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Cover Letter

VANDERBILT UNIVERSITY MEDICAL CENTER

Department of Medicine
Division of Cardiovascular Medicine

Young-Jae Nam M.D., Ph.D.
Assistant Professor of Cardiovascular Medicine
Vanderbilt University Medical Center

January 2, 2019
Dear Dr. DSouza,

Enclosed please find our manuscript entitled “Analysis of cardiac chamber development during
mouse embryogenesis using whole mount epifluorescence” that we wish to submit for publication
in JOVE. We believe that this article will provide a useful and simple method for studying heart
development.

In this manuscript, we describe a method for visualizing each stage of heart development during
mouse embryogenesis using whole mount epifluorescent imaging of MLC-2v-tdTomato mice as
an example. This simple method can be widely used with other fluorescent reporter mouse lines
without performing tedious histochemical methods or using advanced new technologies which
require special equipment.

We tried to address every editorial comments and reviewers’ concerns. However, we were not
able to provide scale bars in Figure 2 (adopted from the previous publication), because each
picture was manually zoomed using an epifluorescent dissecting microscope. It was impossible
to provide scale bars in those manually zoomed pictures retrospectively. All the changes that we
made were tracked in red.

We hope you and the reviewers will agree that this paper warrants publication in JoVE. Thank
you for your consideration.

Sincerely,

(w

Young-Jae Nam, M.D., Ph.D.

Assistant Professor

Division of Cardiovascular Medicine
Department of Medicine

Department of Cell and Developmental Biology
Vanderbilt Center for Stem Cell Biology
Vanderbilt University Medical Center

383 Preston Research Building tel  615.936.7096
2220 Pierce Avenue fax 615.936.1872
Nashville, TN 37232-6300 www.VanderbiltHealth.com
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23 SUMMARY:
24  We present the protocols to examine mouse heart development using whole mount
25  epifluorescent microscopy on mouse embryos dissected from ventricular specific MLC-2v-
26 tdTomato reporter knock-in mice. This method allows us to directly visualize each stage of the
27  ventricular formation during mouse heart development without labor-intensive histochemical
28  methods.
29
30 ABSTRACT:
31 The goal of this protocol is to describe a method for the dissection of mouse embryos and
32  visualization of embryonic mouse ventricular chambers during heart development using
33  ventricular specific fluorescent reporter knock-in mice (MLC-2v-tdTomato mice). Heart
34  development involves a linear heart tube formation, the heart tube looping, and four chamber
35 septation. These complex processes are highly conserved in all vertebrates. The mouse
36 embryonic heart has been widely used for heart developmental studies. However, due to their
37  extremely small size, dissecting mouse embryonic hearts is technically challenging. In addition,
38  visualization of cardiac chamber formation often needs in situ hybridization, beta-galactosidase
39  staining using LacZ reporter mice, or immunostaining of sectioned embryonic hearts. Here, we
40 describe how to dissect mouse embryonic hearts and directly visualize ventricular chamber
41  formation of MLC-2v-tdTomato mice using whole mount epifluorescent microscopy. With this
42  method, it is possible to directly examine heart tube formation and looping, and four chamber
43  formation without further experimental manipulation of mouse embryos. Although the MLC-2v-
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tdTomato reporter knock-in mouse line is used in this protocol as an example, this protocol can
be applied to other heart-specific fluorescent reporter transgenic mouse lines.

INTRODUCTION:

Chamber formation during heart development is a complex process transitioning through several
morphologically distinct embryonic stages?. The crescent shape of cardiac progenitor
population cells forms a linear heart tube and then undergoes elongation and looping to form
the spiral shape of the developing heart. After its septation process, the developing heart is
transformed into the four-chambered heart. Interruption of any of these processes results in
developmental heart defects. Thus, it is important to understand the molecular mechanisms
underlying chamber formation during heart development. Despite numerous previous studies on
heart development, our understanding of this complex process remains limited.

