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Historically, techniques to analyze the localized distribution of mRNAs during development were
performed on sectioned embryos using radioactively labeled riboprobes. The processing of the
tissues and the use of emulsion autoradiography were laborious and time-consuming, leading to the
development of more direct approaches. The nonradioactive whole-mount in situ hybridization
method was first introduced in Drosophila embryos, and later adapted to Xenopus embryos for abun-
dant transcripts such as muscle actin. Since then, the technique has been improved and is now broadly
used for the spatial detection of even less abundant transcripts in Xenopus. The technique has been
especially powerful in the analysis of changes in gene expression in embryos manipulated by mRNA or
antisense oligonucleotides microinjection, and in animal cap explants exposed to exogenous factors.
The protocol described here provides an excellent signal-to-noise ratio for most labeled probes. It also
is relatively high-throughput: With a little practice, approximately 50 samples can easily be
processed simultaneously.

MATERIALS

It is essential that you consult the appropriate Material Safety Data Sheets and your institution’s Environmental
Health and Safety Office for proper handling of equipment and hazardous materials used in this protocol.

RECIPES: Please see the end of this protocol for recipes indicated by <R>. Additional recipes can be found online at
http://cshprotocols.cshlp.org/site/recipes.

Reagents

Acetic anhydride
Agarose
Anti-digoxigenin (DIG)–alkaline phosphatase (AP), Fab fragments (Sigma-Aldrich, 11093274910)
(optional; for DIG labeling only)

Anti-fluorescein (FITC)–alkaline phosphatase (AP), Fab fragments (Sigma-Aldrich, 11426338910)
(optional; for FITC labeling only)

Benzyl alcohol (optional; see Step 63)
Benzyl benzoate (optional; see Step 63)
Blocking solution for Xenopus embryos <R>
BM purple (Sigma-Aldrich, 11442074001)
Dithiothreitol (100 mM)
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DNA of interest, linearized
DNase I, RNase-free (10 U/µL)
Dry color pigment (e.g., ultramarine blue or cadmium yellow; Gamblin Artists Colors) (optional; see
Step 59)

EDTA (0.2 M)
Formaldehyde (37%)
Hybridization buffer for Xenopus embryos (HB) <R>
Hydrogen peroxide (H2O2), 30%
MEMFA, prepared in sterile milliQ H2O <R>
Methanol
PBT (2 mg/mL bovine serum albumin [fraction V] and 0.1% Triton X-100, prepared in PBS, filtered,
and stored at 4˚C)

Phosphate-buffered saline (PBS) (pH 7.4), prepared in sterile milliQ H2O <R>
Proteinase K (5 µg/mL, prepared in PTw; Sigma-Aldrich, 3115828001), freshly prepared before use
PTw (0.1% Tween 20, prepared in PBS, filtered, and stored at 4˚C)
Recombinant RNAsin (20 U/µL)
RNA labeling mix, Digoxigenin (DIG) (Sigma-Aldrich, 11277073910) (optional; for DIG labeling
only)

RNA labeling mix, Fluorescein (FITC) (Sigma-Aldrich, 11685619910) (optional; for FITC labeling
only)

RNA polymerase, SP6 (20 U/µL) (optional; see Step 11)
RNA polymerase, T3 (20 U/µL) (optional; see Step 11)
RNA polymerase, T7 (20 U/µL) (optional; see Step 11)
RNeasy MinElute Cleanup Kit (QIAGEN, 74204)
SSC <R>
Staining Buffer for Xenopus Embryos <R>
Triethanolamine (TEA; 0.1 M in sterile milliQ H2O, pH �7–8), freshly prepared before use
Water, sterile, milliQ-filtered
Xenopus laevis embryos

Equipment

Agarose gel electrophoresis apparatus
Aluminum foil
Beakers
Bunsen burner
Depression slides, glass (VWR, 413057) (optional; see Step 62.iv)
Dissection microscope
Forceps, fine (Roboz; Dumont #5)
Hybridization oven (Shake ‘N Bake; Boekel, 136400)
Microcentrifuge
Microcentrifuge tubes, 1.5-mL
Microwave oven
Nutator (Clay Adams, BD 421125)
Pasteur pipettes, glass
Petri dishes, plastic, 60-mm
Pipette, glass, equipped with rubber bulb for embryo transfer (Fisher Scientific, S13974)
Pipettes, sterile, disposable, 10- and 25-mL
Spectrophotometer
Suction system, vacuum-driven
Superfine eyelash with handle, No. 1 (Ted Pella, 113)

