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mouse primary visual cortex (V1). During the mammalian critical period, suturing the
contralateral eye will result in a rapid loss of responsiveness of V1 cells to contralateral eye
stimulation. With the continuing development of transgenic technologies, more and more
studies are using transgenic mice as experimental models to examine the effects of specific genes
on ocular dominance (OD) plasticity. In this study, we introduce detailed protocols for monocular
visual deprivation and calculate the change in OD plasticity in mouse V1. After monocular
deprivation (MD) for 4 days during the critical period, the orientation tuning curves of each
neuron are measured, and the tuning curves of layer four neurons in V1 are compared between
stimulation of the ipsilateral and contralateral eyes. The contralateral bias index (CBI) can be
calculated using each cell’s ocular OD score to indicate the degree of OD plasticity. This
experimental technique is important for studying the neural mechanisms of OD plasticity during
the critical period and for surveying the roles of specific genes in neural development. The major
limitation is that the acute study cannot investigate the change in neural plasticity of the same
mouse at a different time.

INTRODUCTION:

Monocular visual deprivation is an excellent experimental paradigm to examine V1 plasticity. To
study the importance of visual experience in neural development, David Hubel and Torsten
Wiesel'? deprived kittens of normal vision in one eye at various time points and for varying
periods of time. They then observed the changes in response intensity in V1 for the deprived and
nondeprived eyes. Their results showed an abnormally low number of neurons reacting to the
eye that had been sutured shut in the first three months. However, the responses from the
neurons in the kittens remained identical in all respects to those of a normal adult cat's eye that
was sutured shut for a year, and the kittens did not recover. MD in adult cats cannot induce OD
plasticity. Therefore, the impact of visual experience on V1 wiring is strong during a brief, well-
defined phase of development, before and after which the same stimuli have less influence. Such
a phase of increased susceptibility to visual input is known as the critical period in visual cortex.

Although the mouse is a nocturnal animal, individual neurons in mouse V1 have similar properties
to neurons found in cats3. In recent years, with the rapid development of transgenic technology,
an increasing number of studies in visual neuroscience have used mice as an experimental
model®2. In mouse visual studies, neuroscientists use mutants and knockout mouse lines, which
allow control over the genetic makeup of the mice. Although mice V1 lack OD columns, single
neurons in the V1 binocular zone show significant OD properties. For example, most cells respond
more strongly to contralateral stimulation than to ipsilateral stimulation. Temporary closure of
one eye during the critical period induces a significant shift in the OD index distribution®'!.
Therefore, MD can be used to establish an OD plasticity model to investigate how genes involved
in neural developmental disorders influence cortical plasticity in vivo.

Here, we introduce an experimental method for MD and suggest a commonly used method
(electrophysiological recording) to analyze the change in OD plasticity during monocular visual
deprivation. The method has been widely used in many laboratories for more than 20 years!?16,
There are other methods used in measuring the OD plasticity as well, such as chronic visual
evoked potential (VEP) recording?’, and intrinsic optical imaging (I01)8. The significant advantage
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of this acute method is that it is easy to follow, and the results are remarkably reliable.
PROTOCOL:

In this protocol, male C57BI/6 mice were obtained from the Institute of Laboratory Animals of
Sichuan Academy of Medical Sciences and Sichuan Provincial People’s Hospital. All animal care
and experimental procedures were approved by the Institutional Animal Care and Use Committee,
University of Electronic Science and Technology of China.

1. Monocular deprivation (MD) at postnatal day 28 in mice

1.1. Put the surgical tools, the suture needle (0.25 mm diameter, string diameter 0.07 mm) and
cotton swabs in an aluminum box and autoclave them at 120 °C for 0.5 h. Sterilize the hood with
75% ethanol. Dry the surgical tools in a drying oven.

1.2. Prepare a 2% agarose solution, put it in a water bath at 75 °C to avoid solidifying.

1.3. Use isoflurane mixed with oxygen to anesthetize the mouse (2% induction and 1.2-1.5%
maintenance). Fix the mouse on the stereotaxic apparatus and use a heat regulating device to
maintain the mouse body temperature at 37 °C and prevent hypothermia.

1.4. Apply a thin layer of petroleum-based eye ointment to both eyes.

1.5. Under the anatomical microscope with illumination, suture the eyelid on one eye. Make the
needle pass though both sides of the eyelid 2x (Figure 1A) and make about four stitches.

