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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO

2. Does your protocol include software usage? YES
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Thanks for the information. We will check for screen recording software to capture the related steps.

3. Which steps from the protocol section below are the most important for viewers to see? 
Steps 3.2. – 3.4, 3.6, 3.7, and 3.9

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Steps 3.1 and 3.2

5. Will the filming need to take place in multiple locations? No, all recordings will be done in one labroom.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Marco Weiergräber: This protocol provides detailed information about how to plan, carry out, and analyze click and tone-burst evoked auditory brainstem responses in mice [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Marco Weiergräber: The main advantage of this technique is that it allows for complex and fast auditory profiling of pharmacological and mutant mouse models [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Anna Papazoglou: New insight into altered early AEPs and associated changes in auditory information processing in mice and rats can thus be translated to humans.  It is of central importance in the characterization and endophenotyping of auditory, neurological, and neuropsychiatric diseases in the future [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Christina Henseler: This method is most important for the identification of dysacusis, hypacusis and anacusis, e.g. in age-related hearing loss, noise-induced hearing loss, metabolic and congenital hearing loss, asymmetric hearing loss, hearing deficits due to deformities or malformations, injuries and neoplasms [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.5. Muhammad Imran Arshaad:  Users new to the technique should pay special attention to proper electrode placement and pre-experimental calibration of the system [1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.6. Andreas Lundt:  Visual demonstration of the method is critical to illustrate anesthesia, ABR recording, ABR filtering processes, and automated ABR analysis [1].

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.7. Procedures involving animal subjects have been approved by German Council on Animal Care.

Section - Protocol
[bookmark: _GoBack]Author comment: Please find attached another word document (last two pages of this document) which will give the video editor more insight in what is happening and what's visible during each screenshot. We uplaoded our screenshots to the link you provided some days ago (https://www.jove.com/account/file-uploader?src=18056048). 
2. Auditory brainstem-evoked response (ABR) prep
2.1. Begin by turning on the preamplifier connected to the microphone at least 5 min prior to the calibration to allow for the equilibration of the system [1].
2.1.1. MED: Talent switches on the preamplifier. Show that it is connected to the microphone.
2.2. Turn on the oscilloscope [1]. Then, position the microphone connected to a preamplifier inside the sound attenuating cubicle to mimic the experimental murine ear [2].
2.2.1. CU: Talent turns on the oscilloscope. 
2.2.2. MED: Talent re-positions the microphone inside the cubicle. 
2.3. Next, open the commercially available processing and acquisition softwares [1] and program the stimulus protocols for the clicks and tone bursts. Start with the click stimulus entity to analyze and determine click thresholds, followed by ABR symmetry of the left and right ear, and ABR W1-4, amplitudes, and W1-4, latencies later on 
[2-TXT].
2.3.1. MED-over-shoulder: Talent at computer, opens software.
2.3.2. SCREEN: To be provided by the authors – Talent verifies click stimulus protocol using SigGenRZ stimulus design software and checks stimulus settings under the BioSigRZ acquisition software. Authors, please upload this screen capture to your project page
TEXT: 100 µs click stimulus duration with alternating polarity [switching between condensation and rarefaction], substantial energy in the 0–98 kHz range, data acquisition start time of 5 ms and increasing SPLs in 5 dB steps starting from 0 dB up to 90 dB.
2.4. Next, use the same software to verify tone burst stimulation protocol using SigGenRZ stimulus design software and checks stimulus settings under the BioSigRZ acquisition software [1-TXT]. Program the appropriate frequency range to be tested depending on the scientific question and ensure that the frequency ranges to be applied meet the technical capabilities of the loudspeaker [1].
2.4.1. SCREEN: To be provided by the authors – Talent verifies tone burst stimulus protocol using SigGenRZ stimulus design software and checks stimulus settings under the BioSigRZ acquisition software. Authors, please upload this screen capture to your project page
TEXT: 5 ms tone burst stimulus duration with alternating polarity [switching between condensation and rarefaction], Hann envelope rise/fall time of 3 ms in total, data acquisition start time of 5 ms, define frequency range to be tested, increasing SPLs in 10 dB steps starting from 0 dB up to 90.
2.5. For averaging, set the number of sequential acoustic stimuli, either clicks or tone bursts, for instance, at 300x with a rate of 20/sec, an averaging duration of 25 ms and the gsin factor for the head stage 20x. [1-TXT].
2.5.1. SCREEN: To be provided by the authors  - Set the number of tone bursts, for instance, at 300x with a rate of 20 Hz and verify that ABR data acquisition duration is at 25 ms and head stage gain factor is at 20. Authors, please upload this screen capture to your project page.
TEXT: Set tone burst acquisition duration at 25 ms, averaging rate at 300x, head stage gain according to specs (20x) and a presentation timing of 20/sec rate and 50 ms period.
2.5.2. MED-over shoulder: Talent at computer, pinpoints ABR data acquisition of 25 ms. [slated as 2.8.1]
2.6.  Next, verify appropriate sampling rate for ABR data acquisition and bandpass filter using a 6-pole Butterworth filter. Activate the notch filter if necessary [1-TXT].
2.6.1. SCREEN: To be provided by the authors – Show talent. Authors, please upload this screen capture to your project page.
TEXT: ABR data acquisition: 24.4 kHz (sample period of 40.96 µs); Bandpass filter: high pass: 300 Hz, low pass: 5 kHz, notch filter off.

