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28 SUMMARY:
29  Invitro fertilization is a commonly used technique with a variety of model organisms to maintain
30 lab populations and produce synchronized embryos for downstream applications. Here, we
31 present a protocol that implements this technique for different populations of the Mexican tetra
32 fish, Astyanax mexicanus.
33
34  ABSTRACT:
35  Astyanax mexicanus is emerging as a model organism for a variety of research fields in biological
36 science. Part of the recent success of this teleost fish species is that it possesses interfertile cave
37 and river-dwelling populations. This enables the genetic mapping of heritable traits that were
38 fixed during adaptation to the different environments of these populations. While this species
39 can be maintained and bred in the lab, it is challenging to both obtain embryos during the
40 daytime and create hybrid embryos between strains. In vitro fertilization (IVF) has been used with
41  avariety of different model organisms to successfully and repeatedly breed animals in the lab. In
42  this protocol, we show how, by acclimatizing A. mexicanus to different light cycles coupled with
43  changes in water temperature, we can shift breeding cycles to a chosen time of the day.
44  Subsequently, we show how to identify suitable parental fish, collect healthy gametes from males
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and females, and produce viable offspring using IVF. This enables related procedures such as the
injection of genetic constructs or developmental analysis to occur during normal working hours.
Furthermore, this technique can be used to create hybrids between the cave and surface-
dwelling populations, and thereby enable the study of the genetic basis of phenotypic
adaptations to different environments.

INTRODUCTION:

In recent years, Astyanax mexicanus has become a model organism in different fields such as
developmental biology, evolutionary biology, behavioral biology, and physiology*. The
uniqueness of this system comes from this species having several morphotypes that have
adapted to very different environments. The surface dwelling morphotype lives in rivers in
central Mexico where there is high biodiversity and plenty of food sources for the fish. In contrast,
the cave morphotypes of A. mexicanus, the cavefish, live in caves where biodiversity, food
sources, and oxygen are drastically diminished?. Cavefish differ from the surface fish in a variety
of phenotypes such as the absence of eyes and pigmentation, insulin resistance and the ability
to store fat>*. However, surface fish and cavefish still belong to the same species and are,
therefore, interfertile.

For both morphotypes, a set of conditions has been defined to allow routine maintenance and
breeding under laboratory conditions>®. However, genetic modifications, proper embryonic
developmental studies, and creation of hybrids are still challenging for several reasons. A.
mexicanus primarily spawn during night hours, which is inconvenient for subsequent
experiments on early embryonic stages, such as injection of genetic constructs or monitoring of
early embryonic developmental processes. In addition, generation of surface and cave hybrids is
challenging using natural spawning, since the cave morphotypes have an altered circadian
rhythm’ that ultimately affects the production of viable ova. Successful, yet invasive, IVF
procedures have been described for other Astyanax species, where gamete production and
spawning behavior was primed using hormonal injections®°. Less invasive IVF procedures (i.e.,
obtaining gametes from manual spawning without the injection of hormonal preparations) have
been described but do not consider the differences in the spawning cycle between cave and
surface morphotypes of A. mexicanus®.

Other fish model organisms, such as the zebrafish, can easily be genetically modified and studied
at an embryonic level because the obstacles stated above have been successfully resolved.
Implementation of standardized breeding techniques, in vitro fertilization, and sperm
cryopreservation have all pushed zebrafish forward and solidified the model’s use in the
biological sciences'®. Therefore, extending these techniques to A. mexicanus will further
strengthen it as a model system.

Here, we present a detailed protocol for IVF that will help to make A. mexicanus more accessible.
We will present a breeding setup that enables shifting the light-cycles of the fish from daytime
to nighttime so that viable ova can be obtained during day hours without injection of hormonal
preparations. We then provide a detailed description of how to obtain the ova and milt used for
IVF. This method will enable the production of embryos during normal working hours and make
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further downstream applications more feasible compared to using embryos from natural
spawning.

PROTOCOL:

All methods described here have been approved by the Institutional Animal Care and Use
Committee (IACUC) of Stowers Institute for Medical Research.