In situ hybridization, immunohistochemistry, and beta-galactosidase staining using LacZ reporter
mice have been widely used to study chamber formation during mouse heart development by
labeling cardiac specific or chamber specific structural genes or proteins (e.g., Nppa, Coup-TFlI,
Irx4, MLC-2a and MLC-2v)3>1°, However, these experiments using mouse embryos require
significant time and expertise, because several different experimental steps have to be
performed sequentially!?. Here, we describe a simple whole mount epifluorescent microscopy
method to visualize the developing ventricles using embryos dissected from MLC-2v-tdTomato
reporter knock-in mice'2. The advantage of this method compared to previously used methods is
to avoid complex experimental steps which may often create experimental variations. The main
purpose of this protocol is to describe how to dissect mouse embryos and developing hearts and
to examine each stage of mouse cardiac chamber development without tedious histochemical
experiments. This method can be easily applied to assess heart development using various other
transgenic mouse lines labeling early cardiac markers (e.g., Mesp1Cre: Rosa26EYFP®3, Isl1Cre:
Rosa26EYFP!3, Hcn4H2BGFP4, Hcn4Cre: Rosa mT/mG4, Nkx2-5Cre: Rosa mT/mG!4, Hcn4-eGFPY>,
Isl1Cre: Rosa mT/mG*#, Nkx2.5Cre: Rosa26tdTomato?®>, and TgMef2c-AHF-GFP® mice).

PROTOCOL:

All animal procedures were performed with the approval of the Vanderbilt University Medical
Center Institutional Animal Care and Use Committee.

1. Mouse embryo collection and dissection
1.1) Mate 8-10 week old female MLC-2v-tdTomato*- mice with 8-10 week old male MLC-2v-
tdTomato* mice to obtain MLC-2v-tdTomato**, MLC-2v-tdTomato*- and MLC-2v-tdTomato™

embryos.

1.2) Check the dams for vaginal plugs every morning. Noon on the day of vaginal plug detection
is considered as EO.5.
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NOTE: Vaginal examination for detecting a vaginal plug should be performed in the morning
(within 8-24 h after sexual activity), since a vaginal plug can be lost throughout the day.

1.3) Euthanize the pregnant dams at different days post coitum (e.g., E8.5, E10.5, and E12.5)
using CO; inhalation followed by cervical dislocation.

1.4) Lay the mice supine and spray 70% ethanol on the abdomen of mice to avoid mouse hair
contamination during dissection.

1.5) Open the abdominal cavity by incision of both the skin and abdominal wall using sharp
surgical scissors and a forcep.

1.6) Locate bilateral uterine horns in the dorsal part of the abdominal cavity.

1.7) Separate the entire uterus by carefully cutting above the oviducts on both sides using sharp
surgical scissors and a forcep.

1.8) Place the entire dissected uterus in a 10 cm Petri dish with ice-cold PBS and carefully separate
each amniotic sac along the uterine horn using sharp surgical scissors and a forcep.

1.9) Transfer each embryo into individual wells of 6 well plate filled with ice-cold PBS using a
transfer pipette.

1.10) Under a dissecting microscope, open up an amniotic sac and expose each embryo by cutting
off the umbilical cord using sharp surgical scissors and a forcep in an individual well of a 6 well
plate with ice-cold PBS.

1.11) Trim out extra-embryonic tissues as much as possible without damaging the embryo using
sharp surgical scissors and a forcep.

NOTE: Whole mount epifluorescent imaging of whole mouse embryo is usually performed before
dissecting the developing heart as described below.

1.12) Cut the embryo head using sharp surgical scissors and a forcep and transfer to a 1.5 mL
tube with 100 uL of buffer A (25 mM NaOH and 0.2 mM EDTA) for genotyping to correlate with
the results of epifluorescent imaging.

1.13) Open the chest of the embryo using fine forceps, remove the heart away from the lungs
and vasculature using sharp surgical scissors and forceps, and transfer the dissected embryonic
heart into a well of a 12 well plate with PBS using a transfer pipette. All dissection procedures are
completed under a dissecting microscope with a fiber optic microscope illuminator.
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NOTE: It was technically difficult to dissect out mouse embryonic hearts at E8.0 or E8.5, because
of their extremely small size and fragile structure. Early embryonic hearts (i.e. E8.0 and E8.5) can
be examined within the whole mount embryo without dissection.

