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Zebrafish Whole Mount in situ Hybridization 
JDW 10-2003 

As per Wythe et al., Hadp1 a newly identified pleckstrin homoogy domain protein is 
required for cardiac contractility in zebrafish, Dis Model Mech., 2011.  
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I. Riboprobe Preparation: 
1) Linearize 10ug of plasmid DNA using 10X excess of appropriate enzyme (10U 

enzyme to 1ug of plasmid DNA). If the DNA is in an EDTA based buffer, such as 
TE-4, EB, or TE, try to avoid letting it compromise a large percentage of the total 
reaction volume (i.e no more than maybe 25-30ul in a 100ul reaction) because the 
EDTA may inhibit enzymatic activity. It is very feasible to simply do two 100ul 
digests (5ug each) in duplicate and process together later. Let digest for 
approximately 3 hours at the appropriate temperature then run out 1ul on a gel to 
verify complete cutting. 

2) Upon complete cutting treat with 0.1ug/ul (final concentration) of Proteinase K 
for 30 minutes at 370C to eliminate RNases and polymerases. 

3) Take reaction and proceed to Qiagen Qiaquick PCR Purification. If you made two 
side by side reactions, add 5 volumes Buffer PB to each reaction, mix both, then 
add the first reaction to the column, spin, and then add the second reaction to the 
column, spin and proceed with the purification. Elute in 25ul of warm RNase free 
H2O (let stand for 1-2 minutes before spinning), place on ice. 

4) Dilute 1ul of the reaction 1:10 with 9ul of H2O, then load 1ul (+2ul loading dye & 
7ul H2O) and 5ul (+2ul loading dye & 3ul H2O) along with an appropriate mass 
ladder to determine a rough quantification of linear DNA / ul.  
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5) Using Roche in vitro transcription reagents, assemble the following components 

in order, on ice (this is a 5X scaled up reaction). 
  
 1-2 ug (usually 1.5ug) of linearized template 
 10 ul Roche 10X DIG UTP mix 
 10 ul Roche 10X transcription buffer 
 5 ul  Roche Protector RNase Inhibitor 
 Q.S. to 90ul with RNase-free H2O (Not- DEPC- interferes with DIG  incorporation!) 
 ------------ 

10 ul Roche T7 / SP6 / T3 
 
 Mix gently, spin down, wrap tube in parafilm, and incubate in 37°C water bath for 

2 hours. 
 
6) Remove tube from waterbath, bump down, remove parafilm and add 10ul Roche 

DNase I (10 U/ ul) and incubate in 37°C water bath for 15 minutes (this will 
destroy the starting DNA template).  

 
7) Add 4ul of 0.5 M EDTA (in RNase free H2O) to terminate the DNase reaction. 

Place the tube on ice. 
 
8) If you performed a reaction of less than 100 ul, after addition of the EDTA, bring 

the final volume of the reaction up to 100 ul. Take Roche Quick Spin columns 
(cat # 1 274 015) and (1) Tap off top cap (2) Remove top cap, then bottom cover 
and drain fluid out (3) Place the column in small collection tube and place both in 
a 15 ml conical tube and spin @ 1,100 G for 2 minutes (4) change the collection 
tube to a fresh epi and load no more than 100 ul of your labeling reaction onto the 
center of the column and spin @ 1,100 G for 4 minutes. Transfer purified probe to 
a fresh 1.5 ml epi. 

 
9)  Add 1/9th volume 3M NaAcetate-RNase-free, pH 5.5 (to a final concentration of 

.3M), mix well, then while the tube is on ice add 3 volumes of ice cold 100 % 
EtOH (RNase-free!), mix well and place in –80oC for a few hours (3) to 
overnight. 

