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Summary 

 

The zebrafish is an excellent vertebrate model system to investigate skeletal muscle 

development and disease. During early muscle formation the small size of the 

developing zebrafish allows for the characterization of gene expression in whole 

embryos. However, as the zebrafish develops, access to the underlying skeletal 

muscle is limited, requiring the skeletal muscle to be sectioned for a more detailed 

examination. Here we describe a straightforward and effective method to prepare 

adult zebrafish skeletal muscle sections, preserving muscle morphology, to 

characterise gene expression in the zebrafish adult skeletal muscle. 
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1 Introduction 

 



Zebrafish are an excellent model system to study muscle development and disease. 

During early muscle formation the small size and optical clarity of the developing 

zebrafish allows for the characterization of gene expression in whole embryos. 

However, as the zebrafish grows in size a thick, pigmented, layer of skin encases the 

fish, preventing the direct visualisation of the skeletal muscle beneath and thus a 

skeletal muscle section must be analysed instead. 

 

Preliminary assessment of muscle pathology is usually based on a series of 

histological and immunological tests, performed on muscle samples, which have been 

indispensable in characterising muscle development and in the identification of many 

neuromuscular disorders [1-4]. Most of these techniques involve preserving the 

skeletal muscle by either fixing the tissue in formaldehyde and then embedding them 

with paraffin wax or freezing the sample for cyrosectioning [5-8]. Whilst both 

methods are sufficient to highlight important pathological features of the skeletal 

muscle, they either require the handling of toxic chemicals, which destroy the RNA, 

or introduce freezing artefacts that severely disrupt muscle morphology [9, 10]. 

Furthermore these techniques yield thin sections (approximately 10μm), which can 

lead to a weak signal and many important details may be missed.  

 

We have developed a quick and easy technique to characterise the adult zebrafish 

skeletal muscle pathology using thick (100μm) vibratome sections. Using the 

vibratome method to prepare skeletal muscle tissue, in addition to preserving RNA 

and protein integrity within the samples, we are able to maintain the morphology and 

3D architecture of the muscle fiber. Staining of thicker sections also provides a 

clearer signal to identify the expression and localisation of a gene of interest [11]. 



 

2 Materials 

 

Prepare all solutions using ultrapure water and analytical grade reagents. Prepare and 

store all reagents at room temperature unless otherwise indicated. Follow all waste 

disposal regulations when disposing waste materials. 

 

2.1 Preparation of muscle sections 

 

1. Embryo medium (E3): 0.292g of 50mM NaCl, 0.013g of 0.17mM KCl, 0.044g 

of 0.33mM CaCl, 0.081g of 0.33mM. Make up to 1L with water and pH to 

7.4. Store at room temperature for up to one week. 

2. Tricaine (3-amino benzoic acidethylester) anesthetic solution: Make up in a 

glass bottle. Weigh 400mg tricaine powder (Sigma) and add 97.9ml of water 

and 2.1ml of 1M Tris (pH 9) then adjust pH to approximately 7. Store at 4°C. 

Add approximately 1ml of tricaine solution per 25ml of E3. See Note 1. 

3. 90mm plastic petri dishes 

4. Scalpel blade 

5. 50ml plastic falcon tube 

6. 4% paraformaldehyde. See Note 2. 

7. PBS solution: add 8g of NaCl, 0.2g of KCl, 1.44g of Na2HPO4, 0.24g of 

KH2PO4 to 800ml of MQ water. Adjust the pH to 7.4 and make up to 1L with 

MQ water. For PBSTween (PBST): Add 5ml of 20% Tween20 to 1L of PBS 

solution. 



8. 4% Low Melting Temperature Agarose (LMT): add 4g of LMT powder 

(Sigma) to 100mL of PBS in a conical flask on a heat block until dissolved. 

See Note 3. 

9. TissueTek 25x20x5mm plastic cryomold. 

10. Paintbrush 

11. Poly-L-lysine coated glass slides See Note 4.  

12. PAP pen 

 

2.2 RNA in situ hybridization  

 

1. The following materials are needed to construct both the standard and 

overnight hybridization chambers: plastic airtight container, which is large 

enough to hold a microscope slide box with detachable lid, tissue paper and 

petri dishes. 

