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Short Abstract:

Zebrafish are an emerging system for modeling human disorders of the skeletal muscle.
We describe a fast and efficient method to isolate skeletal muscle myofibers from embryonic
and larval zebrafish. This method yields a high-density myofiber preparation suitable for study
of single skeletal muscle fiber morphology, protein subcellular localization, and muscle

physiology.

Long Abstract:

The zebrafish has proven to be a valuable model system for exploring skeletal muscle
function and for studying human muscle diseases. Despite the many advantages offered by in
vivo analysis of skeletal muscle in the zebrafish, visualizing the complex and finely structured
protein milieu responsible for muscle function, especially in whole embryos, can be problematic.
This hindrance stems from the small size of zebrafish skeletal muscle (60 um) and the even
smaller size of the sarcomere. Here we describe and demonstrate a simple and rapid method
for isolating skeletal myofibers from zebrafish embryos and larvae. We also include protocols
that illustrate post preparation techniques useful for analyzing muscle structure and function.
Specifically, we detail the subsequent immunocytochemical localization of skeletal muscle
proteins and the qualitative analysis of stimulated calcium release via live cell calcium imaging.
Overall, this video article provides a straight-forward and efficient method for the isolation and
characterization of zebrafish skeletal myofibers, a technique which provides a conduit for myriad
subsequent studies of muscle structure and function.



Introduction:

Skeletal muscle is a highly specialized tissue responsible for generating the contractile
forces necessary for motility. Contraction is initiated through a process known as excitation-
contraction (EC) coupling that converts electric signals to calcium release from intracellular
stores™?. Intracellular calcium release activates the sarcomere to shorten and generate force.
The many specific components of the molecular machinery responsible for mediating
neuromuscular junction transmission®, EC coupling*®, and actin-myosin dependent
contractions® continue to be the ongoing subject of intense research. In addition, proteins that
stabilize the muscle membrane during contraction”® and that mediate signaling between the
myofiber and the extracellular matrix”® have been identified and studied in great detail.

Mutations in a number of genes important for muscle structure and function have been
identified as causes of human skeletal muscle diseases (http://www.musclegenetable.org/).
These diseases, classified broadly as skeletal myopathies and muscular dystrophies based on
clinical and histopathologic features, are associated with muscle weakness, lifelong disability,
and early mortality'®**. The zebrafish has proven to be an outstanding system for modeling and
studying human skeletal muscle diseases®*?**. It has been employed to validate new gene
mutations®, define new aspects of disease pathophysiology***®, and identify new therapeutic
approaches™*®. The power of the zebrafish for studying human muscle disease relates to the
large number of offspring, the rapid development of muscle structure and function, the optical
clarity of the zebrafish embryo, and the ease of genetic and pharmacologic manipulation of the
developing zebrafish'’.

We and others'*'®*° have recently developed a simple technique for the rapid and
efficient isolation of myofibers from the developing zebrafish. This methodology has enabled
the examination of myofibers in greater detail than can be provided by whole embryo analysis.
The technique has been exploited for the characterization of protein subcellular localization®® as
well as for the identification of important histopathologic characteristics as part of validation
studies in newly developed disease models®'. Furthermore, isolated myofibers can additionally
be used for live imaging and for electrophysiological studies,* techniques that allow for the
interrogation of key aspects of muscle function. The specific protocol for myofiber isolation,
along with two examples of subsequent analytic experiments, is detailed in the remaining parts
of this manuscript.


http://www.musclegenetable.org/
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Note 2: Other size coverslips will work; however, the volumes of reagents and embryos used
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Note 4: Keep the 60 mm petri dish with parafilm on the bottom. This setup will be used during
myofiber plating and immunolabeling (later steps).

Alternative 1: Instead of coating coverslips immediately prior to use, a coated coverslip stock

Alternative 2: We also coat coverslips in poly-L-ornithine. This is more labor intensive, but is
useful for longer term culturing because poly-L-ornithine coated coverslips can be UV treated.
With UV treatment and careful sterile technique live myofibers can typically be maintained in
culture from 4-7 days.