2 Advanced Online Article. Cite this protocol as Cold Spring Harb Protoc; doi:10.1101/pdb.prot097287

J-P. Saint-Jeannet

 Cold Spring Harbor Laboratory Press
 at NYU MED CTR LIBRARY on November 1, 2017 - Published by http://cshprotocols.cshlp.org/Downloaded from 

http://cshprotocols.cshlp.org/
http://www.cshlpress.com


Test tube support rack (Fisher Scientific, 1478115)
Vials, glass, screw-cap, 4-mL (Fisher Scientific, 06-408B)
Vortex mixer
Water bath, 37˚C

METHOD

The protocol described here is adapted from the protocol first reported by Harland (1991).

Antibody Preadsorption

1. Fix�100 Xenopus embryos (NF stage 25–35; Nieuwkoop and Faber 1967) inMEMFA for 1 h in a
4-mL glass vial on a nutator.

2. Replace the fixative with methanol. Wash for 15 min.

3. Wash the embryos in fresh methanol for 5 min at room temperature.

4. Wash in 75% methanol in H2O for 5 min at room temperature.

5. Wash in 50% methanol in H2O for 5 min at room temperature.

6. Wash in 25% methanol in PTw for 5 min at room temperature.

7. Wash twice in PTw for 5 min each at room temperature.

8. Wash in PTw for 15 min each at room temperature.

9. Add 4 mL of blocking solution and 40 µL of AP-conjugated Fab fragments against DIG or FITC,
as appropriate (1:100 final dilution). Incubate overnight at 4˚C on a nutator.

10. Decant the antibody solution. Store in a clean tube at 4˚C.

Riboprobe Synthesis

11. Combine the following reagents in a microcentrifuge tube:
Linearized DNA 1 µg
RNA polymerase buffer (10×) 2 µL
RNA labeling mix (DIG or FITC) (10×) 2 µL
RNA polymerase (SP6, T7, or T3) 2 µL
Dithiothreitol 2 µL
Recombinant RNasin 2 µL
Sterile milliQ H2O to 20 µL

12. Mix well. Incubate for 2–3 h in a 37˚C water bath.

13. Add 2 µL of RNase-free DNase I. Mix well.

14. Incubate for 20 min in a 37˚C water bath.

15. Stop the reaction by adding 2 µL of 0.2 M EDTA and 80 µL of sterile H2O.

16. Purify the RNA-labeled probe using the RNeasy MinElute Cleanup Kit according to the
manufacturer’s instructions.

17. Measure the concentration using a spectrophotometer. Confirm the size and integrity of the
riboprobe on a denaturing gel.

18. Store labeled probes at −80˚C.

Embryo Preparation

All steps are performed in 4-mL glass vials rocking on a nutator. Position the vials horizontally on the nutator, rotating
end over end. For smaller volumes (1 mL or less), place the tubes vertically on a test tube support rack positioned
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directly on the top of the nutator. Remove solutions from the vials using a Pasteur pipette attached to a vacuum-driven
suction system; add fresh solutions using 10- or 25-mL disposable pipettes. Twenty-four to 48 vials (i.e., 1–2 test tube
support racks) can be processed simultaneously in this fashion.

19. Place the selected embryos in a dish containing culture medium under a dissection microscope.
Using fine forceps, remove the vitelline membrane.

At early embryonic stages (i.e., blastula/gastrula) the vitelline membrane is tightly associated with the
embryo. It might be necessary to puncture the embryo at the vegetal pole with one forceps, then grasp
and tear the vitelline membrane away from the embryo with the a second pair. Alternatively, for large
numbers of embryos, this step can be omitted; the vitelline membrane is then removed after fixation and
rehydration (i.e., after Step 27) by treating the embryos with a cocktail of proteases (10 µg/mL proteinase K,
2 mg/mLcollagenaseA and20 U/mLhyaluronidase) for 10min at room temperature (IslamandMoss 1996).

20. Using a glass pipette, transfer the selected embryos to a 4-mL glass vial filled with 4 mL of
MEMFA.

Approximately 50 embryos can be processed in one vial.