2. Formamide. See Note 5.  

3. 20X SSC stock solution: Add 175.3g of NaCl and 88.2g of sodium citrate to 

800ml of MilliQ water. Adjust the pH to 7.0 and make up to 1L with MilliQ 

water. For 2X SSC, add 100ml of 20X SSC to 900ml of MilliQ water. 

4. Proteinase K: add 10ml of DEPC-treated water to 100mg of Proteinase K. 

Store at -70°C. See note 6. 

5. Prehybridisation solution: Add 25ml of Formamide, 12.5ml of 20X SSC, 

0.025ml of 100mg/ml Heparin, 0.5ml of 50mg/ml yeast tRNA, 0.25ml of 20% 

Tween20, 0.460ml of 1M citric acid and make up to 50ml with MilliQ water. 

See note 7. 



6. Digoxygenin (DIG)-labeled RNA in situ hybridization probe. See note 9 about 

synthesis.  

7. Hybridisation buffer: Add 60ml of Formamide, 25ml of 20X SSC, 0.5ml of 

20% Tween20, 0.96ml of 1M citric acid and make up to 100ml with MillQ 

water. See note 9.  

8. Blocking solution: Add 0.4ml of 100mg/ml BSA and 0.4ml of sheep serum to 

20ml of PBST. See note 10. 

9. Anti-DIG antibody solution. Dilute Anti-DIG antibody 1:5000 in blocking 

solution. See note 11. 

10. AP staining buffer: Add 5ml of 1M Tris pH 9.5, 2.5ml of 1M MgCl2, 1ml of 

5M NaCl, 0.25ml of 20% Tween 20 and make up to 50ml with MilliQ water. 

11. Staining solution: Add 0.02ml of NBT/BCIP stain to 1ml of AP staining 

buffer. See note 12. 

12. Aqueous mounting solution: see note 13. 

 

 

3 Methods 

 

Carry out all procedures at room temperature unless otherwise instructed. 

 

3.1 Preparation of muscle sections 

 

1. Anesthetize fish until they are not moving, place each in a petri dish and 

measure the total length using a ruler or calipers. Once a fish of the desired 

length is identified, place the fish in the anesthetic for a further 5 minutes until 



dead. Once the fish is dead, place it in a petri dish and cut off the head 

(between the gills and the pectoral fin, see Figure 1A) and tail (between the 

anal and caudal fins; see Figure 1A) using a scalpel blade. This region is 

chosen since it contains mostly myotome and avoids the intestine and anal 

regions, which provide hollow regions that are often difficult to section. Fix 

the fish by transferring it to a 50mL Falcon tube containing 4% PFA and 

shake at 4°C overnight. Multiple fish can be fixed at a time but ensure the fish 

is completely covered by the PFA solution. 

2. Pour off the 4% PFA and wash 4 X 15min in PBST. Pipette 4% LMT agarose 

into the plastic cyromold to form a layer covering the bottom and, using 

forceps, gently place the fish on top of the agarose, with the anterior side to 

the left. Fill the cryoMold with the remaining agarose and allow to set. 

3. Once set, cut the agarose out of the cryoMold and mount the agarose block in 

the correct orientation on the vibratome (with the anterior facing downwards). 

Trim the vibratome block until the swim bladder and intestinal chambers are 

barely visible and the myotome encompasses the majority of the section. Cut 

100µm vibrotome sections and place each section, using a soft paintbrush, in a 

plastic petri dish filled PBS-Tween.  

4. To mount the sections, carefully pick up the section using a soft paintbrush 

(size 6) and place in the center of a Poly-L-lysine slide. Use tweezers to spread 

the section out flat on the slide and use a pipette to remove any excess 

PBSTween from around the section. Multiple sections can be mounted on the 

slide but leave at least 1cm between the sections and a border of at least 1.5cm 

between the sections and the edge of the slide. Allow the slides to dry for 2-3 

hours at room temperature and draw around the edge of the slide with a PAP 



pen. Label the slide with a lead pencil and place them in a 37°C oven for 15 

minutes. 