1.6. Knot the thread 2—3x and then trim the thread. Apply 3 puL of instant drying glue on the knot
to increase its stability. Then cut the extra suturing thread.

1.7. Provide an intraperitoneal injection of buprenorphine (1 mg/kg) to the mouse.

1.8. Transfer the mouse onto a heating pad to maintain its body temperature at 37 °C and prevent

hypothermia and monitor it until it regains consciousness.
1.9. When the mouse is fully awake place it into a separate holding cage.

1.10. Check the eyelids daily to ensure that they remain shut and uninfected. Exclude the mouse
if an eyelid opening is found.

1.11. Before electrophysiological recording, use isoflurane mixed with oxygen to anesthetize the
mouse (2% induction and 1.2-1.5% maintenance).

1.12. Remove the stitches with eye scissors to expose the eyeball. Carefully trim the eye lids.
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1.13. Flush the eye with lens solution and check the eye under a microscope for clarity. Exclude
mice with corneal opacities or signs of infection.

2. Craniotomy in the mouse V1 binocular region after monocular deprivation on the 4th day

2.1. After anesthetizing the mouse, check for the depth of anesthesia by the lack of response to
a toe pinch.

2.2. Place and fix the mouse on the stereotaxic apparatus. Adjust the height of the ear bar and
tooth rod to keep the brain flat and stable.

2.3. Use a heating pad to maintain the body temperature.
2.4. Apply a petroleum-based eye ointment on the surface of the eyes to keep them moist.

2.5. Remove the hair on the mouse's head to expose its skin. Rub the skin with alternating scrubs
of iodine and 70% ethanol 3x.

2.6. Incise an 8 x 8 mm area of the skin between the ears to expose the skull and remove the scalp
tissue. Then remove the overlying connective tissue with 30% hydrogen peroxide.

2.6. Drilla 1 x 1 mm hole in the skull above the cerebellum. Affix a small bone screw in the hole
as a reference.

2.7. Perform a small craniotomy of 1 mm in diameter in the V1 binocular region from the
contralateral hemisphere to the deprived eye (Figure 1B, A-P: lambda -0.51-lambda +1.67 mm;
M-L: -2.6—-3.0 mm; D-V: 0—1 mm). Carefully remove the skull fragment without hurting the brain.
2.8. Cover the exposed cortical surface with 75 uL of 2% agarose at 40 °C to prevent drying.

2.9. Fix a tungsten electrode on the stereotaxic frame. Place the tungsten electrode vertically on
the surface of the exposed cortex, the binocular region of V1, to make sure that the cells that are
recorded react to both eyes.

2.10. Use cotton swabs to remove the eye gel and apply silicon oil to the eye every 2 h.

3. Visual stimulation and electrophysiological recording

3.1. Mask the one eye with nontransparent plastic plate. Position an LCD monitor 23 cm from the
mouse’s eye.

3.2. Reduce the anesthesia to 0.5—-0.8% when the mouse is fully anesthetized.
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3.3. Advance the microelectrode electrode slowly with an oil hydraulic micromanipulator. Stop it
when a high signal-to-noise ratio is observed and the electrode is advanced to layer 4 (Figure 1C,
approximately 250-450 um in depth). Ensure that the amplification factor is set at 1,000, the filter
at 300-100 Hz, and the sample rate at 40 Hz.

3.4. Present a full-field moving sinusoidal grating (Figure 1D, 12 directions, 100% contrast, 2 Hz
of temporary frequency, 0.04 cycles per degree of spatial frequency) on the LED monitor.

3.5. Measure the cell’s response by stimulating the ipsilateral and contralateral eye separately.
Present 3—5x total.

3.6. Measure the responses of five to eight cells in each penetration. Perform four to six
penetrations in each mouse.

3.7. After the recording, adjust the isoflurane flow rate to 5% or greater, continue isoflurane
exposure for 1 min, and then perform the cervical dislocation.

NOTE: Separate penetrations were spaced at least 200 um apart in the V1 binocular zone.
4. Off-line spike sorting and data analysis

4.1. Detect spikes when the raw signal crosses a threshold level. Align captured spikes on the first
positive or negative peak. Use software to detect spikes from different cells.

4.2. Set two cursors: one for positive and the other for negative deflection. Set the spike template
(Figure 2A). Set the template area to that with the most significant variation between different
classes of spikes.

4.3. Use principal component analysis to separate them into clusters. Clustering methods can vary
between different laboratories.