3. Calibration
3.1. Start the tone burst calibration by selecting the calibration ‘Cal200K’ file within the software to activate the calibration-configuration mode and choose parameters according to the experimental conditions [1] [2].
3.1.1. Talent at Computer. Author comment: slated as 3.1.0
3.1.2. SCREEN: To be provided by the authors – Show talent selecting the ‘Cal200K’ file, and choose experimental parameters.  Authors, please upload this screen capture to your project page.
3.2. Use the processor system to execute the calibration procedure. Make sure that the technical specifications of the microphone and loudspeaker in terms of sound pressure level, or SPL, limits, frequency range, and distribution harmonize [1].
3.2.1. SCREEN: To be provided by the authors – Execute calibration procedure. Show all the technical specs on the computer.  Authors, please upload this screen capture to your project page.
3.3. Then, select and start the predefined click stimulation protocol. Run a single click SPL to verify that the spectrum of sound stimuli as analyzed by online Fast Fourier Transformation of the oscilloscope matches the requirements [1].
3.3.1. SCREEN: To be provided by the authors – Start the click stimulation protocol. Run a single click SPL.  Authors, please upload this screen capture to your project page.
3.4. Select and start the predefined tone-burst stimulation protocol within the range of 1–42 kHz [1]. Confirm the frequency spectrum of the recorded acoustic test stimuli by using an oscilloscope and online FFT [2].
3.4.1. MED-over shoulder: Talent at computer, starts the predefined tone-burst stimulation protocol.  
3.4.2. MED: Talent looks at oscilloscope to confirm frequency spectrum.
3.5. Finally, complete the tone burst calibration by loading the created calibration file to the tone burst stimulus protocol [1]. 
3.5.1. SCREEN: To be provided by the authors –  Load the generated tone burst calibration file within the acquisition software of the tone burst stimulus protocol.  Authors, please upload this screen capture to your project page.

