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22 SUMMARY:
23 Nuclear surface spreads are an indispensable tool for studying chromosome events during
24  meiosis. Here we demonstrate a method to prepare and visualize meiotic chromosomes during
25  prophase | from zebrafish spermatocytes.
26
27  ABSTRACT:
28 Meiosis is the key cellular process required to create haploid gametes for sexual reproduction.
29  Model organisms have been instrumental in understanding the chromosome events that take
30 place during meiotic prophase, including the pairing, synapsis, and recombination events that
31 ensure proper chromosome segregation. While the mouse has been an important model for
32  understanding the molecular mechanisms underlying these processes, not all meiotic events in
33  this system are analogous to human meiosis. We recently demonstrated the exciting potential of
34  the zebrafish as a model of human spermatogenesis. Here we describe, in detail, our methods to
35 visualize meiotic chromosomes and associated proteins in chromosome spread preparations.
36 These preparations have the advantage of allowing high resolution analysis of chromosome
37  structures. First, we describe the procedure for dissecting testes from adult zebrafish, followed
38 by cell dissociation, lysis, and spreading of the chromosomes. Next, we describe the procedure
39 for detecting the localization of meiotic chromosome proteins, by immunofluorescence
40 detection, and nucleic acid sequences, by fluorescence in situ hybridization (FISH). These
41  techniques comprise a useful set of tools for the cytological analysis of meiotic chromatin
42  architecture in the zebrafish system. Researchers in the zebrafish community should be able to
43  quickly master these techniques and incorporate them into their standard analyses of
44  reproductive function.
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INTRODUCTION:

Sexual reproduction proceeds through the combination of two haploid gametes, each carrying
half the chromosome complement of a somatic cell. Meiosis is a specialized cell division that
produces haploid gametes through one round of DNA replication and two successive rounds of
chromosome segregation. In prophase |, homologous chromosomes (homologs) must undergo
pairing, recombination, and synapsis, the latter of which is characterized by the formation of the
synaptonemal complex that comprises two homolog axes bridged by the transverse filament,
Sycpl (Figure 1A,B). Failure to properly execute these processes can lead to the production of
aneuploid gametes, which are a leading cause of miscarriages in humans®. Our knowledge of the
coordination between pairing, recombination and synapsis has been facilitated by studies in a
wide range of organisms, such as yeast, C. elegans, mouse, and Drosophila, among others?. While
the general process of homologous chromosome pairing followed by segregation is well
conserved, its dependency on recombination and synapsis and the order of these events varies.

Meiotic double-strand break (DSB) formation, which initiates homologous recombination, occurs
near telomeres clustered in the bouquet during leptotene and synapsis ensues shortly after®4.
This configuration of DSB formation and synapsis initiation is also a characteristic of male meiosis
in humans but not in mouse®8, suggesting that zebrafish can serve as a model for human
spermatogenesis. There are also several practical advantages of studying zebrafish meiosis. Both
males and females undergo gametogenesis throughout adulthood, their gonads are easily
accessible, and hundreds of offspring are generated from a single cross. Additionally, the
embryos are transparent and develop externally, which facilitates the early detection of
aberrations in embryonic development due to aneuploid gametes®°. Disadvantages of using
zebrafish are that they are slow to reach sexual maturity (~60 days) and the amount of material
needed for nuclear surface spreads must be collected from ~10-20 adult animals, depending on
their size.

Meiotic chromosome spread preparations are a vital tool for studying chromosome dynamics
across all model organisms, since key signatures of meiotic chromosome dynamics can be
probed. In zebrafish, key aspects of the progression of the meiotic program and nuclear
organization have been dissected through probing nuclear surface spreads, referred to here as
chromosome spreads, with antibodies for immunofluorescence detection of proteins and/or
nucleic acids by FISH3>%%712  Indeed, the polarized localization of clustered telomeres in the
bouquet can be preserved in the spread preparation (Figure 1C). Recently, we have used
zebrafish spermatocyte chromosome spreads together with fluorescence detection methods and
super-resolution microscopy to elucidate the detailed progression of zebrafish telomere
dynamics, homologous chromosome pairing, double-strand break localization, and synapsis at
key meiotic transitions3. Here we present methods to prepare chromosome spreads from
spermatocytes of the zebrafish testes and subsequently stain them with fluorescent peptide
nucleic acid (PNA) probes to repeated telomere sequences and immunofluorescence detection
of chromosome associated proteins.

PROTOCOL:
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All methods involving zebrafish were carried out using ethical standards approved by the
Institutional Animal Care and Use Committee at UC Dauvis.

1. Chromosome spreading procedure

NOTE: The following protocol is designed to create 4—6 slides, with hundreds of spread meiotic
nuclei per slide. The numbers of testes used will depend on the size of the fish. Expect to use 20
animals at ~60 days post fertilization (dpf) and 15 animals at ~6 months post fertilization (mpf).
For large zebrafish (e.g., 12 mpf) 10 animals should be sufficient. Be aware that testes of some
meiotic mutants (e.g., spo117") will be somewhat smaller3. In this protocol, one pool of testes is
considered as a single sample. It is recommended that no more than 4 samples are prepared in
parallel.

1.1. Make the following solutions before starting the spreading procedure

NOTE: It is convenient to prepare the following solutions in the quantities specified for use in
future spreading experiments.

1.1.1. Prepare a 0.1 M sucrose solution by dissolving 3.42 g of sucrose in 100 mL of distilled water.
Bring the sucrose solution to pH 8 using 1 M Tris-HCl that is also at pH 8. Then filter sterilize the
sucrose solution. Store at room temperature.

1.1.2. Make a 10x phosphate-buffered saline (PBS) stock solution to a final concentration of 1.37
M NaCl, 27 mM KCl, 73 mM Na;HPO4 and 27.6 mM KH2PO4 in 1.8 L of distilled water. Stir until
dissolved, then adjust pH to 7.3 using NaOH and autoclave. Store at room temperature.