21. Rock the vial on the nutator for 1 h at room temperature.

22. Replace the MEMFA with methanol. Wash the embryos twice with methanol (15 min/wash) at
room temperature.

Embryos can be stored in methanol at −20˚C for several months.

Embryo Rehydration

23. Wash the embryos in fresh methanol for 5 min at room temperature.

24. Wash in 75% methanol in H2O for 5 min at room temperature.

25. Wash in 50% methanol in H2O for 5 min at room temperature.

26. Wash in 25% methanol in PTw for 5 min at room temperature.

27. Wash twice in PTw for 5 min each at room temperature.

Proteinase K Treatment

28. Replace with the PTw with 1 mL of Proteinase K. Incubate for 5 min at room temperature.

29. Replace the Proteinase K with 4 mL of TEA solution. Add 11.25 µL of acetic anhydride. Wash for
5 min at room temperature.

30. Add another 11.25 µL of acetic anhydride to the vial. Wash an additional 5 min at
room temperature.

31. Wash twice in PTw, 5 min each, at room temperature.

32. Postfix the embryos with 3.7% formaldehyde in PTw for 20 min at room temperature.

33. Wash twice in PTw, 5 min each, at room temperature.

Prehybridization and Hybridization

34. Remove all but 1 mL of PTw from the vial. Add 250 µL of HB. Swirl the vial gently. Allow the
embryos to settle to the bottom.

35. Replace the solution with 500 µL of HB. Incubate at 60˚C in the hybridization oven for 10 min,
rocking gently.

Maintain the vials in a vertical position on the test tube rack during the prehybridization and hybridization
(Steps 35–37).

36. Replace with 500 µL of fresh HB. Incubate at 60˚C in the hybridization oven for at least 6 h (or
overnight), rocking gently.
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37. Replace the solution with 500 µL of labeled riboprobe (from Step 18) diluted in HB to a final
concentration of 0.5 µg/mL. Incubate overnight (i.e., 12–18 h) at 60˚C in the hybridization oven,
with gentle rocking.

Posthybridization Washes

38. Remove the probe. Store in a glass vial at −20˚C.
The probe is stable in HB for several months at −20˚C and can be reused up to 8–10 times.

39. Add 500 µL of HB to the embryos. Incubate 10 min at 60˚C.
Maintain the vials in a vertical position on the test tube rack during the washes in the hybridization oven
(Steps 39–44).

40. Replace with 1 mL of a HB:2×SSC solution (1:1). Incubate 10 min at 60˚C.
41. Replace with 1 mL of a HB:2×SSC solution (1:3). Incubate 10 min at 60˚C.
42. Wash embryos twice with 4 mL of 2×SSC, 20 min each wash, at 60˚C.
43. Wash embryos twice with 4 mL of 0.2×SSC, 30 min each wash, at 60˚C.
44. Wash the embryos twice with 4 mL of PTw, 10 min each, at 60˚C.
45. Wash the embryos with 4 mL of PTw for 10 min at room temperature on the nutator.

Immunodetection

46. Wash the embryos in PBT for 15 min at room temperature.

47. Replace the PBT with 1 mL of blocking solution. Incubate for 1 h at room temperature.

48. Replace the blocking solution with 1 mL of preadsorbed antiDIG-AP antibody (1:2000 final
dilution) or preadsorbed antiFITC-AP antibody in blocking solution (1:10000 final dilution).
Incubate overnight at 4˚C on a nutator.

49. Remove the used antibody. Store at 4˚C in a clean tube.
The antibody is stable for several weeks at 4˚C and can be reused up to three times.

50. Wash off excess antibody by incubating with six changes of PBT, 1 h each wash, at room
temperature.

Chromogenic Reaction

51. Wash the embryos twice in staining buffer, 10 min each wash, at room temperature.

52. Replace with 1 mL of BM purple. Cover the test tube support rack with aluminum foil. Incubate
overnight at room temperature in the dark.

Alternatively, the chromogenic reaction can be performed after washing overnight in PBT at 4˚C. This allows
the reaction to be monitored closely and stopped at earlier time points, if needed.