2. Whole-mount epifluorescence imaging

2.1) Place the 12 well plate with mouse embryonic hearts under an epifluorescent dissecting
microscope.

2.2) Under an epifluorescent dissecting microscope using fine forceps, position the embryonic
heart such that developing ventricles are located close to the examiner.

2.3) Adjust focusing of the image using a 0.63x objective (zoom range between 3.15x and 18.9x)
in bright field mode.

2.4) Take bright field exposures and capture multiple images. The images were usually obtained
by one second exposure. However, exposure times may vary depending on illumination and
camera specificationss and need to be optimized for each setup.

2.5) Turn off a fiber optic microscope illuminator, and set the filter for red fluorescence (Ex545
nm/Em 605 nm) to visualize tdTomato expression.

2.6) Re-adjust focusing of the image if necessary.
2.7) Adjust brightness and contrast, take red fluorescent exposures, and capture multiple images.

NOTE: The following image setting was usually used: 1 s exposure time, 2x gain, 1.0 saturation,
and 1.0 gamma correction. The optimal setting needs to be optimized for each experiment. Once
the optimal setting is determined, the same setting needs to be used for an entire experiment.

3. Genotyping
3.1) Boil the samples from step 1.12 for 1 h at 100 °C.

3.2) Centrifuge for 2 min at 11,360 x g, transfer 20 uL of supernatant into a new 1.5 mL tube with
20 ulL of buffer B (40 mM Tris HCI, pH 5.5) and mix them.

3.3) Take 4.5 pl of the mixed supernatant from step 3.2 as a DNA template, combine it with 0.5
uL of each of the specific forward and reverse primers (10 uM), 10 uL of pre-mixed polymerase
and reaction buffer (2x) (see Table of Materials), and then add water to a total volume of 20 pL.
Primer sequences are as below.

F1: 5'-TACCCACGGAGAAGAGAAGGACT-3’

R1: 5'-TGGACTTCTTGGAACTGACTCTGT-3’

F2: 5-ACGGCACGCTGATCTACAAGGT-3’
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R2: 5’-TTTGCGCACAGCCCTGGGAT-3’

3.4) Run a polymerase chain reaction (PCR) with the following PCR program (Table 1 and Table
2).

3.5) Run PCR samples and DNA ladder on a 1% agarose gel at 140 V in 1x TAE (Tris-acetate-EDTA)
buffer (40 mM Tris-acetate and 1 mM EDTA) for 25 min. Use a 100 bp DNA ladder to estimate
the size of the PCR bands.

3.6) Place the DNA gel on a UV transilluminator to identify the DNA bands and turn on the UV
light.

REPRESENTATIVE RESULTS:

During heart development, MLC-2v is considered to be the earliest marker for ventricular
chamber specification’. As depicted in Figure 1, we dissected out mouse whole embryos and
embryonic hearts from MLC-2v-tdTomato reporter knock-in mice and examined MLC-2v-
tdTomato reporter expression during heart development. In MLC-2v-tdTomato reporter knock-
in mice, constitutive tdTomato expression in the developing heart is visualized via
epifluorescence whole mount imaging as early as at E8.0' (Figure 2). Relatively weak expression
of tdTomato in the linear heart tube at E8.0 becomes stronger at E8.5. At E10.5, MLC-2v-
tdTomato reporter expression was demonstrated in the ventricular portion of the dissected
looped heart from a whole mouse embryo, while it was not shown in the inflow tract, the outflow
tract or the future atria. At E12.5-E13.5, whole mount epifluorescent imaging of the dissected
heart of MLC-2v-tdTomato knock-in reporter mouse embryo showed that the tdTomato reporter
is exclusively expressed in the ventricles of the four-chambered heart. The similar ventricular
specific expression pattern of MLC-2v-tdTomato reporter was shown in the dissected mouse
embryo at E16.5. Using this method, we can easily track down ventricular chamber formation
during mouse heart development.