4.4. Classify the spike of a boundary by using the K-means algorithm.

4.5. Correlate the orientation with the spike firing rate and plot the orientation tuning curves for
the ipsilateral and contralateral eye.

4.6. Calculate the OD index for the single unit, which represents the contralateral/ipsilateral
response strength ratio:

R -R.
OD — contra ipsi (1)
R +R. . —2R

ipsi spon

contra

where Rcontra and Ripsi are the cell’s optimal response for the contralateral and ipsilateral eye,
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respectively, and Rspon is the cell’s spontaneous activity.

4.7. Assign OD scores to 1-7 as follows: — 1 to -0.75 = 1; -0.75 to -0.45 = 2; -0.45 to -0.15 = 3;
-0.15t00.15=4;0.15t00.45=5;0.45t00.75=6;and 0.75to 1 = 7.

4.8. Calculate the contralateral bias index (CBI):
2 1
CBI :[(nl—n7)+§(n2 —n6)+§(n3 —n)+NJ/2N  (2)

where N is the cell number, and nx equals the cell number with OD scores equal to x.

REPRESENTATIVE RESULTS:

The experimental results described here enable successful MD and OD plasticity measurements
from a deprived and nondeprived mouse during the critical period (P19—P32). Figure 1 shows
how to perform single unit recordings in layer 4 from V1 the binocular zone for comparing
responses in the ipsilateral and contralateral eye 4 days after MD. Figure 2 shows the spike sorting
and orientation tuning measurements for stimulating the ipsilateral and contralateral eyes. For
spike sorting, the spike template was established by clustering the principal component weights
of the spikes. As an example in (Figure 2A,B), cell 01 and cell 02 were classified by spike sorting.
The orientation tuning curves of single units were measured by stimulation of the ipsilateral and
contralateral eyes. Figures 2C,D show the orientation tuning curves of four sample cells, in which
two are from the mouse that underwent MD and the others from the mouse that did not. Our
results show that the firing rate was relatively close by stimulating the contralateral and ipsilateral
eye in the mouse 4 days after MD was performed (Figure 2C). However, the firing rate obtained
by stimulating the contralateral eye was much stronger than that obtained by stimulating the
ipsilateral eye in the nondeprived mouse (Figure 2D). Figure 3A shows the distribution of OD
scores for all units and the CBI index for a mouse that underwent MD (P28, 4 days after MD).
Figure 3B shows the OD scores for all units and the CBI index from a nondeprived C57/BL6 mouse
(P26, no MD). The CBI index is 0.38 for an MD mouse and 0.67 for another one without MD.

The results show that the response of the V1 neurons to the contralateral eye to a stimulus was
much stronger than the response of the ipsilateral eye in the binocular segment of the
nondeprived mouse. However, 4 days after MD in the critical period, the response of most
neurons to stimulation to the contralateral eye was relatively close or weaker than the response
to the ipsilateral eye. Therefore, the V1 neurons in critical periods have significant OD plasticity.
MD alters the relative strength of the cell’s response by stimulating the contralateral and
ipsilateral eye.

FIGURE AND TABLE LEGENDS:

Figure 1: Schematic of the visual deprivation experiment. (A) A schematic for suturing the eyelid.
The needle passes through the eyelid 2x and then 2—3 knots are made. Images 1-4 show the
position where the needle passes through the eyelid. (B) Recording schematic in an anesthetized,
head-fixed mouse. An enlarged view of V1 is displayed in the gray circle, and the binocular zone
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is indicated with dark gray. The recording sites within the binocular zone are shown with small
circles. (C) The coronal plane of the mouse brain and the recording sites are shown in the layer 4
of V1. (D) lllustrations of the visual stimulus of different orientations. Twelve different
orientations were totally used in each measurement.

Figure 2: lllustrations of data analysis procedure. (A) Spikes were sorted using a commercial
software (see Table of Materials). The waveform in green shows the filtered signal (0.3—-10 kHz).
Two cells were sorted from the filtered data. (B) Example of the separation of spiking activity on
a single microelectrode by spike sorting. The spike sorting method is a principal component of
the analysis. (C) Orientation tunings from two cells to respond to the contralateral (red solid line)
and ipsilateral (red dotted line) stimuli in a monocular-deprived mouse (cell 01 and cell 02). (D)
Orientation tuning from two cells to respond to contralateral (blue solid line) and ipsilateral (blue
dotted line) eye stimuli in a nondeprived mouse (cell 03 and cell 04). The error bar indicates the
standard error of the mean (SEM) in each measurement. The black line indicates spontaneous
activity.

