[bookmark: _Hlk161771130][bookmark: _Hlk161737265][image: ]FINAL SCRIPT: APPROVED FOR FILMING
Submission ID #: 70879
Scriptwriter Name: Kathyayani Sridharan
Project Page Link: https://review.jove.com/account/file-uploader?src=21618143

Title: CRISPR/Cas9-mediated Endogenous Fluorescent Tagging of Germline-specific Genes in Caenorhabditis elegans

Authors and Affiliations: 
Lin Cheng1*, Xinyue Lu1*, Xiaowen Sun1*, Zihan Wen1*, Xiaoyan Zhang1, Long Miao1,2, Peng Wang2

1MOE Key Laboratory of Cell Proliferation and Regulation Biology, College of Life Sciences, Beijing Normal University
2Key Laboratory of Cell Structure and Dynamic Resolution of Functions, School of Biology and Food Engineering, Fuyang Normal University

*These authors have contributed equally

Corresponding Authors: 
[bookmark: _Hlk25233958]Xiaoyan Zhang 			zhxy@bnu.edu.cn
Long Miao 				lmiao@bnu.edu.cn
Peng Wang 				wangpeng@fynu.edu.cn

Email Addresses for All Authors: 

lcheng@mail.bnu.edu.cn
xylu@mail.bnu.edu.cn
xwsun@mail.bnu.edu.cn
zhwen@mail.bnu.edu.cn
zhxy@bnu.edu.cn
lmiao@bnu.edu.cn
wangpeng@fynu.edu.cn




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? Yes  
If Yes, can you record movies/images using your own microscope camera? 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.
SCOPE shots: 3.4.1, 3.4.2, 3.6.3, 3.6.4, 3.7.1, 3.7.2, 3.7.4, 3.7.5, 3.8.1, 3.8.2, 4.1.1.
Videographer: Please film the above-mentioned shots using a scope kit
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes	Comment by Kathyayani  Sridharan: Authors: We have updated this response in accordance with your email confirmation dated April 18th regarding the screen captures. 
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.
[bookmark: _Hlk201650592]Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible:
https://review.jove.com/account/file-uploader?src=21618143

3. Filming location: Will the filming need to take place in multiple locations? Yes
If Yes, how far apart are the locations?  We will need to film in two laboratories and one conference room, and they are all located in the same building.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Yes

Current Protocol Length
Number of Steps: 14
Number of Shots: 50 
Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Xinyue Lu: We use CRISPR-based endogenous tagging to study the localization and dynamics of germline proteins in C. elegans.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Xinyue Lu: Conventional transgenes may affect germline expression, but this protocol tags proteins at the endogenous locus under native control.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Lin Cheng: This protocol enables in vivo analysis of protein localization and dynamics in the C. elegans germline.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the most important consideration or challenge when performing this protocol.
1.4. Lin Cheng: Careful tag design and thorough validation are essential to preserve protein function and minimize false-positive candidates.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Lin Cheng: Future studies can use this workflow to track protein localization and explore potential interactions during germline development.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

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.

What problem in your field of research does your JoVE article address?
1.6. Peng Wang, Professor: (authors will present their testimonial statements live)
What value do you expect this video article to have for other researchers working in your field?
1.7. Peng Wang, Professor: (authors will present their testimonial statements live)











Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Germline Target Gene Selection and CRISPR Component Design in Caenorhabditis elegans
Demonstrator: Xiaowen Sun
2.1. To begin, identify the candidate genes with predominant expression in the gonad or germ cells using public databases and published literature [1]. Analyze the protein features and select an appropriate tagging site [2]. Record the target isoform and the tag insertion site to enable guide RNA (R-N-A) and donor template design [3]. 
2.1.1. WIDE: Talent analyzing literature to identify target genes.
2.1.2. SCREEN: Talent studying the protein features and conformations to select appropriate tagging sites. 
2.1.3. SCREEN: Talent recording the target isoform and desired insertion site. 
[bookmark: _Hlk204179977]Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible:
https://review.jove.com/account/file-uploader?src=21618143

Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up

2.2. Use the IDT (I-D-T) CRISPR (kris·puh) design tool [1] with C. elegans genomic settings [2] to identify a twenty-nucleotide guide RNA (R-N-A) or gRNA (gee-R-N-A) sequence required for Cas9 (kaz-nine) recognition, ensuring it is positioned upstream of a protospacer adjacent motif or NGG-PAM (N-G-G-pæm) as close as possible to the tag insertion site, while evaluating for strong predicted on-target cutting efficiency and an absence of high-risk off-target sites [3].
2.2.1. SCREEN: The IDT-CRISPR design tool being opened.
2.2.2. SCREEN: C. elegans genomic settings being set.
2.2.3. SCREEN: gRNA and PAM sequences being identified. 
2.3. Clone the gRNA sequence between the U6 (U-six) promoter and the gRNA scaffold regions within the CRISPR expression plasmid backbone [1] and confirm accuracy by Sanger sequencing [2]. Next, construct a donor plasmid based on pPD95.75 (P-P-D-ninety-five-seventy-five) with a fluorescent tag flanked by approximately thousand base pairs left and right homology arms derived from the target locus [3]. Introduce silent substitutions into the donor plasmid sequence without altering the protein sequence to disrupt the PAM or gRNA binding sites and prevent Cas9 re-cutting after integration [4]. Validate donor sequence integrity across homology arms and tag junctions via Sanger sequencing [5].
2.3.1. Talent cloning the gRNA sequence in the CRISPR expression plasmid backbone.
2.3.2. SCREEN: Talent confirming the accuracy of insertion by Sanger sequencing. 
2.3.3. SCREEN: Talent constructing a donor plasmid with fluorescent tag.
2.3.4. SCREEN: Talent introducing silent mutations into donor plasmid template to prevent Cas9 recutting after integration.
2.3.5. SCREEN: Talent performing Sanger sequencing to confirm donor plasmid integrity.