4. ABR Recordings 

4.1. Begin by placing the anesthetized mouse inside a sound attenuating cubicle lined with acoustical foam [1].

4.1.1. MED: Talent places mouse inside cubicle.
4.2. For the recording of monaural brainstem-evoked auditory potentials, insert subdermal stainless-steel electrodes at the vertex, axial of the pinnae and ventrolateral of the right or left pinna depending on the ear to be measured [1].
4.2.1. CU: Talent inserts subdermal stainless-steel electrodes at the vertex, axial of the pinnae and ventrolateral of the right pinna. 
4.3. On the other hand, for binaural recordings, place the negative electrodes at both the right and left pinnae [1]. Position the ground electrode at the hip of the animal [2].
4.3.1. CU: Talent places negative electrodes at both the right and left pinnae.
4.3.2. CU: Talent places ground electrode at the hip of the animal
4.4. Prior to the insertion, form a hook shape at the tip of the stainless-steel electrode that subdermal fixation of the electrodes is guaranteed [1] and once inserted, properly place the rostrum of the mouse 10 cm opposite to the loudspeaker. Connect all electrodes to the head stage and check for their impedance [2].
4.4.1. CU: Show hook shape of the electrode tip. 
4.4.2. Connect all subdermal electrodes to the animal, which forward the bioelectrical signals from the head stage and preamplifier further to the main RZ6 system, check their impedance on the head stage, and place the mouse rostrum 10 cm frontal of the loudspeaker and connect all electrodes to the head stage. 
4.5. Then, perform impedance measurements of all electrodes prior to each recording to verify proper electrode positioning/conductivity [1].
4.5.1. MED: Talent checking impendence levels of all electrodes except the ground electrode connected to the head stage. 
4.6. Record ABRs under free-field conditions using a single loudspeaker [1-TXT].
4.6.1. MED: Show loudspeaker next to the rostrum of the animal. 
TEXT: Execute all ABR protocols within 45 min to correspond to the time of deep narcosis 
4.6.2. SCREEN: To be provided by the authors – record a click recording.  Authors, please upload this screen capture to your project page.
4.7. Finally, conduct ABR analysis via automated threshold detection and wave latency analysis to determine positive peaks and negative waves [1-TXT].
4.7.1. MED-over shoulder: Talent at computer. Show example of ABR analysis on screen, with positive peaks and negative waves. 
TEXT: See text protocol for analysis details. 




Section – Results
5. Results: Click- and tone burst-evoked ABR recordings can be used to evaluate hearing threshold differences, amplitude growth function, and latency comparison.
5.1. As a first step in analyzing general hearing performance, click-evoked ABRs for different SPLs between 0 and 90 were investigated using the automated ABR threshold detection system [1].
5.1.1. LAB MEDIA: Figure 3.  Video editor: Highlight the bars on top of both graphs A and B with the asterixis. 
5.2. Potential alterations in ABR threshold levels evoked by different tone burst frequencies were analyzed [1]. In the exemplary mouse lines, Cav3.2+/- (pronounced “C” “A” “V” “three” “point” “two” “plus” “minus”)  and Cav3.2-/-  (pronounced “C” “A” “V” “three” “point” “two” “minus” “minus”)  exhibited increased click- and tone burst-related hearing thresholds compared to controls [2].
5.2.1. LAB MEDIA: Figure 4. Video editor: Highlight data at 42 kHz
5.2.2. LAB MEDIA: Figure 4. Video editor: Highlight the blue squares when plus/minus is mentioned. In the legend, write ‘Controls’ over the red open circle. 
5.3. Lastly, click-evoked ABR amplitude growth function [1] and ABR waveform latency analysis were carried out via wavelet-based approach [2].  The latter allows insight into the possible spatiotemporal influence of the gene of interest on auditory information processing within the inner ear and brainstem [3].
5.3.1. LAB MEDIA: Figure 5. Video editor: Show just 5A and  5B. Highlight the title ‘wave 1’ above 5A and 5B for both males and females.  Highlight y-axis label.  Then, show C & D together, followed by E & F, and then G & H. 
5.3.2. LAB MEDIA: Figure 6. Video editor: Highlight the y-axis. 
5.3.3. LAB MEDIA: Figure 6.  Video editor: Show one row at  a time, like Figure 5. 



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Marco Weiergräber: Proper ABR electrode placement, impedance measurement, and system calibration are essential for performing this technique [1].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. (Video editor: Key steps are 3.2 and 3.5)

6.2. Andreas Lundt: The ABR approach presented here can also be used in combination with a telemetry system to analyze complex mid-latency and late auditory evoked potentials [1].

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

6.3. Anna Papazoglou: This technique can help in endophenotyping neurological and neuropsychiatric diseases in the future [1].

