Fig.4-1.10) ¥ Disable

Channel +Thresh |-Thresh | Pre Post
= When this button is checked, no long spikes’ extractions or s _{?‘;]3' “5”;’ T;SD} =

analysis can be displayed during recording. 2 -00% | 50 450
3 -003 | &0 450
4 —nn# RN ARN

Fig.4-1.10. Disable button.

I

Run Mobius by clicking the Green button, and then stop.
X

Select the channels for recording.

1) Click the box next to the “Channels” in the [Acquire MED64 Data] module
to open the channel selector. (Fig.4-1.11)

2) The recording channels are colored green and non-recording channels are
colored red.

Fig.4-1.11.

Open the “Main” tab. Make sure “Enable storage” is checked in the Save raw Channel selector.

data .

Save it as your own recording workflow by clicking [Workflow] > [Save sprrresrrerrersosm

as]. (Flg4—112) Werkflow | Layout  Help |
Open. .. ChrHO
Start Mobius with GREEN-RED button. Clase "
Saw Chr4s nal:
Save B Tra
= Mobius will require you to save the workflow as your own if you try = iz u
to start Mobius with the Green-Red button without having saved it Ext ke Pa
already. s =T 25
Fig.4-1.12.
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4-1. Recording of spontaneous myocardial signals

= 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.

8. Signals are displayed via the [Display All Channels] module and "Trace 1" chart in the [Display
Extracted Spikes] module. However signals or analysis are NOT displayed in other modules. (Fig.
4-1.13)

! Extract Long Spikes

Flg 4-1.13. Dlsabllng the sp|ke extraction (left) and recordlng W|thout spike extraction (right).

Recording myocardial signals with on-line (real-time) analysis

When the “Disable” button is unchecked, the acquired signals crossing pre-determined thresholds are
extracted and analyses are performed on-line (during recording.) The extraction of long spikes and
their analysis require powerful computation and can slow down Mobius' data processing. Mobius can
appear to crash. When this workflow is used with on-line analysis, please follow the notices below.

= Select just ONE channel for the acquisition when the "QT_recording" workflow template (or
any workflow including [Extract Spike Measures]) is used.

(You can select more channels for the acquisition with the "Beat_recording"” workflow template
or workflows including [Beat frequency] and [Interspike intervals], but not with [Extract Spike
Measures]).

= Avoid enabling any [Export] or [Save] modules when raw data is saved. Once raw data is
saved, you can export during off-line analyses.

= Set the trace time (recording time) to less than 10 minutes and trace intervals to longer than
the trace time. Particularly, keep the trace time short for long-term recordings lasting days,
weeks, or months

= 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.

Please refer to section 4-3.2. Field potential duration analysis (page 102-) for instructions on how
to set analysis parameters.
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4-2. Drug testing

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 off-line.

1.

2.

10.

Open the “QT_recording” or “Beat_recording” workflow template.

Set the acquisition parameter and check the “Auto-pause” check box.
(Fig.4-2.1) Acquisition will be PAUSED automatically after each trace

recording is finished.

Set the analysis parameters (refer to page 102-107). Save it as your

own workflow. ([Workflow] > [Save as])

Open the Detect beating tab. Start recording in Mobius with clicking
GREEN-RED button. The first phase (baseline) will start from time 0.

When the first phase is finished, Mobius pauses automatically.

Acquire MEDGY Data

—hcquired |

Trace # Trace duration remaining

0 0:0000 |
—Timing

# Traces |5 - l

¥ Auto-pause
Trace duration

Hours Tefir Sec
o e e
Fig.4-2.1.

= If the “Auto-pause” check box is NOT checked, pause Mobius by

clicking YELLOW button.

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

not be added.

Apply the drug during the “pause”. Click
[Annotations] > [Add New phase]. Type the
name for the 2nd phase. (e.g. 100nM E4031)
(Fig.4-2.2)

When the OK button is clicked, a yellow bar
with the chosen name appears. This can be
done in modules such as [Extract Spike Mea-
sures], [Display Beas per Minute], and/or
[Display interspike intervals]. (Fig.4-2.3)

Re-start Mobius by clicking GREEN-RED but-
ton.

When the 2nd phase is finished, Mobius
pauses automatically again. (Or pause Mobius
manually by clicking the Yellow button.)

Click [Annotations] > [Add New Phase], then
type the name for the third phase. (e.g.
1000nM E4031)

Re-start Mobius with GREEN-RED button and
run Mobius to the end of experiment. (or add
subsequent phases with same procedure and
run Mobius to the end of experiment.)

iz.moflo — [Rev 84 on 2011/01518]
ectory = || Annotationz «

| frverages
& Data Delete Last Phase
pe Delete All Phases
j 1
i
— x
Mame of phaze about to start:
vl |DIDDnM E4031] |

Canecel |

wn Firing Event 199

Eeesssssssssesss—n |00
Fig.4-2.2.

TimeOf AmplitudeMin Tal

g T g
a5 3 a8
Ti

"Fig.4-2.3. Phase bar on the [Extract Spike Measures]
control panel.
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4-2. Drug testing

11. The Fig.4-2.4 shows the [Extract Spike Measures] module with added phase bars.

12. 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 off-line. (Refer to page 110-112 for detailed instructions on how to make
a dose-response-curve.)

Bazzline

TimeCf AmplitudeMinTaMax( ms)

ol
1} 2 4 [ 10 12 14 16436

2
Time (minutes)

Fig.4-2.4. 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-
tions.
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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

recording 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. Replaying acquired data

1. Open the analysis workflow.

m Layout  Hel )
‘-_f — Click [Workflow] > [New] > [From Tem-
o oo | T plate].
Close
Save Ctrl+S
SaveAs.. CuleA Select [SU-MED640_1280x1024] > [QT] >
Edt 2 [Spontaneous_analysis] folders, then select
Bit  CtleX a workflow template.

Open Workflow Template

@a\_/.v‘ <« mobius files ¥ Workflow Templates » SU-MEDG40_1280x024 » QT » Spontaneous_analysis .
= — In order to open your own analysis workflow,
rganize v ew Tolder -
- click [Workflow] > [Open]. Select the analy-
& Downloads - Name Date modified Type . . -
%] Recent Places ) o sis workflow file (.moflo file).
. 5] Beat frequency_analysis.moflo 011/04/112216  MEDG4 Mobiu
= b |8 Export_for_propagation_analysis_spontan... 2011/04/11 22:16 MEDG&4 Mobiu:
’“j'D'a"ES . &) QT_analysismafio 2011/04/11 2215 MED64 Mobiu:
Y Documents | _
rJ? Music 1

Fig.4-3.1. Opening analysis workflow template.

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 Fig.4-3.2), the data is ready to be replayed by clicking the
Green or Green-Red button.

= Opening large size of data takes several minutes. (e.g. Opening 10GB data takes over 1 min-
ute.)
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4-3. Replay and analysis of acquired spontaneous data

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

Filename

|2[)1 01004 _14h35%m59_QT modat

Traces 1

Tracetime 0

Delay {ms) | 1]

to 1000

to 120000

Channels  20-22, 28-30

-

ms

2

Workflow  Layout Help

P o
Main beating | measurement | averages

M H Working Directory = | Annotations ~

Traces 1
Trace tme 0

Channels  1-64

Trace

Trace time

Replay Raw Data Fil
Filename

Display Al Channels

to |1
to 30000 ms

Delay {ms) ‘D v| [ |&] Data Filename

« Users » Public » medéddata » demo-iPS-CMLOL004 =

New folder

& Downloads * Name Date modified

| Organize

= Recent Places

| 20101004 14h39m59s_QT.meodat 2010/10/1317:10

. Libraries

£ Documents

m

@ Music
k=l Pictures

B8 videos

P

b

i) 7

Fig.4-3.3. Replayed spontaneous myocardial 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 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 102-107)

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 Minute / Display Beats per Minute

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 Mea-
sures].