1. Light cycle manipulation

1.1 Set up fish tanks within an opaque, fully enclosed (light protection), flow-through aquaculture
system containing multiple rows of tanks (Figure 1).

NOTE: The flow-through system as shown in Figure 1 uses system water to flush waste through
the back stand pipe of each tank and flows into a sump that empties into a sanitary drain. In this
experiment, a water exchange rate of one gallon (US) per hour through a drip emitter was used.

1.2 Maintain the temperature of each tank with an independent heating element that is used to
manually alter the temperature during the priming process.

1.3 Set up individual rows in a way to enable separate photoperiods in each. Install doors on each
row that can be closed to prevent light from entering or escaping.

NOTE: The automated controller can enable manipulation of all photoperiods with the least
disturbance to the fish.

1.4 Equip the rack with a red work light and blackout curtains for access during dark hours.
2. Adjusting photoperiod and priming fish for gamete collection

2.1 Remove the desired fish (Figure 2a) from general system racks and place in breeding racks to
allow for adjustment of the photoperiod 14 days prior to priming.

NOTE: This allows the fish to acclimatize to a new environment.

2.2 Keep the fish at 22.8 °C (73 °F) during this period using the installed aquatic heating system.
The normal photoperiod is from 6 a.m. to 8 p.m. light and 8 p.m. to 6 a.m. dark. For the light cycle
rack, shift the photoperiod to 10 p.m. to 12 p.m. light and 12 p.m. to 10 p.m. dark by adjusting
the timer that powers the light within the rack.

NOTE: Males and females are housed in the same tank to allow for natural priming behaviors to
take place. While spawning may take place in the tank, fish can still be used for in vitro
fertilization since gametes are released in stages®.



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

2.3 Once the fish are acclimatized, start priming the animals for spawning® as described in steps
2.3.1t02.3.5.

NOTE: This procedure takes six days in total. Over this time, change the temperature to prime
the ova production using an installed aquatic heating system. Using the 50W Aquatic Heaters
(see Table of Materials), set the heater directly to the temperature (scale on the heater is in
Fahrenheit) given in the protocol at each step. Depending on the size of the tank and flow-
through rate of the water, time of temperature adjustment may differ. In this experiment, the
temperature was adjusted at noon and temperature equilibration took over the next 18 h.

2.3.1 On day 1, raise the temperature from 22.8 °C (73 °F) to 24.4 °C (76 °F).
2.3.2 On day 2, raise the temperature from 24.4 °C (76 °F) to 26.1 °C (79 °F).

2.3.3 On day 3 and 4, keep the temperature at 26.1 °C (79 °F). Fish will be ready to spawn during
the day and IVF can be performed.

NOTE: Depending on the individual fish, females can spawn on day 3 and/or day 4. We
recommend trying to obtain ova on day 3 and/or day 4 depending on the success of the ova
collection.

2.3.4. On day 5, lower the temperature from 26.1 °C (79 °F) to 24.4 °C (76 °F).

2.3.5. On day 6, lower the temperature from 24.4 °C (76 °F) to 22.8 °C (73 °F).

NOTE: Provide a 7-day gap before repeating this temperature cycle. It is recommended to
continue keeping the fish in this photoperiod since this will reduce the overall time needed by
the fish to adjust to this shifted light cycle.

3. Female gamete collection

3.1 Begin by inserting a moistened tissue wipe into a Petri dish lid and closing the dish to create
a humidified chamber and prevent the ova from drying out during the collection process.

3.2 Next choose a female for collection. Gravid fish with large, protruding abdomens will likely
be the best choice for this procedure (Figure 2a).

NOTE: To differentiate between males and females of adult A. mexicanus, the cotton ball
method was used®2.

3.3 Immobilize a female using chilled water and place her in the supine position in a moistened
sponge animal holder. Do so by placing the fish in 4 °C system water for at least 30 s or until the
fish is immobilized (i.e., loss of gill movement, see Ross and Ross?®? for details).
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NOTE: Work quickly and try to avoid warming the fish until the procedure is completed. This may
include periodically dipping the gloved tips of the fingers into cold water or offering supplemental
anesthesia. Other anesthesia methods (e.g., MS-22213) may be used as well. Under the IACUC
guidelines of the Stowers Institute for Medical Research, manual collection of ova is considered
a non-invasive procedure, which does not require complete anesthesia (e.g., through MS-222).