Figure 3: Shift in the OD index by MD. We recorded the cell’s response from the binocular zone
in the contralateral brain by stimulating the ipsilateral and contralateral eyes individually. We
calculated and added the OD index for the single units. (A) Distribution of OD scores for 38
neurons recorded from a C57/BL6 mouse that underwent MD from P28—P32. (B) Distribution of
OD scores for 38 neurons from a nondeprived C57/BL6 mouse.

DISCUSSION:

We present a detailed protocol for MD and measuring OD plasticity by single unit recording. This
protocol is widely used in visual neuroscience. Although the MD protocol is not complicated,
there are some critical surgical procedures that must be followed carefully. First, there are two
important details ensuring the quality of the stitching. The suture is sufficiently stable if the
stitches are concentrated in the medial portion of the eyelid. Moreover, 3 L of glue is applied to
the head of the knot to increase the stability of the knot to prevent eye reopening. Second, some
key steps should be taken to improve wound healing and reduce discomfort. The suture method
is very important for the protocol. Previous studies have proven that a simple continuous
suturing pattern has the benefits of better wound healing and shorter suturing time®*-?°, The
thread should be thin and stable to avoid causing a large wound and reduce discomfort. A suture
needle with a diameter of approximately 0.25 mm is suitable for suturing and two to three knots
are necessary.

There are also some key points that need to be paid attention to in the recording. Control of
anesthetic concentration is an important factor in electrophysiological recordings. In
anesthetized animals, the experiment is very easy to control, and the results are highly stable
and reliable. Many previous studies used urethane as an anesthetic. However, it is difficult to use
urethane to control the depth of anesthesia in mice. At lower levels, the mice are not fully
anesthetized, and at higher levels, the mice are prone to death. Isoflurane is more appropriate
as an anesthetic in a mouse study. While it is almost impossible to obtain good neural activity in
the neocortex of mice that are receiving over 1% isofurane?!, most V1 neurons have good visual
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evoked activity at lower levels of isoflurane. Thus, start with a higher concentration of isoflurane
(1%) to anesthetize the mouse, and then reduce the isoflurane (0.5-0.8%) when the mice are
completely anesthetized. Besides, alternating measurements from the deprived eye and the
nondeprived eye can ensure the accuracy of the experimental results. It is not appropriate to
measure one eye’s response many times and then measure the other eye, because the electrode
may move, and the intensity of the cell’s response may change during long-term recordings.
Furthermore, this protocol targets neurons in layer 4, which is the primary thalamo-recipient
layer in V1. But in older mice, which do exhibit OD plasticity primarily mediated by open eye
potentiation, itis better to record in layers 2 or 3, which retain plasticity beyond the critical period.
Therefore, it is important to determine the cortical laminar in recording.

There are still some limitations in the methods. Calculating a relatively accurate CBI index
requires 4—6 penetrations and more than 30 units because recording too few samples will lead
to inaccurate results. But it is not easy to obtain more than 30 high-quality units from a single
mouse. A better method is to use multiunit recording, which can provide enough units in a single
measurement. In addition, VEP recording and 10l can also be used to measure OD plasticity!’-8,
Single unit recording involves the activity of individual neurons, while VEP involves recording the
activity of the sum of neurons near the electrode. But single unit recording data yield no
information on synchronization among neurons, while VEP amplitudes depend on temporal
synchronization among neurons??. A reversal grating is often used for VEP measurement. The
most commonly used reversal frequency is 3—4 Hz. However, the exact value is determined by
the computer refresh rate when presenting the grating. OD plasticity is measured by comparing
the average of VEP amplitudes evoked by the deprived and nondeprived eye. The 10l technique
can effectively detect the blood oxygen level-dependent signal evoked by contralateral and
ipsilateral stimulation. It could show the OD plasticity of a large area in V1.

In summary, single unit recording and 10l are suitable for acute anesthesia experiments. In the
future, MD and OD plasticity measurements in conjunction will be widely used in the study of
neural plasticity as a experimental method.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:
Visual Cortex

Monocular Visual Deprivation and Ocular Dominance Plasticity Measurement in the Mouse Primary

Author(s):
Tiejun Liu, Dezhong Yao

Ke Chen, Yilei Zhao, Ting Liu, Zhaohao Su, Huiliang Yu, Leanne Lai Hang Chan

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

M/Standard Access

Item 2: PJease select one of the following items:

DOpen Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3 Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

54 Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JOVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

s Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JOVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:

Dezhong Yao
Department:

The Clinical Hospital of Chengdu Brain Science Institute, MOE Key Lab for Neurolnformation, University
of Electronic Science and Technology of China, Chengdu 611731, People's Republic of China
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People's Republic of China
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Visual Cortex
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Response to the reviews Click here to access/download;Rebuttal Letter;Response to
the Review.docx

Editorial and production comments:

Changes to be made by the Author(s) regarding the written manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure
that there are no spelling or grammar issues. The JOVE editor will not copy-edit
your manuscript and any errors in the submitted revision may be present in the
published version.