 

3.2 In situ hybridization (on mounted sections) 

 

Perform all steps with slides laying flat in a hybridization chamber at room 

temperature unless otherwise instructed.  

1. To prepare the standard hybridization chamber, place a sheet of tissue paper at 

the bottom of a slide box, moisten with water, and rest slides laying flat across 

the slide box. To prepare the overnight hybridization chamber (see Figure 2), 

place two sheets of tissue paper at the bottom of a slide box. Prepare a solution 

of 100mL formamide/100mL 2X SSC pour 50 mL of this solution onto the 

tissue paper and rest slides laying flat across the slide box. Place a layer of 

blotting paper across the bottom of a large airtight plastic container and pour 

the remainder of the formamide/SSC solution onto the blotting paper. Place 4 

evenly spaced petri dishes across the bottom of the plastic container on top of 

the blotting paper and rest the slide box on top of the petri dishes. 

2. Wash slides 4 x 15 minutes with PBSTween by pipetting the solution onto the 

slides ensuring that all of the sections are covered and then pouring the 

solution off the slides between each wash slide. Incubate for 5 minutes in 

10mM Proteinase K then wash the sections twice with PBSTween and 

incubate for 30 minutes in 4% Paraformaldehyde (ensure this is performed in 

the fume hood). Wash the slides for 5 x 5 minutes in PBSTween and transfer 

to the overnight hybridization chamber (work in the fume hood from hereon). 

Pour off the PBSTween from the slides and incubate the sections for 90 



minutes with Prehybridisation Solution. Replace the Prehybridisation Solution 

with hybridization solution containing a DIG-labelled RNA probe 

(approximately 150μl) and incubate in the sealed hybridization chamber 

overnight at 65°C. See note 14. 

3. Pour off the probe and rinse slides with hybridisation buffer to remove excess 

probe. Wash slides for 15 minutes each with 75% hybridisation buffer/25% 

2xSSC, 50% hybridisation buffer/50% 2xSSC, 25% hybridisation buffer/75% 

2xSSC and 100% 2xSSC solutions at 65% in the sealed hybridization 

chamber. Transfer slides to the standard hybridization chamber and wash for 2 

x 30 minutes with 0.2xSSC at 65%. Wash slides for 15 minutes each with 

75% 0.2xSSC/25% PBSTween, 50% 0.2xSSC/50% PBSTween, 25% 

0.2xSSC/75% PBSTween and 100% PBSTween. Incubate the sections in 

Blocking solution for at least 2 hours and then overnight in anti-Digoxygenin-

antibody solution at 4°C. 

4. Wash slides 6 x 15 minutes with PBSTween and then 3 x 5 minutes in staining 

buffer. Ensure that all of the PBSTween is removed from the slides before the 

stain is added. Add 200μl of NBT/BCIP stain to the slides and incubate in the 

dark until the stain develops. See note 15. Once the desired staining is 

obtained (Figure 3), pour off the NBT/BCIP stain and rinse 3 times with 

PBSTween, then incubate for 30 minutes with 4% Paraformaldehyde. Rinse 

with PBSTween and replace with an aqueous or glycerol mounting solution. 

Place a coverslip on top of the slide and set aside to dry. 

 

 

4 Notes 



 

1. Tricaine solution can be stored at 4°C however the solution may begin to 

precipitate, at which time it needs to be replaced.  

2. Paraformaldehyde must be used in the fume hood. If paraformaldehyde is 

being made up from powder, wear a mask when weighing and dissolving the 

powder. Once the solution is dissolved, the mask may be removed.  

3. The LMT agarose will take at least 1 hour to dissolve on the heat block 

however it can also be heated in the microwave. Once the solution is dissolved 

it will need to be kept on the hot plate to ensure that it does not set during the 

mounting steps.  