1.1.3. Make a 400 pg/mL DNase | solution in sterile distilled water. Store at -20 °C. It is
recommended to prepare 5 mL of this solution and then store as 100 pL aliquots.

1.2. Make the following solutions on the day of the spreading protocol

NOTE: For time efficiency, it is best to make the collagenase solution immediately after dissecting
all testes and then make the trypsin and trypsin inhibitor solutions during the time that the
samples are being treated in collagenase.

1.2.1. Dissolve 4 mg of collagenase in 200 pL of Dulbecco’s modified Eagle medium (DMEM) per
sample (2% w/v collagenase final concentration). Keep on ice until needed. The collagenase will
dissociate the testes.

1.2.2. Dissolve 1.4 mg of trypsin in 200 uL of DMEM per sample (0.7% w/v trypsin final
concentration). Keep on ice until needed. The trypsin will help dissociate the cells.
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1.2.3. Dissolve 10 mg of trypsin inhibitor in 500 puL of DMEM per sample (2% w/v trypsin inhibitor
final concentration). Keep on ice until needed. Trypsin inhibitor prevents trypsin from degrading
the cells.

1.2.4. Prepare a 1% formaldehyde solution (from a 16% pre-made solution) with 0.15% Triton X-
100 in sterile distilled water. Keep on ice until needed. The 1% formaldehyde can be prepared
while the testes are being treated with trypsin and DNase | (i.e., during step 1.4.7 of the spreading
procedure).

CAUTION: Formaldehyde is hazardous.
1.3. Dissection of testes from adult male zebrafish

1.3.1. Euthanize male zebrafish (> 60 dpf) by submerging them in ice water. The fish can be kept
in ice water until ready to dissect, however they should be dissected as soon as possible.

NOTE: The wild-type strain AB is used for this procedure, but other wild-type strains should also
be amenable. The longest time we have kept fish in ice water prior to dissecting is 3 h without

any noticeable effect on the protocol.

1.3.2. Decapitate one fish at a time with small scissors and then use micro scissors to cut along
the ventral midline to expose the body cavity.

1.3.3. Dissect the testis using forceps (see Table of Materials) at 1.65x magnification under a
microscope. Carry out the dissections in a silicone-coated Petri dish with covered by a shallow
pool of 1x PBS.

NOTE: The testis is located in between the swim bladder and the intestine and will appear lighter
than muscle tissue (Figure 2A). The testis should have 2 lobes when removed from the zebrafish

(Figure 2B).

1.3.4. Remove as much fat and surrounding tissue from the testis as possible. Then add each
dissected testis directly into a 5 mL tube with 2 mL of DMEM and keep on ice.

NOTE: Steps 1.3.3 and 1.3.4 should be mastered prior to doing any experiments.
1.4. Dissociation of testes cells
1.4.1. Pre-warm 100 mL of 0.1 M sucrose solution to 37 °C.

1.4.2. Add 200 pL of collagenase solution to the 5 mL tube with the testes. Mix the solution by
inverting it several times.
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1.4.3. Gently shake the testes in an incubator shaker horizontally at 100 rpm at 32 °C for 50 min
to an hour until the DMEM is cloudy and the testes are in small chunks. Rapidly invert the tube
every 10 min to facilitate dissociation.

1.4.4. To wash out the collagenase, add DMEM to a final 5 mL volume and invert the tube a few
times. Pellet the testes at ~200 x g for 3 min at room temperature. Remove 3 mL of the
supernatant so that only 2 mL remains.

NOTE: The addition, removal, and transfer of DMEM is done with plastic transfer pipettes for the
entirety of the chromosome spread procedure.

1.4.5. Repeat step 1.4.4 twice more for a total of 3 DMEM washes. Do not resuspend the pellet
between DMEM washes. After the last DMEM wash, remove 4 mL of the supernatant so that only
1 mL remains.

1.4.6. Add 1 mL of DMEM for a total volume of 2 mL and add 200 pL of the trypsin solution and
20 pL of DNase | solution. Invert the tube a few times to mix the solution.

1.4.7. Horizontally shake the tube at 32 °C for 5-15 min at 100 rpm until the DMEM solution
contains only a few clumps. Rapidly invert the tube every 5 min to facilitate dissociation.

NOTE: The clumps should be considerably smaller after shaking.

1.4.8. Add 500 L of the trypsin inhibitor solution and 50 uL of DNase | solution. Invert the tube
a few times to mix, then briefly spin down at ~200 x g for 3 min at room temperature to remove
liquid or clumps that may adhere to the tube cap or the side of the tube.

1.4.9. Place the tube on ice and resuspend the cell suspension by repeatedly pipetting up and
down with a plastic transfer pipette for 2 min to facilitate dissociation of any remaining clumps.
Do not let the cell suspension go into the bulb of the transfer pipette. After the 2 min, pipette
the suspension back into the 5 mL tube.

1.4.10. Pre-wet a 100 um cell strainer with DMEM and place it on top of a 50 mL tube on ice.

1.4.11. Transfer the cell suspension through the strainer one drop at a time using a plastic
transfer pipette. Ensure that the cell suspension does not go into the bulb of the transfer pipette.

1.4.12. Transfer the filtrate using a plastic transfer pipette to a new 5 mL tube and add DMEM to
a final volume of 5 mL. Be sure to collect the pooled cells attached to the underside of the filter

with a clean plastic transfer pipette. Pellet the cells at ~200 x g for 5 min at room temperature.

1.4.13. Remove as much supernatant as possible without disturbing the pellet.
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1.4.14. Add 5 pL of DNase | solution directly into the pellet. Then mix the pellet with the DNase |
solution by gently scraping the outside bottom of the tube 4-5 times along an empty 1.5 mL
microcentrifuge tube rack. Scraping too harshly can result in a reduction of recovered spreads.