53. If needed to enhance the staining, replace with fresh BM purple the following day.

54. Fix in MEMFA for 2 h at room temperature.

Bleaching of Pigment

55. Transfer the embryos to methanol for 15 min.

56. Bleach the embryos in a solution containing 10% H2O2 in methanol for 48–72 h at room
temperature on a nutator.

57. Transfer to methanol for 15 min.

58. Transfer to PBS. Store at 4˚C.
Alternatively, wash fixed embryos several times with 70%ethanol in PTw, and then bleach for a few hours in
a solution containing 5% formamide and 1% H2O2 in 0.5×SSC (Mayor et al. 1995). Although more rapid,
this procedure attenuates the staining, decreasing the signal-to-noise ratio.
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Embryo Imaging

Embryos are best examined and photographed in PBS, in dishes coated with agarose.

59. Using amicrowave oven, dissolve 1% agarose (w/v) in PBS. Pour 5 mL immediately into a 60-mm
plastic Petri dish.

Dry color pigments such as ultramarine blue or cadmium yellow (0.5%–1.0% [w/v]), can be added to the
melted agarose to provide a contrasting background during imaging of the embryos.

60. Using a Bunsen burner, melt the end of a Pasteur pipette into a rounded tip. Use the hot tip of the
pipette to melt wells of different sizes and depths into the surface of the solidified agarose.

61. Pour the embryos directly from the vial into a dish filled with PBS. Using a superfine eyelash
mounted on a handle, position the embryos into the wells for photography.

See Troubleshooting.

62. Use a glass pipette to return the embryos to the vial. Store in PBS at 4˚C.
63. Optionally, clear the embryos before being photographed:

i. Wash embryos twice in methanol for 5 min each.

ii. Replace with 500 µL of a solution of benzyl benzoate:benzyl alcohol (BB:BA [2:1]). Swirl the
tube gently. Allow the embryos to settle at the bottom.

iii. Replace with 500 µL of a fresh solution of BB:BA.

iv. Using a glass pipette, transfer the embryos to a glass depression slide in a few drops of BB:
BA solution.

TROUBLESHOOTING

Problem (Step 61): The signal is indistinct and/or there is high background.
Solution: Add the detergent CHAPS (3-[(3-Cholamidopropyl)dimethylammonio]-1-propanesulfo-

nate hydrate) to the HB at a concentration of 0.1% for hybridization (Steps 34–37) and 0.3% for
the subsequent posthybridization washes (Steps 39–43).

DISCUSSION

Whole-mount in situ hybridization is a powerful tool to analyze the spatiotemporal expression of
genes during embryogenesis. Although major improvements have been made over the years, the
technique remains demanding: From embryo collection to the imaging step, the process takes �1
wk. Automated in situ hybridization platforms show promise to perform routine staining as well as
high throughput screens, although these devices remain costly. Several laboratories now use the
InsituPro VSi automated unit commercialized by Intavis (Tubingen, Germany) for standard in situ
hybridization. Flogentec (Valence, France) has developed the Flo400-W, a unit that substantially
reduces processing time while preserving signal quality. However, its applicability to Xenopus
embryos has not yet been showed. Such standardized platforms are suitable for routine in situ
hybridization to detect relatively abundant transcripts using well-characterized probes, although
probes that are more “difficult” will always benefit from customized protocols.

Two-Color Whole-Mount In Situ Hybridization

By mixing the FITC- and DIG-labeled probes in the HB (Step 37), the protocol above can be used to
detect two different mRNAs in the same embryo. The probes are detected sequentially using AP-
conjugated antiFITC– and antiDIG–antibodies, respectively (Jaurena et al. 2015). FITC-labeled probe
is typically visualized first usingMagenta-phos (5-bromo-6-chloro-3-indoxyl phosphate; Biosynth) as
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a substrate (producing a purple color) by adding 10 µL of Magenta-phos stock solution (25 mg/mL in
dimethyl formamide) per mL of staining buffer. This substrate provides little-to-no background.
However, the chromogenic reaction can last from several days to a few weeks, although fresh substrate
can be added as needed to enhance staining. The AP is then inactivated by treatment with glycine (0.1
M, pH 2.2) for 30 min, after which the embryos are washed and incubated with the antiDIG antibody.
The DIG-labeled probe is visualized using BCIP (5-bromo-4-chloro-3-indolyl-phosphate) as a sub-
strate (producing a turquoise color) by adding 3.5 µL of BCIP stock solution (50 mg/mL in dimethyl
formamide) per mL of staining buffer. Depending on the abundance of the bound label, staining
generally can take overnight to a few of days and—as with the FITC label—fresh substrate can be
added as needed to enhance staining. The reaction is stopped by fixing the embryos in MEMFA
supplemented with 0.2% glutaraldehyde for 2 h, followed by two washes in PBS, 15 min each. Because
the products of the enzymatic reaction are methanol-soluble, the embryos should be bleached in 10%
H2O2 in PBS for 24–48 h at room temperature.