After whole mount epifluorescent imaging of mouse embryos or dissected developing hearts, we
retrospectively confirmed the genotype of the embryo using the head of mouse embryos. Using
two sets of primers as illustrated in Figure 3A, we performed PCR genotyping. The embryos
carrying the wild type allele showed a 383 bp PCR product using the F1 and R1 primer set. The
embryos carrying the tdTomato knock-in allele showed the 497 bp PCR product using the F2 and
R2 primer set (Figure 3B). Heterozygous embryos were defined by demonstrating both the 383
bp and the 487 bp bands, while the wild type or homozygous genotype was determined by
demonstrating a single 383 bp or 497 bp band, respectively.

FIGURE LEGENDS

Figure 1. Outline of stepwise experimental procedure for whole mount epifluorescent imaging
of the embryonic MLC-2v-tdTomato reporter mouse hearts.
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Figure 2. Representative epifluorescent images of whole embryos and developing hearts
dissected from MLC-2v-tdTomato reporter knock-in mice. Epifluorescent imaging of whole
mount embryos and dissected hearts at different embryonic stages demonstrates specific
expression of tdTomato in the ventricles of developing hearts. (A) Whole embryo at E8.0, (B)
Whole embryo at E8.5, (C) Whole embryo at E9.0, (D) Whole embryo at E10.5, (E) Whole embryo
at E13.5, (F) Whole embryo at E16.5, (G) Embryonic heart at E9.0, (H) Embryonic heart at E10.5,
(1) Embryonic heart at E13.5, and (J) Embryonic heart at E16.5. A, atrium; V, ventricle; IFT, inflow
tract; OFT, outflow tract. Scale bar (A=F) = 1 mm; Scale bar (G-J) = 500 um. This figure has been
modified from reference #12 with permission.

Figure 3. Genotyping of MLC-2v-tdTomato reporter knock-in embryos. (A) lllustration of
genotyping primer design. (B) Representative genotyping results using F1 and R1 primers (left)
and F2 and R2 primers (right). +/+: homozygous, +/-: heterozygous, -/-: wild type. Exon: a
segment of a gene that contains information required for protein synthesis; IRES: Internal
ribosome entry site; FRT: flippase recombinase-recombination target.

Table 1: PCR program using F1 and R1 primers
Table 2: PCR program using F2 and R2 primers

DISCUSSION

The method described here is relatively simple to examine ventricular chamber development,
without performing labor-intensive experiments to label ventricular or cardiac-specific structural
genes or proteins. Thus, this method minimizes technical variabilities that were often found in
immunostained heart sections.

There are two critical steps for successfully performing this method including precise estimation
of the embryonic age of mice and dissection of embryonic hearts. We practically estimate the
embryonic age of the mice by identifying vaginal plugs in female mice. However, the presence of
a vaginal plug does not necessarily indicate pregnancy. It only indicates that sexual intercourse
occurred within an approximate 8 to 24 h period. Even if vaginal plugs are found, it is often
difficult to determine whether mice are indeed pregnant or not until 10-11 days post coitum by
examining the abdomen of the female mice. Breeding multiple pairs of male and female mice is
a safe breeding strategy to obtain the expected age of the mouse embryos. Isolating developing
mouse hearts without significant damages to their structures is critical to accurately examine
cardiac chamber development during mouse embryogenesis as illustrated in Figure 1. Careful
dissection under a dissecting microscope and understanding developmental cardiac anatomy at
each embryonic stage before dissection are necessary for successfully performing this protocol.

Since MLC-2v-tdTomato reporter expression is first observed at E8.0, it is not possible to examine
the earlier embryonic heart tube or cardiac crescent stage'2. The various reporter mouse lines
labeling earlier cardiac markers (e.g. MesplCre: Rosa26EYFP®3, Isl1Cre: Rosa26EYFP13,
Hcn4H2BGFP4, Hcn4Cre: Rosa mT/mG!4, Nkx2-5Cre: Rosa mT/mG?*4, Hecnd-eGFPY, Isl1Cre: Rosa
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mT/mG?!4, and Nkx2.5Cre: Rosa26tdTomato?!>, TgMef2c-AHF-GFP1® mice) can be used to examine
earlier stages of chamber development using the method described in this article.
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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 icle. 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,

Attribution-Non  Commercial-No  Derivs 3.0 Unported including any extensions thereto) license (a) to publish,
Agreement, the terms and conditions of which can be found reproduce, distribute, display and store the Article in all forms,
at: http://creativecommons.org/!fcenses/by—nc- formats and media whether now known or hereafter