1.4.15. Add DMEM to a final volume of 5 mL and mix the solution by inverting the tube several
times. It is common for clumps to still be present after the first DNase | treatment.

1.4.16. Pellet the cell suspension at ~200 x g for 2 min at room temperature.

1.4.17. Repeat steps 1.4.13-1.4.16 an additional 1-3 times until the resuspended pellet does not
clump upon addition of DMEM. After the last spin, remove as much supernatant as possible
without disturbing the pellet.

NOTE: Expect a reduction in pellet size with every DNase | treatment; exceeding 4 total DNase |
washes may result in significant loss of cells. If no pellet is visible after the DNase | treatments
steps, do not proceed with the procedure. Discard any unused DNase I.

1.4.18. Add 1 mL of 1x PBS and resuspend the pellet by gently scraping the outside bottom of the
tube along an empty 1.5 mL tube rack.

1.4.19. Pellet the cell suspension at ~200 x g for 5 min then remove as much supernatant as
possible without disturbing the pellet.

1.4.20. Cut ~¥3 mm from the end of a 200 pL pipette tip to widen the aperture and resuspend the
pellet in ~80 uL of 0.1 M sucrose solution by pipetting up and down with the cut pipette tip. Let
the cell suspension sit at room temperature for 3 min.

1.5. Spreading chromosomes on glass slides

1.5.1. Coat one slide with 100 pL of 1% formaldehyde with 0.15% Triton X-100 with the side of a
pipette tip. Then add 18 pL of the sucrose cell suspension onto the center of the slide in a straight
line perpendicular to the long edge. Tilt the slide back and forth (~60°) to facilitate spreading of

the cell suspension to all corners.

1.5.2. Place the slides flat down in a slightly cracked open humidity chamber (Figure 3) to prevent
the formaldehyde solution from drying. Place the humidity chamber in a dark drawer overnight.

1.5.3. Remove the lid from the humidity chamber and allow the slides to fully dry.

1.5.4. Place the slides in a Coplin jar then fill the Coplin jar with distilled water and incubate for 5
min with gentle shaking at room temperature.

NOTE: The slides can be placed in the Coplin jar in a zigzag pattern to maximize the number of
slides per Coplin jar. Make sure there is space for liquid to pass between all the slides.
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1.5.5. Pour out the water and fill the jar with 1:250 wetting agent (see Table of Materials). Wash
2 times for 5 min each with gentle shaking at room temperature.

1.5.6. Allow the slides to fully dry and store at -20 °C until they are stained.

NOTE: The longest we have stored slides without any noticeable degradation of the
chromosomes is ~2 months.

2. Telomere PNA probe staining

NOTE: Telomere repeats can be stained using fluorophore-conjugated telomere PNA probes that
hybridize to leading strand telomere repeats (CCCTAA). PNA probes have a neutral backbone,
which increases hybridization affinity to negatively charged DNA, resulting in little to no
background. The telomere probing step is optional. To proceed to antibody staining, rehydrate
slides in 1x PBS as indicated in step 2.2.2., then proceed directly to “Primary antibody staining”.

2.1. Make the PNA probe reagents before starting the telomere staining

NOTE: It is convenient to prepare the following solutions in the quantities specified for use in
future experiments. Storage conditions are noted below.

2.1.1. Prepare 2 L of 20x saline-sodium citrate (SSC) solution with a final concentration of 3 M
NaCl and 0.3 M sodium citrate. Autoclave and store at room temperature.

2.1.2. Make 50 mL of pre-hybridization solution containing transfer RNA to a final concentration
of 50% formamide, 5x SSC, 50 pg/mL heparin, 500 pg/mL transfer RNA, 0.1% Tween 20 and add
460 uL of 1 M citric acid to bring the solution to pH ~6. Store at -20 °C.

CAUTION: Formamide is hazardous. Prepare the solution in a fume hood.

2.1.3. Make 50 mL of pre-hybridization solution prepared in the same way as in step 2.1.2 without
adding transfer RNA. Store at -20 °C.

2.1.4. PNA telomere probes TelC-Cy3 and TelC-Alexa647 are prepared as 50 puM stocks in
formamide as per manufacturer’s instructions. Store the PNA probes as 8 pL aliquots at -80 °C.

2.1.5. Make at least 1 mL of 100 mg/mL stock solution of bovine serum albumin (BSA) in sterile
distilled water. Store at -20 °C. If preparing more than 1 mL of stock BSA, store the solution as 1
mL aliquots.

2.1.6. Using a 2 mL tube, prepare 2 mL of hybridization solution by adding 27 pL of 100 mg/mL
BSA and 8 uL of 50 uM PNA probe to 1.965 mL of pre-hybridization solution containing transfer
RNA. Store in the dark at -20 °C.
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2.2. PNA telomere probe staining
2.2.1. Preheat the hybridization oven to 82 °C.

2.2.2. Re-hydrate slides with 500 uL of 1x PBS per slide for 5 min in a humidity chamber at room
temperature. Remove the PBS by tapping the side of the slide on a paper towel.

2.2.3. Heat the slides and the 2 mL tube containing the hybridization solution directly on a metal
surface in the heated hybridization oven for 2 min.

2.2.4. While keeping the slides on the metal surface, add 100 pL of the hybridization solution per
slide and then cover the slides with plastic coverslips (~¥25 mm x 75 mm) cut to shape out of an
autoclave bag. Let slides sit at 82 °C for 10—-12 min.

2.2.5. Place the slides in a humidity chamber in the dark at 37 °C for 16—24 h. From this point
forward and for the primary and secondary antibody staining, the slides must be kept in the dark
to avoid photobleaching of the fluorescence signal. After the incubation period, the reagents for
antibody staining can be prepared during step 2.2.9.