 
10) Spin at 4oC, max speed, for 30 minutes. A large white pellet should be visible, 

remove as much EtOH as possible and add 700 ul of 75-80% EtOH-RNase free 
(at this point should be EtOH-DEPC) and re-spin in the same conditions for 15 
minutes. Remove as much EtOH as possible, use a P10 to get the last little bit, let 
air dry for one to two minutes, then add 20 ul RNase-free H2O, mix gently, then 
place the tube in a 55oC heat block with the lid open to remove any residual 
EtOH.  
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Either O.D.  0.5 ul of the sample in 50 ul of TE (seems to work better than H2O) 
or dilute it 1:10 on ice into RNase-free H2O and run 1 ul and 5 ul as before with a 
mass ladder (see step I-4). If using a regular agarose gel, run it fast, extremely 
high voltage (~150V or higher) to get an idea before the RNA degrades (with 
EtBr in the gel). There are almost always left-over higher molecular weight bands 
visible on the gel, apparently are DNA:RNA hybrids, as long as the band you are 
interested in is the brightest band don’t worry about it, the probes will work well. 

 
11) Finally, bring the probe up in top quality formamide HYB+ buffer to a final 
 concentration of 0.1 ug / ul and it can be stored at –20oC for months. 
 

Troubleshooting: 
Lisa says that if incomplete transcription is occurring, try lowering the reaction 
temperature to 16 or even 4oC. This will effectively slow down the polymerase so 
that it is more tenacious in regard to blasting through hairpins instead of just 
falling off when it encounters difficult secondary structure. However, she notes 
that others, like Epicentre, suggest increasing the temperature to 42oC may 
increase yield, never had any problems with 37oC.  

 
II. In situ Hybridization 
 
DAY 1 
Solutions Needed: 
  -PBST(DEPC)    -Methanol row 
  -Acetic Anhydride mixture  -HYB- 
  -HYB+     -ProK in PBS (not DEPC) 
  -4% PFA in PBS (not DEPC) 
 
FIXATION 
 
1) Fix embryos with 4% PFA in PBS for 1-4 hours at RT or 4oC overnight. 
 
2) Wash embryos 2X, at RT, in PBST-DEPC, 5 minutes each wash 
 
3) Take the embryos through a methanol row of 10%-30%-50%-70%-100%-100%,  
 rocking at RT for 5 minutes each wash. Note repeat the 100% step. 
 Dehydrated embryos may be stored at -20oC for at least 6 months. 
 
PROTEINASE K DIGESTION 
 

-Once you are ready to go on with the protocol, take the embryos through the 
methanol row in reverse (100%-70%-50%-30%-10%-PBST-PBST) with 5’ 
incubations at RT, rocking on a nutator, as before. Turn on the incubator now, 
with it set at 65oC. Also, place a metal heat block in the hyb oven to use later for 
keeping the embryos close to 65oC while they are not in the oven during solution 
changes between washes. 
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4) Digest with ProK (10 ug/ ml in PBST-DEPC) at RT along the following 
guidelines: 

   <24 hpf 3-5’ 
     24 hpf 8-10’ 
     48 hpf           18-20’ 
     75 hpf 26-30’ 
 
5) Rinse 1X quick in PBST-DEPC (to get rid of majority of ProK) and wash 1x, 5’, 

in PBST-DEPC. 
 
6) Fix for 20 minutes in 4% PFA in PBS (not DEPC). 
 
7) Rinse 1X short, and wash 1X, 5’, in PBST-DEPC. 
 
ACETIC ANHYDRIDE TREATMENT 
 
8) Replace PBST with DEPC-H2O. 
 
9) As quickly as possible replace DEPC-H2O with a fresh mixture of Acetic 

Anhydride (2.5 ul of AA per ml of 0.1M triethanolamine, pH 7.0, DEPC). Place 
an aliquot of HYB- in the 65oC hyb oven at this point. 

 
10)  Incubate, rocking, for 10-60’ at RT. 
 
11) Wash 2X, 10’ each, in PBST-DEPC.  
 
PREHYBRIDIZATION  
 
12)  Place embryos into 0.5 ml screw-top tubes (should be already) with 200-500 ul of 

HYB- buffer @ 65oC. Incubate for 5’ @ 65oC. Place HYB+ in the 65oC hyb oven 
at this point. 

 
13) Replace HYB- with warm HYB+ and prehybridize for 1-48 hours in HYB+, 

usually 3-4 hours is sufficient. 
 
