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[Abstract] Analyzing the swimming ability of 2 days post fertilization zebrafish embryos can be a 

useful technique to study neuromuscular function. Here is a protocol for determining the time it 

takes for zebrafish embryos to swim a predetermined distance. 

 

Materials and Reagents 
 

1. Pipette pump 

2. Glass Pasteur pipette 

3. Overhead transparency sheet 

4. Zebrafish embryo media of choice (Goody et al., 2012) 

5. Embryo ‘poker’ tool (e.g. segment of fishing line super glued in the end of a glass 

capillary tube, fire polished glass rod, Figure 1) 

 

 
Figure 1. Embryo poker tool. This is a useful tool for the positioning and touch stimulus 

of zebrafish embryos. Fishing line (10 lb, 0.012 inch diameter) is super glued into the end 

of a glass capillary tube (Sutter Instruments, catalog number: BF100-50-10) with 

approximately 1 cm of overhang. The glass capillary tube is then wrapped in lab tape.  

 

Equipment 
 

1. Microscope with high-speed, digital video camera attachment (e.g. Zeiss SteREO 

Discovery.V12 with Zeiss Axiocam HSm) 

2. Video processing software (e.g. Zeiss Axiovision) 
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3. 60 mm Petri dish 

 

Procedure 
 

A. Preparation: 

1. Print the motility wheel (Figure 2) on an overhead transparency sheet.  

 

 
Figure 2. Motility wheel. The diameters of these concentric circles provide 

predetermined distances for zebrafish embryos to swim. The diameters of the circles are, 

in ascending order: 5 mm, 10 mm, 15 mm, 20 mm. 

 

2. Place the overhead transparency sheet on the stage of the microscope that will be used 

to record the videos and adjust the magnification of the microscope such that the edges 

of the desired concentric circle (e.g. the circle with a 10 mm diameter) are just within the 

field of view. Do not readjust the magnification setting within a motility assay experiment 

and use this magnification setting for any subsequent replicates that will be pooled 

together or compared.  

 

 
Figure 3. Microscope set up. A 60 mm Petri dish containing embryo media is placed on 

top of the motility wheel on top of the microscope stage. An embryo poker tool is used to 

position a zebrafish embryo in the middle of the motility wheel. Photo credit: University of 

Maine, Mike Mardosa. 
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3. Center a 60 mm Petri dish containing zebrafish embryo media over the concentric circles 

on the overhead transparency sheet on the microscope stage. 

4. Using a pipette pump and glass Pasteur pipette, transfer one embryo into the Petri dish 

and use a poker to gently move the embryo into the middle of the concentric circles. 

 

B. Video acquisition: 

1. Begin recording a video when the embryo is stationary and in the center of the concentric 

circles. 

2. Looking through the eyepieces of the microscope, gently poke the tail of the embryo with 

a poker. Ensure that you are holding the poker such that your hand does not appear in 

the video. 

3. When the embryo completely exits the predetermined concentric circle, stop the video 

recording. A normal 2 day old embryo will exit the circle with a 10 mm diameter in 

approximately 200 milliseconds on the first poke (Goody et al., 2012). 

4. If the embryo does not completely exit the designated circle, use the poker to reposition 

the embryo in the center of the circles and repeat steps B-1~3. After multiple 

unsuccessful attempts (~10 attempts), it may be determined that the embryo is incapable 

of exiting the circle and video recording can be stopped. 

5. Repeat these video acquisition steps until videos of all the desired embryos have been 

recorded. 

 

C. Video analysis: 

1. ‘Cut’ the videos to only contain the necessary frames, if desired. Save the videos. 

2. For each video, scroll through the frames and determine the first frame in which the entire 

body of the embryo has exited the predetermined circle. Record that frame number in a 

spreadsheet. Scroll back to the beginning frames of that same video and determine the 

last frame in which the embryo is stationary prior to the touch stimulus. Record that frame 

number in the spreadsheet. 

3. Repeat step C-2 for all the videos. 

4. Determine the time lag that occurs between each of the frames (e.g. 9 ms). 

5. Calculate the time it takes an embryo to swim a predetermined distance in millisecond by 

subtracting the beginning frame number from the end frame number and multiplying by 

the time lag value. Record this value in the spreadsheet. 

6. Repeat step C-5 for all the motility videos. 

7. After all the biological replicates for a motility experiment have been completed and 

analyzed, assign the greatest (i.e. slowest) value recorded within a treatment group to all 
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the embryos in that same treatment group that never successfully exited the designated 

circle. 

8. Calculate the mean and standard deviation or standard error of the mean for each 

treatment group and statistically compare the values using an unpaired student’s t-test 

with unequal variance. For an example experimental result using this motility assay, 

please refer to (Goody et al., 2012). 
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