2.2.6. Remove the coverslips with a pipette tip.

NOTE: To facilitate removal of the coverslip, ~50-100 pL of the hybridization solution with no
transfer RNA can be gently dispensed between the slide and the coverslip as the coverslip is being
lifted.

2.2.7. Pipette 500 uL of pre-hybridization solution with no transfer RNA onto each slide and place
the slides in the humidity chamber for 15 min at room temperature. Remove the solution by
tapping the side of the slide on a paper towel.

NOTE: The pre-hybridization solution with no transfer RNA is not pre-heated prior to being added
onto each slide.

2.2.8. Pipette 500 pL of 50% pre-hybridization solution with no transfer RNA in 1x PBS to each
slide and place the slides in the humidity chamber for 15 min at room temperature. Remove the

solution by tapping the side of the slide on a paper towel.

2.2.9. Transfer the slides to a Coplin jar and wash 3 times in 1x PBS with gentle shaking for 15 min
per wash at room temperature.

2.2.10. Remove the slides from the Coplin jar and remove excess PBS by tapping the side of the
slide on a paper towel. Then proceed to step 3.2 “Primary antibody staining”.

3. Antibody staining
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NOTE: Antibodies raised to known meiotic proteins can be used for immunofluorescence
detection in spread chromosome preparations. Secondary antibodies conjugated to different
fluorophores allows for multiple proteins to be stained simultaneously, if the primary antibodies
were raised in different animals.

3.1. Make the following solutions on the day of the primary and secondary antibody staining
3.1.1. Make 1 L of PBT with 1x PBS and 0.1% Triton X-100 diluted in distilled water. Store at room
temperature. This can be prepared ahead of time and in large quantities for future spreading

experiments.

3.1.2. Prepare 500 pL of antibody block per slide to a final concentration of 2 mg/mL of BSA and
2% goat serum in PBT.

3.1.3. To make 100 pL of primary or secondary antibody mix per slide, add the appropriate
antibodies at the correct concentration (see Table of Materials) into the antibody block.

NOTE: Antibody concentration may need to be determined empirically. In the discussion, we
include a list of antibodies we have tried with success (with dilution/concentrations) and those
we have tried without success.

3.2. Primary antibody staining

NOTE: Rabbit anti-human SCP3 and chicken anti-zebrafish Sycpl are typically used for primary
antibody staining.

3.2.1. After removing excess PBS from the slides, add 500 pL of antibody block per slide and place
the slides in a humidity chamber at room temperature for a minimum of 20 min.

3.2.2. Remove the antibody block by tapping the side of slide on a paper towel.
3.2.3. Add 100 pL of primary antibody mix in antibody block per slide and cover the slides with a
plastic coverslip made from an autoclave bag. Place the slides in a humidity chamber overnight

at 4 °C.

3.2.4. Remove the coverslips with a pipette tip and wash the slides 2 times for a minimum of 5
minutes each with 1x PBS in a Coplin jar with gentle shaking at room temperature.

3.2.5. Remove the PBS by tapping the side of the slide on a paper towel.
3.3. Secondary antibody staining

NOTE: Conjugated goat anti-rabbit and anti-chicken antibodies to different fluorophores are used
for staining at a 1:1000 concentration.
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3.3.1. Add 500 pL of antibody block per slide and place the slides in the humidity chamber at
room temperature for a minimum of 5 min.

3.3.2. Remove the antibody block by tapping the side of the slide on a paper towel.

3.3.3. Add 100 pL of secondary antibody mix in antibody block per slide and cover the slides with
a plastic coverslip made from an autoclave bag. Place the slides in a humidity chamber for 1 h at
37 °C.

3.3.4. Remove the coverslips with a pipette tip and wash the slides 3 times for a minimum of 5
min each with 1x PBS in a Coplin jar with gentle shaking at room temperature.

3.3.5. Rinse the slides one time for a minimum of 2 min with distilled water in a Coplin jar with
gentle shaking at room temperature.

3.3.6. Air dry the slides tilted, to facilitate drying.

3.3.7. Place 20 pL of anti-fade mountant with or without DAPI (see Table of Materials) as 3 evenly
spaced dots on glass coverslips (24 mm x 60 mm).

3.3.8. Place the slides face down on the glass coverslips then seal the coverslips with nail polish
on the edge overlapping the frosted end of the slide.

3.3.9. Store the prepared slides at 4 °C until ready for imaging.

REPRESENTATIVE RESULTS:

We have outlined a method to prepare and visualize zebrafish spermatocyte spread
preparations. When performed correctly, our procedure yields well spread, non-overlapping
nuclei. To recover such nuclei, it is important to have the appropriate amount of starting material
(i.e., testes), treat testes for a sufficient length of time in trypsin and an adequate number of
DNase | treatments. These spreads can then be stained for telomeres and meiotic proteins to
study meiotic progression during prophase |. Figure 1 depicts examples of spread preparations
stained for chromosomal features at different stages of prophase |. Figure 4 illustrates an
example of poorly spread nuclei.

FIGURE LEGENDS:

Figure 1: Representative super-resolution images of chromosome spread preparations stained
with PNA and antibody probes. (A) Schematic of the synaptonemal complex. (B) A synapsed pair
of homologs showing the chromosome axis protein Sycp3 (green), the transverse filament
protein Sycp1l (red), and DNA (Blue) imaged by structural illumination microscopy (SIM) using a
100x objective. The scale bar = 1 um. (C) The panels on the left show three stages of meiotic
prophase: leptotene (top), early-zygotene (middle) and pachytene (bottom). The scale bar = 5
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um. Right: representative images containing telomeres (magenta) for each stage. The scale bar =
1 um. Figures are adapted from Blokhina et al.3.

Figure 2: Example of zebrafish testes (~7 months post fertilization). (A) Image shows the relative
location of the testis within the zebrafish. The testis sits between the swim bladder and the
intestine. (B) The length of a testis. Younger zebrafish will have smaller testes. For chromosome
spreads, remove as much fat and surrounding tissue as possible from the testis.