The [Compute Measure Averages] module computes and graphs the averages of the waveform analy-
sis. The extracted long spikes are sent to [Compute Beat per Minute] module for their frequencies to be
measured 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 l l “Main” tab
Display : Export “Detect beating” tab
All Channels Extract Long Splkes Raw Data
| “Measurement” tab
M } |
Display CoTTIE Besle ; ; “Averages” tab
Extracted Spikes pe?Minute Filter Spike Data g
Save Beats Display Beats . .
per Minute per Minute Filter Spike Data
Extract Spike Measures
I
Save Measures Data|  |Display Results Table Compute Measure
Averages

Save Measure
Averages

Fig.4-3.4. Module configuration for the “QT_analysis” workflow template.
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4-3. Replay and analysis of acquired spontaneous data

= a8
Waklon eyt Help

"reo M Werkirg Drectory = Amotations =
Man  Devoct boatre | Meaiosment | Avmsees |
Extract Long o - i A‘f““‘“‘“’u’/ Compute Beats
Spikes paa— L B ————— O per Minutes
: Er m———— Save Beats
i — per Minutes
Display Extracted

Spikes I

3 e

418

Chareed [T =] Dusen)[5 =] Avosceln

Disolay Daats par Hisia

Display Beats
er Minute
P T |

Filter
Spike Data

=8z

ave Measures
Data

Extract Spike “ .
Measures — g il
n :E 3
Dlsplay ReSUltS Charrel [7 =] [ Awerage [T ] T Gapirn | I Latwi Peset | Probe [T ] Snc Towsh [T v]% Window [75 7] ma [ Mide phases = Autesesis Messures Edé Meaaures
Table e
\ Save Measure

Averages

aabpuin matin - {Hers B4 s 3811701/ 10]

Compute Measure ' - = -
Averages
(for Extract Spike Measures)

Fig.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 “Averages”

tabs. Please refer to section 4-3.3, Beat frequency analysis (page 108-109) 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 Beat frequency) / Save Measures Averages (For BF)

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 saved as a "CSV" formatted text file.

Replay Raw Data File

h 4 h h 4
Display . Export
All Channels Extract LOHQ Splkes Raw Data

Yy v h 4 h
Display Compute Compute
Extracted Spikes Beats per Minute Interspike Intervals
Save Beats | Display Beats Displa
per Minute perMinute Save IS| Igl Y Compute Measure Averages
“Main” tab l
“Detect beating” tab Save Measure

Averages

I «Averages” tab

Fig.4-3.6. Module configurations for the “Beat_frequency_analysis” workflow template.
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4-3. Replay and analysis of acquired spontaneous data

[8 Mobiuz Win? 0.3.9 -~ Beat_analysis.moilo — [Rev $4 on 2011/01/18]

Workflow  Lsyout el
L)

i Dotect beatig | froscages |

Extract Long Spikes

bl || Werhire Directory =

Feratstens -

Display Beats
per Minute

Compute Beats

Chanrel

gy irrepin hisvals

Wterspin Titarval

per Minute
Save Beats
per Minute W
Compute utsen Cheel Bt

ms

Interspike intervals

Save trrspibn tereabs

Fileriame il

Save Interspike/'

intervals

I Enshle

[Display Exvacied Spkes

Display Interspike
Intervals ]

Display Extracted —
Spikes

Ertiacte Sodms

Pobantial (m)

: 3 i 13

Trace time ()

Chaneal 11 «| Durationie) [ =) Autoscsle

[ Mbiass Wi 933 — Leat analysin motle = [Rev 84 an 2011/ 1)

Workfm  Laos g

LN

A0 x|

W e heeclaturn
!-n _r«nw_-- -- - -
[Eumguse Wewsurs Frorngms - B - |
Mepm are i =] -I'A—.r-—-cdl..
Eratie |
Compute Measure
Averages (for ISI)
\
i
Save Measure — _
Averages /Wﬁ — e
(for 1SI)

Fig.4-3.7. Control panels for the “Beat_frequency_analysis” workflow template. “Detect beating” tab (top)

and “Averages” tab (bottom).
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4-3. Replay and analysis of acquired spontaneous data

“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 113) 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

ExtractLong Spikes

. y
_ Display
FilterRaw Data All Channels
y
Filter Raw Data
s y
Display

AllChannels

y

y

Save Spikes Display

Extracted Spikes

“Main” tab
“Filter” tab

[ “Detect beating” tab

Fig.4-3.8. Module configurations for “Export_for_propagation_analysis_spontaneous” workflow template.
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4-3. Replay and analysis of acquired spontaneous data

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»

Fig.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. Replay and analysis of acquired spontaneous data

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 95)

2. Open the “Detect beating” tab and check the “Disable” box on the d @) | ) | o) | ms) |
[Extract Long Spike] module.(Fig.4-3.10) Run Mobius with Green but- | : -003 | 50 | 480

ton, and then stop.

3. Select a SINGLE channel for analysis with the channel selector in the
[Acquire MED64 Data] module. (The channel sector pops up when the E
box next to channels on the [Reply Raw Data File] module is clicked.)

Notice:

It is technically possible to select more than single channel for
analysis. However it is NOT recommended to do so because

Extract Lone Spikes
¥ Disable
+Thresh |-Thresh | Pre Post

I

Chaninel

-0.03 il 450

3 -0.03 il 450
4 -nnza 41 4N

Fig.4-3.10. Disable button.

A torm oF

selecting more than 1 channel slows down data processing, and Fig.4-3.11. Channel selector.
makes your analysis more difficult unless the signals are synchronized.

If you would like to analyze more than 1 channel simultaneously, copy the analysis workflow
file and data file to another folder, and then replay and analyze using the copied workflow.

(This is NOT possible for acquisition.)

How to set thresholds

1) The numbers for Thresholds and Pre/Post times can be changed
by double-clicking and typing numbers directly on the chart.
(Fig.4-3.12)

2) Pre/Post times must be identical for all 64 channels.

3) The number changed for threshold can be applied to all another
channels by right-clicking the number and selecting Apply to All.
(Fig.4-3.12)

Different numbers can be selected for thresholds.

“Disable” button: When this check box is checked, long

spikes are NOT extracted. It is used mostly for acquisition.

Notice:

It is not recommended to set thresholds both for + and -.

Select either one or detect 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. (Fig.4-3.13)

Open the “Detect beating” tab. Uncheck the “Disable” button (Fig.4-3.12), and set thresholds.

Extract Long Spikes
[~ Disable
Channel +Thresh (mV) | -Thresh {mV} Pre {ms]
1 J— | E— 1]
-0.05 50
-0.05 50

-0.08 i}
=N n& RN

EJFN Y[

Extract Long Spikes
" Disable

Channel +Thresh mV) | -Thresh (mV) Pre (ms) F
1 h_‘—L' -

-005 Apoly to Al
-0.05
-0.08
-0.08

' Sl
Fig.4-3.12. Changing the
thresh0|ds.

200
0000
|

-0.200

o |en|en [enra

-0400
-0.500

1 1 1 I 1 1
45 46 48 5 52 54

Fig.4-3.13. Bad example for spike
extracting.
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4-3. Replay and analysis of acquired spontaneous data

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. (Fig.4-3.14)

[Bplay Extracted Spkes

Dovscnnd Sohes

Polental (n\}

i oo SH
Tine (n)

a i
Trace time (s}

|rxmr|m Buaten (3} i x] Atcoca
Fig. 4-3.14. Long spikes are extracted (high-lighted with light green color).

How to modify the charts in the [Display Extracted Spikes] module

= [Trace] chart (left):

Display Extracted Spikes

The time scale for amplitude can be changed by clicking and typing in -
the desired minimum and/or maximum values. (Fig.4-3.15). -

< (00
E

The time duration can be changed in the “Duration” drop down menu.
(Fig.4-3.16)

Fig. 4-3-15.

= [Extracted Spikes] chart (right):

The scale for amplitude and time can be changed by click-
ing and typing in the desired minimum and/or maximum
values. (Fig.4-3.15)

Ghannel 28 ~] Duration (=) = Autoscale |
= The scale can be adjusted automatically by clicking [Auto- Fig.4-3.16.
scale] button or double-clicking anywhere on the chart.

Open the “Measurement” tab by clicking the tab name. The extracted long

. . . 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. (Fig. 4-13.17) Cutoff freg (Hz)
{1000 =]
Fig.4-3.17.
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4-3. Replay and analysis of acquired spontaneous data

7. Set the waveform analysis parameters in the [Extract Spike Measures] module.

The "Time of Amplitude Max To Max™ is the default setting. This measurement type analyzes
the time of amplitude maximum between the left-most 2 cursors and the right-most 2 cursors.
(Fig.4-3.18) Set the cursor by left-clicking and dragging them.