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, transfor
or adapted; “Institution” means the institution, i

last page of this Agreement, by :
employed at the time of the creation o
means Mylove Corporation, a Ma:
the publisher of The Journal
“Materials” means the Article a
means the Author and JoVE:
by the Author, alone or in conj
or by JOVE or its affiliates or :
collaboration with the Author
incorporating all or any portion
Author may or may not appear.
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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 ﬁmltaﬂo_ the Video) or Collective Works based on all

mount

epituey
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4. Retention of Rights in A icle. 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.

5. f Ri - r . 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. Gran i - . 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
the above. The foregoing rights may b
and formats, whether now known or

licenses or grants ed b
scope of the 17 U.S.C. 403,
shall be limited to the maxim
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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. 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.

9. 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
anysuduuthnrhasrbtonter&dﬁ“aseplmnﬂdtlnd
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

Scanned by CamScanner
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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.

11. 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 the making of a video by JoVE its employees, agents or
independent contractors. Al sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author's

ARTICLE AND VIDEO LICENSE AGREEMENT

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.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication 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 US51,200 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.

13. TIransfer, 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 required per submission.

CORRESPONDING AUTHOR:

Name:

| ['gun;-"];* Nawm
I Med, ¢ive

Department:

Institution:

Article Title:

| Vanderbilt University Madica| Couten |

4.l

Signature:

Please submit a
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebuttal.docx 2

We appreciate the constructive comments provided by the Reviewers, and we have attempted
to address them on a point-by-point basis below. The changes that we made were tracked in
red in the main text.

Reviewer #1

1) The title of the paper suggests that it will focus on the use of whole-mount epifluorescence
microscope which might be an area with more potential than dissection. Yet, this section was
not very specific (a lot of it may vary).

We described both embryonic heart dissection and whole-mount epifluorescence
microscope to examine chamber specification during mouse embryogenesis using
fluorescent reporter mice. Because successful dissection of embryonic hearts is a key
to success of this protocol, we believe that it is important to describe the dissection
method, in addition to epifluorescent microscope use.

2) Figure 2 showed the ventricular specific expression of tdTomato. However, ventricles are
easy to identify morphologically without using epifluorescence images. It is not clear how
epifluorescence microscope images of ventricles are useful for analysis of embryonic cardiac
formation.

Although it is easy to identify ventricles in the post-natal heart, it is not straightforward
to identify ventricles or future ventricles during early heart development. Our method
will be helpful to study ventricular development or chamber specification during
embryogenesis.

3) The steps shown in Figure 1 are routine in laboratories handling mouse embryos. Therefore,
general impact of this paper may not be high.

We agree that the protocol described in this manuscript is not completely novel.
However, it may fit into one of the aims in JoVE, “providing gold standard protocols that
can serve trainees and other researchers trying to learn techniques”.

4) Generation of the knock-in mouse model, such as vector construction, won't be a helpful
content for a video. Perhaps those who want to perform electroporation, selection of ES cells,
generation of mice from ES cells would be interested in seeing those procedures in a video.
Generation of a knock-in reporter mouse line is not a topic that we focus on in this
manuscript. However, we added an illustration of knock-in allele to describe genotyping
primer designs (Figure 3A).

5) All the important steps of the protocol were clearly stated and they lead to the outcomes
presented in the paper.
Thanks for your support.

6) The main equipment and materials were listed with the company's name and the catalog
number.
Thanks again for your support.

7) The genotyping section was clearly organized and had all the details like the sequences of
the primers. However, genotyping is already a well-established procedure, and it won't be a
helpful content for a video.

It may fit into one of the aims in JOVE, “providing gold standard protocols that can serve
trainees and other researchers trying to learn techniques”.


https://www.editorialmanager.com/jove/download.aspx?id=954666&guid=cb4652b5-cc4a-451e-a96b-29d83c1d8073&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=954666&guid=cb4652b5-cc4a-451e-a96b-29d83c1d8073&scheme=1

8) In the results, it was stated that tails were used for genotyping, but in the protocol it was
stated that embryo's heads were used.