Figure 3: Humidity chamber for slides. Our humidity chamber is made using a polystyrene foam
box (21 cm x 19 cm x 6 cm) designed to ship electroporation cuvettes. We inserted wet thin tissue
wipes (see Table of Materials) in every other groove. The slides are placed flat on top of the
ridges without touching the wet wipes. A commercial humidity chamber is also available (see
Table of Materials). We envision that any polystyrene foam box fitted with ridges and grooves
(e.g., using glass pipettes'?) can be used.

Figure 4: Examples of poor-quality spreads due to insufficient DNase | treatments. Meiotic
chromosomes stained for Sycp3 imaged by SIM using a 20x objective. Insufficient DNase |
treatments leads to overlapping nuclei due to a viscous sucrose cell suspension that prevents
cells from properly spreading on the slide.

Figure 5: Examples of chromosome spreads using an alternative method!l. Meiotic
chromosomes stained for Sycp3 (green) and Sycp1 (red). Chromosome spreads were prepared as
described by Sansam and Pezza!l. This method can be performed using individual zebrafish
rather than the several zebrafish required for our protocol. In our hands, it is common to see
chromosomes that are not well-spread. There is also a noticeable increase in background staining
that results from debris that is left on the slides during the chromosome spreading procedure.

DISCUSSION:

Here we describe methods to probe the location of telomeres and chromosome-associated
proteins in nuclear surface spreads from spermatocytes isolated from zebrafish testes. We expect
that these methods will be applicable for analysis of spermatocytes in other teleost species with
adjustment to the size of the testis.

While only a few antibodies have been raised to zebrafish meiotic proteins, we have had success
using the following antibodies raised to human (h) or mouse (m) proteins. Our lab has raised
antibodies to zebrafish Sycp1 protein (zfSycp1) in chicken that has served as a reliable marker for
the synaptonemal complex (SC), however, this protein is present only from early zygotene to late
pachytene, when chromosomes are fully synapsed. The rabbit anti-hSYCP3 antibody has been
very reliable to detect meiotic chromosome axes from leptotene until the dissolution of the SC
in late pachytene (Figure 1B,C). Notably, we have not observed a classical diplotene stage with
full-length axes defined by Sycp3 and the absence of Sycp1, suggesting that, unlike in mouse, the
axes may be degraded after exit from pachytene3. Other commercially available antibodies to m,
h or zf meiotic proteins that have given positive results also include DNA
recombination/replication rabbit anti-hRAD51 and rabbit anti-hRPA. The source of each antibody
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and the dilution used is listed in the Table of Materials. Those we have tried without success
using at least three different dilutions include goat anti-hDMC1, mouse anti-hMIh1, mouse anti-
hamster Sycp3, mouse anti-hRPA.

There are three critical stages of the chromosome spread procedure. The first is collecting the
correct amount of material. Fifteen intact testes should be sufficient for the spreading protocol
for ~6 mpf males, and this number can be adjusted up or down depending on the size of the
animals. Keep in mind that some meiotic mutants will have smaller testes, so 2 additional animals
should be used. The second important step is the dissociation of cells. During trypsin digestion,
if the testes do not dissociate into small clumps, it is likely that too few cells will be recovered
from the spreading procedure. A third key step is the presence of a visible pellet after the DNase
| treatments. If a pellet is not visible, it is likely that the spreading procedure will yield little to no
nuclei. Loss of a pellet might arise if too few animals are used or if too many DNase | washes are
carried out. On the other hand, too few DNase | treatments can result in a viscid sucrose cell
suspension, which will prevent cells from spreading on the slide (Figure 4). It is important to
continue performing DNase | treatments (for a maximum of 4 treatments) until clumps are no
longer present upon addition of DMEM.

The presented chromosome spreading technique yields hundreds of well spread nuclei per slide.
Using this procedure, we have been able to provide a detailed analysis of key events during
zebrafish spermatogenesis using super-resolution microscopy3. In our hands, this protocol has
generated better spread chromosomes, with less debris on the slide, and less background
staining compared with faster methods using single animals described by Moens'# and Sansam
and Pezza!! (Figure 5). These differences are likely due to the use of collagenase, trypsin, and
DNase treatments in our protocol. Two limitations of our technique are the requirement of using
10-20 adult zebrafish males and the more laborious enzyme treatments and washing steps. If
super-resolution detection is not necessary, if the zebrafish material is limited, or more than two
conditions are tested in parallel, the faster methods may be more suitable alternatives!#*>1,
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Table of Materials

Name of Material/ Equipment

1.5 mL centrifuge tubes

1.5 mL microcentrifuge tube rack
16% formaldehyde, methanol-free
2mL

24 x 50 mm glass coverslips
24 x 60 mm glass coverslips
50 mL conical centrifuge tubes

Autoclave bag

Bovine Serum Albumin (BSA)

Cell Strainer, 100 um

CF405M goat anti-chicken IgY (H+L), highly
cross-adsorbed

Chicken anti-zfSycp1

Collagenase from Clostridium histolyticum

Coplin jar
DNase |, grade Il from bovine pancreas
Dulbecco’s Modified Eagle Medium (DMEM)

Dumont No. 5 Forceps

Eppendorf Tubes, 5 mL

Formamide

Goat anti-chicken IgY (H+L) secondary
antibody, Alexa Fluor 488

Goat anti-chicken IgY (H+L) secondary
antibody, Alexa Fluor 594

Goat anti-hDMC1

Goat anti-rabbit IgG (H+L) cross-adsorbed
secondary antibody, Alexa Fluor 488
Goat anti-rabbit IgG (H+L) cross-adsorbed
secondary antibody, Alexa Fluor 594
Goat serum