Time of Amplitude I
Max to Max

Add Measure I Measures Help ... I

Custorn Mame | Measure Type
TimeOf AmplitudeMax ToMax{ms)

D
TimetAmplitudeMinToMin
Timet&mplitudeMinToMax
TimeFromMinimumToHaIfMinimurJ
TimeFromMasximumToHalfasime
Channel Cursorl [ms] | Cull PERAmplitude Maximum

064 | 1PPRAmplitudeMinimum ;I

Fig.4-3.18. Definition of the “Time of Amplitude Max to Max”
(left) and how to select the measurement type (right).

8. 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”. (Fig.4-3.18)

= Please refer to page 105 for detail about the [Extract Spike Measure] module.

9. Replay data with the Green button. When you are satisfied with your Fs) Mobius 0.3.5 — [Rev 3010 on 2009/10/07 01
analysis parameters, save this as your analysis workflow. (Fig.4-3.19) TEliED | log R

The measurement chart can be saved as a “CSV” text file when the o ame | | onceae
workflow is run with Green-Red button while checking the “Enable” close

check box for [Save Measure Data] module is checked. (Refer to section ﬁmg I

4-3.7. Data output on pages 116-118 for details. T —— H.:,d

Exit Chri+% Ran

e The “QT_analysis” workflow template includes the modules for beat [ ™ L ('@

frequency analysis. Please refer to section 4-3.4. Beat frequency Fig.4-3.19.
analysis on pages 109-110 for details.

=F o [0 || Werking Dirscaony = | Aeretation =
Hain | Datect basting Messursment | Avarages |

Fiker Epba Cala Fiter Sede Data. [Eave Masares Cats
Fiter type Fiher tpm Fikname modies
ezl owepass 4 pote =] | [Fone =
! ) N b
Cansit e (He)

[1030 =qh |

[Extract Sodn Meausns

fume Fairg Dot 12
01
m

(1

Fotential (24)

-1

n

[ 10 2 o 0005 (1] (1] (11 [HL T

1 0.
Time (miranat)

Charenl [0 =] = dwersen [ =] Troces  Coptue | I Labets Roiol | Probe [Treil =] Syme Theash [0 <% Windom [T =] ma [ bide phases [ Autsacale Mossires Edit Meamres

[Dispiay Mesults Teoi

Fig.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 (bottom).
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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

Computes the “time” from the left-most vertical cursor (“cursorl”) to the first intersection of
the extracted spikes with the horizontal cursor AFTER the right-most vertical cursor
(“cursor2”). (Fig.4-3.21)

Sync Firing Event 36
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Potential (u\/}
P
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|

I
I
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| Time of Crossing Horizontal Cursor
-400 T—-I
|

=500 :

1 1 1 ] 1
0 300 400 500.05
Time (ms)

Fig.4-3.21.

Time of Slope Crossing Horizontal Cursor

= This measure uses four cursors as shown in Fig.4-3.22 - three vertical and one horizontal. It
computes the “time” from the left-most vertical cursor (“cursorl”) to the intersection of the
linear fit slope line computed on the data between the second and the third vertical cursor
with the horizontal cursor. (“cursor2” and “cursor3”). (Fig.4-3.22)

Sync Firing Event 568
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Potential (uv)
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300 55|)II|5
Time (ms)

Fig.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.

1) Raw data chart 2) Measurement chart

Extract Spike Measures

Sync Firing Event 95

500 ;
300

I | | | | | | | !
0 100 200 400 500 0 01 02 03 04 ng 1L 07 a8 09 034838
Time {ms) Time {minutes]
GCharnel [28 ~| M Average [5 x| Traces izpture Labels Ese\ Probe 1*“ =| Sync Thiesh [0 ~|% Window [128 x| ms [} Hide phases Autoscale Measures Edit Mgasures

7 8 9 10 3) Input fields
Fig.4-3-23. [Extract Spike Measures] module.

1) Raw data chart

1. The raw data chart on the left shows the extracted long spikes’ waveforms. The cursors for the
measurements are shifted by left-clicking and dragging.

2. You can zoom in on the Raw data chart by:

Extract Spike Measures

Swnc Firing

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, and then, type in the new value(s) for the | _
maximum and/or minimum. (Fig.4-3.24) =

The scale can be adjusted automatically by double clicking any- Fiﬁg.4-3.24.
where on this chart.

Extract Spike Measures

- . . Sync Firing Event 44
3. The cursor locations can be copied to all or specific channels by .

right-clicking and selecting the [Apply Cursors to All Channels] or 0
[Copy Cursors]. Select [Apply Cursors to All Measures] to copy the
cursor locations to all measures.(Fig.4-3.25)

Apply Cursars ta Al Channels
#pply Cursors to All Measures

Apply Cursars to All Channels and Measures

Gapy Gursors

Paste Cursors

Fatential (u\)

Gopy Data

Selecting [Copy Data] allows you to copy the waveform data and
paste to an excel worksheet.

GCapture Image

Zooming and P

Fig.4-3.25.
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4-3. Replay and analysis of acquired spontaneous data

2) Measurement chart

The time course for the selected measurements is graphed here. Zoom
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.

Right-clicking anywhere in the chart and selecting [Copy Data] allows
you to copy the measurement data and paste to an excel worksheet

Delete

£
e
2
3
g
=
3
=
£

(Fig.4-3.25). Selecting [Capture Image] allows to copy the chart Time OfAmplitudeMinToMax(ms)
image. 148.05

161.65
156.1
162.9

156.75

Fig.4-3.26. Copy data.

3) Input fields for the [Extract Spike Measures] module

1.

2.

Channel No: Selects the channel for display.

“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.

“Capture” button: Sync Firing Event 219

Click the Capture button on three different waveforms aoo | ) RN SN ) N !
to capture each of them on the screen. (Fig.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. v R T T D

"X-labels" checkbox: - ' b e ™ ” e
Check this box to display the X-axis positions of the Fig.4-3.27

cursors in the left Raw data chart.

Patential (ul)

“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.

“Probe” dropdown:
This input field will be fully enabled in future upgrade.

“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

10.

“Hide Phases” check box:
The phase bars (yellow bars with characters on the measurement chart) are hidden when this but-
ton is clicked.

“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.

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. (Fig.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
am TimeOf AmplitudeMinToMax( ms) TimeOf Amplitude MinToMax ;I
Slope 1090Linear Fitlut/ms) Slope 1090LinearFit A

AmplitudsMaximum
AmplitudeMinimum
AmplitudePeak ToPeak
Areafbsolute
AreaPopSpike
il

300

Cursor1 {ms)

TimeCf AmplitudeMin ToMax{ ms;

Slope
TimeOf implitudeMaximum
TimeOf AmplitudeMinimum
TimeOf AimplitudeMax ToMax
TimeOf AmplitudeMax ToMin
Time0f AimplitudeMinTaMin
TimeOf implitudeMinTaMax
TimeFromMinimumToHalfMinimum
TimeFromMaximumToHsfMaximum
TimeOfCrossing HorizCursor
TimeOfSlopeGrossing HorizCursor
PPRAmplitudeMaximum
PPRAmplitudeMinimum
PPRTimeOt Amplitude Maximum
FPRTimeOtAmplitudeMinimum

500 " " | — PPRAmplitudePeak ToPeak

1 200 400 50005 005 0 01561 P eapbehie

Time (ms) Time (minutes) EE%PW%&TF" .

lope inear Fit

Channel (29 v| ¥ Average |3 v| Traces  Capture ||' Labels Reset | Probe [Iwell ~| Sync Thresh |0 =|% Window |125 | ms [~ Hide phases ¥ Autoscale MeaslPPRSIopel0dilinearFit

Fotential (ut)

-200

=300

-400

Slope 1090Linear Fit(uVy/ms)

Custom Name Measure Type
TimeQfAmplitudeMinTaMax(ms) TimeOf AmplitudeMinTabax

Slope 1080 LinearFit(u\iaus CITTTTA—,
Add Ii

4) ——p

Curs Gopy Cursore Cursor2 {ms)

20 1 Pazte Cursors | 6261

Fig.4-3.28. Edit Measures.
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4-3. Replay and analysis of acquired spontaneous data

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.

1. Open the analysis workflow template and data file. (Refer to page 95)

2. Open the “Detect beating” tab and check the “Disable” box on the —
[Extract Long Spikes] module.(Fig.4-3.29) Run Mobius with Green 5 Disableg i
button, and then stop. Charme) [FTresh [ Thvesh [ Pre. | Post

I

mV) | V) | fms) | fms)
-0.03 a0 450
3. Select the channels for analysis with the channel selector in the 2 -003 | 50 | 480

[Replay Raw Data File] module. (Channel selector pops up when the ; oo L B0 L 46
box next to “Channels” on the [Reply Raw Data File] module is clicked. Flg 4-3.29. Disable button.