3.4 Once positioned, blot the ventral side of the fish with a delicate tissue wipe as contact with
water will cause the ova to activate.

3.5 Hold the female between the thumb and index finger. Gently squeeze against the lateral
sides of the coelomic cavity in the direction of the urogenital opening while rolling the fingers
slightly. Collect the expressed ova using a disposable spatula.

3.6 Transfer these ova to the humidified Petri dish.

NOTE: Several clutches of ova may be combined in the same dish if specific parentage data is
not needed. The ova can be stored at 24 °C and is best when used for IVF within 30 -60 min
after collection.

3.7 After collection, gently return the fish to a recovery tank filled with system water.
NOTE: Place the fish back into dark cabinet tank for future ova collection when necessary.
4. Male gamete collection

4.1 Choose a male for collection.

NOTE: There are no outwardly visible signs of male gamete quality. However, fish should
appear healthy in appearance before use in this procedure. To differentiate between males and
females of adult A. mexicanus, the cotton ball method was used*?.

4.2 Immobilize a male using chilled water and place him in the supine position in a moistened
sponge animal holder. Immobilize by placing the fish in 4 °C system water for at least 30
seconds or until the fish is immobilized (i.e., loss of gill movement, see Ross and Ross*3 for
details).

NOTE: Work quickly and try to avoid warming the fish until the procedure is completed. This
may include periodically dipping the gloved tips of the fingers into cold water or offering
supplemental anesthesia. Other anesthesia methods (e.g. MS-22213) may be used here as well.
Under the IACUC guidelines of the Stowers Institute for Medical Research, manual collection of
sperm is considered a non-invasive procedure, which does not require complete anesthesia
(e.g., through MS-222).
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4.3 Blot the ventral side of the fish with a delicate tissue wipe as contact with water will
activate the milt.

4.3 Gently place the end of a capillary tube at the urogenital opening.

4.4 Expel milt by applying gentle pressure on the sides of the fish with the thumb and
forefinger. Start distal to the gills, moving towards the urogenital opening.

4.4 Collect the milt in the end of a capillary tube. Gentle suction may be necessary by use of an
aspirator tube. Avoid any feces that may be expelled with the milt.

4.5 Dispense the milt into an empty 1.5 mL centrifuge tube and dilute with twice the volume of
Sperm Extender E400 (see Table of Materials). Keep on ice.

NOTE: Milt from multiple males may be pooled together if specific parentage data is not
needed. This step can be used to extend the working time of the milt for several hours, but it is
not required for immediate fertilization.

4.6 After collection, gently return the fish to a recovery tank filled with system water.

NOTE: Place fish back into dark cabinet tank for future sperm collection when necessary.

5. In vitro fertilization

5.1 Using a new pipette for each stock, mix the sperm by pipetting and/or agitating the side of
the tube before fertilizing as sperm in milt can settle in the E400 solution over time.

5.2 Dispense the milt or extended milt solution into the freshly collected ova.

5.3 Quickly add 1 mL of system water to the clutch to activate the sperm and eggs for
fertilization. Avoid mixing or agitating the dish contents and allow 2 min for fertilization to
occur.

NOTE: Mixing and agitating greatly reduces the fertilization rates and should, therefore, be
avoided*.

5.4 Add E2 Embryo Media to fill the dish 2/3" full.

NOTE: Depending on the subsequent procedure, embryos can be either used right away (e.g., for
injection of genetic constructs as described before!) or embryos can be incubated in E2 Embryo
Media at 23 °C until they reach 5 dpf. At this point transfer embryos to the main recirculating
housing system using system water.