4. As an alternative to Poly-L-lysine coated slides, Superfrost microscope slides 

can also be used although these are slightly less adhesive. 

5. For the overnight hybridization chamber only, commercial grade formamide 

can be used. 

6. Monitor the slides under the microscope when the proteinase K is added to the 

sections. Different batches of proteinase K may vary in strength and may 

destroy the sections if not carefully monitored.  

7. Prehybridization solution should be made up and dispensed in the fume hood. 

Once the solution is made up is can be stored for long-term at -20°C. 

8. Synthesis of Digoxygenin (DIG)-labeled RNA in situ probe [12]. 

9. Hybridization solution should be made up and dispensed in the fume hood. 

Once the solution is made up is can be stored for long-term at -20°C. 

10. Once the blocking solution is made up is can be stored for long-term at -20°C. 

11. Anti-DIG antibody solution must be made up fresh and used immediately. In 

order to increase specificity, a pre-absorbed anti-DIG antibody can be diluted 



in the blocking solution instead. To make the pre-absorbed anti-DIG antibody 

homogenise zebrafish with a pestle in 0.1ml of PBST and make up to 1.0ml 

with PBST. The embryos do not need to be dechorionated and should include 

the same or older stages than will be used in the in situ hybridization. Add 

0.01ml of anti-DIG antibody and shake overnight at 4°C. Spin down the debris 

and collect the supernatant containing the pre-absorbed anti-DIG antibody, 

which can be stored at 4oC until needed. The pre-absorbed antibody can be 

used instead of the anti-DIG antibody stock at a final dilution of 1:2000 in 

PBST. 

12. Ensure that all of the PBST is removed before the staining solution is added. If 

the solution becomes cloudy, rinse the slides with AP staining buffer and add 

fresh staining solution to the sections.  

13. A hard-set aqueous mounting medium such as VectaShield HardSet or 

Fluoromount is preferred. Alternatively the sections can be mounted in an 

80% Glycerol solution (80% Glycerol/20% PBS) with a coverslip applied over 

the top. The coverslip can be fixed using nail varnish and left to dry. Do not 

dehydrate the sections otherwise the PAP pen will dissolve over the slide and 

the morphology of the skeletal muscle will be disrupted. 

14. Ensure that the overnight hybridization chamber can fit comfortably into the 

65°C incubator without tipping on its side.  

15. Whilst the stain is developing, the sections will need to be closely monitored 

under a microscope. The staining may be easy to identify in regions 

throughout the muscle fibers (Figure 3A and B) or in smaller cells within the 

myotome (Figure C), which can be easily missed.  
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Figures 

 

Fig. 1 Preparing the zebrafish for sectioning. A) Once the 15mm zebrafish is 

anesthetized, the head and tail regions are cut off with a scalpel blade prior to fixation. 

To obtain optimal sections for RNA expression analyses, the region highlighted in 

yellow is the optimal region to use. B) Schematic of the resultant section within the 

yellow region contains the myotome (coloured in grey) with the muscle pioneer cells 

along the central midline (in red). 

  



 

 

Fig. 2 Assembly of the overnight hybridization chamber consists of a A) a sealable 

microscope slide box, with a layer of tissue paper on the bottom and microscope 

slides lay flat across the box. B) Four petri dishes are placed along the bottom of a 

airtight container, with a layer of tissue paper on the bottom, and the microscope slide 

box (A) is placed on top of the petri dishes. The tissue papers in both A) and B) are 

moistened with formamide/SSC solution.  

  



 

 

Fig. 3 A) In situ hybridization for myosin heavy chain (myhc) on skeletal muscle 

section, with increased magnification shown in A’). B,B’) In situ hybridization for 

laminin alpha 2 (lama2) and C,C’) laminin alpha 4 (lama4). Expression of myhc and 

lama2 are expressed throughout the myotome, whereas lama4 is expressed in small 

cells between the muscle fibers (arrowheads), which are only evident due to the 

thicker nature of the sections. Full details of the probes used are available in [11] . 

 

 

 


