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A. Preparation of DIG-labeled DNA probes for in situ hybridization 

First design PCR primers which will amplify a region of 200 – 250 bp from your gene of choice.  
The probe length is a trade off between sensitivity and penetrability.  A shorter probe gets into 
tissues better but a longer sequence gives you more chance of detection.  We find that a probe length 
of 200 – 250 bp (including primers) is optimal.  Be aware that if your probe is derived from a 
conserved region and you use lower annealing temperatures that you may get hybridisation to more 
than one gene in a family.  This may be a good or a bad thing depending.... 
After generating your PCR product purify it (we use the Wizard PCR preps kit and purify from the 
PCR reaction but you may need to gel purify if you generate more than one fragment) and run some 
on a gel to quantify it. 
For the incorporation of DIG labeled UTP, 17 ng of DNA (first PCR product) is used in a linear 

PCR: 
 

DEPC-H2O    10.4 μl 
10x Taq buffer     2.0 µl 
10x DIG-dUTP/dNTP mix (¹)    1.5 µl 
10 µM Primer: Forward or  Reverse (²)   4.0 µl  
Taq polymerase     0.1 µl 
Template      2.0 µl = ca.17 ng 

 
  Total     20.0 µl 
 
(¹) =      10x DIG-dUTP/dNTP mix: 0.35 mM DIG-dUTP 

0.65 mM dTTP 
1.00 mM dATP/dCTP/dGTP). 

Can be bought commercially (Boehringer cat.no. 1277065) 
 
(²) =       To prepare both sense and antisense probe, a separate linear 

 PCR reaction is done with the sense and antisense primer respectively 
 
 
PCR conditions:   step1  94  °C   2 min. 

step2  94  °C 15 s. 
step3  XX °C 30 s. 
step4  72  °C 90 s. 
step5  goto step 2, 34x 
step6  72  °C     4 min. 
step7    4  °C    soak 

. 
 (XX = specific annealing temperature for primers). 
 
6. Check your probe on agarose gel to see if there is a product and/or if it is of the desired 

length.  If you run labelled and unlabelled product alongside each other you should see an 
increase in molecular mass of thelabelled product on an agarose gel due to the incorporated 
DIG. 

 
7. Store the DIG-labeled probe at -20°C. 
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B IN SITU LABELING OF NEMATODES 
 
GENERAL 
 
This protocol describes a method for a non-radioactive in situ hybridization with DNA-probes to 
nematodes in suspension, using direct staining with an alkaline phosphatase conjugated antibody to 
digoxigenin. The method was developed for the detection of subventral and dorsal gland specific 
mRNAs and has been tested with the preparasitic stage of Globodera rostochiensis. It should also 
work with other tissues and species of nematodes. 
 
1. FIXATION OF NEMATODES 
 
Add few ml's of fixative (2% paraformaldehyde in M9 buffer) to the nematode pellet, resuspend the 
nematodes and transfer them to a 50 ml beaker (RNase-free). Add fixative so that the final volume is 
about 10 ml. 
Fix the J2 at 4°C for 18 hours and then continue fixation at room temperature for an additional  
4 hours. 
 
 Transfer the J2 by centrifugation to a 1.5 ml microfuge tube and measure the height of the pellet: 1 
mm of J2 is sufficient for 3-4 hybridizations (3-4 probes). If there are more than 5 mm of J2 in the 
tube, discard some of the J2, or scale up the steps in the protocol (i.e. larger volumes/larger tubes).  
 
