[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 68183
Scriptwriter Name: Poornima G
Project Page Link: https://review.jove.com/account/file-uploader?src=20795863 

Title: Frequency and Distribution of Crossovers in Caenorhabditis elegans Meiosis by SNP Genotyping using Real-time PCR

Authors and Affiliations: 
Miku Koishihara1*, Akihide Onishi2,3*, Akari Hirose2, Takamune T. Saito1,2 

1Graduate School of Biology-Oriented Science and Technology, Kindai University 
2 Department of Genetic Engineering, Faculty of Biology-Oriented Science and Technology, Kindai University
3Present address: Graduate School of Frontier Biosciences, Osaka University

* These authors contributed equally 

☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Takamune T. Saito		tsaito@waka.kindai.ac.jp


Email Addresses for All Authors: 
Miku Koishihara		2433710023h@waka.kindai.ac.jp
Akihide Onishi			julius.onishi@gcb.med.osaka-u.ac.jp
Akari Hirose			guanglaizhuli8@gmail.com
Takamune T. Saito		tsaito@waka.kindai.ac.jp




Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  18
Number of Shots:  43 (10 SC) 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.

How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.11. Enter author name, Enter author title: (authors will present their testimonial statements live)
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.12. Enter author name, Enter author title: (authors will present their testimonial statements live)


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Facilitating Crosses and Sampling the Worms
Demonstrator: Click here to enter name of demonstrator(s) 


2.1. To begin, place three L4-stage hermaphrodites from the Bristol N2 strain, or from mutants on a Bristol background [1], along with nine young adult Hawaiian CB4856 (C-B-48-56) males onto a mating plate [2].
2.1.1. WIDE: Talent using a worm pick to place three Bristol hermaphrodites onto the surface of a mating plate.
2.1.2. Close up of the plate after adding all worms.

2.2. Incubate the mating plate for 1.5 days at 20 degrees Celsius to allow mating between the two strains [1]. After incubation, transfer each hermaphrodite to a new individual nematode growth medium plate seeded with OP-50 bacteria  [2-TXT].
2.2.1. Talent placing the mating plate into a 20 degree Celsius incubator.
2.2.2. Talent transferring individual hermaphrodites from the mating plate to separate NGM plates using a worm pick. TXT: Incubate again for laying eggs and growth of progeny

2.3. For the second cross, pick six L4-stage crossed hermaphrodites that are Bristol-Hawaiian hybrids [1] and transfer them to a new mating plate along with 12 to 15 TTS24 (T-T-S-24) Bristol males carrying the ccIs4251 (C-C-L-S-42-51) transgene array [2].
2.3.1. Talent picking hybrid hermaphrodite using a Pasteur pipette or a brush.
2.3.2. Talent placing the worm on a fresh mating plate.

2.4. Incubate the plate for 1.5 days at 20 degrees Celsius to enable mating [1]. After incubation, transfer each hermaphrodite to an individual nematode growth medium plate containing OP50 [2].
2.4.1. Talent placing the second mating plate into the 20 degree Celsius incubator.
2.4.2. Talent transferring hermaphrodite to fresh NGM plates using a worm pick.

2.5. Incubate the new plate at 20 degrees Celsius for 1 day to allow the hermaphrodites to lay fertilized eggs [1]. After 1 day, transfer each hermaphrodite again to a new individual plate with OP50 [2-TXT].
2.5.1. Talent placing the plates into the incubator.
2.5.2. Talent transferring hermaphrodites to a fresh round of NGM plates. TXT: Incubate again for laying eggs and growth of progeny


2.6. Check the genotypes of the parental worms as Bristol or Hawaiian hybrids using PCR in a region of chromosome 5 [1]. Separate the amplified bands by performing electrophoresis on a 2.5 percent agarose gel [2].

2.6.1. Talent loading PCR tubes into a thermal cycler.
2.6.2. Talent loading the samples on a 2.5 percent agarose gel.


2.7. After checking GFP expression, pick a single GFP-positive worm and place it in a PCR tube preloaded with 3 microliters of worm lysis buffer [1]. Then, place the tube in a minus 80-degree Celsius freezer for 5 minutes before lysis [2-TXT].
2.7.1. Talent transferring a single worm into a PCR tube containing worm lysis buffer.
2.7.2. Talent placing labeled PCR tubes containing worms into the negative 80 degree Celsius freezer. TXT: Lysis: 60 °C (1 h), followed by 95 °C (15 min)

2.8. For lysis, set the PCR tube in the thermal cycler and run the program at 60 degrees Celsius for 1 hour, followed by 95 degrees Celsius for 15 minutes [1]. After the thermal cycling, add 100 microliters of nuclease-free water to each tube and mix thoroughly [2].
2.8.1. Talent placing PCR tubes into the thermal cycler and initiating the temperature program.
2.8.2. Talent adding nuclease-free water to each PCR tube and mixing by pipetting.



