In Situ Hybridization 

(Based on protocol of Ashley Bruce, U. Toronto, modified by Isaac Skromne U. Miami)

Embryo Preparation 

Wear gloves and use RNASE-free equipment and solutions

1. 
Fix embryos in a glass tube in 4% paraformaldehyde (made up in PBS) overnight at 4oC. (Can fix 4h at room temp, or extend fixation at 4oC up to 72h). If embryos are older than 18-20 hours, remove chorion before fixing.

Fix is toxic, always wear gloves and dispose of it in an appropriate waste container.

All washes 5 minutes at RT (room temp) on rocker, unless otherwise stated.

3. 

Wash 2 x 5 minutes in PBT (50 ml PBS + 250 µl 20% Tween) 

4. 
If embryos are still in chorion, place embryos in PBT in a PLASTIC dish and using forceps for FIX (not for live specimens) remove the chorion. Return embryos to glass tube.

5. 
Wash in 100% MetOH (5 minutes)

6.
Add fresh MetOH. If not using a screw top tube or vial, wrap top of tube in parafilm or the methanol will evaporate. Place vial at  -20oC for at least overnight.  Embryos are stable in methanol for up to a year.
Day 1 In situ Wear Gloves

7. 
Turn on hybridization oven and set to 70oC.

Rehydrate embryos in the glass tubes. Then continue in situ in glass tubes or transfer them to 24 or 48-well plates. It is critical that the embryos are NOT exposed to air at any point—they must always be covered with liquid.

8.
 Rehydrate through (5 minutes each, on rocker): 


(1)
60% MetOH/PBT


(2)
30% MetOH/PBT

(3)
3 x PBT washes

9. 
Digest with 1x Proteinase-K solution (made fresh). 100x stock (stock is 1mg/ml in PBS) is stored at -20oC, dilute 10µl into 1 ml of PBT (make up as much as you need).  Digest for the appropriate times based on the age of the embryo (see table belos) - then immediately remove solution and refix with 4% paraformaldehyde.  The proteinase K waste can go down the sink.



Less than 0 somites -
 no digestion



1 to 6 somites

2 minutes



7 to 12 somites

4 minutes



12 to 18 somites 

6 minutes

18 somites to 24 h
10 minutes



24-36 hours

12 minutes



48 hours +


40 minutes



3 dpf



1 hour



4 dpf



1 hr 15 min



5 dpf



1 hour 45 min

10.
Fix embryos for at least 20 minutes at room temperature.  Can go as long as 1 hour.  Discard fix into proper waste container.

11.
Wash 3 x 5 minutes in PBT at room temperature.

12.
Remove PBT and add pre-hyb solution. Replace pre-hyb solution with fresh pre-hyb solution and prehybridize at 70 oC in hybridization oven for about 1-3 hours (3 hours is best).

Pre-Hybridization mix:

In a 50 ml tube: 



Volume

Final Conc.

Formamide (stored at -20 oC) 
32.5 ml 

65%

20 x SSC




12.5 ml 

5x

Heparin @ 50 mg/ml (4 oC)

50 µl 


50µg/ml

20% Tween



250 µl

0.1%

0.5M Citric acid 



920 µl

autoclaved water



3.78 ml






Total  50ml

13.
Remove pre-hyb solution and replace with hybridization solution. Hybridization solution consists of pre-hyb mix + tRNA (to 10 ml hyb add 5mg tRNA, stored at -20 oC) + mRNA probe.

Use 300-1000 µl of probe-hyb per well (24 or 48 well plates).

Hybridize overnight at 70 oC in a tight container or in a humidified box. (NO MORE THAN 16 HOURS!)

Day 2 Keep Wearing Gloves
SAVE THE PROBE.  It can be reused several times

Note: The first washes are done in the hyb oven at 70oC and you must pre-heat the solutions to 70oC before you begin washing. Dispose hyb solutions in formamide waste.