 
 
HYBRIDIZATION 
 
14) Warm more HYB+ to 65oC and add the probe (at .1ug / ul) to achieve a 

concentration of 10 ug / ml of HYB+  (i.e. 5 ul of 0.1 ug / ul probe to 445 ul of 
HYB+). Plan on making enough probe + HYB+ solution such that the embryos do 
not dry out--this is critical!. Let the solution incubate at 65oC for 5’ –10’ before 
adding it to the embryos. 
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15)  Remove the embryos and the heat block, place the tubes in the block to keep them 
warm and remove as much HYB+ as possible without letting the embryos dry out, 
add pre-heated probe / HYB+ solution and return to incubator, shaking, for at least 
12-14 hours. Can wrap tubes in parafilm to stop leaking. 

 
DAY 2 
Solutions Needed: 
  - 50% Formamide / 2X SSCT  -2X SSCT 
  - 0.2X SSCT    -MAB 
  - 2% Blocking Solution  -RNaseA in 2X SSC 
  
WASHING 
 
16) Wash embryos 2X, 30’ each, at 65oC, in 50% Formamide / 2X SSCT solution. 

(Remember to recover the riboprobes, as once they are diluted they can be re-used 
several times. In fact, they seem to be, generally speaking, cleaner after their first 
use. I’ve used probes up to five-six times with great results) 

 
17) Wash 15’ at 65oC in 2X SSCT. 
 
18) Incubate in 10 ug / ml RnaseA in 2X SSC for 15-30’ at 37oC. 
 
19) Wash 5’ in 2X SSCT at 37oC. 
  
20) Wash 2X, 30’ each, at 65oC in 0.2X SSCT. 
 
21) Rinse in 0.2X SSCT at RT, and wash 5’, at RT, in 0.2X SSCT. 
 
DETECTION 
 
22) Transfer embryos to 48-well polystyrene plate, remove 0.2X SSCT (don’t let the 

embryos dry out) and add the 2% Blocking Solution. Incubate 1-5 hours at RT, 
while shaking on an orbital shaker. This can also be done in the same tube they’ve 
been in thus far. 

 
23) Dilute anti-digoxigenin AP antibody in 2% Block solution at 1:3000 and mix 

well. Remove  blocking solution from the embryos and add the antibody solution 
(1 ml per well is good, but enough to cover the embryos, like 500 ul, is sufficient) 
and let  them shake overnight at 4oC.* 

 
*For ISH combined with anti-GFP IHC, you would add your primary AB (a-GFP) 
at Step 23. From there, you could either detect primary antibody using a 
fluorescent tagged secondary antibody, a fluorescent tyramide reaction, or 
through DAB detection. See pg. 7 for details. 

 
 



 

 6 

DAY 3 
Solutions Needed: 
  - MAB    - Staining Buffer 
  - PBST (not DEPC)  - 4% PFA in PBS (not DEPC) 
 
DETECTION CONTINUED 
 
24) Wash the embryos 25’ in 2% blocking reagent. 
 
25) Wash 3X, 25’ each, in MAB solution. During the 3rd wash take the BM Purple AP  
  substrate out of the fridge and let it warm up to RT, shaking it often to mix. 
 
26) Wash 3X, 5’ each, in Staining Buffer. 
 
27) Remove as much Staining Buffer as possible. Replace with 500 ul BM Purple AP  
 substrate. 
 
28) Stain at RT, in dark, checking every 30’. If the desired level of expression is not 

seen after six hours, can leave @ 4oC overnight and continue tomorrow. 
Alternatively,  incubating the embryos at 37oC may speed up the reaction. I have 
developed for over two days, if expression is weak consider modifying RnaseA 
treatment, or PK treatment times. 

 
29) Wash 2X, 10’ each, in PBST. 
 
30) Fix for 1 hour at RT in 4% PFA –PBS, then store in PBST until ready to take   
 photographs.  
 
PHOTOGRAPHY & POSTFIXATION 
Solutions Needed: 
  - 1:1 glycerol : PBST, 1mM EDTA 
  - 4:1 glycerol: PBST, 1mM EDTA 
  - PBST 
 
 
31) When ready, rock embryos at RT in 1:1 glycerol : PBST, 1mM EDTA solution 
 
32) Rock in 4:1 glycerol: PBST, 1mM EDTA for one hour. Store @ 4oC until finished 
 photographing the embryos.  
 