Note 4: Embryo suspension can be filtered a second time through a 40 um filter to further
remove unwanted debris. From a double filtration, recovery is approximately 800 ul from a
starting volume of 1ml.



ith antibiotics and sterile technique live cultures can typically be
maintained for 1-2 days.

Note 7: Skeletal muscle from 1 dpf embryos does not plate as elongated and clearly striated
fibers. Instead, large myoballs are visible. In addition, during the pelleting phase post
dissociation (2.6), 1 dpf myoballs need to be centrifuged for a minimum of 8 minutes at 5000 x g
to achieve a pellet. For analysis of embryos at this stage, it is recommended to use the
transgenic line expressing EGFP specifically in skeletal muscle®®. This will allow identification of
cells from muscle origin versus other sources.

3.) Fluorescence immunostaining of dissociated zebrafish myofibers (Time:
approximately 1 day)

Part 1. Immunolabeling
3.1) Remove a portion of media from myofibers adhered to the coated coverslip

3.2) Fix cells using 4% paraformaldehyde or methanol. For PFA, remove % the volume of
media and replace with the same amount of PFA. Fix for 10 minutes at RT, then remove total
volume, replace with 50-100 pl of PFA, and fix for an additional 10 minutes. For alcohol fixation,
ice cold methanol or acetone can be applied at 4°C for 10 min or 5 min respectively.

3.3) Wash myofibers at least 3-5 times with 1X PBS or 1X PBS plus 0.1% Tween. Average
wash volume is 50-100 pl per coverslip.

3.4) Add Blocking solution to myofibers (working stock:) and incubate 20-60 minutes at room
temperature. Blocking solution will vary depending on the primary and secondary antibodies.
The two most common used in the lab are (1) 1X PBS, 2 mg/ml BSA, 1% sheep serum, 0.25%
Triton X-100 final and (2) 0.2% Triton X-100, 2mg/ml (0.2% BSA) and 5% sheep/goat serum.

3.5) Remove Blocking solution and add primary antibody diluted in either blocking solution or
PBS. Incubate myofibers overnight at 4°C. Make sure to either parafilm or wrap in saran wrap
the petri dish containing the myofiber-loaded coverslips coated with antibody. Small pieces of
moistened paper towel can be added to create a humidified chamber

3.6) Remove primary antibody from coverslips and wash coverslips 3-5 times for 5 min with
PBS or blocking solution

3.7) Add secondary antibody at appropriate concentration diluted in 1X PBS or blocking solution
for 1-2 hours at room temperature



3.8) Remove secondary antibody and wash myofibers 3-5 times in PBS for 5 minutes each at
room temperature

Note 1: Attention to the orientation of the coated coverslip is critical.

4)) Live cell calcium imaging using GCaMP3

Live cell experiments can be performed on myofibers prior to fixation (following step 2.10). The
following protocol describes live imaging in myofibers expressing GCaMP3%*, a genetically
encoded calcium indicator, expressed by the skeletal muscle specific zebrafish a-actin promoter
(PSKM)Z. Alternatively, this technique can be readily adapted to use calcium indicator dyes
such as Fura-2.

4.1) Inject embryos with pSKM: GCaMP3 construct at the 1-2 cell stage

4.2) At 3 dpf, collect larvae and prepare myofibers as described in sections 1 and 2. Allow
myofibers to adhere for a minimum of 1 hour. For this technique, preparing coverslips in 24 well
dishes is required.

4.3) Carefully remove any excess media, and add 300 pl of fresh CO, independent media at
room temperature.

4.4) Observe cells under an inverted microscope. GCaMP3 positive myofibers should be visible
under green fluorescence.

4.5) Set up camera for recording, if desired.

4.6) Prepare a 30 mM caffeine solution in CO, independent media. To stimulate cells, gently
pipette 300 ul of caffeine solution into the well under magnification. Within 5-10 seconds,
GCaMP positive myofibers should respond to caffeine with a rapid increase in fluorescence
(Figure 3). Myofibers may also contract. Of note, caffeine induces calcium release from the
sarcoplasmic reticulum stores®. Other agents, such as KCI* and ryanodine*, can be used to
study inducible calcium release.