Response: After carefully revising the spelling and grammar issues, we send

the manuscript to an English editing company for a further revision.

2. Please provide an email address for each author.

Response: We have provided the email address for all authors in the

manuscript.

Ke Chen (chenke0703@uestc.edu.cn)
Yilei Zhao (zyl1994@std.uestd.edu.cn)
Ting Liu (631286582@qg.com)

Zhaohao Su (suzhaohao@std.uestc.edu.cn)
Huiliang Yu (434935975@qqg.com)

Leanne Lai Hang Chan (Leanne.chan@cityu.edu.hk)
Tiejun Liu (liutiejun@uestc.edu.cn)
Dezhong Yao (dyao@uestc.edu.cn)

3. Please include a Short Abstract/Summary to clearly describe the protocol
and its applications in complete sentences between 10-50 words: “Here, we
present a protocol to ...”

Response: We have included a short Summary to describe the protocol and it’s
applications in the manuscript. “Here, we present detailed protocols for
monocular visual deprivation and ocular dominance plasticity analysis, which
are important methods of studying the neural mechanisms of visual plasticity
during the critical period and the effects of specific genes on visual

development”.
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4. Please ensure that the long Abstract is within 150-300 word limit and clearly
states the goal of the protocol.
Response: The Abstract is 238 words and we clearly states the goal of the

protocol.

5. Please format the manuscript as: paragraph Indentation: O for both left and
right and special: none, Line spacings: single. Please include a single line
space between each step, substep and note in the protocol section. Please use
Calibri 12 points

Response: We have changed the format of the manuscript according to the

Instructions for Authors.

6. Please remove the line header from all the pages of the manuscript.

Response: We have removed the line header from all the pages.

7. Please ensure that all text in the protocol section is written in the imperative
tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure
that,” etc.). The actions should be described in the imperative tense in complete
sentences wherever possible. Avoid usage of phrases such as “could be,”
“should be,” and “would be” throughout the Protocol. Any text that cannot be
written in the imperative tense may be added as a “Note.” However, notes
should be concise and used sparingly.

Response: We have changed the inappropriate tone and ensure that all text in

the protocol section is written in the imperative tense.

8. The Protocol should contain only action items that direct the reader to do
something.

Response: We have revised the protocol according to the requirement.



9. The Protocol should be made up almost entirely of discrete steps without
large paragraphs of text between sections. Please ensure that individual steps
of the protocol should only contain 2-3 actions per step.

Response: We have revised the protocol according to the requirement.

10. Please adjust the numbering of the Protocol to follow the JOVE Instructions
for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2
if necessary.

Response: We've adjust the numbering of the protocol to follow the JoVE

Instructions for Authors.

11. Please add more details to your protocol steps. Please ensure you answer

the “how” question, i.e., how is the step performed?

Response: We've added more details to the protocol steps in the revision

including all following questions.

1.3: Do you check the depth of anesthesia?

Response: It is important to maintain a moderate anesthetic concentration in
animal surgery and recording. We estimate the depth of anesthesia mainly by
mouse’s respiratory frequency and their response to pinch their hind legs
according to our experience. In surgery and electrophysiological recording, we

often check the depth of anesthesia and adjust the anesthetic concentration.

13. 2.1: What kind of deprivation is performed?
Response: The mouse are performed monocular visual deprivation. The

protocol of monocular visual deprivation is in part 1 of the protocol.

14. 2.3-2.6: How is this done?



Reponse: 2.3-2.5. This steps are the most routine operations in mouse
experiment. So we did not explain it in details. 2.6: We added some explanation
about how to “fix a bone screw to the skull as the reference”. It included three
steps. Drill a ImmX1mm hole in the skull above the cerebellum. Affix a small
bone screw in the hole as the reference electrode and seal the hole with dental

cement.

15. Please describe the result with respect to your experiment, you performed
an experiment, how did it help you to conclude what you wanted to and how is
it in line with the title.