2. CUTTING OF NEMATODES 
 
Concentrate the fixed nematodes in a 1.5 ml microfuge tube (2 min, 8000 rpm) and resuspend them 
in 10x diluted fixative (this dilution will limit exposure to toxic formaldehyde during chopping, but 
keep the RNAses under control). 
Use 150-200 µl of diluted fixative per mm of nematode pellet. Pipet 125-150 µl of the nematode 
suspension as an elongated drop of 3 cm length on a clean microscope slide. Cut the nematodes on 
the slide with a single edge razor blade taped to a vibrating aquarium air pump. Four passes with the 
knife across the drop are sufficient to cut the J2 in small pieces. Check the chopped nematodes under 
a microscope, and cut again if there are still too many uncut ones. Wash the chopped nematodes off 
the slide with 10x diluted fixative (use a Pasteur pipette RNase-free) and collect them in a small 
glass beaker. Clean the microscope slide. Repeat the cutting procedure until all nematodes have been 
cut into aproximately 2-4 pieces. Collect the chopped nematodes in a 1.5 ml microfuge tube again. 
 
 
3. PERMEABILIZATION 
 
The following incubations are with the nematodes rotating in a 1.5 ml RNase-free microfuge tube. 
Centrifugations are at room temperature at 8000 rpm for 2 min: 
 
• Wash the nematode sections twice with 1 ml M9 buffer  
• Incubate the nematodes in 0.5 ml proteinase-K solution (concentration 0.5 mg/ml; made by diluting 
 26.4 µl proteinase-K stock (19 mg/ml) in 1000 µl M9 buffer) for 30 min at 22°C on a rotator. The 

required duration of the proteinase-K treatment may differ (10-30 min) depending on the quality of the 
proteinase-K and the nematode species used, but 30 min. is usually good to start with. 

• Wash with 1 ml M9 buffer. 
• Freeze nematode pellet on dry ice (or deep frozen ice) for 15 min. 
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• Suspend nematodes in 1 ml of cold (-20°C) methanol and incubate 30 sec on dry ice (or deep frozen ice). 
• Pellet nematodes at 13000 rpm for 30 sec. 
• Suspend nematodes in 1 ml of cold (-20°C) acetone and incubate 1 min on dry ice (or deep frozen ice). 
• Pellet nematodes at 13000 rpm for 1 min. Centrifuge again (turn tube) if J2 do not pellet well. 
• Remove acetone until about 100 µl is left in the tube. 
• Rehydrate nematodes by adding drops of DEPC-treated ddH2O to the acetone until the volume is 200 µl. 
 
 
4. HYBRIDISATION 
 
• Spin down the nematodes, remove the supernatant. 
• Wash the nematode sections with 500 µl hybridization buffer to remove the acetone. 
• Suspend the nematode sections in fresh hybridization buffer using 150 µl buffer per hybridization and 

distribute the nematodes into 0.5ml tubes. 
 
 
• Pre-hybridize the nematodes for 15 min at 50 °C. 
• Heat denature the DNA-probes (see part A) for 10 minutes in a bekerglas with distilled H2O, cool them 

directly on ice. 
• Dilute the DNA-probe 5x to 10x in hybridization solution, depending on the estimated concentration,  

for example 5x dilution: add 25 µl probe to 125 µl hybridisationbuffer to end up with 150 µl. 
• Hybridize overnight at 50°C. (This is a good temperature to start with; you may need to raise or lower 
 the temperature depending on the results; see TROUBLESHOOTING). 
• Wash three times 15 min with 4x SSC at 50°C (1ml 20xSSC + 4 ml DEPC-H2O). 
• Wash three times 20 min with 0.1x SSC/0.1% SDS at 50°C. 
 (prepare solution by adding 100 µl 20x SSC and 100 µl 20% SDS per 20 ml DEPC-H2O). 
 
5. STAINING 
 
The following incubations are with the nematodes  in 200 µl micro PCR tubes at room temperature. 
Centrifugations are at room temperature at 8000 rpm for 2 minutes 
 
• Wash the nematodes once with  maleic acid buffer (1 min). 
• Incubate the nematodes for 30 min in 1% Boehringer blocking reagent in maleic acid buffer (dilute 10% 

stock in maleic acid buffer). 
• Incubate the nematodes for 2 hours in alkaline-phosphatase conjugated anti-digoxigenin antibody (Fab-

fragment) diluted 1:1000 in 1% Boehringer blocking reagent in maleic acid buffer. 
• Wash three times 15 min in  maleic acid buffer with 0.01% Tween-20 (add 50 µl 50% Tween-20 to 25 

ml buffer). 
• Wash briefly in alkaline phosphatase detection buffer. 
• Stain the nematodes in Nitro Blue tetrazolium/X-phosphate staining solution overnight in the fridge 