(Fig.4-3.30)

4. Open the “Detect beating” tab, and uncheck the “Disable” button. Set
the thresholds in the [Extract Long Spikes] module by following step 4
in section 4-3.2. Field Potential duration analysis (page 102).

Fig.4-3.30. Channel selector.

5. 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 Binnirg window size
Beats per Minute] control panel. £ Trace

& Arbitrary (=) m

Fig.4-3.31. Compute Beats per
Minute module.

Compute Beatz per Minute

The default setting has 10 seconds selected for the Binning win-
dow size. Extracted long spikes are counted every 10 seconds.
Selecting "Trace" instead of "Arbitrary (s)" means that spikes
are counted for the whole trace.

6. 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 chan- fiverage Channel 151
nels and displayed on the [Display Interspike Intervals] module. B803.7 ms

Compute Interspike Intervals

The “Average Channel ISI" function in the [Compute Interspike
Intervals] module measures the average time between the two Fig.4-3.32. Compute Interspike
most recent spikes across all active channels. Intervals module.

7. Replay data with Green button. When you are satisfied with your analy- g
sis parameters, save this as your analysis workflow. (by clicking [Work- | werkies | Levat  Hein

flow] > [Save As])(Fig. 4-3.33) e | e
Close
8. In order to save these charts as "CSV" text files, check the “Enable” box om—— E
on the [Save Beats per Minute] (and/or [Save Interspike Intervals]), =0 - H.:,d
then replay data with GREEN-RED button. (Refer to section 4-3.7."Data Exit ey (Ran
output on pages 117-119). |k = [0
Fig.4-3.33.
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4-3. Replay and analysis of acquired spontaneous data

ok flow Help
| K [ || Warking Directary = | Annotations ~

Main  detect besting | averages |

Extract Lone Spikes Display Beals per Minule
r Beat Frequency
+Thresh | -Thresh | Pre | Post |«
Channel "0 | o) | i) | ) 104
1 50 g0 [,
2 -05 | 60 | 460 E
f -05 | &0 | 50 =
1 -05 | 50 | 50 5
5 -05 50 450 “;
§ -05 | 60 | 460 ki

Gompute Beats per Minute

Binning window size

" Trace
& Arbitrary (=) [10 - Chanrel [23° +
Save Beats per Minute Display Interspike Intervals

Filename modifier

r

Gomputs Interspike Intervals

Average Channel IST
6037 ms

milliseconds

Save Interspike Intervals i
Filename modifier

035
Time (minutes)

r Charmel [20 =
Display Extracted Spikes
Trace | Extracted Spikes
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: : '

AE] AE]
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Fig.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. Replay and analysis of acquired spontaneous data

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.

Casel: How to make a dose-response-curve of the acquired data with phase bars
-Based on the instructions in section 4-2. Drug testing (page 92-93)-

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.

] Mobius Win? 0.3.9 —— 20101004_14h39m59s_QT.moda

Wiorkflow | Layout  Help

"> o

notations

1) Create a new tab by clicking [Layout] > [Add Tab] and typing Main dete  DeleteTab
the name for this tab. (Refer to Fig.4-3.35) EEEIER  FenameTah o Bests ¢
I Disable Charts Backeround Color ..
2) Open the new tab_, and t_hen open the “Mobius Editor” by clicking  [oheme T 5 ™ T e
[Workflow] > [Edit]. (Fig.4-3.36, left figure) ; T
3 -0.1 50 |Dose-resp0nses|
3) Click the [Extract Spike Measures] on the left “Workflow” box, : L1150 [ 0: mm

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. (Fig.4-3.36)

Fig.4-3.35. Adding a new tab.

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 © 0 K M| Werking Direstory - | Annotations ~ |

Wain | Detect beating | Measurement Dose-responses |

kO KM HWorklng Directory ~ Pmnotatlonsv|

Main | Detect baatingl Measuremem@

8] Mobius Editor =t

Compute Measure Averages

L 13 Mobius Editor

tivarkeflowy Available task panels

=101 x]

Workf love

Available task panels

Replay Raw Data File
Dizplay All Ghannelz
Extract Long Spikes
Dizplay Extracted Spikes
Export Raw Data
GCompute Beatz per Minute
Filter Spike Data
G Filter Spike Data
B

B Save Measures Data

W Display Results Table
Save Beats per Minute
Dizplay Beats per Minute

T Compute Measure Averages
@ Display Results Table
W Save Measures Data

Ghanhe

Replay Raw Data Fils
Display All Channels
Extract Long Spikes
Display Extracted Spikes
Export Raw Data
GCompute Beats per Minute
Filter Spike Data
Filter Spike Data

{3 Extract Spike Measures
Save Measures Data

Display Rezults Table

ompute 8

Compute et
Save Beats per Minute
Display Beats per Minute

Erages

T Display Results Table
B Save Measure Averages

Fig.4-3.36. 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. The control
panel for this module now appears (right).

Set the analysis parameters according to the instructions in 4-3.2. Field potential duration analysis
(pages 102-108).
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4-3. Replay and analysis of acquired spontaneous data

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 Fig.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.

Extract Spike Measures

Sync: Firing Event 670
500

Fotential {uW)
i
TimeQfAmplitudeMinToMax{ms)

i ) o
400 60005 0 2 3 B il 10 12 14 16436
Time (ms) Time (minutes)

Channel [29 »| [ Average [3 | Traces Capture ||- Lahels Reset | Probe |l well »| Sync Thresh |0 =|% Window |125 ~| ms [ Hide phases V' Autoscale Measures Edit Measures

oz b [ i i
Frase

Chael [T =] [ Useiast [F =] ptefphase M [T TimeciAmeinodeble Tobadm]
Fig.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 4-3.7. Data output on pages 116-118 for details.)
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4-3. Replay and analysis of acquired spontaneous data

Case 2: How to make a dose-response-curve with acquired data using

“QT_analysis” workflow template -How to add phase bars-

The “QT_analysis” workflow template includes the [Compute Measures Average] and [Save Measure
Averages] modules. It is not necessary to add those modules to this analysis workflow. However, phase
bars need to be added.

1.

2.

Open the “QT_analysis” workflow template, and then open the data file. (Page 94-99)

Set the analysis parameters according to the instructions in the 4-3.2. Field potential duration anal-
ysis (page 102-108).

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],  ectory = || Annotations =

then, type the name for the new phase.
(Fig.4-3.38)

Now you will see the new bar at the right Belits A1l Hoamse
chart of the [Extracted Spike Measures]. P I

(Fig.4-3.39) S| |- x

| fverages

e Data Delete Last Phase

Mame of phase about to start:
= Do NOT stop Mobius with Black button. ~| [0T00nM E403T] |
You will not be able to add more phases.
Ok | Canecel |

yhc Firine Event 199
When the second phase finished, pause || |
; ; I
Mobius again and make a new phase.

*The location of the phase annotator (yellow Fig. 4-3.38.
bar) can be shifted later. 550

240

-z 220

Replay the data to the end. Averages and
standard deviations are computed and
graphed for each phase (dose) in the Average
tab. (Refer to Fig.4-3.37)

M m
E

=

TimeOfAmplitudeMinTol
=

In order to save the average chart, save it as
your own analysis workflow first. Check the
“Enable” check-box on the [Save Measure 7Fig.4—3.39.
Average] module, and run Mobius with

Green-Red button. (Refer to section 4-3.7.

Data output on pages 117-119 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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4-3. Replay and analysis of acquired spontaneous data

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 93.)

Open the data file, and replay the data by clicking the Green button.
(Refer to section 4-3.1. Replaying acquired data on page 94)

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 102)
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. (Fig.4-3.40) Filename modifier

Itime_DfJ:neark

¥ Enable storaee

{* Time stamps only Dawnsampling

" Time stampz + spikes 1/ I] .I

Click the Green-Red button so that the time Fig.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-

|'Data type ————————————— Spike
ing [Workflow] > [Save as].

Open the “CSV” file with excel. (Fig.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 Fig.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. (Fig.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'."