Response: We have reedited the result part to conclude our experiment, “The
result shows the response of the V1 neurons to the contralateral eye to a
stimulus was much stronger than the response of the ipsilateral eye in the
binocular segment of the nondeprived mouse. However, after 4 days MD in
critical period, the response of most neurons to stimuli contralateral eye was
relatively close or weaker than the response to the ipsilateral eye. Therefore,
the V1 neurons in critical periods have significant OD plasticity. MD alters the
relative strength of cell's response by stimulating the contralateral and

ipsilateral eye”.

16. Please discuss all figures in the Representative Results. However, for
figures showing the experimental set-up, please reference them in the Protocol.
Please discuss figures in the order of their numbering.

Response: We have discuss all figures in the representative results.

17. Please remove the embedded figure(s) from the manuscript. All figures
should be uploaded separately to your Editorial Manager account. Each figure
must be accompanied by a title and a description after the Representative

Results of the manuscript text.



Response: We have removed the embedded figure(s) from the manuscript. And

all figures have been uploaded separately to your Editorial Manager account.

18. Please include all the Figure Legends together at the end of the

Representative Results in the manuscript text.

Response: We have include all the Figure Legends together at the end of the

Representative Results in the manuscript text.

19. Please obtain explicit copyright permission to reuse any figures from a
previous publication. Explicit permission can be expressed in the form of a letter
from the editor or a link to the editorial policy that allows re-prints. Please upload
this information as a .doc or .docx file to your Editorial Manager account. The
Figure must be cited appropriately in the Figure Legend, i.e. “This figure has

been modified from [citation].”

Response: The Figures we used are original, so there are no copyright issue in

this manuscript.

20. As we are a methods journal, please revise the Discussion to explicitly cover
the following in detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique

c) Any limitations of the technique

d) The significance with respect to existing methods
e) Any future applications of the technique

Response: We have revised the discussion part according to the requirement

including all the parts mentions above.



21. Please do not abbreviate the journal titles in the references section.

Response: We have revised the journal titles in the references section

complying with the requirements of the JOVE journal.

Changes to be made by the Author(s) regarding the video:

1. The video is not publication grade. This video was delivered at a 16:9 aspect
ratio, but the visible portion of the video itself is a 4:3 aspect ratio. Future
submissions should be delivered at a 4:3 aspect ratio so that the video fills the
entire frame. There should be no wide black borders on the left and right of the
frame. This video was also encoded as anamorphic, meaning the pixel aspect
ratio is not 1:1 (i.e. the true pixels are not square). This results in resolution loss,
and thus quality loss in the video. Future submissions should also have a

square pixel aspect ratio.

Response: We have revised and reedited the video according to the

requirement of the JoVE.

2. Please use the degree symbol and do not use any superscript O or o in the
text. Please use h for hour. Please include a single space between the number

and the units.

Response: We have revised and reedited the video according to the

requirement of the JoVE.

3. Please ensure that the section titles are same in the text and the video.

Response: We have checked the all section titles to ensure it.

4. For the software steps please include a click by click instruction of how to do



the procedure.

5. Please ensure that all the result figures are present in both text and the video.

6. 1:05 - There is a typo here. It should read Sterilization.

7. 5:37 onwards... please include video clips of the same.

8. 8:30 - The www.JoVE.com must be removed.

Response: We have revised and reedited the video according to the

requirement.

Please upload a revised high-resolution video here:

https://www.dropbox.com/request/imxx3dKGeoWO0IKqY8VgX~?oref=e

Response: We have uploaded a revised high-resolution video.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The authors provide a protocol for the standard method of OD experiments in
mice, as it has been used for at least 23 years. There's nothing innovative in
the manuscript, but apparently, "novelty is not a requirement”, as the reviewer
invitation informs me.

The video is concise and clear. There are just a few points that should be fixed

in the paper:

Major Concerns:
For both MD and recording, the authors suggest to put the mouse into a

stereotaxic apparatus. It is vital to add that non-crush ear bars must be used


http://www.jove.com/
https://www.dropbox.com/request/imxx3dKGeoW0IKqY8VgX?oref=e

(as the authors have apparently done, judging by the video). Otherwise,
deafening the mouse will interfere with both ocular dominance and its plasticity,
as Manuel Teichert and colleagues have recently shown in several papers.

Response: Thanks for your comments. The ear bars have two sides. We
reedited the video and used the non-crush side of the ear bar to fix the mouse.