Representative Results:

Fluorescent immunolabeling of myofibers (Figure 2)

Images showing expected fluorescent labeling pattern from myofibers immunstained after
successful isolation and plating. The myofibers have been labeled with either anti-ryanodine
receptor (1:100) (Figure 2A) or anti-a-actinin (1:100) (Figure 2B) antibodies, and reveal
immunostaining of the triad and the Z-band respectively. Secondary antibodies used were
Alexafluor 555 (1:500). Images captured using confocal microscopy.

Induced calcium release from a myofiber (Figure 3)

Panel series showing the representative calcium release from an isolated myofiber treated with
caffeine. In brief, zebrafish embryos were injected at the one cell stage with the pSKM:
GCaMP3 construct. At 3 dpf, embryos were dissociated and plated as described in the
protocol. For analysis, GCaMP3 expressing myofibers were selected, as indicated by the
presence of green fluorescence at baseline. Using a micropipette for drug administration, the
selected fiber was bathed in a 30 mM caffeine solution to induce calcium release. Video
recording was started prior to caffeine application and continued until peak fluorescence was
reached. This figure demonstrates normal caffeine induced calcium release, and the technique
can be used to interrogate the excitation-contraction coupling apparatus via live imaging.

Discussion:

Zebrafish are a powerful vertebrate model system for studying muscle development and
function in vivo?>?"?, They have also emerged as a valuable asset for modeling human muscle
diseases™**?*?  While great strides have been taken to advance the use and application of
zebrafish for the study of muscle function and muscle disease, there is a constant critical need
to develop tools that will allow more in depth analysis that compliments the genetic,
morphologic, behavioral and functional advantages zebrafish already offer'’. We have therefore
adapted and developed a simple and robust technique for the characterization of zebrafish
myofibers from dissociated whole embryos.

The use of individual myofibers is commonplace in studies using the murine model
system. In mice this has allowed for investigations and analyses that are impractical or
impossible in whole animals, including subcellular protein localization studies®, live cell
imaging®, and electrophysiologic measurements®. In the zebrafish, similar dissociation
techniques have been previously developed to specifically identify and examine motorneurons®
as well as Rohon-Beard sensory neurons®, and these techniques have enabled detailed
analysis of these neuron subtypes.

The broad applicability of isolated myofibers, combined with the many unique
advantages the zebrafish offers as a vertebrate model'’, are what motivated us to develop a
technique for isolating and characterizing embryonic and larval zebrafish myofibers. We have
utilized isolated myofibers in previous studies to determine subcellular localization of muscle
proteins®®#, to study localization of chimerically expressed transgenes® and to define specific
myofiber parameters including especially size’®*. In addition, we have used the fibers as a
source of validation for fish models of human muscle diseases®?!. For example, we have



identified nemaline bodies by immunofluorescent analysis in a model of nemaline myopathy®.
We have also used myofibers as a means of interrogating specific intracellular pathways,
including apoptosis and oxidative stress™®, and for the application and testing of specific
chemical modulators™.

Grabner and colleagues have also used the myofiber system to great success*®#*3¢,

They are the only group to report prolonged culturing of isolated fibers. In addition, they have
been able to use the fibers to measure the electrophysiological properties of the muscle.
Specifically, they have tested the impact of the loss of the beta subunit of the dihydropyridine
receptor on calcium release and measured the ability of a set of transgenes to rescue defects in
this release. These studies illuminate some of the very powerful potential applications of
isolated myofibers.

Another group to report use of the myofiber prep for studying muscle disease is Nixon et
al, who used myofibers to study the impact of morpholino mediated caveolin 3 knockdown on
muscle development and muscle structure®. These authors not only examined parameters by
light microscopy, but also studied the fibers using electron microscopy. Their work identifies yet
another advantage of the isolated myofiber system: the ability to study the ultrastructure of the
myofiber in an isolated and controlled setting.