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Detailed Information for Each Screenshot
Video Step 2.3.2 Click Protocol Verification with both software’s
Within Stimulus generation software (SigGenRZ)
At 00:11: Window with details for Strat acquisition time (5 ms), and magnetic spectrum (0-98 kHz)
At 00:25: Window with SPL steps, starting with 0 dB and increasing 5 dB steps
At 00:35: Window with Click duration 
At 00:43: Window with details about alternating polarity
Within Acquisition software (BioSigRZ)
At 01:05: Window with presentation rate (20/sec) and period 50 ms
At 01:07: Loading Click Stimulus Protocol generated with stimulus acquisition software (SigGenRZ) for Chanel 1 (Monaural recording)
At 01:13: Loading Click Stimulus Protocol generated with stimulus acquisition software (SigGenRZ) for Chanel 2 (Binaural recording)
At 01:22: Window with an overview of Click dB levels listed, stimulation duration (0.1 ms) and starting polarity (phase)
At 01:26: Window with dB levels tested starting with 0 dB and an increasing step size of 5 dB
At 01:33: Window with stimulation duration (0.1 ms) used for the click recording
At 01:39: Window with details about the alternating polarity

Video: Step 2.4.1 Tone burst Protocol Verification with both software’s
Within Stimulus generation software (SigGenRZ)
At 00:14: Window with details for Start acquisition time (5 ms) tone burst duration, gate time (3 ms), gate type (hann)
At 00:34: Window with Frequency list to be tested
At 00:51: Window with SPL details, increasing 10 dB steps between 0 – 90 dB
At 01:03: Window with details about alternating polarity
At 01:14: Window with tone burst duration (5 ms)
At 01:22: Window with Gate time details (3 ms in total)
Within Acquisition software (BioSigRZ)
At 01:45: Window with presentation rate (20/sec) and period 50 ms
At 01:22: Loading Tone burst Stimulus Protocol generated with stimulus acquisition software (SigGenRZ)
At 01:59: Window with an overview of frequencies to be tested with each dB level, stimulation duration (5 ms) and starting polarity (Phase)
At 02:12: Window with frequency list to be tested 
At 02:22: Window with dB levels tested starting with 0 dB and an increasing step size of 10 dB
At 02:31: Window with details about the alternating polarity
At 02:39: Window with stimulation duration (5 ms) used for the tone burst recordings

Video Step 2.5.1: Set acquisition duration, averaging and head stage gain and presentation rate
Within Acquisition software (BioSigRZ)
At 00:16: Window with acquisition duration (25 ms)
At 00:21: Window with Average setting for Channel 1 (monaural recording) and head stage gain setting
At 00:34: Window with Average setting for Channel 2 (binaural recording) and head stage gain setting 
At 00:47: Window with Presentation rate and period setting, plus stimulus protocol selection for each channel

Video Step 2.6.1: Check Sampling rate and filter settings
Within Acquisition software (BioSigRZ)
At 00:17: Window with details for sampling rate (40.96 µs) and acquisition duration (25 ms)
At 00:21: Main window of the software with high and lowpass filter settigns plus notch filter

Video Step 3.1.2 & 3.2.1 Load Cal200k file, show parameters and run calibration
Within Acquisition software (BioSigRZ)
At 00:23: Window for setting calibration parameters (frequency range) microphone calibration file and reloading loudspeaker calibration file

Screenshot for Step 3.3 Oscilloscope Screenshot of FFT results for click stimulation of 90 dB

Screenshot for Step 3.4 Oscilloscope Screenshot of FFT results for 18 kHz tone burst stimulation with 90 dB

Video Step 3.3.1 Single Click ABR recording
Within Acquisition software (BioSigRZ)
At 00:12: Window for selection of a single dB Level to be tested for a click stimulation
At 00:45: ABR click recording results appear on the bottom middle screen of the acquisition software for both channels at a 55 dB click stimulation level (green and grey trace)

Video Step 3.5.1 Load calibration file in tone burst stimulation protocol
Within Acquisition software (BioSigRZ)
At 00:17: Window to load and open tone burst stimulation protocol and loudspeaker calibration file

Video Step 4.6.2 Click ABR Recordings for 0-90 dB
Within Acquisition software (BioSigRZ)
A complete ABR Click recording with an animal

Video Step 4.6.2 Additional Tone burst ABR recording
Within Acquisition software (BioSigRZ)
A complete ABR tone burst recording with an animal
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