And we also noticed not put so much pressure on its head.

Minor Concerns:
Introduction: The first paragraph might require a few citations, e.g. to the

sentence "Many investigations have shown a critical period . . ."

Response: Thanks for your comments. We have revised and reedited the first

paragraph.

After having referred to "different animals”, it is imprecise to later focus on LGN
layers and OD columns in the first paragraph, since they don't exist in rodents.
Maybe just add "in cats" at an appropriate place.

Response: Thanks for your suggestion. We have reedited and revised the first

paragraph.

Response: Thanks for your comments. We have revised and reedited the

corresponding sentences and paragraph.

Protocol:
The first sentence doesn't quite make sense. The animals were 28-32 days old
"on the day of recording from the Institute"? In correcting, please make sure

that you clarify whether the age is given at MD or at recording.

Response: P28 is the time for MD. We revised the expression in the manuscript.



1. MD, point 4: From the description of the suturing and knotting, | couldn't do
it. You might provide an illustration, given that you emphasize the point again in
the discussion. Another important point: At least in Germany, it is mandatory to
provide the animal with analgesia (carprofen) on a daily basis until the day of

recording.

Response: We have revised the Figure 1A and protocol including the
description of suturing and knotting and injecting intraperitoneal the mouse with

buprenorphine SR (1mg/kg).

2. Craniotomy, point 1: Sure that you induce anaesthesia with 0.5% isoflurane?
Higher concentrations are usually needed for induction, and then you reduce

isoflurane.

Response: Actually we use 2% isoflurane to induce anaesthesia, and then use
1.2-1.5% isoflurane in craniotomy. Finally, we reduce the anaesthesia to 0.5%-
0.8% in electrophysiological recording because V1 cells have good response
in low isoflurane. We reedit the steps in anaesthesia operation. We have

revised and reedited the manuscript.

point 2: "Mouse with corneal opacities or signs of infection were excluded from
further study." First, it should be "mice", and second, as this is a protocol for

others, it should be "must be excluded" rather than "were excluded".

Response: Thanks for your suggestion. We have revised the express.

3. Visual stimulation, point 4: Although it is self-understood, it should be added
that, of course, each eye is stimulated for any recorded neuron.
Response: Thanks for your comments. We have revised the corresponding

parts.



Figure 1: The legend does not correspond to the image, as the illustration of
MD (supposedly Fig. 1A) is missing.
Response: Thanks for your comment. We have revised the corresponding

figure and figure legend.

Discussion, line 232: "then, the lids of extra mice should be sutured." | don't

understand what is meant.

Response: Thanks for your comment. We have reedited the discussion.

Line 269: "An interesting study showed . . ." Then, of course, it must be cited.

Response: Thanks for your comments. We have reedited the corresponding

paragraph.

Line 291: "We could have surveyed a larger range of V1 by 10I; however, the
experiment is much more complicated.” Sorry, but that is most certainly

nonsense.

Response: Thanks for your comments. We have revised the corresponding

paragraph.

Reviewer #2:
Manuscript Summary:
The author present their protocol of monocular deprivation and in vivo single

unit recording of visually evoked cortical activity.



Major Concerns:

Comment 1:

The first paragraph of the introduction need major editing. There are sentences
basically discussing the same concept repeatedly thus are very redundant. The
author described the experiment of Hubel and Wiesel from line 49 to 53 and
then again describe the consequence of MD in line 54 to 57. Same with the
LGN experiment. Line 57-59 and line 59-61 deliver the same information so the
author should combine those into one sentence. The author need to properly
cite other's work. Especially in sentence like "Many investigations have shown
a critical period for the visual deprivation effect in different animals." and also
the LGN work. The author should explain what critical period (CP) is because
it is a very important concept for ODP. The authors should also pay attention to
the details of previous work in the field and describe the results more accurately.
When discussing the work of Hubel and Wiesel, the author state that Hubel and
Wiesel deprived the animal at various time points and for varying periods of
time and this deprivation resulted in loss of response to the deprived eye. But
Hubel and Wiesel also pointed out MD in adult cat cannot induce ODP. Failure
to mention this important information is misleading to the readers. The authors
also stated "During this critical period, the deprivation of vision in one eye will
reduce the intensity of the neural response driven by the deprived eye and
increase the response driven by the nondeprived eye". Actually in CP animals,
short term MD leads to reduction of response to the deprived eyes but no
increase in nondeprived eye yet. This is actually what the author observed in

their own experiment in Fig 2.