These studies, along with our work, point to the potential wide-ranging utility of this
technique. Additional applications are certain to be developed, such as measuring rapid
calcium spikes using indicators like Fura-2. Additionally, this preparation offers the opportunity
to observe electrical activity, such as action potentials via voltage sensitive dyes (Di-4-ANEPPS)
or direct electrophysiological recording. It seems clear that all current techniques used on
murine myofibers should be applicable to zebrafish myofibers. In addition, the ability to express
different transgenes in the developing zebrafish, as well as the availability of a large and
growing number of transgenic zebrafish expressing various marker proteins (www.zfin.org),
adds an additional layer of complexity and applicability to the system. We demonstrate this fact
with the myofibers cultured from GCaMP3 expressing zebrafish, where we take advantage of
the ability to express GCaMP3 in muscle to study induced calcium imaging in real time in
isolated fibers (Figure 3).

As with most techniques, there are also some clear limitations to the isolated myofiber
system. These issues are in addition to the standard shortcomings of studying a cell type in
vitro that functions as a three dimensional syncytia in vivo and of performing electrophysiologic
experiments with non-physiologic stimuli. Using our methodology, one is not able to obtain a
pure preparation of myofibers. This is not a problem for immunostaining or for
electrophysiological measurements, but it does preclude certain experimental approaches. For
example, we have yet to determine a suitable methodology for identified a pure population of
myofibers for transcriptomic analysis. We have attempted FACS sorting of GFP expressing
myofibers followed by myofiber preparation, but this has not resulted in a pure culture with a
suitable number of myofibers for either RNA or protein analysis.

Another challenge is the long term culturing of myofibers. We have been able to keep
cultures for approximately 24 hours, and Grabner and colleagues report a preparation that has



been suitable for multiple days of experimentation'®. The challenge related to this aspect of the
technique is preventing contamination, as these cultures (much like murine myofiber preps) are
often difficult to keep sterile. Great care is needed if one is to attempt prolonged cultures. We
also recommend the use of antimicrobials including anti-fungals.

In all, we demonstrate a practical method for the isolation of zebrafish myofibers as well
as outline how to perform fluorescent immunolabeling and real time calcium imaging on the
isolated fiber preparations. Continuing modification and development of this technique will offer
an ever-expanding repertoire of tools to experiment on specific, isolated cell types in zebrafish.
By dissociating zebrafish embryos into isolated individual myofibers, we can further enhance our
understanding of muscle development, function and disease.
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FIGURE LEGENDS
Figure 1: Schematic Timeline of Embryo Dissociation.

Successive panels (top to bottom) illustrate individual steps, timing, and equipment required for
embryo dissociation. A) Selection of embryos for dissociation. Scale bar 500 um. B) Image of
dissociation set-up. Embryos are in media and collagenase while being rotated until sufficiently
dissociated (Protocol step 2). C) Image of both myofiber plating techniques; round coverslips or
24 well plates (Protocol steps 1 and 4 respectively). D) A bright-field image of live dissociated
zebrafish myofibers plated on poly-L Lysine coated coverslips. Arrows denote elongated
myofibers from 48 hpf zebrafish. Scale bar 30 um

Figure 2: Immunolabeling of individual myofibers isolated from 48 hpf zebrafish
embryos.

A) Myofiber labeled with anti-ryanodine receptor (RyR1), revealing a banded pattern along the
fiber consistent with localization to the triad/EC coupling apparatus. B) Myofiber labeled with
anti-a actinin, visualizing striations (red) along the myofiber localizing to the sarcomere and
highlighting the Z bands. In both images, nuclei are labeled with DAPI, seen as blue ovals.
Inserts show higher magnification images of the myofiber in the large image. Part A and B scale
bar 30 pm.

Figure 3: Representative induced calcium release response from a single isolated
zebrafish myofiber.

