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Abstract

This protocol is for the in vitro culture of intact embryonic urogenital systems using an agarose substrate. This
protocol has been optimised for the model reptile species, Pogona vitticeps, but could be adapted for other
species. This protocol supports gonad differentiation from bipotential to ovaries or testes that are distinguishable
morphologically and by gene expression patterns. Gross morphology is well maintained even during the longest
culture duration (19 days) such that the gonads can be dissect from the surrounding mesonephros, improving
utility for downstream sequencing applications.
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Materials

Leibovitz's

L-15 medium with L-glutamine, without phenol red (Thermofisher, Cat: 21083207)
100 x Anti-Anti (Gibco, Cat: 15240062)

Fetal bovine serum (Gibco, Cat: A3382001), or purchase already charcoal stripped if available
Agarose (Merck, Cat: A9539)

Centre well culture dishes (Corning Costar, Cat: CLS3260)

Positive displacement pipette (Rainin, Cat: MR-1000)

Capillary-pistons (Rainin, Cat: 17008609)

Dextran coated charcoal (Sigma, Cat: C6241-5G)

Sterile PBS or ultrapure water

Transfer pipettes (Livingstone, Cat: PTP03)

Note

Phenol red is a weak estrogen mimic and can influence gonad differentiation (Shoemaker-Daly et a/., 2010) so must
be avoided in all reagents.

Fetal bovine serum contains hormones so must be charcoal stripped if it is not available to purchase already
stripped. Standard serum can be stripped using dextran coated charcoal according to the manufacturer’s protocol.

Equipment

Dissection microscope

Biological safety cabinet

Temperature controlled cell culture incubators with 5% C02

Curved plastic moulds

Forceps (standard for manipulating the plastic moulds)

Forceps (ultrafine tips for embryo dissections, such as Dumont style 5, Cat: T05-922)
Scissors

Petri dishes (for dissections, required size depends on size of species used)

Troubleshooting
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Before start

This protocol has been developed and optimised using Pogona vitticeps as a model system. Before starting,
species specific characteristics should be carefully considered. The timing of explantation must be carefully
balanced with the duration of the culture period. The culture must be maintained long enough for gonad
differentiation to occur, but not so long as to potentially compromise the tissue. This relies on knowing the timing
of gonad development and differentiation in the target species.

As the agar moulds are made in-house, their size can be modified as required to accommodate urogenital
systems. For P. vitticeps, the moulds are approximately 5x3x3mm. The size required relates to the size of the
urogenital system at time of explantation as the overall size of the organ does not noticeably change during the
culture period.
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Culture Medium

1 To prepare complete culture medium, add & 1mL of charcoal stripped fetal bovine
serumand & 1mL of Anti-Antito & 10 mL of L-glutamine medium with no phenol

red.

Note

For ease of use, L-15 medium can be stored in 10mL aliquots, and 1TmL aliquots each of
charcoal stripped FBS and Anti-Anti added to make 12mL total volume of complete media.

Agar Moulds

2 Dissolve & 187 mg ofagarin &4 12 mL of L-15 medium (no added Anti-Anti or FBS)

in a microwave on low power (the agarose has a low melting point).

3 Using a positive displacement pipette, distribute & 500 pL in the centre well of the

culture dish making sure the whole surface is covered and there are no bubbles.
4 Before the agar solidifies, use forceps to place the plastic mould in the centre of the dish

to form the well for the urogenital system.

Note

Because the agar has a low melting point, the stock will readily re-solidify when preparing
the dishes. To keep the agar stock warm while preparing the dishes, heat water in a bottle

to floatthe & 50 mL falcon tube in, and wrap with foil to help retain warmth. If the
stock solidifies, it can be re-melted.

Dissection of whole urogenital systems

5
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Note

For P, vitticeps, whole urogenital systems are explanted at stage 6 (bipotential gonad) and
cultured until they would have reached stage 12 (differentiated gonad). At 36°C, embryos
are sampled 9 days post lay, and are cultured for 9 days (or 18 days from lay). At 28°C,
embryos are sampled 16 days post lay, and are cultured for 19 days (or 35 days from lay).
The timing of explantation, the culture duration, and incubation temperatures, will depend
on the species characteristics.

6 Pre-prepare appropriate number of culture dishes and fill with & 500 uL of pre-

warmed complete culture media.

Note

This volume is appropriate for high temperature incubations at 36°C where the media can
quickly evaporate between changes. This volume may need to be adjusted depending on
the temperatures used.