3. Gonadal Microinjection
Demonstrator: Xiaowen Sun 

3.1. Prepare [1] the injection mix [2] and centrifuge at 10,000 × g (ten-thousand-gee) for ten to twenty minutes to pellet out particulate material and prevent clogging of microinjection capillary [3].
3.1.1. Talent preparing the injection mix
3.1.2. TEXT ON A PLAIN BACKGROUND
Component					Working concentration (ng/μL)
pDD162 (CRISPR/Cas9 plasmid) ---------------------  50-100
pPD95.75 (Donor plasmid)	---------------------------	50-100
pRF4	(Co-injection marker)	---------------------------	50-100
pPD122.11 (Co-injection marker) --------------------	5-10
Sterile ddH2O ----------------------------------------------	To make up to final volume	
3.1.3. Talent centrifuging the injection mix to obtain clean supernatant.
3.2. Use a needle puller to create microinjection needles from glass capillaries with a long taper and sharp tip suitable for gonadal injection, while optimizing the puller settings empirically [1-TXT]. Heat a microcapillary pipette and snap it into two pieces to create a loading tool [2]. Attach a rubber aspirator bulb to the wide end of the shortened microcapillary pipette [3].
3.2.1. Talent creating microinjection needles from glass capillaries using glass pullers. TXT: Puller settings: Heat: 530, Pull: 2, Velocity: 25
3.2.2. Talent creating a loading tool by heating and snapping a microcapillary pipette.
3.2.3. Talent attaching a rubber bulb to the wide end of microcapillary pipette.
3.3. Aspirate approximately one microliter of injection mix into the loader [1]. Insert the loader into the back end of the injection needle [2] and gently dispense the injection mix [3]. Place the loaded needle horizontally for ten minutes to form a continuous column and allow the solution to settle toward the tip [4]. 
3.3.1. Talent aspirating 1 µL injection mix into the loader.
3.3.2. Talent inserting the loader into back end of injection needle.
3.3.3. Talent dispensing the injection mix.
3.3.4. Talent placing the loaded needle horizontally.
3.4. Mount the needle on the injection microscope and bring the tip into focus using brightfield optics [1]. Open the needle tip by gentle contact with the edge of a coverslip in halocarbon oil and verify flow [2]. 
3.4.1. SCOPE: Focusing the mounted needle tip using brightfield optics.
3.4.2. SCOPE: The flow of injection mix via the needle being verified. 
3.5. To culture the worms for injection, maintain the N2 (N-two) wildtype worms on OP50 (O-P-fifty) bacteria-seeded media plates [1]. Select hermaphrodites at the L4 (L-four) stage from a healthy plate and incubate at twenty degrees Celsius for ten hours to obtain young adults with well-developed germlines [2]. Transfer worms to an unseeded plate to reduce bacterial carryover [3].
3.5.1. Talent maintaining the N2 worms on OP50 bacteria-seeded media plates.
3.5.2. Talent selecting and incubating the hermaphrodites at the L4 stage for 10 h.
3.5.3. Talent transferring the young worms to OP50-unseeded plate.
3.6. Prepare a dry two-percent agarose pad on a glass slide [1] and apply a drop of halocarbon oil [2]. Use eyelash picker to transfer a worm onto the agarose pad and immobilize it [3]. Use a low-magnification objective to orient the gonad for injection [4]. 
3.6.1. Talent preparing 2% agarose pad on glass slide.
3.6.2. Talent applying a drop of halocarbon oil to the agarose pad.
3.6.3. SCOPE: The worm being transferred to the agarose pad using eyelash picker for immobilizing.
3.6.4. SCOPE: A low-magnification objective being used to orient the gonad for injection.
3.7. Use micromanipulator controls to position the needle at a twenty-to-forty-degree angle relative to the worm [1]. Use high magnification to focus on the distal germline [2]. Advance the worm onto the needle [3] and position the tip within the gonadal syncytium [4]. Inject the solution until gonad swelling is visible, while setting the injection pressure at 30-80 (thirty to eighty) psi (sigh); duration to 0.1-0.3 (zero-point one to zero-point three) seconds and compensation pressure at 0.1-0.5 (zero-point one to zero-point five) psi [5].
3.7.1. SCOPE: Show micromanipulator controls being used to position the needle at an angle relative to the worm.
3.7.2. SCOPE: Show switching to high magnification to focus on distal germline.
3.7.3. SCOPE: Show advancement of the worm onto the needle.
3.7.4. SCOPE: Show the needle tip within the gonadal syncytium. 
3.7.5. SCOPE: Show the solution being injected until gonadal swelling is observed. 
3.8. Withdraw the needle and reposition for subsequent injections [1]. Add M9 (M-nine) buffer to soften and partially break up the agarose pad to release worms [2]. Transfer each worm to an individual recovery plate, then repeat injections for twenty to twenty-five worms [3-TXT]. 
3.8.1. SCOPE: The needle being withdrawn and repositioned for subsequent injections.
3.8.2. SCOPE: Show addition of M9 buffer to release worms. 
3.8.3. Talent transferring each worm to an individual recovery plate. TXT: Incubation and Recovery: 20 °C; 2–3 days
4. Screening F1 and F2 Progeny 
Demonstrator: Zihan Wen
4.1. Screen F1 (F-one) progeny for co-injection markers and select marker-positive animals [1]. Transfer each F1 worm to an individual plate and allow for one to two days for egg laying [2]. Lyse each F1 worm in proteinase K buffer to prepare PCR (P-C-R) templates [3]. Perform junction PCR using one genomic primer outside the homology arm and one internal tag primer [4] and retain corresponding plates from PCR-positive F1 animals [5].
4.1.1. SCOPE: Show screening and selection of marker-positive F1 progeny.
4.1.2. Talent transferring each F1 worm onto individual plate for egg laying.
4.1.3. Talent preparing PCR templates by lysing each worm.
4.1.4. Talent performing junction PCR.
4.1.5. Talent retaining plates corresponding to PCR-positive worms. 
4.2. Isolate F2 (F-two) progeny from PCR-positive F1 lines onto individual plates to produce progeny [1]. Lyse adults for genotyping [2]. Perform PCR using primers flanking the homology arms to distinguish wild-type and knock-in alleles by product size [3]. 
4.2.1. Talent isolating F2 progeny into individual plates for progeny production.
4.2.2. Talent lysing the adult worms for genotyping.
4.2.3. Talent performing PCR.
4.3. Validate integration by Sanger sequencing across both insertion junctions [1]. Use fluorescence microscopy to verify germline fluorescence expression and localization [2]. Expand confirmed homozygous lines, maintain stocks and cryopreserve validated lines for long-term storage [3]. 
4.3.1. SCREEN: Validation of integration at both insertion junctions by Sanger sequencing.
4.3.2. Talent performing fluorescence microscopy to confirm fluorescence localization in germline cells.
4.3.3. Talent expanding homozygous stocks.
4.3.4. 