(without agitation). The staining solution is prepared freshly by adding 3.4 µl NBT stock (100 mg/ml) 
and 3.5 µl X-phosphate stock to 1 ml of alkaline phosphatase detection buffer, which gives respectively 
337 and 175 µg/ml final concentrations . If the tube contains a lot of nematode pellet, put the tube on its 
side to get a equal penetration of the stain throughout the whole sample. 

• Stop the staining reaction by washing the nematodes twice in 0.01% Tween-20 in sterile H2O. 
 
6. PREPARING SLIDES 
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• Spin down nematodes and remove supernatant until about 50 µl is left in the microfuge tube. Resuspend 
the nematodes with a pipette and apply 16-17 µl nematodes to a microscope slide. Cover with a cover 
slip. Seal edges with nail varnish.  

• The slides can be kept in the fridge for a few days for re-examinations. To prevent desiccation, they can 
be placed above humid tissue in a closed box. Do not submerse them in water, since this will soak off 
the nail varnish. 

 
 
7. TROUBLESHOOTING 
 
Q: I gradually lose most of my nematodes during the numerous centrifugation steps. 
A: 1. The nematodes may be sticking to the wall of the tube (see below). 
 2. The pelleted nematodes are washed away while changing solutions. Be more careful when 

changing solutions. Nematode fragments are easily washed away when they have been fixed 
insufficiently or when they have had too much proteinase K treatment. 

 
Q: The nematodes stick to the wall of the tube and they do not spin down completely. 
A: One possible cause of sticky nematodes is too little fixation: the standard proteinase K treatment 

will then produce very "light weight" ragged nematodes which are difficult to spin down. By 
increasing the fixation time you will get better quality nematodes which should spin down easily 
again. 

 If you just have "sticky tubes", try adding a little (more) Tween-20 to the buffers that are used 
for the washing steps. You may also need to increase the time and speed of the centrifugation 
steps. 

 Some microfuge tubes adsorb nematodes very strongly to their surface so that even prolonged 
centrifugation at maximum speed does not pellet the nematodes: in that case use tubes from a 
different vendor. 

 Unfixed J2 may sometimes also stick strongly to the wall of centrifuge tubes. This stickyness 
usually disappears as soon as the nematodes have been fixed with buffered formaldehyde. 

 
Q: The nematodes form dense aggregates in my microscope slides and I cannot take nice pictures of 

them. 
A: This usually occurs with J2 and males that have been chopped with the vibrating razor. Adding a 

bit (more) Tween-20 to the washing steps (see above) and reducing the speed and time of the 
centrifugation steps may help. The aggregation diminishes when the nematodes have had a 
stronger formaldehyde fixation. 

 
Q: I have non-specific (= red) staining all over the nematode. 
A: Use half the probe concentration. If this doesn't work reduce the probe concentration again by 

50%. You may also want to raise the temperature of the hybridization and/or post-hybridization 
washings. 

 
Q: I have black staining all over the nematode. 
A: Your mRNA is all over the nematode. 
 
Q: I don't get any staining at all. 
A: There can be several causes: 
 • Probe concentration is way too low. 
 • The temperature of the hybridization and/or stringency washings is too high: try lower 

temperatures. You may want to go as low as 37°C. 
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 • mRNA has low abundance: use a signal amplification kit (TSA indirect) from NEN-Dupont. 
 • Probe is bad: Make a new probe 
 
Q: The nematode tissues look ragged or eaten away and staining is poor and patchy. 
A: The proteinase K has destroyed much of the tissues. 
 • Shorten the proteinsase-K treatment. 
 • Try a few hours extra formaldehyde fixation at room temperature. 
 