Thank you for pointing out the mistake. The embryo head was used for genotyping and
the text has been changed accordingly.

Reviewer #2

1) Epifluorescent imaging is a very useful tool, but it is limited to examine inside cardiac
chambers. Since early mouse embryos are relatively transparent that allows confocal imaging
without a clearing step, providing a wholemount cardiac chamber imaging protocol with a
confocal microscope in addition to the current epifluorescent microscopy protocol would be
additional benefits for this type of paper.

We agree that confocal imaging technique is a very useful tool to examine embryonic
hearts. However, the main advantage of this protocol is to provide a simple tool for
studying heart chamber specification in a regular lab setting without a need of expensive
equipment.

Reviewer #3

Although novelty is not required for publication, there are many such protocols available in the
literature. The protocol is not a live imaging for embryonic hearts, nor is a three D imaging
protocol.

We agree that the protocol described in this manuscript is not completely novel.
However, this article may fit into one of the aims in JoVE, “providing gold standard
protocols that can serve trainees and other researchers trying to learn techniques”.
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TERMS AND CONDITIONS

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc.
or one of its group companies (each a"Wiley Company") or handled on behalf of a society
with which a Wiley Company has exclusive publishing rights in relation to a particular
work (collectively "WILEY™). By clicking "accept™ in connection with completing this
licensing transaction, you agree that the following terms and conditions apply to this
transaction (along with the billing and payment terms and conditions established by the
Copyright Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at
the time that you opened your RightsLink account (these are available at any time at
http://myaccount.copyright.com).

Terms and Conditions

o The materials you have requested permission to reproduce or reuse (the "Wiley
Materials™) are protected by copyright.

e You are hereby granted a personal, non-exclusive, non-sub licensable (on a stand-
alone basis), non-transferable, worldwide, limited license to reproduce the Wiley
Materials for the purpose specified in the licensing process. This license, and any
CONTENT (PDF or image file) purchased as part of your order, is for a one-
time use only and limited to any maximum distribution number specified in the
license. The first instance of republication or reuse granted by this license must be
completed within two years of the date of the grant of this license (although copies
prepared before the end date may be distributed thereafter). The Wiley Materials
shall not be used in any other manner or for any other purpose, beyond what is
granted in the license. Permission is granted subject to an appropriate
acknowledgement given to the author, title of the material/book/journal and the
publisher. You shall also duplicate the copyright notice that appears in the Wiley
publication in your use of the Wiley Material. Permission is also granted on the
understanding that nowhere in the text is a previously published source
acknowledged for all or part of this Wiley Material. Any third party content is
expressly excluded from this permission.



http://myaccount.copyright.com/

With respect to the Wiley Materials, all rights are reserved. Except as expressly
granted by the terms of the license, no part of the Wiley Materials may be copied,
modified, adapted (except for minor reformatting required by the new Publication),
translated, reproduced, transferred or distributed, in any form or by any means, and
no derivative works may be made based on the Wiley Materials without the prior
permission of the respective copyright owner.For STM Signatory Publishers
clearing permission under the terms of the STM Permissions Guidelines only,
the terms of the license are extended to include subsequent editions and for
editions in other languages, provided such editions are for the work as a whole
in situ and does not involve the separate exploitation of the permitted figures
or extracts, You may not alter, remove or suppress in any manner any copyright,
trademark or other notices displayed by the Wiley Materials. You may not license,
rent, sell, loan, lease, pledge, offer as security, transfer or assign the Wiley
Materials on a stand-alone basis, or any of the rights granted to you hereunder to
any other person.

The Wiley Materials and all of the intellectual property rights therein shall at all
times remain the exclusive property of John Wiley & Sons Inc, the Wiley
Companies, or their respective licensors, and your interest therein is only that of
having possession of and the right to reproduce the Wiley Materials pursuant to
Section 2 herein during the continuance of this Agreement. You agree that you own
no right, title or interest in or to the Wiley Materials or any of the intellectual
property rights therein. You shall have no rights hereunder other than the license as
provided for above in Section 2. No right, license or interest to any trademark, trade
name, service mark or other branding ("Marks") of WILEY or its licensors is
granted hereunder, and you agree that you shall not assert any such right, license or
interest with respect thereto

NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY,
EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE
MATERIALS OR THE ACCURACY OF ANY INFORMATION CONTAINED
IN THE MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY,
INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES
ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED
BY YOU.