Response: Thanks for your comments. We have reedited and revised the first

paragraph of the introduction according your suggestion.

Comment 2:



Fig 1 missing panel A. Fig B, lacking label of x and y axis.

Response: Thanks for your comments. We revised the Figure 1.

Comment 3:

The video of the protocol lacks some important steps, such as trim the eyelid,
monitor the heart rate and degree of blood oxygen saturation. The procedure
of craniotomy is also not clear enough. This part is better videotaped using
microscope.

Response: Thanks for your suggestions. We reedited the video and added
some important video clip, included trimming the eyelid and doing clear
craniotomy. We did not monitor the heart rate and degree of blood oxygen
saturation in the experiment because the anesthesia is easy to control by
isoflurane. It is important to maintain a moderate anesthetic concentration in
animal surgery and recording. We estimate the depth of anesthesia mainly by
mouse’s respiratory frequency and their response to pinch their hind legs
according to our experience. In surgery and electrophysiological recording, we

often check the depth of anesthesia and adjust the anesthetic concentration.

Comment 4:

The first paragraph of the discussion also need major editing. The author here
mainly discussed some detail for surgical procedure but they should follow a
clear logic line there. The different points are currently out of order. | suggest
the author first discuss the details to ensure the quality of suture: trim the eyelid,
number and position of knots and using 502 glue. Then the detail to improve
wound healing and reduce discomfort: simple continues suture and size of
needle. Alternating measurements actually does not belong to surgical
procedures. So line 226 should not limit the following discussion to surgical
procedure.

Response: Thanks for your comments. We have revised the according

corresponding parts ensure a clear logic.



Response: Thanks very much for your valuable suggestion. We have reedited

and revised the discussion according to your comments.

Minor Concerns:

Line 30, "the response of the contralateral eye" should be "the response of the

cortex to the contralateral eye”

Line 34, "neural circuits" is not a technology

Line 40, "during” should be "between".

Response: Thanks for your comments. We have revised the corresponding

parts.

Line 90, ointment to eyelid?

Line 101, sterilize the hood twice?

Response: Thanks for your comments. We have revised the corresponding

parts.

Line 122, what is the temperature of the agarose gel? Will it be too hot for the

mice?

Response: The temperature of the agarose gel is 40 degree centigrade. Itis a

right temperature for the mice.

Line 127, how to monitor the heart rate and blood oxygen saturation?

Response: We change the express in the protocols. In fact, we observe the



breathing of the mouse to see its anesthesia.

Visual Stimulation and Electrophysiological Recording part, what is the

isoflurane level here?

Response: We start with a higher concentration of isoflurane (1%) to
anesthetize the mouse, and then you reduce isoflurane (0.5%) when the mice

were completely anesthetized.

Line 144, what is "block"?

Response: We change the “block” to “repeat”.

Line 158, how to correlate the visual stimulus with single neuron spike, more
specifically, how to synchronize the recording with the visual stimulation?

Response: We use a photoelectric sensor to synchronize the recording with the
visual stimulation. When the stimuli start, the corner of the screen will flash,
then the photoelectric will receive the flash and transfer it to a pulse signal. The

acquisition card will get the signal as a mark.

Line 161 by response strength, do the author mean spike number or spike
amplitude?

Response: The response strength is mean spike number.

Fig 2, MD and nondeprivation data are mislabeled in the video

Response: We have change the mistake in the video.

Line 247, "very popular” feel strange, change to "commonly available"?
Response: Thanks for your comments. We have revised the corresponding

parts.



Line257, standard cage?

Response: Enriched environment cages provide increased physical (running
wheels), social (bigger housing groups), and cognitive (regularly changed
labyrinths or toys) stimulation compared to the deprived rearing conditions of
standard cages. In this study, we adopted enriched environment cages for MD

plasticity during the critical period.

Line 262-263, is this the result of the author's experiment or previous paper?

Response: We deleted this paragraph. We think it is redundant.

Line 266-270, the sentence "It has been reported that MD in adult mice induces
OD plasticity." is repeating previous sentence. "OD plasticity is equally robust
in young adults and mature adults". Please be reminded that the ODP in mature
adults is observed in EE mice, not normal mice, so this sentence is inaccurate
and misleading.

Response: Thanks for your comments. We have remove the corresponding

sentence.

Line 271, what are tracks?

Response: We change the “track” to “penetration”.

Line 293-294, the sentence feels strange here.

Response: We have deleted the sentence here.