Results
5. Results 
5.1. PCR-based screening of F1 progeny revealed successful knock-ins, identified by 1550 bp (one thousand five hundred and fifty base pairs) junction PCR amplicon—using one flanking genomic and one internal green fluorescent protein, or GFP (G-F-P) primer [1]. The absence of the 1550 bp band in most F1 animals indicated no detectable target integration, consistent with non-integrative DNA transmission rather than homology-directed repair [2]. 
5.1.1. LAB MEDIA: Figure 3A: Video Editor: Please emphasize the lanes 5 and 18 showing the 1550 bp band.
5.1.2. LAB MEDIA: Figure 3A: Video Editor: Please emphasize the other areas excluding the lanes M,1 5 and 18.
5.2. Zygosity determination in F2 progeny derived from junction-PCR-positive lines distinguishes alleles by band size at 1345 bp (one thousand three hundred and forty five base pairs) as wildtype allele [1] and 2344 bp (two thousand three hundred and forty four base pairs) as knock-in allele [2]. 
5.2.1. LAB MEDIA: Figure 3B: Video Editor: Please emphasize the text 1345 bp on the right side of the image.
5.2.2. LAB MEDIA: Figure 3B: Video Editor: Please emphasize the text 2344 bp on the right side of the image.
5.3. Heterozygotes show both bands [1], homozygous knock-in samples lack the WT-sized band [2] and the samples with failed integration show only the WT-sized product [3]. Additional validation of homozygous GFP knock-in line was done using confocal microscopic imaging where GFP fluorescence in the germline cells with signal enriched in the spermatogenic region was observed [4]. 
5.3.1. LAB MEDIA: Figure 3B: Video Editor: Please emphasize the lanes labelled as 2,3, 4, 5, 7, 8, 11, 12, 13, 16
5.3.2. LAB MEDIA: Figure 3B: Video Editor: Please emphasize the lanes labelled as 9, 15 and 21.
5.3.3. LAB MEDIA: Figure 3B: Video Editor: Please emphasize the lanes labelled as 6, 10, 14, 17, 18, 19 and 20.
5.3.4. LAB MEDIA: Figure 4: Video Editor: Please emphasize the green region in the GFP and Merge panels. 
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