All panels show a pseudo-colored zebrafish myofiber expressing GCaMP3. The time course
shows the increase of GCaMP3 fluorescence (red color) in response to application of 30mM
caffeine. Recording started prior to caffeine application (O ms) and continued to maximum
fluorescence response (992 ms). Scale bar 30 um.
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*Table of Reagents/ Materials Used
Click here to download Table of Reagents/ Materials Used: Jove reagent list Final 3_25_2013.xlsx

Name of the reagent Company Catalogue number Comments (optional)
24 well culture plate Corning 3524
10X PBS Invitrogen Gibco 70011
CO2 Independent Medium Invitrogen Gibco 18045
Collagenase Type Il Worthington Biochemical LS004186 Lot 41H12764
Collagenase Type IV Worthington Biochemical L5004188
8% Paraformaldehyde Electron Microscopy Sciences 157-8
Methanol Sigma 322415
Triton X-100 Sigma X100
BSA Sigma A2153
Sheep serum Sigma S3772
Goat serum Sigma 9023
Glass coverslips Fischerbrand 12-545-82 12CIR-1D
Poly-L-Lysine Sigma P4707
Pronase Sigma P5147
40 pm Filter BD Biosciences 352340
70 um Filter BD Biosciences 352350
Prolong Gold antifade reagent Invitrogen P36931
anti a-Actinin Antibody Sigma A5044
anti-RYR Antibody Abcam 34C
AlexaFluor Antibody Invitrogen A-21425
TWEENZ20 Sigma P1379
60mm Petri Dish Fischerbrand 0875713A
Poly-L-Ornithine Sigma P4957
Microscope Slide Fischerbrand 12-550-15
Caffeine Sigma C0750
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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 inte 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;
“Materlals” 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 loVE 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.
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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 memoaorialize 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.

4. Retention of Ri in_Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
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without limitation, to ali 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.  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

ARTICLE AND VIDEO LICENSE AGREEMENT

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 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.

13. Transfer, Governing lLaw. 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.

A’ldlyfu @'/ 6“Ln7wmc ;,J Luvﬂ/ Z‘fl-w xl\ fl&ddk’ ﬁ'(l’wélwr‘pﬁm D'fj‘ad/{f/

/) ‘fl’f&," W’f)‘oﬂ {

AUTHOR:

Name: \T‘;ML’S | J DOW{ln ;
Department: D"f""f""‘"" oP P(o(nafrtu |
Institution: mwmf? of lﬂlclujm
Article Title:

Signature: 497 ,
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Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy as a PDF to the JoVE submission site upon manuscript submission (preferred);

2) Faxthe document to +1.866.381.2236; or

3) Mail the document to JoVE / Attn: JoVE Editorial / 17 Sellers St / Cambridge, MA 02139

For questions, please email editorial@jove.com or call +1.617.945.9051.

MS # (internal use):
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*Rebuttal Comments
Click here to download Rebuttal Comments: JoVE letter.docx

Dear Editors.

Please find enclosed our updated manuscript. As detailed below, we have made all of the
requisite changes.

Please let me know if there are additional questions or concerns.

Most sincerely (and on behalf of the authors),

James Dowling, MD, PhD

Editorial comments:

1) Editor modified the formatting of the manuscript to comply with JOVE instructions for authors,
please maintain the current formatting throughout the manuscript. You can find the updated
manuscript under "file inventory" and download the microsoft word document. Please use this
updated version for any future revisions.

The manuscript should now conform to the appropriate JOVE style.

2) Please revise your numbered protocol steps as it appears you are missing a step 4.5, please
double check that all other steps are in order.

Step 4.5 has been added. All other steps are included.

3) Please revise the protocol text to avoid the use of any pronouns (i.e. "we", "you", "our" etc.). If
you feel it is very important to give a personal example, you may use the royal "we" sparingly

and only as a "NOTE:" after the relevant protocol step.

We eliminated nearly all occurrences of these pronouns.

4) Please describe centrifuge speeds as "x g" instead of the machine-dependent "rpm".
centrifuge speeds have been changed to x g

5) JoVE is unable to publish manuscripts containing commercial sounding language, including
trademark or registered trademark symbols (TM/R) and the mention of company brand names
before an instrument or reagent. Please remove all commercial sounding language from your
manuscript. Specifically, please do not reference specific brand names throughout the protocol
or the results text. Instead, all commercial products should be sufficiently referenced in the table
of materials/reagents.

All language that refers to commercial brand names has been corrected or removed.

6) Please remove the table of materials/reagents from the manuscript text and submit it only as
a separate excel file (as you already did).

Table is now a separate file.
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