REPRESENTATIVE RESULTS:
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The protocol presented here is mainly based on a previously published protocol®. However, since
A. mexicanus spawns during night hours, we designed a housing rack for fish breeding that can
change the photoperiod independent of working hours (Figure 1). The fish light cycle is altered
within a fully enclosed, flow-through aquaculture system containing three rows of tanks (Figure
1). Each tank contains an independent heating element that is used to manually increase the
temperature during the priming process. Individual shelves can be put on separate photoperiods
and can be closed to prevent light from entering or escaping. All photoperiods can be
manipulated by way of an automated controller positioned on the side of the light cycle rack. For
access during dark hours, the rack is equipped with a red work light and blackout curtains. A.
mexicanus spawns after an increase in temperature from 23 - 26 °C with an increment of 1.5 °C
per day'®. To achieve this in our dark cabinets, we used submersible aquarium heaters in each
tank (Figure 1).

The key factor for a successful IVF procedure in A. mexicanus is the quality of the collected ova.
Gravid, female fish with large, protruding abdomens are most likely to release viable ova, which
appear clear and even in appearance (Figure 2a-d). Adding the collected milt to such ova results
in the development of fertilized embryos usually within 20-30 min (Figure 2e). Viable fertilized
embryos will become slightly more translucent before entering the one cell stage of the
developmental cycle while unfertilized ova will appear more uneven and opaque (Figure 2e).
Resulting embryos are held in Petri dishes in ZIRC E2 Embryo Media and incubated at 23 °Cin a
14/10 light/dark cycle. Fry are then transferred to the main recirculating housing system at 5 days
post fertilization for rearing.

To demonstrate the importance of the technique, we show how the phenotyping of hybrids for
specific traits such as eye size and body pigmentation can help in deciphering their genetic basis.
The cavefish clearly differ from surface fish in their eye size and body pigmentation. To
understand the genetic basis of these traits, we crossed surface and cavefish (FO) and generated
hybrid F1 and F2 populations using IVF to observe the phenotypic variation obtained (Figure 3).
The size of the eyes is smaller in the F1 generation indicating that the presence of eyes is a
dominant trait (Figure 3). In surface-cave F2 hybrids, we obtain a broad range of eye sizes,
indicating that there are multiple loci that control eye size in A. mexicanus, making it a
guantitative trait (Figure 3). Another example is pigmentation. Observing the F1 hybrid of surface
and cavefish, it can be concluded that body pigmentation is a dominant trait as the fish are fully
pigmented (Figure 3). In the F2 generation, the variation in body pigmentation again points
towards a quantitative trait. Combination of this phenotypic data with sequencing data can
reveal underlying genetic loci responsible for these phenotypes. These F2 populations are a good
resource for understanding the genetic basis of various traits and such populations have been
used previously for studying these traits'’-°. A standardized IVF technique can greatly streamline
the generation of hybrids, enabling genetic mapping of the loci controlling such traits and helping
us understand how certain phenotypes are disadvantageous in some habitats and adaptive in
others.

FIGURE AND TABLE LEGENDS:
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Figure 1: Design of racks to shift day/ night cycles of A. mexicanus. (a) The general setup of this
rack system allows photoperiod manipulation, giving a simulation of night time during the day
hours when doors are closed, and the shelf lights are turned off. (b) Priming the fish to stimulate
ova maturation is achieved by using submersible heaters (see Table of Materials) installed in
individual tanks that can be adjusted separately (red arrows).

Figure 2: Examples of suitable females for ova collection and representative illustration of
viable and unviable ova. (a) Gravid, female fish with large, protruding abdomens are more
suitable for manual ova collection than (b) females with a streamlined shaped abdomen. (c)
Viable ova (i.e., ova producing viable embryos when fertilized) can be identified by their clear,
even appearance, while unviable ova (i.e., ova not producing viable embryos when fertilized), as
shown in (d), have a cloudy, uneven appearance. (e) After successful fertilization, viable embryos
become more translucent and enter the one cell stage while unfertilized ova (red arrows) will
slowly decay.

Figure 3: Genetic analysis of eye size and body pigmentation traits. Pedigree showing pictures
of parental (FO) surface fish (top left) and cavefish (top right), F1 hybrids (second row) and the F2
hybrids. The F1 fish have intermediate eye size and pigmentation while F2 show a broad variation
in the two morphological traits: eye size and pigmentation. All original data underlying this figure
can be accessed from the Stowers Original Data Repository at
http://www.stowers.org/research/publications/libpb-1365.