RECIPES

Blocking Solution for Xenopus Embryos

1. Mix 4.6 g maleic acid and 3.5 g NaCl in 200 mL of sterile milliQ H2O in a 1000-mL
beaker. Adjust the pH to 7.5 with 10 N NaOH.

2. Add 8 g of Blocking Reagent (Sigma-Aldrich, 11096176001). Heat the solution in a
microwave using 30-sec pulses until the Blocking Reagent is fully dissolved. (The
solution should appear milky.)

3. Cool on ice. Adjust the volume to 380 mL with sterile milliQ H2O.
4. Add 20 mL of heat-inactivated lamb serum (ThermoFisher, 16070096). (Inactivate

the serum by heating in a water bath at 55˚C for 30 min, swirling every 5–10 min.
Store at −20˚C in 20-mL aliquots.)

5. Store the blocking solution at −20˚C in 20-mL aliquots.

The final concentrations of the reagents are 100 mM maleic acid, 150 mM NaCl, 5%
lamb serum, 2% (w/v) blocking reagent.

Hybridization Buffer (HB) for Xenopus Embryos

Reagent Final concentration

Formamide 50%
Saline–sodium citrate (SSC) 5×
Torula yeast RNA 1 mg/mL
Heparin 100 µg/mL
Denhart’s 1×
Tween 20 0.1%
EDTA 5 mM

Prepare in sterile milliQ H2O. Store at −20˚C.

MEMFA

MOPS
EGTA
MgSO4

Formaldehyde (37%)

Prepare a 10× stock solution of 1 M MOPS (pH 7.4), 20 mM EGTA, and 10 mM MgSO4.

On the day of use, prepare fresh 1× MEMFA by combining 8 parts H2O, 1 part 10×MEMFA stock

solution, and 1 part formaldehyde (37%).

Final concentrations are 100 mM MOPS (pH 7.4), 2 mM EGTA, 1 mM MgSO4, 3.7% (v/v)

formaldehyde.
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Phosphate-Buffered Saline (PBS)

Reagent
Amount to add
(for 1× solution)

Final
concentration

(1×)
Amount to add
(for 10× stock)

Final
concentration

(10×)

NaCl 8 g 137 mM 80 g 1.37 M

KCl 0.2 g 2.7 mM 2 g 27 mM

Na2HPO4 1.44 g 10 mM 14.4 g 100 mM

KH2PO4 0.24 g 1.8 mM 2.4 g 18 mM

If necessary, PBS may be supplemented with the following:
CaCl2•2H2O 0.133 g 1 mM 1.33 g 10 mM

MgCl2•6H2O 0.10 g 0.5 mM 1.0 g 5 mM

PBS can bemade as a 1× solution or as a 10× stock. To prepare 1 L of either 1× or 10× PBS, dissolve the
reagents listed above in 800 mL of H2O. Adjust the pH to 7.4 (or 7.2, if required) with HCl, and then
add H2O to 1 L. Dispense the solution into aliquots and sterilize them by autoclaving for 20 min at
15 psi (1.05 kg/cm2) on liquid cycle or by filter sterilization. Store PBS at room temperature.

SSC

For a 20× solution: Dissolve 175.3 g of NaCl and 88.2 g of sodium citrate in 800 mL of
H2O. Adjust the pH to 7.0 with a few drops of a 14 N solution of HCl. Adjust the volume
to 1 L with H2O. Dispense into aliquots. Sterilize by autoclaving. The final concentra-
tions of the ingredients are 3.0 M NaCl and 0.3 M sodium citrate.

Staining Buffer for Xenopus Embryos

Reagent Final concentration

Tris-HCl (pH 9.5) 0.1 M

NaCl 0.1 M

MgCl2 50 mM

Tween 20 0.1%
Levamisole 0.065%

Prepare fresh in sterile milliQ H2O from filtered stock solutions.
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