Q:  I only get staining at the surface where they have been cut with the knife. 
A: The penetration of probe and/or antibody is insufficient. Maybe the fixation of the nematode 

tissues is too strong: try shorter fixation times or lower fixation temperature. Alternatively you 
may want to try longer proteinase-K treatments or prepare a fresh proteinase K stock solution. It 
may also be that the probe is too long: reduce probe size to 200 bp. Finally: be sure to use Fab 
antibodies to detect the digoxigenin (whole antibodies may have more difficulty with tissue 
penetration). 

 
8. REAGENTS AND MATERIALS 
 
All materials; glassware, pipettips, and other plastic-ware must be Rnase-free. All glassware used is baked 

at 180ºC for at least 6 hours, magnetic stirrers are incubated overnight in DEPC-H2O, and all plastic 
material must be certified as Rnase-free. 

All chemicals used for preparing solutions are preferably from new, unopened, containers, or are 
designated as “for RNA-work only”. 

PH-electrode is made Rnase-free in 0.1 M NaOH, and rinsed several times with DEPC-H2O. 
All solutions are made in DEPC-H2O and stored at 4ºC, unless otherwise stated. 
 
 
DEPC-H2O: 
Add 0.1% DEPC(Sigma D-5758) (=1ml) to 1 liter of double-distilled water. Incubate overnight, mix well 

several times, and autoclave for at least 1 hour. 
 
M9-buffer (pH 7.0) per 100 ml:  Na2HPO4  0.6 g 
   KH2PO4  0.3 g 
   NaCl  0.5 g 
   MgSO4.7H2O 0.025 g 
 Check pH before using the buffer. 
 
Paraformaldehyde in M9-buffer: (Merck: 4005, reinst)  store at -20°C. 
add 1 g paraformaldehyde to 50 ml M9 buffer and heat in a beaker (without boiling) to dissolve the 

paraformaldehyde. Cover the beaker with aluminium foil during heating. Let cool to RT adjust the 
volume to 50 ml with M9-buffer. The fixative can be stored at -20°C for a few weeks. 

 
Double edge razor blades: Feather blades , Cat #121-9, from Ted Pella, Inc, P.O. box 492477, Redding, 

CA96049. Or any other razor blades will do. 
 
Proteinase-K stock: 19 mg/ml in 10 mM Tris-HCl pH 7.5 Store in aliquots.  store at 4°C! 

(Boehringer Mannheim, PCR-grade, cat no. 1964 372) 
 
0.1 M NaOH: (Merck: p.a., cat. no.1.06498.100)) 
 
5N HCL: (Merck:p.a., cat. no.1.00314.1000,Fuming / 37%) 
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cold (-20ºC) Methanol       store at -20ºC 
 
cold(-20ºC) Acetone       store at -20ºC 
 
Dry ice or deep frozen  ice:       store at -80ºC 
Fill a small styrofoam container with ice and push a few empty 1.5 ml microfuge tubes in the ice until 

only the lid sticks out (for better visibility, paint the lids black with a marker). Compress the ice a little 
so that a compact mass is obtained and freeze the container at -80 °C. For freezing samples, place frozen 
container on bench top, remove the empty tubes and insert sample tubes in the holes. Squirting some 
water on the ice each time before putting it back in the freezer will glue the ice chips together and 
gradually form a nice solid chunk of ice. 

 
Deionized formamide: (Boehringer: 100-731 USA)    store at -20°C 
12.5 g. mixed bed resin (AG 501-X8, BioRad) 
250 ml formamid (Boehringer, 100-731) 
Mix on magnetic stirrer, in fumehood for 1 hour. Filter through Glass Microfiberfilter (Whatman, cat. no. 

1820 150, GF/A or G6, diam 15 cm) use a Buchner funnel, to separate the resin from the formamid. 
Note that it is easier to buy deionised formamide rather than go through this procedure. 
 
20x SSC pH 7.2: 
1 M NaCl, 0.3 M Na3Citrate, pH 7.2. Autoclave. 
 