DISCUSSION:

While IVF is a standardized method for many different model organisms such as zebrafish,
existing protocols for A. mexicanus do not take into account that this species naturally spawns
during night hours®. Given that cavefish and surface fish differ quite drastically in their circadian
rhythms, the maturation cycle of the ova also differs between the cave and surface morphotypes.
While the staging temperatures and times for surface A. mexicanus are well studied'?, cavefish
can differ in their spawning behavior and maturation cycle. Conventional methods of hybrid
production are therefore very challenging and uncertain due to the loss of circadian rhythm in
the cave morphotype of A. mexicanus’, which results in altered spawning times of these fish. By
shifting the photoperiod, we can provide time specific hybrid embryos without having to rely on
rare natural spawning events between the two morphotypes. Keeping the cave and surface fish
separate also prevents aggressive surface morphs from having an adverse effect on breeding.

Some limitations do exist with this method such as variations in ova quality. Identification of a
female (surface or cavefish) with mature ova is not trivial and requires careful observations of
the fish behavior. Generally, gravid females ready for spawning have larger abdomens and will
repeatedly brush against the bottom tank surface or embryo collection trap?°.

We observed that the quality of sperm is consistent throughout the entire day/night cycle. The
critical step of successful IVF (successful in terms of generating fertilized embryos) is obtaining
good quality, viable ova. Therefore, it is extremely important to collect the ova from fish that are
about to spawn naturally (Figure 2a). Once the ova are collected, they can be observed under a
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dissection microscope to examine the quality. The collection of viable ova during the night,
however, is inconvenient and challenging for the researcher. The setup that we present here
allows for shifting of the maturation cycle of the ova, so IVF can be used to generate synchronized
embryos for downstream application during normal working hours.

With the advancement of cryopreservation of milt (e.g., as it is described in zebrafish?!), IVF will
become a powerful tool towards establishing and maintaining genetic lines for the emerging
model system A. mexicanus. In combination with methods for genetic modification®> and
morpholino-based knockdown?'’, these procedures will provide the methodological platform to
study the genetic and developmental underpinnings of adaptations to different habitats in A.
mexicanus.

In summary, the protocol presented here will enable the production of synchronized embryos of
A. mexicanus for other downstream applications, such as injection of genetic constructs or
studying early embryological phenotypes. The major strength of the protocol is that it allows for
efficient production of surface-cave hybrids that can be used to genetically map phenotypic
differences between surface fish and cavefish through QTL (quantitative trait loci) analysis. Taken
together, obtaining viable ova during daytime for IVF is a powerful technique that will be
beneficial for a variety of future studies in different fields of biological sciences.
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Name of Material/ Equipment Company Catalog Number Comments/Description
0.6 mL Centrifuge Tube Eppendorf #22364111
100 mm Petri Dishes VWR International #25384-302
Aspirator Tube Drummond #2-000-000
Calibrated 1-5 pL Capillary Tubes Drummond #2-000-001
Dispolable Spatulas VWR International #80081-188
HMA-50S 50W Aquatic Heaters Finnex HMA-50S
P1000 Pipette Eppendorf #3123000063
P1000 Pipette Tips Thermo Scientific #2079E

Sanyo MIR-554 incubator

Sperm Extender E400

Sponge Animal Holder

Panasonic Health Care MIR-554-PA

130 mM KCI, 50 mM NaCl,
2 mM CaCl, (2H,0), 1 mM
MgSO0, (7H,0), 10 mM D
(+)-Glucose, 30 mM HEPES
Adjust to pH 7.9 with 5M
KOH and filter sterilize.
Solution can be stored at 4
°C for up to 6 months.