7 Clean the dissection area, and all equipment (scissors to cut the egg, and two pairs of
forceps for the dissection).

8 Remove the embryo from the egg and humanely euthanise prior to commencing the
dissection.

Note

P, vitticeps has a leathery eggshell that can be cut with scissors. Removal of the embryo
will need to be adapted for species with different eggshell characteristics, or for
viviparous species. To keep the dissection dish clean, initially remove the embryo from the
egg in a petri dish, then transfer the embryo only into a clean dish.

9 Transfer the embryo to a clean dish, and submerge in sterile PBS or ultrapure water to
limit risk of contamination in the cultures.

Note

Use single use transfer pipettes for each embryo and keep the lid on the PBS/water.

10 Take any other tissue or blood samples that may be required.
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11 Remove the intact urogenital system from the embryo (gonad-kidney complex) and
transfer to agar dish.

Note

The transfer should be made as quickly as possible, and the culture dish lid should only be
removed to place the organ to minimise any potential for contamination.

12 Check the organ is orientated in the agar dish the same way it was positioned in the
embryo.

Note

The organs may need to be gently pushed into the well as they sometimes float in the
culture media.

13 Transfer organ cultures to C02 incubator set to an appropriate temperature.

Note

Any movement of the cultures should be made as carefully as possible as the organs can
float and potentially move out of the well. Where possible, keep transfer distances as
short as possible between the microscope, the incubators, and the biological safety
cabinet.

Culture Maintenance

14

Note

Organ cultures should be allowed to establish prior to commencing any experimental
treatments.

Media should be refreshed every second day, so start treatments from the second day
after the cultures have been set up. For example, if the cultures were explanted on
Monday, they should be left untouched until Wednesday, when the media can be changed,
and experimental treatments can be applied.

15 Prepare complete culture media and pre-warm
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16

17

Use a sterile pipette tip to remove the medium from the dish

Replace with 4 500 uL of medium, including any experimental treatments as required

Note

Always pipette slowly to avoid disrupting the organ. Pipette culture media in and out of the
dishes from the side. Never directly touch the organ.

Culture Arrest

18

The duration of the culture period should be pre-determined depending on the species-
specific characteristics. The cultures should be arrested so that the timing is
synchronised with when the culture was next due to be changed. This means that if any
treatments were applied to the culture exposure has been maximized.

The overall morphology of the organs can be variable at the end of the culture. This
depends on the quality of the initial dissection, and effects any treatments applied may
have had. The gonads should be distinguishable from the kidney under a microscope,
and so can be carefully dissected for use in downstream applications as appropriate.

For RNA-seq or gPCR, gonads can be dissected and snhap frozen.

For histology, or other IHC techniques, the whole urogenital system can be preserved
(typically in 4% PFA-PBS at 4°C). It is recommended to leave the system intact for any
morphological techniques as this allows the tissues to be handled by the kidney, keeping
the gonadal tissues protected.

Additional notes

19

= The initial dissection is very important for the success of the culture. As much as
possible, minimise any tugging on the UGS to remove it from the body cavity. For P.
vitticeps, the posterior region of the kidney becomes long and narrow, extending well
into the base of the tail. For the purposes of the organ culture, the posterior region is
not important, so can be cut from where it begins to narrow. This also keeps non-
target tissue to a minimum in the culture system.
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= A microscope set up with foot pedal focus controls will greatly facilitate the
dissections

= The embryos are dissected outside of a biological safety cabinet, however the
cultures do not appear susceptible to contamination despite this.

= The dissection is easier if the embryo is on a dark background. Custom dissection
dishes can be made using melted paraffin wax dyed black with a wax dye, and set
into a petri dish. These can be used for multiple dissections if cleaned in between
samples.

= Avoid grasping the tissue with forceps where possible. Transferring the organ system
to the agar dish is best done using a “forklift" type technique, where the forceps are
carefully slid underneath the organ and it is lifted up.

= Positioning the urogenital system in the agar dish on top of a black surface makes it
easier to see that the tissue is oriented correctly.

= The culture medium should always be pre-warmed. Never apply cold culture medium
to the organ cultures.

= Experimental treatments on P. vitticeps organ cultures have applied drugs to the
cultures at every medium change (after the initial establishment period) for the
duration of the culture period (depending on incubation temperature). All drugs
trialled appear to be well tolerated by the cultures.
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