Heparin sodium salt

Humidity chamber

Hybridization Oven

Incubator Shaker

Kcl

Kimwipes

KH,PO,

Microscope

Microscope slides
Mouse anti-hamsterSCP3
Mouse anti-hMLH1
Mouse anti-hRPA
Na,HPO. - 7 H,O

Nacl

Photo-Flo 200 solution

Plastic transfer pipettes

PNA TelC-Alexa647

PNA TelC-Cy3

ProLong Diamond Antifade Mountant
ProLong Diamond Antifade Mountant with
DAPI

Rabbit anti-hRPA

Rabbit anti-hSCP3

Rabbit anti-hRad51

Sodium citrate

Sucrose

Supercut Scissors, 30° angle, 10 cm
Sylgard kit

Triton X-100
Trypsin

Trypsin inhibitor from chicken egg white

Tween 20

Company

Several commercial brands
available

Several commercial brands
available

ThermofFisher Scientific
Several commercial brands
available

Corning

VWR International
ThermofFisher Scientific
Several commercial brands
available

Fisher Scientific
Fisher Scientific
Biotium

Generated by Burgess lab
Sigma-Aldrich

Several commercial brands
available

Roche Diagnostics

Fisher Scientific

Fine Science Tools
VWR International
Fisher Scientific

ThermofFisher Scientific

ThermofFisher Scientific
Santa Cruz Biotechnology

ThermofFisher Scientific

ThermofFisher Scientific

Sigma-Aldrich
Sigma-Aldrich

Fisher Scientific

VWR International

New Brunswick Scientific
Fisher Scientific
Kimerbly-Clark Professional
Fisher Scientific

Several commercial brands
available

Fisher Scientific

Abcam

BD Biosciences
Sigma-Alrich

Fisher Scientific

Fisher Scientific

Electron Microscopy Sciences

Several commercial brands
available

PNA Bio Inc

PNA Bio Inc

ThermofFisher Scientific

ThermofFisher Scientific

Bethyl

Abcam
GeneTex

Fisher Scientific
Fisher Scientific
Fisher Scientific
Fisher Scientific

Fisher Scientific
Worthington Biochemical

Sigma-Aldrich

Bio-Rad

Vannas Spring Scissors - 4 mm (micro scissors) Fine Science Tools

Click here to access/download;Table of Materials;Jove Table of
materials.xlsx

Catalog Number

28908

2980-245
16004-312
363696

BP1605-100
08-771-19
203775-500uL

N/A
C0130-500MG

10104159001
MT10014CV

11252-30
89429-308
BP228-100

A-11039

A-11042
sc-8973

A-11008

A-11012

G9023-10mL
H3393-100KU
50-112-3683

230401V (Model 5420)
Model Classic C25
P217-500

34155

P285-500

12-544-7
ab97672
550838
MABE285
$373-500
S271-3

74257

F1013
F1002
P36970

P36971

A300-244A
ab150292
GTX100469
$279-500
$5-500
50-822-353
NC9897184

BP151-100

LS003708
T9253-500MG

170-6531

15018-10

Comments/Description

Used to make plastic coverslips.

Prepare a 100 mg/ml stock solution in sterile
distilled water.

Use at 1:1000

Use at 1:100

Two are required for dissecting the testes.

Use at 1:1000

Use at 1:1000
Does not work in our hands

Use at 1:1000

Use at 1:1000

Used for the humidity chamber

Any standard microscope capable of at least
~1.65X magnification is sufficient.

Does not work in our hands
Does not work in our hands
Does not work in our hands

Prepare as per manufacturer’s instructions.
Prepare as per manufacturer’s instructions.

Use at 1:300
Use at 1:200
Use at 1:300

Can also use any pair of small scissors.

Prepare as per manufacturer’s instructions.
Dilute in sterile distilled water to make a 20%
working solution. Store at room temperature.
Triton X-100 forms a precipitate when diluted in
water; precipitate dissolves overnight.

Dilute in sterile distilled water to make a 20%
working solution. Store at room temperature.
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Rebuttal Letter
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Editor

1.

Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammatical errors.

a. We have proofread the manuscript and corrected any grammatical or spelling errors.
Title: Please focus your title on the highlighted portion of your protocol. Currently the title
suggests that staining will also be demonstrated in the video but these portions in the
protocol have not been highlighted.

a. We have changed the title to “Preparation of meiotic chromosome spreads from

zebrafish spermatocytes”.
Abstracts: Remove all reference citations from abstracts, and re-order references
accordingly.

a. Reference citations was removed from the abstract and the references were re-ordered
accordingly in the references section and in text citations were re-numbered where
needed.

Protocol Language: Please ensure that All text in the protocol section is written in the
imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”,
“Measure that” etc.) Any text that cannot be written in the imperative tense may be added as
a “Note”, however, notes should be used sparingly and actions should be described in the
imperative tense wherever possible.

1) 1.3.3: Should be split into 2 steps or a step and a note.

2) 1.4.4: Split up into 2 steps.

3) Lines 93-99, 102-103, 117-119, 246-250 etc should be notes.

a. We changed the protocol text to be written in the imperative voice. Step 1.3.3 was
splitinto 1.3.3 and 1.3.4 and subsequent steps were re-numbered accordingly.

b. 1.4.4 was splitinto 1.4.4 and 1.4.5 and subsequent steps were re-numbered.

c. Lines 93-99, 102-103, etc. were changed to Notes.

Protocol Detail:
1) 1.3.1.: Mention strain and fish age.
2) 3.2,3.3: Mention antibodies used.

a. We added AB as the fish strain used as a Note and added >60 dpf for the age.

b. We added the primary and secondary antibodies we typically use in 3.2 and 3.3,
respectively.

Protocol Highlight: After you have made all of the recommended changes to your protocol
(listed above), please re-evaluate the length of your protocol section. There is a 10-page limit
for the protocol text, and a 3- page limit for filmable content. If your protocol is longer than
3 pages, please highlight ~2.5 pages or less of text (which includes headings and spaces) in
yellow, to identify which steps should be visualized to tell the most cohesive story of your
protocol steps.