Made from scrap foam
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System Water

Tissue Wipes

ZIRC E2 Embryo Media

Kimberly-Clark Professional

Deionized water
supplemented with Instant
Ocean Sea Salt
[Blacksburg, VA] to reach a
specific conductance of
800 uS/cm. Water quality
parameters are
maintained within safe
limits (Upper limit of total
ammonia nitrogen range,
1 mg/L; upper limit of
nitrite range, 0.5 mg/L;
upper limit of nitrate
range, 60 mg/L;
temperature, 22 °C; pH,
7.65; dissolved oxygen 100
%)

#21905-026

15 mM Nacl, 0.5 mM KCl,
1.0 mM MgSQO,, 150 uM
KH,PO,, 50 uM Na,HPO,,
1.0 mM CaCl,, 0.7 mM
NaHCO; Adjust pH to 7.2
to 7.4 using 2 N
hydrochloric acid. Filter
sterilize. Stored at room
temperature for a
maximum of two weeks.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Gamete collection and in-vitro fertilization of Astyanax mexicanus

Robert Peul3, Zachary Zakibe, Jaya Krishnan, Shane M. Merryman, Diana P. Baumann, Nicolas Rohner

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: |x | Standard Access

Item 2 (check one box):

Open Access

The Author is NOT a United States government employee.

The 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.

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

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
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 wuse, 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.

10. 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 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
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

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

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a 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 Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

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

CORRESPONDING AUTHOR:

Nicolas Rohner

September 29, 2018
Date:

Name:
Department:
Institution: Stowers Institute for Medical Research
Article Title: Gamete collection and in-vitro fertilization of Astyanax mexicanus
/ 2/] .
o A
Signature: /

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe documentto +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter
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Rebuttal letter regarding JoVE submission JoVE59334R2

After careful reading of the editorial comments, we revised our manuscript and video and hope that we
meet the expectations of the JoVE journal.

Please see below the details of our revision with respect to the Editorial comments:
1. The editor has formatted the manuscript to match the journal's style. Please retain the same.

Changes, that have been made, were done in the same format as suggested by the editor and
track changes have been used.

2. Please address specific comments marked in the manuscript.
Specific comments have been addressed. In detail:

Line 52: While novelty is not a requirement for a JoVE publication, introduction should also
contain

a) The rationale behind the development and/or use of this technique

b) The advantages over alternative techniques with applicable references to previous studies
c) A description of the context of the technique in the wider body of literature

In this regard, please include a sentence stating that other procedures are also available but xxx
is the advantage of your protocol and cite the references as suggested by reviewer 2. Presently
only the last reference is cited.

We added the following in line 71 — 76 citing two of the articles Reviewer 2 suggested:
“Successful, yet invasive, IVF procedures have been described for other Astyanax species,
where gamete production and spawning behavior was primed using hormonal
injections®°. Less invasive IVF procedures, i.e. obtaining gametes from manual spawning
without injection of hormonal preparations, have been described but do not consider the
differences in the spawning cycle between cave and surface morphotypes of A.

mexicanus®.”

Line 179: Please do not use personal pronouns in the protocol text. | have changed this here. Please
check. Please removed personal pronouns throughout the protocol text.

This has been changed throughout the protocol section and in the video as well.
Line 180: Citation?
A citation for MS-222 has been added.

Line 203: How do you differentiate the male fish from female fish? Just include the information in the
text with some citation.

This is important because the collection of ovum and sperm can only be done if the person performing
the experiment knows how to identify the male and female fish.
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We added a citation for a protocol that describes the method that we used to determine the sex
of the fish in line 170 — 171 and line: 206 — 207.

Line 280 — 281: Please reword.

The sentence has been reworded and states now: “The key factor for a successful IVF
procedure in A. mexicanus is the quality of the collected ova.”

Line 374 — 376: Data availability statement

As discussed with the editor via email, this statement has been removed and the
sentence about the ODR and the link to it for the underlying data in Figure 3, has been
moved to the Figure 3 legend (line 327 — 329)

Video:
In vitro in the title card. Please do not italicize.

This has been changed.

2:15-2:17: There is a complete blackout in the video. Please remove this part.

As discussed with the editor via email, this has been left unchanged.

Please include the title card at the end as well, right after the conclusion section.

The title card has been included at the end.

Finally, we would like to thank the editor for the valuable feedback. We included the comments and
suggestions in the revised version of our manuscript and video as good as possible and hope that they
meet the standards of the JoVE journal.

Thanks and Best,

The authors