Fig.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” exel file.
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4-3. Replay and analysis of acquired spontaneous data

1
2
.
3 W65-70
W60-65
% B55-60
kY O50-55
4 H45-50
W40-45
g35-40
|30-35
5 a25-30
/ ] ®20-25
7 E O15-20
/ —_ dqg-
| 6 10-15
85-10
= — _ dp-5
7
s
’ 8
1 2 3 4 5 6 7 8

Fig.4-3.42. A propagation map generated in the [map] sheet of the “Propagation_analysis spontaneous file.
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4-3. Replay and analysis of acquired spontaneous data

4-3.7. Data output

Mobius has several modules for data output of cardiomyocyte signals and their analysis. When the
workflow is run by clicking Green-Red button with the check-boxes for the Save and/or Export modules
checked, the data are saved and/or exported.

Channels for the Saving/Exporting are chosen with the channel selector in the [Replay Raw Data File]
module. Channels shown with green will be enabled. File names for all export/saving modules can be
modified by directly typing them into the Filename modifier box.

1. Export raw data

The [Export Raw Data] module is used. The raw data (waveform) is exported either as 1) Binary shorts

(2 byte integer values), 2) Binary doubles (8 byte floating point values), or 3) ASCII text in “CSV” for-
mat.

File Formr 20071201

Session 2010/10/04 14:31:18 +09

time_ms ch20.mV c¢ch21_mV ch22.mV c¢ch28_.mV ¢ch29.mV ch30.mV
0 -0.01953 -0.12818 -0.00244 -0.01831 0.06592 0.004883
0.05 -0.01831 -0.13062 -0.00732 -0.02441 0.063478 0.003662
0.1 -0.01587 -0.13916 -0.0061 -0.02075 0.070803 0.008545
0.15 -0.01831 -0.14039 -0.00488 -0.02441 0.06592 0.010987
0.2 -0.02075 -0.14161 -0.00366 -0.02319 0.069582 0.010987
0.25 -0.02441 -0.14527 -0.00732 -0.02686 0.059816 0
0.3 -0.01343 -0.13672 -0.00122 -0.02075 0.064699 0.001221
035 -0.01343 -0.13672 -0.00488 -0.01831 0.06592 0.003662
04 -0.02197 -0.14039 -0.01831 -0.02075 0.059816 0
045 -0.01465 -0.1355 -0.01221 -0.01831 0.068361 0.004883
05 -0.01465 -0.13672 -0.00855 -0.02319 0.064699 0
0.55 -0.02197 -0.15015 -0.01709 -0.02197 0.061037 0.001221
0.6 -0.00977 -0.1355 -0.00366 -0.01953 0.068361 0.008545
0.65 -0.01953 -0.14283 -0.01221 -0.02075 0.068361 0.003662
0.7 -0.01343 -0.13184 -0.01099 -0.02319 0.072024 0.004883
0.75 -0.01953 -0.14039 -0.01587 -0.01953 0.070803 0.007324
0.8 -0.00977 -0.13916 -0.01221 -0.02197 0.072024 0.007324
085 -0.01465 -0.13794 -0.01221 -0.02075 0.070803 0.003662
09 -0.01831 -0.13916 -0.01343 -0.02197 0.064699 0
095 -0.01831 -0.14161 -0.01587 -0.02197 0.063478 -0.00244
1 -0.02075 -0.14039 -0.01587 -0.02319 0.069582 0.003662
1.05 -0.01465 -0.13184 -0.01099 -0.01709 0.072024 0.007324
1.1 -0.01953 -0.13916 -0.01221 -0.02197 0.068361 0.003662
115 -0.01831 -0.13428 -0.01465 -0.02319 0.061037 -0.00488
1.2 -0.02319 -0.14649 -0.01831 -0.02075 0.061037 -0.00366
1.25 -0.01831 -0.14161 -0.00977 -0.01953 0.058596 -0.00122
1.3 -0.01587 -0.14527 -0.01099 -0.02319 0.056154 -0.00122
1.35 -0.01465 -0.13794 -0.00977 -0.01587 0.063478 0.007324
1.4 -0.01831 -0.1355 -0.01099 -0.02319 0.062258 0.007324
1.45 -0.01587 -0.13672 -0.01465 -0.02686 0.061037 -0.00122
1.5 -0.01831 -0.13672 -0.01343 -0.02197 0.061037 -0.00244

Fig.4-3.43. Example of raw data (waveforms) exported in ASCII format displayed in excel. Data for channel

20, 21, 22, 28, 29, and 30 were exported.
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4-3. Replay and analysis of acquired spontaneous data

2. Save the measurement chart

The [Save Measures Data] module is used. The
measurement values in the [Extract Spike Mea- File Format 20080210
sures] module are saved as a “CSV” formatted text Recording 2010/10/04 14:39:59 +09

file.

Time OfAmplitudeMinToMax(ms)
Tracett Phase Time (s) ch29

1 Baseline 1.531 148.3

2 2.136 1614

3 2.74 159.65

4 3.344 158.2

5 3.946 155.4

6 4549 158.1

7 5.152 152.35

8 5.755 153.2

9 6.356 153.15

Fig.4-3.44. Example of the “Time Of Amplitude 10 6.956 158.85
Min to Max (ms)” for channel 29 saved as a “CSV” 11 7557 158.7
text file and displayed in excel. 12 8159 158.6
13 8.762 157.45

14 9.366 158.1

3. Save the beat frequency data
The [Save Beats per Minute] module is used. The beat frequency data is saved as a “CSV” formatted

text file.

File Format 20071201
Session St2010/10/04 14:39:59 +09

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 Fig.4-3.45. Example of the beat
460.641 96 96 96 96 frequency data for channel 21,22,
470441 s 9 s s 2 uNsaedssacoy
480 A41 9A [¢]3) [¢]3) [¢]3)
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4-3. Replay and analysis of acquired spontaneous data

4. Save the inter-spike-interval data

The [Save interspike intervals] module is used. 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.

File Format 20071201
Session St2010/10/04 14:39:59 +09

time_secs phase ch21 ch22 ch29 ch30

NC NC NC NC
0.92355 Baseline 605.4 605.35 605.35 605.3
1.529 605.45 605.5 605.25 605.55
2.1335 604.5 604.5 604.6 604.45
2.7376 604.1 604.1 604.05 604.1
3.34125 603.65 603.7 603.8 603.75
3.944 602.75 602.75 602.5 602.75
4.5469 602.9 602.85 603.15 602.85
5.14945 602.55 602.55 602.55 602.5
5.7525 603.05 603 603.05 603.05
6.3536 601.1 601.1 601 601.05
6.95395 600.35 600.45 600.5 600.55
7.55505 601.1 601.1 600.75 601.1
8.1571 602.05 602 602.25 601.9
8.75975 602.65 602.6 602.7 602.6
9.3635 603.75 603.7 603.7 603.7
9.96775 604.25 604.35 604.25 604.4
10.57155 603.8 603.8 603.8 603.8
11.17725 605.7 605.65 605.7 605.7
11.78425 607 607 607 606.9
12.3899 605.65 605.65 605.65 605.7
12.9965 606.6 606.6 606.65 606.55

Fig.4-3.46. The inter-spike-interval data for channel 21, 22, 29, and 30 saved as a “CSV” file displayed in excel.

5. Save the average chart

The [Save Measures Averages] module is used. 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 4877 Fig. 4347 Th d standard

ig. 4-3.47. The averages and standar
0100nM E4031 186.493 6.663 deviations of the “Time of Amplitude Min to Max”
1000nM E4031 212.575 1.272 for channel 29 is saved as a “CSV file and

displayed in excel.
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4-4. Recording of evoked myocardial signals

4-4. Recording of evoked myocardial signals

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 MED64 Data w/Stim / Display All Channels / Export Raw Data
Pacing measures Extract EP Measures / Save Meausres Data

Acquisition and stimulation parameters are set in the [Acquire MED64 Data w/Stim] module. Evoked
signals are extracted and their amplitude, slope, time, and area are analyzed in the [Extract EP Mea-
sures] module. 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 MEDG4 Data w/Stim
“Main” tab
¥ h
Display Export “Pacing )
All Channels Raw Data gﬁasures
h

Extract EP Measures

Save Measures Data

Fig.4-4.1. Module configuration for “Pacing_analysis” workflow temmplate.
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4-4. Recording of evoked myocardial signals

Setindne notin = ) aigix) Acquire MED64 Data
Workfiom  Layout  Help .
B P @ [0 || Mg sy = | ewetaira = w/Stim
R | =y
m:.::::uu ta it o T Lm“ *’/ EXpOft Raw Data
T3 Tims desten s e | T ® Tose duimarmann || Do || o 28] 250 18] Sap 48] St 6] S 4] v -‘*.I.’.’».‘v.lﬂ4 |
1 0:00:00 1 0:00:00 7 S onabled et @VI WP @V OF """";’—d _——

[FT =] ¥ Stimuisnoe Enchled j 1 DlSplay All Channels

Ty | Length (ma) | Aevgikbunde (il

xtract EP Measures

: F
e e T Filname mosiisr [T oJrups Goehree s GALON ne
par ar 3 (Lo e e Save Measures Data

| Muteacale Onee | [ Ausscals  Volses M/ded [T17 =] Durshon (a0 =] | Caphwe | 9 Bia 2 CHa = . il - A e X _ . 4

Fig. 4-4.2. Control panels for “Pacing_analysis” workflow template. "Main” and “Pacing measures” tab.