 For taking pictures use the cover of a small tissue culture plate and lay down a  

thin layer of the 4:1 glycerol solution and place the embryos on top on this. 
Photograph. 
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III. ISH FOLLOWED BY IHC AGAINST GFP 
 
From Step 30 (assuming use of GFP AB at step 23) 
 
Detection with a fluorescently-tagged secondary antibody 
1. Wash 6X 15min in PBST. 
2. Incubate with fluorescently tagged secondary antibody (Alexa 488 conjugated 

secondary from Molecular Probes) 1:100 in NCS-PBST, for 4 h at RT or O/N at 
4°C.  (Try different concentrations of secondary in order to find the least amount 
that gives a good signal.) 

3. Wash 4X 15min in PBST. 
4. Mount them in 80% glycerol and look under fluorescent microscope. 
 
Dtetection using Alexa-488 tyramide  
Incubation with secondary antibody 
5. Wash 6X 15min in PBST. 
6. Incubate with HRP conjugated secondary antibody (anti rabbit HRP, comes with 

Alexa tyramide kit) 1:100 in NCS-PBST, for 4 h at RT or O/N at 4°C.  
7. Wash 6X 15 min in PBST. 
8. Wash 2X 10 min in PBS-0.5%DMSO. 
9. Dilute 1:100 Alexa labeled tyramide in PBS-0.0015% H2O2. 
10. Incubate embryos for 15-20 min at RT.  
11. Stop reaction by washing 4X 15 min in PBST. 
12. Put in 80% glycerol before visualization in order to clear the embryos and reduce 

non-specific staining. 
 
Detection using DAB 
Incubation with secondary Ab 
13. Wash 6 X 15 min in PBST. 
14. Incubate with HRP labeled secondary antibody 1:100 in NCS-PBST, for 4 h at RT 

or O/N at 4°C.  
15. Wash 6X15 min in PBST. 
16. Transfer embryos in 24 well plate. 
17. Remove excessive PBST. 
18. Make DAB working solution by adding 0.1 ml of 10 mg/ml DAB stock to 1.0 ml 

PBST.   Add DAB working solution to the 24well plates (enough to cover the 
embryos; try 200ml) and incubate embryos for 30 minutes at room temperature. 
DAB is toxic; it should be handled with care and neutralized with bleach 
afterwards. 

19. Add 2 µl 0.3% H2O2 (use 3% if your reactions go too slowly) to the embryos in 
DAB. This reaction goes very fast usually, so be prepared to stop the reaction 
quickly. 

20. Stop reaction by washing 3X 10 min with PBST. 
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IV. SOLUTIONS AND REAGENTS 
 
Need to make the following RNase-free reagents: 
 
-EDTA -NaCl  -MgCl2  -NaOAC 
-PBS  -20X SSC - H2O 
 
Treat overnight in 0.1% DEPC and then autoclave for 1 hour. DEPC is a very dangerous 
denaturant, so use in fume hood and be careful opening the stock bottle.  
 
10X PBS:  
  80 g NaCl 
 2 g Kcl 
           14.4 g Na2HPO4 
 2.4 g KH2PO4 
 Q.S. to 1L with H2O (need with and without DEPC H2O) 

pH to 7.4 
 
PBST: 
 100 ml 10X PBS-DEPC (1X final) 
 900 ml DEPC H2O 
 1 ml Tween-20 (0.1% final) 
     
10X Proteinase K Stock (100 ug/ ml): 
 100 mg Proteinase K (ISC Bioexpress) 
 10 ml PBS-DEPC 
 
Working ProK Solution 10 ug/ ml : 
 100 ul 10X ProK Stock 
 9.9 ml PBS 
 
20X SSC: 
 87.65 g NaCl 
 44.1 g NaCitrate 
 Q.S. to 350 ml with DEPC H2O  
 PH to 4.5-5.0 with 1M Citric Acid –takes almost 100 ml 
 Q.S. to 500 ml final 
 Autoclave 
 
2X SSCT: 
 5 ml 20X SSC 
 50 ul Tween-20 (0.1% Tween-20) 
 Save 25 mls, and use dilute the other 25 mls 1:1 with DEPC H2O to get 
 0.2X SSCT 
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1M Citric Acid: 
 19.2 g Citric Acid 
 100 ml DEPC H2O 
 Slowly add dry acid to water (not the other way around) 
 
4% PFA in PBS: 
 100 ml DEPC H2O 
 8 g paraformaldehyde (kept at 4oC) 
 200 ul 10N NaOH 
 68oC until dissolves (not long) 
 150 ul concentrated HCl 
 cool on ice 
 100 ml 0.2M Phosphate Bufer 
 Filter, aliquot and freeze. Thaw as needed, and toss. Never re-freeze and use later. 
 
