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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  
Can you record movies/images using your own microscope camera? Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? Microscope room and lab, less than 50m apart


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Tomasz Dobrzycki: The consequences of mutations on gene expression are often assessed qualitatively by in situ hybridization and generally scored visually, which is subjective and biased by the researcher’s expectations. This method provides a more consistent way to compare in situ experiments by quantifying image intensities and removes that bias.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Tomasz Dobrzycki: This technique will be useful to all zebrafish researchers working with or generating genetic mutants. Blind quantification of in situ hybridization signals should prevent misinterpretation of expression data and we hope it will become the standard in the field. This can also be easily adapted to other model systems where in situ hybridization is used as a readout of gene expression. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.3. Procedures involving animal subjects are regulated by the Animals (Scientific Procedures) Act 1986 and have been approved by the Home Office and the local Animal Welfare and Ethical Review Body 

Section - Protocol
2. ISH-stained Embryo Imaging and DNA Extraction
2.1. Start by imaging the in situ hybridization, or ISH (pronounce ‘I-S-H’), stained embryos [1]. Prepare a glycerol solution and mix it to homogenize [2-TXT]. Transfer the embryos to the glycerol solution with a 3-milliliter Pasteur pipette [3] and leave them to settle for at least 5 minutes [4]. 
2.1.1. WIDE: Establishing shot of talent at the lab bench preparing glycerol. 
2.1.2. Glycerol mixing in a roller. TEXT: 50% - 80% in 1 X PBS
2.1.3. Talent transferring embryos to glycerol. 
2.1.4. The tube with embryos on the lab bench and a timer counting down 5 minutes. 
2.2. Prepare and label enough PCR tubes to transfer the ISH-stained embryos after imaging [1]. Then, use a 3 milliliter Pasteur pipette to add 100% glycerol to the bottom of the well of a glass depression slide [2]. 
2.2.1. Talent preparing PCR tubes. 
2.2.2. SCOPE: Talent adding glycerol to slide.
2.3. Transfer a single ISH-stained embryo to the glass slide and orient it under a stereomicroscope equipped with a digital camera and bottom and top illumination [1]. Using the first embryo, adjust the illumination and exposure time at the desired magnification [2-TXT]. 
2.3.1. SCOPE: Talent orienting the embryo, visualized on the computer screen. 
2.3.2. Talent adjusting illumination and exposure, visualized on the computer screen. TEXT: Use the same conditions for ALL embryos in experiment

2.4. Image as many embryos as required and label each image with a unique number [1]. After imaging, transfer each embryo to a PCR tube labeled with the same number [2]. If needed, aspirate the excess glycerol from the PCR tubes [3].

2.4.1. Talent imaging embryos one embryo, visualized on the computer screen. 
2.4.2. CU: Talent transferring embryo to PCR tube. 
2.4.3. CU: Talent aspirating glycerol from a tube. 
2.5. To extract the DNA, add 40 to 75 microliters of an alkaline lysis buffer such as HoTSHOT (pronounce ‘hot shot’) to each tube [1]. Incubate the tubes at 95 C for approximately 30 minutes and then cool them to 4 C [2]. Add an equal volume of neutralization buffer and proceed with genotyping for the mutation of interest [3-TXT]. 
2.5.1. Talent adding buffer to a few tubes. 
2.5.2. Talent putting the samples in Thermocycler and starting the incubation program.
2.5.3. Talent adding neutralization buffer to a few tubes. TEXT: Incubate at 4 C ON to improve PCR efficiency 

3. Image Analysis with Fiji Software
3.1. To perform image analysis, select and open the image in Fiji and invert it by clicking ‘Edit’ and then ‘Invert’. Then, convert the image type to 8-bit by clicking the ‘Image’ tab, selecting ‘Type’, and selecting ‘8-bit’ [1]. 
3.1.1. SCREEN: step 3.1_59956.mp4
3.2. Select the polygon tool and manually draw the region of interest, or ROI (pronounce ‘R-O-I’), on the image around the region that contains the fluorescent signal to be measured [1]. 
3.2.1. SCREEN: step 3.2_59956.mp4
3.3. Press ‘t’ to open the ROI manager and select the region of interest, then click ‘Measure’. Copy the ‘mean’ value from the results window to a spreadsheet [1].
3.3.1. SCREEN: step 3.3_59956.mp4

3.4. To measure the background intensity, move the ROI to a region in the embryo with no staining and click ‘Add’ in the ROI manager. Select the background region and click ‘Measure’, then record the mean intensity value in the spreadsheet [1].

3.4.1. SCREEN: step 3.4_59956.mp4

3.5. Obtain the mean pixel intensity of the in situ hybridization signal by subtracting the mean intensity of the background from that of the stained region [1]. 

3.5.1. SCREEN: step 3.5_59956.mp4

3.6. After determining the mean pixel intensity of every sample, assign a genotype to each sample. If the genotype cannot be determined, exclude the sample from subsequent analysis. Sort the mean sample intensity values according to genotype and proceed with statistical tests [1]. 

3.6.1. SCREEN: step 3.6_59556.mp4




Section – Results
4. Results: Parallel Image Quantitation and Genotyping Protocol 
4.1. The utility of this technique has been demonstrated on ISH for dnmt3bb.1 (pronounce ‘D-N-M-T-3-B-B-1’) in embryos from a runx1W84X/+ (pronounce ‘runx-1-heterozygous’) incross [1]. A decrease in dnmt3bb.1 expression was detected in runx1W84X/W84X mutants [2] while heterozygous embryos showed no significant differences in dnmt3bb.1 expression [3]. 
4.1.1. Figure 2.
4.1.2. Figure 2 B. Video Editor: Emphasize the runx1W84X/W84X mutant data.
4.1.3. Figure 2 B. Video Editor: Emphasize the heterozygote data.
4.2. When attempting to determine the effect of lmo4 mutation on runx1 expression, this analysis did not show significant differences in expression between wild type and homozygous lmo4 mutants [1]. However, a small decrease in runx1 expression was detected by single embryo qPCR [2]. 
4.2.1. Figure 3 B. 
4.2.2. Figure 3 C. 
4.3. In about 0.4% of runx1-probed embryos the ISH had a high background that resulted in a negative number when it was subtracted from the signal. In such cases, the embryos were excluded from analysis [1]. 
4.3.1. Figure 3 D.

4.4. Four different regions on the embryos have been tested to optimize background corrections [1]. While there was a relatively stable difference in intensity of the ROI and any of the background areas [2], R1 or R4 proved to be the most appropriate areas for background correction [3].

4.4.1. Figure 4 B.
4.4.2. Figure 4 C. Video Editor: Emphasize and perhaps label the ROI curve. 
4.4.3. Figure 4 C. Video Editor: Emphasize the curves for background regions 1 and 4 when VO says ‘R1 or R4’. 


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

5.1. Tomasz Dobrzycki: It is important to find the best conditions for the imaging and keep them unchanged throughout the experiment [1]. We also recommend quantifying the pixel intensity BEFORE assigning a genotype to each sample [2]. 

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 2.3.2.
5.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. NOTE: Whole statement in one show, 5.1.1.
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