10% Boehringer blocking reagent: 
Make 10% stock in maleic acid buffer (autoclave to dissolve the powder). Use stock to make 1% working 

dilutions in maleic acid buffer. Store at 4°C. (the blocking reagent either is or contains a mixture of 
casein and gelatin). (Boehringer, cat. No. 1096 176) 

 
20% SDS: (BioRad: 161-0302) 
 
100x Denhardt's: 
 
2.5% Ficoll (400 kDa)  2.5 g (Sigma: F-4375, type 400) 
2.5% polyvinylpyrolidone (PVP) 2.5 g (Boom: 7370. 1000) 
2.5% BSA (Fraction V)  2.5 g (Boehringer: 775860, store at 4ºC) 
Dissolve and make up to 100 ml with DEPC-H2O. 
 
0.5 M EDTA pH 8.0: (titriplex,for Molecular Biology, Merck: 1.12029.0100) 
Autoclave. 
 
Fish sperm DNA 10 mg/ml:       store at -20°C 
Make 20 mg/ml stocks, by dissolve the DNA in DEPC-H2O by autoclaving it. Dilute 1:1 in DEPC-H2O. 

(Sigma: Sodium salt from Salmon Testes, D 1626) 
 
Yeast tRNA:       store at -80°C. 
Dissolve 500 units (= about 25 mg) of yeast tRNA in 1 ml of DEPC treated ddH2O. 
Aliquot in 40 µl portions (= about 1 mg/tube). 
(SIGMA R-8759, Transfer type X-SA, from Bakers Yeast) 
 
Hybridisationbuffer:       store at -20°C 
  40  ml  200 ml 
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deionized formamide  20.0   ml  100.0   ml 
20x SSC     8.0   ml    40.0   ml 
10% Blocking reagent    4.0   ml    20.0   ml 
20% SDS     4.0   ml    20.0   ml 
100x Denhardt's    0.4   ml      2.0   ml 
0.1M EDTA, pH 8.0    0.4   ml      2.0   ml 
Fish sperm DNA(10 mg/ml)   0.8   ml      4.0   ml 
Yeast tRNA (500 U/ml)   0.25 ml      1.25 ml 
DEPC-H2O     2.15 ml    10.75 ml 
 
Total:    40.00 ml  200.00 ml 
 
Maleic acid buffer pH 7.5: 
0.1 M maleic acid, 0.15 M NaCl; adjusted to pH 7.5  with solid or high conc. NaOH. 
Autoclave. 
 
Anti-digoxigenin antibody: polyclonal sheep anti-digoxigenin, Fab fragments,  store at 4ºC! 
conjugated to alkaline phosphatase. (Boehringer Mannheim, Cat. No. 1093 274)    
150 U = 200 µl 
 
Tween-20: (Boehringer, cat. No. 1 332 465) 
 
Alkaline Phosphatase Detectionbuffer pH 9.5: 
0.1 M Tris-HCl 12.12 g 
0.1 M NaCl   5.85 g 
50 mM MgCl2.6H2O 10.17 g 
Dissolve in DEPC-H2O, adjust pH with NaOH to 9.5, volume to 1000 ml. 
Autoclave. 
 
NBT stock: (boehringer: 1 383 213)     store at -20°C. 
 100 mg/ml nitroblue tetrazolium salt in 70% (v/v) dimethylformamide.. 
 
X-phosphate stock: (Boehringer: 1 383 221, BCIP in dimethylformamid) store at -20°C 
50 mg/ml 5-bromo-4-chloro-3-indolyl phosphate (BCIP), toluidinium salt, in dimethyl formamide.store  
at -20°C. 
 
Microscope slide: (Menzel, Superfrost, 76x26 mm) 
 
Cover slip: (No. 1½, 22x32 mm, Propper, Smethwick, Warley, England) 
  Or: No. 1, 22x40 mm. 
 
Nail varnish:  (Any transparant nail varnish will do) 
 