14.
Remove the probe—SAVE IT and store it at -20oC

15.
Washes:


(1)
10 min in 75% hyb mix + 25% 2X SSC at 70oC


(2)
10 min in 50% hyb mix + 50% 2X SSC at 70oC


(3)
10 min in 25% hyb mix + 75% 2X SSC at 70oC


(4)
10 min in 100% 2X SSC at 70 C

--You can stop wearing gloves now--

(5)
2 X 30 min in 0.05X SSC at 70oC


(6)
5 min in 75% 0.05X SSC + 25% PBT at room temp (on rocker)


(7)
5 min in 50% 0.05X SSC + 50% PBT at room temp (on rocker)


(8)
5 min in 25% 0.05X SSC + 75% PBT at room temp (on rocker)


(9)
5 min 100% PBT at room temp

16.
 Incubate embryos in Pre-Incubation (PI) buffer 1 hr at room temp on rocker.

     
(PI stored at 4C= PBT + 2% sheep serum + 2 mg/ml BSA).

17. 
Incubate embryos at 4°C overnight in PI Buffer with antibody (anti-DIG or anti-Fluorescein). Antibodies are diluted as follow 1:5,000 for anti-DIG and 1:2,000 for anti-Fluorescein in PI Buffer (aliquots are stored at 4C). 

Day 3

18.
Wash:

2 quick washes in PBT. Then, at least 3x30 min washes in PBT, but the more, and longer the washes, the better.  You can even wash overnight at 4oC.

19. Prepare fresh AP buffer. QUICKLY rinse embryos 3 times in AP buffer at room temperature:



AP buffer: 



for final volume of 50 ml


100 mM TrisHCl pH 9.5
2.5 ml of 2M



50 mM MgCl2


2.5 ml of 1M



100 mM NaCl


1 ml of 5M



0.1% Tween-20


50 µl of Tween

19. 
Develop in AP substrate solution (make fresh) at room temp in dark (wrap your plate in tin foil).  Monitor color development every 20-30 minutes under the microscope.

Substrate solution = 4.4 µl/ml NBT stock + 3.3 µl/ml BCIP stock, NBT and BCIP stocks stored in aliquots at -20 oC.  Add and mix in NBT before adding BCIP. NBT and BCIP are toxic.  Wear gloves and dispose with the formamide waste.

20.
When embryos have developed to your liking, stop reaction by replacing substrate with PBT (dispose of NBT/BCIP properly). Do several rinses with PBT. After last rinse you can add 1 drop (<10µl 0.5M EDTA). At this point you can continue with double color in situ, antibody staining, etc. Depending on application you can post-fix embryos in 4% PFA in 1xPBT for 30 min and return embryos to PBT. Store at 4oC and keep wrapped in tin foil.

21. 
Place in 80% glycerol/PBT, store at 4°C.

Double In Situ Hybridizations

1. Hybridize with both FITC labeled and DIG labeled probes at the same time.

2. Wash as usual

3. Incubate in DIG-antibody 

4. Develop dig with NBT/BCIP

5. To stop reaction rinse quickly 2x in PBT

6. Incubate 2 x 10 minutes in 0.1 M glycine pH 2.2, 0.1% Tween to get rid of antibody

7. Wash in PBT with several changes for at least 3 hours

8. Incubate in FITC antibody, final dilution 1:2000 in PI buffer.

9. Wash as usual (3x for 30 min in PBT)

10. 3 x 5 min in 100 mM Tris pH 8

11. Develop using Sigma fast red kit—dissolve one tris tablet in 1 ml water, vortex, add 1 fast red tablet, vortex.   Filter through 0.2 micron syringe filter. 

12. Incubate in the dark and stop the reaction with PBT rinses. Incubate reaction at room temperature. DO NOT put in refrigerator. Replace solution each day until desired color is achieved.  Once done, post-fix staining immediately because red precipitate can sometime wash out.