WILEY shall have the right to terminate this Agreement immediately upon breach
of this Agreement by you.

You shall indemnify, defend and hold harmless WILEY, its Licensors and their
respective directors, officers, agents and employees, from and against any actual or
threatened claims, demands, causes of action or proceedings arising from any
breach of this Agreement by you.


http://www.stm-assoc.org/copyright-legal-affairs/permissions/permissions-guidelines/

IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR
ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY
SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN
CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR
USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION,
WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY,
TORT, NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING,
WITHOUT LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA,
FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES),
AND WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY
NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE OF ANY
LIMITED REMEDY PROVIDED HEREIN.

Should any provision of this Agreement be held by a court of competent
jurisdiction to be illegal, invalid, or unenforceable, that provision shall be deemed
amended to achieve as nearly as possible the same economic effect as the original
provision, and the legality, validity and enforceability of the remaining provisions
of this Agreement shall not be affected or impaired thereby.

The failure of either party to enforce any term or condition of this Agreement shall
not constitute a waiver of either party's right to enforce each and every term and
condition of this Agreement. No breach under this agreement shall be deemed
waived or excused by either party unless such waiver or consent is in writing signed
by the party granting such waiver or consent. The waiver by or consent of a party to
a breach of any provision of this Agreement shall not operate or be construed as a
waiver of or consent to any other or subsequent breach by such other party.

This Agreement may not be assigned (including by operation of law or otherwise)
by you without WILEY's prior written consent.

Any fee required for this permission shall be non-refundable after thirty (30) days
from receipt by the CCC.

These terms and conditions together with CCC's Billing and Payment terms and
conditions (which are incorporated herein) form the entire agreement between you
and WILEY concerning this licensing transaction and (in the absence of fraud)
supersedes all prior agreements and representations of the parties, oral or written.
This Agreement may not be amended except in writing signed by both parties. This
Agreement shall be binding upon and inure to the benefit of the parties' successors,
legal representatives, and authorized assigns.

In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC's Billing and Payment terms and
conditions, these terms and conditions shall prevail.



o WILEY expressly reserves all rights not specifically granted in the combination of
(i) the license details provided by you and accepted in the course of this licensing
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.

o This Agreement will be void if the Type of Use, Format, Circulation, or Requestor
Type was misrepresented during the licensing process.

« This Agreement shall be governed by and construed in accordance with the laws of
the State of New York, USA, without regards to such state's conflict of law rules.
Any legal action, suit or proceeding arising out of or relating to these Terms and
Conditions or the breach thereof shall be instituted in a court of competent
jurisdiction in New York County in the State of New York in the United States of
America and each party hereby consents and submits to the personal jurisdiction of
such court, waives any objection to venue in such court and consents to service of
process by registered or certified mail, return receipt requested, at the last known
address of such party.

WILEY OPEN ACCESS TERMS AND CONDITIONS

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription
journals offering Online Open. Although most of the fully Open Access journals publish
open access articles under the terms of the Creative Commons Attribution (CC BY)
License only, the subscription journals and a few of the Open Access Journals offer a
choice of Creative Commons Licenses. The license type is clearly identified on the article.

The Creative Commons Attribution License
The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and

transmit an article, adapt the article and make commercial use of the article. The CC-BY
license permits commercial and non-

Creative Commons Attribution Non-Commercial License

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use,
distribution and reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.(see below)

Creative Commons Attribution-Non-Commercial-NoDerivs License

The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND)
permits use, distribution and reproduction in any medium, provided the original work is
properly cited, is not used for commercial purposes and no modifications or adaptations are
made. (see below)
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Use by commercial "*for-profit’™ organizations

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes
requires further explicit permission from Wiley and will be subject to a fee.

Further details can be found on Wiley Online Library
http://olabout.wiley.com/WileyCDA/Section/id-410895.html

Other Terms and Conditions:

v1.10 Last updated September 2015

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.
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