Opening the workflow template
1. Click [Workflow] > [New] > [From Template].

2. Select [SU-MED640_1280x1024] folder. Select [QT] > [Pacing_recording] folder, and then the
“Pacing_recording” workflow template.

[B] Mobius win7 039  [Rev 84 e 201170/ L5
[ = |

Close
ave Ctrl+5

ave As.. Ctrl+A Open Workflow Template

Edit F12 @\ )=/l « Mobius + mobius files b Worldlow Templates b SU-MEDGAN 12801024 » OT b Pacing recording -T4]

Exit Ctrl+X Organize + New folder
B Downloads  *  MName : Date modified Type Size

| Recent Places P - - P
|8} Pacing_recording.mofle 2011/04/11 22:27 MEDG4 Mobius W... 3KE
= Libraries
£ Dacuments
& Music
=/ Pictures

B2 videos

Fig.4-4.3. Opening workflow template.

Mobius Tutorial (SU-MED640): Cahper 4 - Mobius QT 121



4-4. Recording of evoked myocardial signals

4-4.2. Setting the acquisition and stimulation parameters

Acquisition and stimulation parameters are set in the [Acquire MED64 Data w/Stim] module.

Acquire MEDES Data w/Stim
—#cquired —fnalyzed —Stimulation
Trace #  Trace duration remaining Trace #  Trace duration remaining Step 1 | #5tep 2#' #otep 33' #Step 43' #Step 5};' #5tep 5#' #Step ?#l #5tep 3#'
1 0:00:00 1 0:00:00 (8)| F Step anabled legend: D W1 EF @Y2 [F2
—Timing —Hardware ) IFI j [V Stimulator Enabled 120
(1) #];'Baces A F]{«;EEE fu) LIDW cut freq (Hz) Type Leneth (mz) | Amplitude (ua) | =]
I | ( IOh | 55)| j(lO) -] mw 000
Trace duration annels -
Hours Min Sec (6 I]_m— Pulse x| 020 ~ 10000 0
@p = [ =[5 =] - [Gonst =l 43¢50 000 -
T interval [ Save raw data - ™ Repeat pattern ta trace end
Hroaucrz in Er;‘:ﬂ?n Ses (7 Filename modifier ] = |Rems Single rep = B00.00 me
All reps = 50000 ms
) S N O | | & -120
[V Enzble storaze 0 jv (+/—u|q);| ;I I Auto Ine

/
(11 (120 14 13) (19
Fig.4-4.4. [Acquire MED64 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 (0.5 sec for Trace Duration / 1 sec for Trace interval), stimulation is applied
every 1.0 second .

0.5 sec. -

N

Recording

1.0sec «I- Stimulus pulse

4. Range (uV): Signal range (Maximum input signals level).

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.

6. Channels:

Select the channels for recording here. When the square box is clicked, the channel selector pops
up. Green shows enabled channels.

7. 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.
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4-4. Recording of evoked myocardial signals

Stimulati

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.

8.

10.

11.

12.

13.

Step enabled:

When the box to the left of [Step enabled] is checked, the Step becomes valid. The default settings
have Stepl enabled and Steps 2-8 disabled (shown with # next to each Step). Stepl stimulation is
applied at 1.0 second intervals.

= For example, if both Stepl and Step 2 are enabled, the Stepl and Step 2 are applied alterna-
tively at 1 second intervals.

Stimulator selector and check box:

Select the MED64 amplifier’s built-in stimulator (F1, F2, V1, or V2) here. F1 corresponds to [INT.
F1] on the MED64 integrated amplifier while V1 corresponds to [INT. V1]. Checking the box on the
right of “Stimulator Enabled” 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 waveform editor: Twvpe Leneth (m=) | &mplitude (ud) | =] i
Make your stimulus protocol here = 500 0on '
by selecting either [Const] or Fulse =] 020 Z1000n - :
[Pulse] and typing in the desired Const_~|| 40480 0.00 s L [ -
[Length] and [Amplitude]. Refer to
Fig.4-4.5 for a schematic represen-
tation of a stimulus protocol exam- 12 >
ple. 0.2ms
pre stimulation time: 5 msec
e The F1 and F2 channels do
NOT support decimal num- 0
bers. The smallest current
increment possible with the F post stimulation time: 494.80 msec
stimulator is 1 pA and 0.1 pA
with the V stimulator. 12 I ]
0 20 40 il g0 100
= Do NOT select [Ramp] for the Fig.4-4.5. Example of stimulus protocol and its schematic diagram.

stimulation with the MED64.
Only bi-phasic stimulation is recommended.

Repeat pattern to trace end check box:
When this box is checked, the stimulus protocol will be repeated to the end of the trace.

Reps selector:
The stimulus protocol set at the “Stimulus waveform editor” (10) is repeated the number of times
set here. Useful for multiple pulse stimulation.

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 in the left box. (14*) For example, if 2 is set in the box (14) 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.
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4-4. Recording of evoked myocardial signals

14. See #13.

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 (14) to each preceding stimulation pulse. This is useful for making
1/0 curves.

4-4.3. Execution button

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

H> O

Stop Run WITHOUT Run WITH Pause
saving data saving data

Fig.4-4.6. Execution buttons.

4-4.4. Before starting your experiment

When Mobius is run with the Green or Green-Red button for the first time after turning on your
MEDG64PC, it will take some time for signals to appear on the screen while signals stabilize and the iso-
electric baseline is zeroed at all 64 channels. Before you start your experiment, change the [Trace
Interval] to around 1-2 seconds temporarily and run several traces for a few minutes (WITHOUT the
stimulus cables plugged in) until the baselines at all 64 channels stabilize around O pV. After this, stop
Mobius and start your experiment.

iy ne rarne

Trace interval
Hours Iir Sec

Fig.4-4.7. Baseline traces before stabilizing (top-left) and stabilized
P =PF =fF = (top-right). The trace interval changed to 1 sec. (bottom-left)
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4-4. Recording of evoked myocardial signals

4-4.5. Recording of evoked cardiomyoyte signals

1. Set the acquisition and stimulation parameters in the [Acquire MED64 Data w/Stim] module
(Refer to section 4-4.2. Setting the acquisition and stimulation parameters on pages 122-124)

2. Run Mobius with the Green button.

3. Open the “Pacing measures” tab. Set the analysis parameters and cursors.
(Refer to section 4-5.2. Analysis of the evoked potential data on pages 129-131)

4. Save it as your recording workflow by clicking [Workflow] >[Save as]. [ Mabius D= e BTG FRITTIE

(F|g 4-4. 8) Workflow  Layout  Help
New v Erory - | Annatatio
Open. . o
5. Make sure the “Save raw data” in the [Acquire MED64 Data w/Stim] Close
- ave -+ Anal:
module is checked. ﬁm t
i . Edit Flz H.:rd
6. Run Mobius with the Green-Red button. Bt culex Ran
|—||uu =1 I?

= Mobius will require you to save the workflow as your own if you try Fig.4-4.8.
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 9-10)
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4-5. Replay and analysis of acquired evoked potential data

4-5. Replay and analysis of acquired evoked potential data

A Mobius data file (.modat) can be opened and replayed with the [Replay Raw Data File] module. The
evoked data can be analyzed using the [Extract EP Measures] module. 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 evoked data is using the "Pacing_analysis" workflow template introduced in this

chapter.

The Analysis workflow including the [Replay Raw Data File] and the analysis modules you selected for
your recording will be automatically saved to the same directory when you run recording workflow with
Green-Red button. Another quick way to replay and analyze the evoked data is to use the automatically

generated analysis workflows.