3. Single Nucleotide Polymorphism (SNP) Genotyping
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Now, prepare the mixture containing the buffer, probes and the primers [1].

3.1.1. TEXT ON PLAIN BACKGROUND:
125 μL of Master Mix
6 μL of SNP Genotyping Assay mix (40x)
280 μL of Distilled water (DW)
Forward primer (450 nM) and reverse primer (450 nM)
Probe 1 (100 nM) and probe 2 (100 nM)

3.2. Mix the solution thoroughly by pipetting several times [1]. Using a 12-channel micropipette, dispense 4 microliters of the mixture into each well of a 96-well PCR plate placed on the support base [2].

3.2.1. Talent pipetting the reaction mixture up and down to mix thoroughly.
3.2.2. Talent using a 12-channel micropipette to dispense the solution into a 96-well plate.

3.3. Next, add 1 microliter of lysate containing genomic DNA to each well [1] and pipette the contents several times to mix thoroughly [2].

3.3.1. Talent adding lysate into the wells using a micropipette.
3.3.2. Talent mixing the contents in each well by pipetting up and down.  

3.4. Seal the plate with an optical adhesive film [1]. Use an applicator to press the film down firmly, especially around the rims of each well [2].

3.4.1. Talent placing an adhesive film over the 96-well plate.
3.4.2. Talent pressing the film over each well using an applicator.

3.5. Centrifuge the sealed plate briefly to collect the liquid at the bottom and eliminate any air bubbles [1].
3.5.1. Talent placing the sealed 96-well plate in a centrifuge.

3.6. Now, load the plate onto the real-time PCR instrument [1]. On the software screen, click on the Create New Experiment button [2].

3.6.1. Talent loading the plate into the real-time PCR machine.
3.6.2. SCREEN: Click on the Create New Experiment button in the software interface.
[bookmark: _Hlk162020732][bookmark: _Hlk162020892]Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible (download the guidelines from the link given in the email): https://review.jove.com/account/file-uploader?src=20795863 

3.7. After adjusting the settings, click on the Run button to initiate the protocol [1].

3.7.1. SCREEN: Run button being clicked.



4. Real-Time PCR Data Analysis
Demonstrator: Click here to enter name of demonstrator(s) 


4.1. Review the allelic discrimination plot generated from the data to visualize genotype groupings [1-TXT].

4.1.1. SCREEN: Display of the full allelic discrimination plot with colored cluster regions. TXT: Confirm that the clusters are distinctly separated on the plot 

4.2. Identify the genotypes based on their position for Bristol homozygotes [1], Bristol-Hawaiian hybrids [2], Hawaiian homozygotes [3], and negative controls [4]. Apply the color codes of Red for Bristol, Blue for Hawaiian, Green for heterozygous, and Black for negative control [5].

4.2.1. SCREEN: cursor hovering over Bristol homozygotes.
4.2.2. SCREEN: cursor hovering over Bristol/Hawaiian hybrids.
4.2.3. SCREEN: cursor hovering over Hawaiian homozygotes.
4.2.4. SCREEN: cursor hovering over negative controls on the plot.
4.2.5. SCREEN: applying color legend to each genotype cluster on the allele discrimination plot.

4.3. Finally, examine the SNP patterns to identify the crossovers [1]. For instance, [B/H]-[B/B]-[B/B]-[B/B] (B-H and 3 B-Bees) indicate a single crossover between positions 1 and 2 [2]. 
4.3.1. SCREEN: Spreadsheet with results.
4.3.2. SCREEN: cursor hovering over SNP data rows showcasing crossover between positions 1 and 2 [B/H]-[B/B]-[B/B]-[B/B].

4.3.3. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 85.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Chromosome II (2) was divided into three regions, the left arm, center, and right arm using four selected single nucleotide polymorphism markers [1].
5.1.1. LAB MEDIA: Figure 4A. Video editor: Sequentially Highlight the three labeled sections—“Left arm”, “Center”, and “Right arm”.

5.2. The crossover frequency in the left arm of chromosome II was significantly higher at 23.9 centimorgans [1] compared to the center region at 5.8 centimorgans [2].
5.2.1. LAB MEDIA: Figure 4B. Video editor: Highlight the tall blue bar labeled “Left”.
5.2.2. LAB MEDIA: Figure 4B. Video editor: Highlight the bar labeled “Center”.

5.3. The crossover frequency in the right arm was also significantly higher at 19.8  centimorgans [1] compared to the center region [2].
5.3.1. LAB MEDIA: Figure 4B. Video editor: Highlight the blue bar labeled “Right” .
5.3.2. LAB MEDIA: Figure 4B. Video editor: Highlight the bar labeled “Center”.

5.4. No significant difference was observed between the crossover frequencies of the left and right arms [1].
5.4.1. LAB MEDIA: Figure 4B. Video editor: Highlight the "NS" annotation at the top and the bars “Left” and “Right”.
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