Methanol Row: 
 Dilute MeOH into PBST-DEPC and store at 4oC 
 
Acetic Anhydride mixture: 
 2.5 ul of Acetic Anhydride 
 1 ml of 0.1M Triethanolamine (Diluted in DEPC. Trieth comes as 7.53M in bottle 
 pH 7.0) 
 
HYB-: 
 50% Ultrapure, deionized Formamide (25 mL of stock) 
 5X SSC     (12.5 mL of 20X stock) 
 0.1% Tween 20    (50 uL) 
 Store at -20°C     (12.5 mL ddH2O-DEPC) 
 
HYB+: 
 HYB-  
 5 mg / ml torula (yeast) RNA   (2.5 mL of 100mg/mL) 
 50 ug / ml heparin    (50 ul of 50 mg/mL stock)  
 Store at -20°C 
 
50% Formamide / 2X SSCT   
 2.5 ml 20X SSC 
            12.5 ml Ultrapure, deionized Formamide 
 25 ul Tween-20 
 9.975 ml DEPC-H2O 
 
MAB: 
 100 mM Maleic Acid 
 150 mM NaCl 
 pH 7.5 (approximately 30 NaOH pellets) 
 DEPC-H2O ! 
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10% Blocking Solution   

Dilute to 2% Roche Blocking Reagent (Boeringer Blocking Reagant) for use, but 
can freeze as a 10% stock. Do not re-use. 
In Maleic Acid Buffer (MAB) 

 
RNaseA in 2X SSC 
 Dilute RNaseA stock (10 mg / ml) into 10 ml 2X SSC 
     
Alkaline Phosphatase Staining Buffer: 
        8.4 ml ddH2O 

50mM MgCl2        250 ul 2M MgCl2    
 100mM NaCl      333 ul 3M NaCl 
 0.1% Tween-20      10 ul Tween-20 
 1mM Levasimol     0.002g Levasimol 
 100mM Tris, pH 9.5 (add last!)   1 ml 1M Tris, pH 9.5 
   
 
Reagents to Purchase for murine and zebrafish in situ hybridization: 
 
From      What                 Cat #           Unit              Quant    Cost   
Roche    proteinase K, recombinant, PCR grade     03 115 852 001    4x250 mg         1          $595 
Roche   BM Purple AP substrate                 11442074001       100ml      1            $92 
Roche   DIG RNA Labeling Mix             11277073910        20 rxns/40uL    2 
Roche   Protector RNase Inhibitor                03335399001        2000 U             1 
Roche     tRNA from brewer's yeast                      10109525001         500 mg              1          $367 
Roche Quick spin columns, RNA purification G50 11 274 015 001    50 columns       1      $145 
Roche     Dnase 1, Rnase free        10775785            10000 units        1         $134 
Roche     T3 RNA polymerase                                 11031163001 1    1,000 Units        1 
Roche     T7 RNA   polymerase                               10881767001 1    1,000 Units        1 
Roche     SP6 RNA polymerase                               10810274001       1,000 Units        1 
Roche   blocking reagent                               11096176001       50 g        1     $105 
Sigma     heparin, sodium salt, porcine intestine 1A H3393-250KU       250 KU             1        $112 
Sigma     levasimol HCl (Tetramisole HCl)     L9756        10G        1     $59 
Simga   Acetic Anhydride        320102-100ML     100 mL        1     $25 
Fisher   RNaseA, DNAse, protease-free     EN0531                10 mg        1         $25 
Sigma   Triethanolamine              100 mL        1 
Sigma  Citric Acid              100 g                1 
Sigma  Glycine              10-100 g           1 
Sigma   CHAPS                     C-30232             5 g        1 
Roche   anti-DIG-AP FAB fragments, sheep poly    11093274910        200 uL        1        $236 
Sigma DEPC         D5758        100 mL        1        $235 