1) The highlighting must include all relevant details that are required to perform the step.
For example, if step 2.5 is highlighted for filming and the details of how to perform the step
are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be
included in the highlighting.

2) The highlighted steps should form a cohesive narrative, that is, there must be a logical
flow from one highlighted step to the next.

3) Please highlight complete sentences (not parts of sentences). Include sub-headings and
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spaces when calculating the final highlighted length.

4) Notes cannot be filmed and should be excluded from highlighting.

5) Please focus your title on the highlighted portion of your protocol. Currently the title
suggests that staining will also be demonstrated in the video but these portions in the
protocol have not been highlighted.

a. Since our protocol text is greater than 3 pages, we highlighted ~2.5 pages of text in
yellow. We did not highlight Notes in yellow, but for an unknown reason Notes
remain highlighted as a blue color despite out attempt to remove the highlighting
from Notes. We did not include Notes in determining the ~2.5 pages of text that will
be filmed. Since only the text that described the chromosome spread preparation is
highlighted, our title focuses only on the preparation of meiotic chromosomes.

Discussion: JOVE articles are focused on the methods and the protocol, thus the discussion
should be similarly focused. Please ensure that the discussion covers the following in detail
and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2)
limitations of the technique, 3) significance with respect to existing methods, 4) future
applications and 5) critical steps within the protocol.

a. We added that limitations of our technique is the number of zebrafish material and
reagents required. We also state that, in our hands, our protocol provides well-spread
chromosomes with less background staining than a quicker protocol. We also
included a new figure (now Figure 3) that gives an example of chromosomes
prepared using a quicker protocol. However, we do mention that if the the zebrafish
material is limited or if super-resolution detection is not required, then a quicker
protocol is more suitable than ours; we reference four alternative protocols that we
added to References.

Figures: Add scale bar to fig 1B if relevant.

a. Please note we changed the image for Figure 1B, and this image is in the same stage
of meiosis as the previous image that was used for Figure 1B. We added a scale bar to
the new image in Figure 1B and we note that the scale bare equals 1 pum in the figure
text for 1B.

Commercial Language: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. Examples of commercial
sounding language in your manuscript are supercut scissors, ProLong Diamond Antifade
Mountant, kimwipe (also in fig 4)

1) Please use MS Word'’s find function (Ctrli+F), to locate and replace all commercial
sounding language in your manuscript with generic names that are not company-specific. All
commercial products should be sufficiently referenced in the table of materials/reagents. You
may use the generic term followed by “(see table of materials)” to draw the readers’
attention to specific commercial names.

a. Commercial language was removed and any materials or reagents that had
commercial language were changed to generic terms. We also added “see Table of
Materials” after the generic terms to draw the readers’ attention to specific
commercial names. Since reagents or instruments that had commercial language now
only have generic terms in the protocol text, the Table of Materials was updated to
clarify which reagent or instrument the generic term is referencing. For example, the



name for VVannas Spring scissors in the Table of Materials was changed to Vannas
Spring scissors (micro scissors).

10. If your figures and tables are original and not published previously or you have already
obtained figure permissions, please ignore this comment. If you are re-using figures from a
previous publication, you must obtain explicit permission to re-use the figure from the
previous publisher (this can be in the form of a letter from an editor or a link to the editorial
policies that allows you to re-publish the figure). Please upload the text of the re-print
permission (may be copied and pasted from an email/website) as a Word document to the
Editorial Manager site in the "Supplemental files (as requested by JOVE)" section. Please
also cite the figure appropriately in the figure legend, i.e. "This figure has been modified
from [citation]."

a. Blokhina et al. (2019) was published in PLOS and under the journal’s Creative
Commons Attribution, which allows anyone to reuse the paper’s content as long as
the author and original source is is properly citated. We have uploaded the re-print
permission document containing the re-print permission statement and a link to the
PLOS’ Creative Commons Attribution statement.

Reviewer 1

1. Minor Concerns:
To show the importance of these additional steps, the authors include Fig. 2, which shows
dense clusters of cells on the slides with poor chromosome spreading. However, the capture
does not explain what kind of staining it is, and what the green fluorescence does represent.
It would be better to show the same kind of staining as in Fig. 1, i.e. immunostaining of
SYCP3, MLH1 etc.

a. Inthe figure 2 text, we added that chromosomes are stained for Sycp3.

2. Major Concerns:
The authors also do not discuss alternative methods of obtaining fish meiotic chromosome
and SC spreads, and do not explain why their method is better. For example, the method by
Moens (2006) is much faster and simpler. It does not include enzyme pretreatment, but gives
good spreading. The paper of Lisachov et al. (2015) shows good results of applying this
method in guppies, and the paper of Dedukh et al. (2019) describes successful usage of this
method in loaches (Cobitis).

The papers of Ocalewicz et al. (2009) and Araya-Jaime et al. (2015) also describe a simpler
and faster method.

These methods avoid enzyme treatments and multiple centrifugations, which lead to loss of
the cells. Whereas Blokhina et al. recommend using pooled samples of several animals, the
two abovementioned methods allow working with individual specimens.

Peters, A. H., Plug, A. W., van Vugt, M. J., & De Boer, P. (1997). SHORT
COMMUNICATIONS A drying-down technique for the spreading of mammalian meiocytes
from the male and female germline. Chromosome research, 5(1), 66-68.

Moens, P. B. (2006). Zebrafish: chiasmata and interference. Genome, 49(3), 205-208.
Lisachov, A. P., Zadesenets, K. S., Rubtsov, N. B., & Borodin, P. M. (2015). Sex chromosome



synapsis and recombination in male guppies. Zebrafish, 12(2), 174-180.