4-5.1. Replaying acquired data

1. Open the analysis workflow template.

m Layout Help

Y o
f Open..  Ctl+0 From Template ...

Save Ctrl+5
Save As..  Ctrl+A

Edit F12

Exit Ctrl+X

[£3] Gpen Wardiow Template

= Pacing_anabysic maflo

Fig.4-5.1. Opening analysis workflow template.

G w| b Mobrs b mobus fles » Weekflow Templates b SU-MEDGSD 1230:1028 » QT » Paceng srabyic

Click [Workflow] > [New] > [From Tem-
plate].

Select [SU-MED640_1280x1024] > [QT] >
[Pacing_analysis] folders, then select the
“Pacing_analysis” workflow template.

In order to open your own analysis workflow,
click [Workflow] > [Open]. Select the analy-
sis workflow file (.moflo file).

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 Fig.4-5.2, the data is ready to be replayed by clicking Green

button or Green-Red button.

3. 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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4-5. Replay and analysis of acquired evoked potential data

Feplay Raw Data File Workflow  Layout  Help
Filename 2 [} M H Working Directory - | Annotations -
20101004 _14h39m59%s_ 0T modat | | Mal ect beating | measurement | averages
Tiaces [T ta [T000 Replay Raw D Display Al Channels
Trace time ID to IIEUUUU ms e
Channels Il—ﬁ-t X I
Traces 1 to |1
Delay (ms)]ﬂ jv Tracetime 0 to 30000 ms
Trace —
| Channels 164 [
Trace time Delay ms) [0 +|
‘ Trace
v = Trace tme Organize = New folder
G
oo efsfefrfs 8 Downloads ~ *  Hame Date modified
9 [ao [ ]2 re 5] 16 = pecent Places
17 s 19202122 || 20101004 _14h39m39s_QT.modat 2010/10/1317:10
25 [ 26 | 27 ) 28] 28|30 a1 a2
33 |94 |35 | 3 | 97 [ 90 |39 | 0 @ Libraries
a1 |42 aafas 45| as|4r] 8 = Documents
49 [ 50 [ 51 [ 52 [ 63| 64 55 | 56 o) Music 3
57 [ 8 | 5o | 60| 6162 sa]sa
k= Pictures
Al | M | ok | |-

Fig.4-5.3. Replayed evoked potential data.

Traces: Selects the trace(s) for processing.

Trace time: Selects the trace time for processing.

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.

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 delaying processing.

wnN ke
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4-5. Replay and analysis of acquired evoked potential data

4-5.2. Analysis of evoked potential data

“Pacing_analysis” workflow template is available for the analysis of the evoked potential data.

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

Pacing measures

Measure Averages

Extract EP Measures / Save Meausres Data / Compute Measure Averages / Save

The replayed data is sent to the [Extract EP Mea-
sures] module, where evoked signals are
extracted and their amplitude slope, time, and
area 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” format file). The mea-
surements and averages chart can be saved by a
“CSV” formatted text file.

Replay Raw Data File \

l l

Display Export
All Channels Raw Data

‘ Extract EP Measures ‘

Save
Measures Data

Compute
Measure Averages

Save
. Measure Averages
[ “Main"tab

[__] “Pacing measures” tab

Fig.4-5.4. Module configurations for “Pacing_analysis”
workflow template.

iz

Replay Raw Data File

Display All Channels

Save Measures
Data

Extract EP Measures

Save
Measure
Averages

Export Raw Data

Compute Measure Averages/

Fig.4-5.5. Control panels for the “Pacing_analysis” workflow template. “Main” tab (left) and “Pacing measures”

tab (right).

128

Mobius Tutorial (SU-MED640): Cahper 4 - Mobius QT



4-5. Replay and analysis of acquired evoked potential data

Waveform analysis of evoked cardiomyocyte signals

The [Extract EP Measures] module extracts the evoked signals and performs a variety of waveform
analyses. Amplitude, slope, area, and time of the extracted waveforms are measured and graphed. The
extracted evoked potential waveforms are displayed at the left chart and the timecourse of the selected

measurements is graphed in the right chart.

Extract EP Measures — stepl

Trace 8 243
&00

600

400

Patential (Ui}
o
=

= &

!
s
=
2
TimeOtAmplitudeMaximum{ms)
=
n

—400
-G00

-800 ) )

) |
i 20 40 60 100
Trace time {ms)

] D D o
1 18667

Time (minutes)

 § K &t & & i

1 2 3 4 5 6 7
Fig.4-5.6. [Extract EP Measures] module.

1) Raw data chart

GChannel [60 v | Step Filter [Step 1 »| Shiftims) [0 =] I #-labels Reset | [~ Hide phases ¥ Autoscale Measures [ Averaze |8 x| Traces Edit Measures
4 n 4 A 4

N

1. The raw data chart on the left shows the extracted evoked responses waveforms. The cursors for
the measurements are shifted by left-clicking and dragging.

Trace

&00]

1500
1000

500
F

=

Fig. 4-5.7

range.

3. The cursor locations can be copied to all or specific chan-
nels by right-clicking and selecting [Apply Cursors to All
Channels] or [Copy Cursors]. Select [Apply Cursors to all
Measures] to copy the cursor locations to all measures.
(Fig. 4-5.8)

Selecting [Copy Data] allows you to copy the measure-
ment data to an excel worksheet.

Extract EP Measures - step 2.You can zoom in on the raw data chart by:
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. Double-click, then, type in the new
value(s) for the maximum and/or minimum. (Fig.4-5.7)

= Double-click anywhere on the chart to return to the original axis

Extract EP Measures — stepl

Trace 10
400

Apply Gursors to All Channels

ane sl Bursars 1o All Measures

200 Apply Gursars to All Channels and Measures

Gopy Cursors

Paste Cursors

=
=
= 0 GCopy Data
5
<

Gapture Imaze

Zooming and Panning Help
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4-5. Replay and analysis of acquired evoked potential data

2) Measurement chart

The time course for the selected measurements is graphed
here. Zoom in or out by changing the maximum (and/or mini-
mum) values for the X and/or Y axis. Click and type in the new
number directly.

Delete

Gapture Image »

TimeOtAmplitudeMaximum ms,

Right-clicking anywhere in the chart and selecting [Copy Data]

allows you to copy the measurement data to an excel worksheet

. . . Time OfAmplitudeMaxi
(Fig.4-5.9) while selecting [Capture Image] allows you to copy me pluce ax;n;u6n;(£;n;§)787
the chart images. 2562833787

25.62833787
25.62833787

Fig.4-5.9. Copying data.

3) Input Fields

1.

Channel No:

Selects the channel(s) for display by scrolling or typing the num- 0

bers directly. These can be changed even during recording or v 2
10

replaying. € 0y 8
26

tential (uv)

When the channel selector is right-clicked and [Select] is clicked, =0
the Channel selector box appears. The channels of interest are 500
selected using this channel selector as well. (Fig 4-5.10)

Selecting more than 1 channel is useful for running the 4-head
system by allowing users to save charts to 4 different “CSV” files Gramel [12 =] Step Fiter [A1 =] S (nl [ =] I velie

by preparations. Fig. 4-5.10.

Step Filter:
The Step to be analyzed is selected here. Stepl is selected in the default settings.
= In order to analyze Conductor data, ALL must be selected.

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.

X Labels:
The time point at which the waveform crosses the cursor is displayed on the Raw data chart when
this check box is clicked.

Reset: Resets the shifted cursors to the original positions.

Hide phases:

The phase bar (yellow bars with characters on the measurement chart) is hidden when this button
is clicked. Please refer to section 4-3.5. Making a dose-response-curve on pages 110-112 for
details.

Autoscale:

The scale for the measurement chart is automatically adjusted when this check-box is checked. You
can zoom in and out in the measurement chart by typing numbers directly into the maximal values
for the X and Y axes when the Autoscale button is NOT checked.

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 -e.g. 1st and 2nd, 2nd and 3d, 3rd and 4th- are averaged and graphed.)
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4-5. Replay and analysis of acquired evoked potential data

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

1) Select the analysis (measurement) 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.

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

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) Click the Hide button to close this editor.

/3) 2)
ures — step1

Add Measure | Measures Help . |

Custom Name Measure Type
TimeOfmplitudeMaximum(nf) | TimeOf AmplitudeMaximum =

Ampituds Max mum
Amplitude Minimum
Amplitude Peak TaPeak

Trace 8

Areafbsalute
AreaPopsp ke

]
‘_E_
E
= SlopeLinearFit -
£ Channel | Cursorl (ms) Curs SInEeH]QI]Lmeaan 1)
& 15 0.00 ASlope 1080LinearFit
= 16 000 ATimeFromMinimumToHal{Minim
E + w00 ATimeFromMas imum ToHa fiaxi
= . TimeOfAimplituds Maximam
2 48 0.on Time0f Amp litude Minimum
= 13 0.00 JPPRAmpIitude Maximum
3 50 0.00 APPRAmpIitude Minimum
£ B T APPRTimetAmp fudeMacimum
S ! PPRTimeoi Amplitude Minimum
52 0.00 APPRAmplitudeFeak ToPeak
58 000 APPRAreafbssiute
0 0.00 APPRAreaPopSpike
] oon JPPRSIopeL rearF it
PPRSIope 1090LinearFit
a7 56 0.00 1 PPRSIope 1040Linear Fit
I | | | ] 1 | 57 000 1] T L] T
50 100 0 05 1 15 1.8667 58 o0 700 I 5000 1
Trace time (ms) Time {minutes) 59 000 700 I 50,00
| StenFitter [Step 1 =] Shift{ms} [0 =] [ slabels Reset ™ Hide phasss ¥ Autoscale Measures [ Average [B +] Traces Hide

Fig.4-5.11. 4)

Measurement chart output

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

The output channels can be chosen with the channel selector in the [Replay Raw Data File] module.
Channels in green will be enabled. Please refer to section 4-3.7. Data output on page 116 for details.

File Format 20080210
Recording 2004/3/27 14:29:00 +09

Time OfAmplitude Maximum(ms)

Trace# Phase Time (s) chl ch2 ch3 ch4 chb ch6 ch7
1 Baseline 0 16.95 14.05 12.7 13.1 16.05 18.7 22.2
2 16 171 14.25 12.9 13.3 16.15 19 225
3 32 17.15 143 12.9 13.25 16.2 18.95 225
4 48 17.3 14.4 13 13.4 16.25 19 22.5
5 64 17.25 14.45 13.056 13.35 16.2 18.95 22.45
6 80 17.15 14.35 13.05 13.4 16.2 18.9 22.4
7 96 17 14.2 12.95 13.2 16.1 18.7 22.15
8 112 16.85 14.15 12.75 13.2 15.9 18.55 22
9 128 16.75 14.05 12.7 13 15.8 18.4 21.75
10 144 16.75 14.05 12.7 13.05 15.75 18.35 21.75

Fig. 4-5.12. Example of Time of Amplitude Maximum (ms) saved as a “CSV" text file displayed in excel.
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4-5. Replay and analysis of acquired evoked potential data

Propagation analysis for evoked potential data

Th

is section describes how to generate a propagation map (distribution of the peak time) of evoked

potential data using the “Pacing_analysis” 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. Please download the excel file “Propagation_analysis_evoked_potential” from the
website. www.med64.com/resources

Open the “Pacing_analysis” workflow template. Replay the data by clicking the Green button, and
then stop.

"Time Of Amplitude Maximum" is selected as default. This protocol will measure the time from the
first cursor to the maximum amplitude between the two right-most cursors. (Fig.4-5.13)

= If you would like to generate a potential map based on the minimum peak, change the menu
to "Time Of Amplitude Minimum®.

Set the first cursor to the O timepoint, and 2nd and 3rd cursors so that the maximum (or minimum)
amplitude is between these two cursors. Set the cursors accordingly for all 64 channels.

= The cursor locations can be copied to all or specific channels by right-clicking and selecting the
[Apply Cursors to All Channels] or [Copy Cursors]. (Refer to page 129)

Extract EF Measures - stepl
Trace 10 #dd Measure Measures Help ..
800 Custom Name Measure Type
LIl TimeOf Amplituds Maximum =]
500
Time of Amplitude _
QU Maximum £
£
00 E Channel | Cursorl {ms) Cursor2 {ms) Cursord ms) |~
S § 0.00 649 4419
2 T 33 0.00 5.4 4419
£ 0 E 3 0.00 540 4419
£ g i 0.0 540 4419
£ og = 36 100 548 4418
(=]
2 a7 100 544 [T
£ 38 0.00 540 4419
-4on 30 0.0 540 10
40 100 548 4418
600 i 100 548 4418
42 100 548 4418
[ 100 543 4413
600 ; ; | [ 0.00 5.49 4419
0 L 60 I (R ! 46 100 548 4418
Trace time (ms) Time {minutes) I 000 540 ITRT
Channel {32 | Step Filter IStap 1 d Shift (ms) Iﬂ j I~ H-labelz &I ™ Hide phases ¥ Autoscale Measures [ Average |2 w| Traces &I
Fig.4-5.13.
4. Check the “Enable” check box in the [Save Measures Data]. Save Measures Data — step |
(Fig.4-5.14) Fileriame modifier
. Propagaion_ma
5. Save it as your own workflow. ([Workflow] > [Save as]) I pag i
¥ Enable
6. Run Mobius with Green-Red button. The amplitude maximum 'Fig.45.14
time data will be saved as a “CSV” file.
7. Open the “CSV” file with excel. (The top chart in the Fig.4-5.14 shows the “CSV” data opened with

excel.)
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4-5. Replay and analysis of acquired evoked potential data

8. Open the excel file, "Propagation_analysis_evoked_potential. The file consists of 4 sheets of [data],
[analysis], [map_data], and [map]. After inputting the data in the [data] sheet, the data will be
displayed as a propagation map in the [map] sheet.

9. Copy the data for channels 1-64 for a specific trace in your "CSV" file (top chart in the Fig.4-5.15),
and paste it into the 2nd line in the [data] sheet of the "Propagation_analysis_evoked_potential®
file . (bottom chart in the Fig.4-5.15).

File Forn 2E+07
Recordin 2004/3/27 14:29:00 +09

Time OfAmplitude Maximum(ms)

Trace# | Phase | Time (s) chl | ch2 |ch3 ' ch4 | ch5 ' ch6 | ch7 | ch8 | ch9 |ch107 = = ch59 ch60 ch61 ch62 ch63 ch64
1 Baseline 0 16.95 14.05 12.7| 13.1] 16.05 18.7 22.2/ 2495 139 11.1 222 21.55 23 25.15 26.95 30.55
2 16/ 17.1/ 1425 129 13.3 16.15 19/ 225 2515 14.05 11.2 225 219 2345 256 276 31.1
3 32| 1715 143 129 1325 16.2,18.95/ 225 252 1415 1137 = ~_23.1 2225 2375 2595 27.8 31-4|
4 48 173 144 13 13.4 16.25 19 225 252 143 1145 22.85 2235 23.85 26 2795 31.45
5 64 17.25 1445 13.05 1335 16.2¥ 1895 2245 25.1 1435 11.45 2425 234 2505 2705 289 325

CH1 CH2 CH3 CH4 CH5 CH6 CH7 CH8 FCH9 CH10 CH11 CH59 CH60 CH61 CH62 CH63 CH64

| 1715 143 129 1325 16.2 1895 225 252 1415 11.3 88 = === 231 2225 2375 25.95 27.8 31.4|

Fig. 4-5.15. The “Time of Amplitude Maximum” saved as a “csv” file using the “Pacing_analysis” workflow template
(top). The Time of amplitude maximum for trace 3 is coped and pasted to the 2nd line on the [map] sheet in the
“Propagation_analysis_evoked_potential” file.
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10. Change the “value in the stimulation channel” to the “pre-stimulation time (the time of the stimu-
lus artifact onset)”. (Refer to Fig.4-5.14)

CH16 CH17 CH18 CH19 CH20 CH21 CH22 CH23 CH24 CH25 CH26 CH27 CH28 CH29 CH30
247 13.55 9| 5| 855 1325 16.8 203 2405 136 101] 5| 1005 1345 17.05

| Autuscale Oroe | ™ Aussscale

Fig.4-5.14. The values for stimulation channels (19 and 27) were changed to the pre-stimulation time (5 msec).
(top).

11. A propagation map is generated on the [map] sheet in the
“Propagation_analysis_evoked_potential” excel file. (Fig.4-5.15)
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1 2 3 4 5 6 7 8 Fig.4-5.15. Propagation map.
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