Ocalewicz, K., Mota-Velasco, J. C., Campos-Ramos, R., & Penman, D. J. (2009). FISH and
DAPI staining of the synaptonemal complex of the Nile tilapia (Oreochromis niloticus) allow
orientation of the unpaired region of bivalent 1 observed during early pachytene.
Chromosome research, 17(6), 773.

Araya-Jaime, C., Serrano, E. A., de Andrade Silva, D. M. Z., Yamashita, M., Iwai, T.,
Oliveira, C., & Foresti, F. (2015). Surface-spreading technique of meiotic cells and
immunodetection of synaptonemal complex proteins in teleostean fishes. Molecular
cytogenetics, 8(1), 4.

a. Inthe discussion we direct readers to four alternative protocols described by Moens
(2006), Sansam and Pezza (2015), Lisachov et al. (2015), and Ocalewicz et al. (2009)
as an alternative to our protocol if super-resolution microscopy detection is not
necessary or if the zebrafish material is limited; we added these additional references
in the References section. Additionally, we also included an additional figure (Figure
3) that shows examples of chromosome spreads that we prepared using the protocol
described by Sansam and Pezza (2015); subsequent figures were re-numbered
accordingly in the Representative Results section and in the protocol text that
references the figures.

Reviewer 2
Please note that the number of some steps have changed to address comments that certain steps
be split into two.

1.

1.4.11: It would be helpful to describe how the filtrate should be transferred (e.g. with a
plastic transfer pipet?). Also, how are the pooled cells collected from the underside of the
filter?
a. In1.4.11 (now 1.4.12), we clarify that a plastic transfer pipette is used to transfer the
filtrate and the pooled filtrate on the underside of the nylon filter.
1.4.13: The description of "scraping the bottom of the tube" could be misinterpreted to mean
scraping the inside of the tube. To clarify this consider revising to: "gently scraping (or
dragging?) the tube 4-5 times against an empty 1.5ml microfuge tube rack."
a. In 1.4.13 (now 1.4.14), we clarify that the “outside bottom of the tube” is gently
scraped along the empty 1.5 mL microcentrifuge tube rack. We also clarify that in
1.4.17 (now 1.4.18) the “outside bottom of the tube” is also gently scraped.
1.4.19: typo: 200 uLl
a. We fixed the typo to “200 uL”, which is now in step 1.4.20.
1.4.19: Please clarify this description by elaborating, it is not clear how the cells should be
resuspended (I'm assuming it's by pipetting up and down with the cut pipette tip). Consider
revising to: Add 80 ul 0.1 M sucrose solution. Cut ~3mm from the end of 200 ul pipette tip to
widen the aperture and resuspend the pellet with gentle pipetting.
Or, if the cut tip is used for the measurement of the ~80 ul, then it would be useful to just add
that the cells should be resuspended by pipetting up and down.
a. We clarify that the cell suspension is resuspended by pipetting up and down with the
cut pipette tip.
1.5.1: At what angle should the slides be tilted? It would be very helpful to include a picture
of this in Figure 4.



a. We state that the slide is tilted back and forth ~60° to spread the cell suspension on
the slide. While we do not include a picture of this Figure 4, in 1.5.2 we do state that
the slides are placed “flat down” in the humidity chamber to avoid any confusion that
the slides are mistakenly placed at ~60° in the humidity chamber.

1.5.6. Is there any limit to how long the slides can be stored at -20?

a. The longest we have stored slides at -20 °C without any noticeable effect on the
chromosomes is around 2 weeks, which we state as a Note in the protocol text.

. 2.2.2.-2.2.3: The protocol states to rehydrate the slides in PBS then remove the PBS and

place the slides on the metal surface in the heated hybridization oven for 2 min. It seems

likely that the slides would dry during this time. This doesn't seem to make sense that the
slide would be rehydrated then dried so I'm not sure if | understand the procedure correctly.

Is the hybridization solution just being heated in a tube in this part of the procedure? Does it

get up to 82 during this short incubation period or is it not important for the solution to

reach 82 before adding to the slide. Please clarify this part of the procedure.

a. We have not tested if not rehydrating the slides in PBS prior to preheating them at 82
°C has any effect on the staining protocol.

b. In 2.2.3 we state that the hybridization solution is preheated in the 2 mL tube that it
was prepared in. We have not explicitly tested if the hybridization solution reaches 82
°C within the 2 minutes that it is preheated. However, we add the hybridization
solution onto the slide regardless of what the actual temperature of the solution is.

. 2.2.4: Should the slides be incubated on the floor of the incubator during this step?

a. The slides are incubated on the floor of the incubator during this step. In 2.2.4 we
state that the slides are kept on the metal surface of the hybridization oven after
continuing from 2.2.3.

. 2.2.7: please include the temperature that the pre-hybridization solution should be at for this

step (room temp?).

a. The pre-hybridization solution without transfer RNA is not pre-heated to any
temperature before being added onto the slides. To ensure readers do not mistakenly
pre-heat the pre-hybridization solution without transfer RNA, we include a Note
stating that the pre-hybridization solution without transfer RNA is not pre-heated.

Reviewer 3

1. For 1.3.1, it describes that the dissection should be performed as soon as possible. However,

is would be better to provide a more specific time frame for people to follow.
a. In 1.3.1 we added a Note stating that the longest the zebrafish have been kept in ice
water before dissecting is 3 hours without a noticeable effect on the protocol.

2. For 1.4.7, what is the purpose of spin down? Since after spinning down, the supernatant is

not discarded, this step seems redundant.
a. In1.4.7 (now 1.4.8) we clarify that the purpose of the spin down is to remove liquid
or clumps that may adhere to the tube cap or side of the tube.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Preparation and staining of meiotic chromosome spreads from zebrafish spermatocytes

Author(s):

Yana P. Blokhina, lvan Olaya, Sean M. Burgess

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

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

Standard Access

Item 2: Please select one of the following items:

D Open 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.

5. 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.

7. 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 JoOVE 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
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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 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.
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