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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.

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. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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:  25
Number of Shots:  42 

Interviews
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.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

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. 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 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
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 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
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 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
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 20 or fewer words.


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

Ethics Title Card
This research has been approved by the Centre for Phenogenomics Animal Care Committee at (insert Institutional Name)
Authors: Please fill in the above statement.



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. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Preparation of Mice and Intraductal Lentiviral Injection
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, obtain the required surgical instruments and concentrated lentiviral samples [1]. Using a micropipette needle puller, pull glass microcapillary needles to generate fine-tipped capillaries suitable for intraductal injection of 9 to 10 microliter volumes [2]. With a pair of fine forceps, break off the very tip of the needle [3].
2.1.1. WIDE: Talent sitting with surgical instruments and lentiviral sample on the workbench.  Videographer: Please obtain CU shot as well for this shot.
2.1.2. Close-up of the micropipette needle puller being pulled and generating a fine-tipped glass capillary needle.
2.1.3. Close-up of fine forceps breaking off the very tip of a pulled glass microcapillary needle.

2.2. Dilute lentiviral preparations to a final concentration of 10 million plaque-forming units per milliliter in sterile phosphate-buffered saline or PBS (P-B-S) supplemented with 0.05 percent weight per volume Fast Green FCF (F-C-F) dye [1].
2.2.1. Talent adding PBS to the tube containing the lentiviral preparation.

2.3. Anesthetize an adult female mouse 8 to 20 weeks of age under 4% isoflurane with 1 liter per minute oxygen [1-TXT]. Apply sterile ophthalmic lubricant to both eyes to prevent corneal drying during the procedure [2].
2.3.1. Talent administering anesthesia to the mouse. TXT: Mice strains: Rosa26-LSL-Cas9, H11-Cas9, or Rosa-LSL-tdTomato
2.3.2. Talent applying sterile ophthalmic lubricant to both eyes of the mouse. 

2.4. Secure the mouse in a supine position on a covered heating pad set to low to help regulate body temperature [1]. Maintain anesthesia using 2% isoflurane with 1 liter per minute oxygen through a nosecone throughout the procedure [2].
2.4.1. Talent securing the mouse in a supine position on the covered heating pad.
2.4.2. Talent positions the nosecone to maintain anesthesia.

2.5. Using a sterile cotton swab, apply depilatory cream around the third thoracic and fourth abdominal nipples in a circular area of approximately 0.5 centimeter radius for 10 to 15 seconds [1]. With sterile gauze and sterile water, immediately remove the cream to prevent skin irritation [2].
2.5.1. Talent applying depilatory cream around the third thoracic and fourth abdominal nipples with a sterile cotton swab.
2.5.2. Talent removing the cream with sterile gauze and sterile water.

2.6. Swab the skin surrounding each nipple using sterile gauze sequentially with 70% isopropyl alcohol and iodine [1].
2.6.1. Talent swabbing the skin surrounding each nipple with sterile gauze.

2.7. Inside a biosafety cabinet, place the mouse under a dissecting microscope to clearly visualize the nipples [1].
2.7.1. Talent placing the mouse under the dissecting microscope inside the biosafety cabinet.

2.8. After cleaning the fine forceps with 70 percent ethanol, gently remove any dead skin overlaying the nipple to expose the ductal opening [1].
2.8.1. Shot of dead skin overlaying the nipple being removed using fine forceps. 

2.9. Load 8 microliters of the diluted virus into a pulled glass microcapillary [1].
2.9.1. Talent loading diluted virus into the pulled glass microcapillary.

2.10. With a pair of fine forceps, hold the nipple area [1]. Gently insert the needle tip into the nipple opening [2]. Slowly dispense the viral suspension into the mammary duct over 5 to 10 seconds [3].
2.10.1. Talent holding the nipple area with fine forceps.
2.10.2. Talent inserting the needle tip into the nipple opening.
2.10.3. Talent dispensing the viral suspension into the mammary duct.
2.11. Using a dissecting microscope, monitor the spread of Fast Green dye during the injection [1]. Confirm successful intraductal delivery by observing dye dispersion throughout the ductal network beneath the skin [2].
2.11.1. SCOPE: Show Fast Green dye spreading during injection.
2.11.2. SCOPE: Show dye dispersing throughout the ductal network beneath the skin.

2.12. Identify failed injections by observing dye pooling within the mammary fat pad adjacent to the nipple [1].
2.12.1. SCOPE: Show dye pooling in the mammary fat pad adjacent to the nipple.

2.13. Repeat the injection procedure for the third thoracic and fourth abdominal mammary glands on both sides, injecting a total of four glands per mouse [1].
2.13.1. Talent injecting the third thoracic and fourth abdominal mammary glands.

2.14. Discontinue anesthesia [1]. Transfer the mouse to a clean recovery cage [2].
2.14.1. Talent discontinuing anesthesia.
2.14.2. Talent transferring the mouse to a clean cage.

2.15. Once the mouse is fully ambulatory and normal behavior is observed, return it to the designated biosafety housing [1].
2.15.1. Talent returning the recovered mouse to designated biosafety housing.

2.16. After 3 days of injection, discard any housing and bedding as viral waste [1]. Transfer the mouse to a clean cage that can be returned to standard housing [2].
2.16.1. Talent discarding housing and bedding.
2.16.2. Talent transferring the mouse to a clean cage.

3. Tissue Dissociation and CRISPR Library Sequencing
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. After euthanizing the mice, harvest mammary glands or mammary tumors at the desired timepoints [1].
3.1.1. Talent harvesting mammary glands or mammary tumors from the mouse.

3.2. Clean the space with DNA Erase [1]. After ensuring the equipment is free of plasmids containing single guide RNA or sgRNA (S-G-R-N-A) or dual guide RNA cassettes or dgRNA (D-G-R-N-A), digest each mammary gland in 2 milliliters of complete Epicult-B Medium supplemented with 0.2 milliliters of gentle collagenase hyaluronidase in a 15 milliliter conical tube [2]. Place the tube at 37 degrees Celsius overnight [3].
3.2.1. Talent wiping the space with DNA Erase.
3.2.2. Talent adding mammary gland tissue to a 15 milliliter conical tube containing complete Epicult-B Medium Mouse.
3.2.3. Talent placing the conical tube in the incubator.

3.3. Pellet dissociated cells at 450 g for 5 minutes at room temperature [1].
3.3.1. Talent placing the tube into the centrifuge.

3.4. Using a bovine serum albumin-coated pipette tip, carefully transfer the upper fatty layer to a new 15 milliliter conical tube [1]. Discard the remaining supernatant [2].
3.4.1. Talent transferring the upper fatty layer into a new 15 milliliter conical tube with a bovine serum albumin-coated pipette tip.
3.4.2. Talent discarding the remaining supernatant.

3.5. Wash both the fatty fraction and the cell pellet once with 5 milliliters PBS [1]. Centrifuge at 450 g for 5 minutes at room temperature [2]. Discard the supernatants [3].
3.5.1. Talent adding PBS onto the fatty fraction and cell pellet.
3.5.2. Talent placing the tubes into the centrifuge.
3.5.3. Talent discarding the supernatants from the tubes.

3.6. Combine the washed fatty fraction and the cell pellet from the same mammary gland into a single 15 milliliter conical tube containing 5 milliliters of PBS [1].
3.6.1. Talent adding washed fatty fraction and cell pellet into a single conical tube.

3.7. Pellet the combined material at 450 g for 5 minutes [1]. Discard the supernatant [2].
3.7.1. Talent placing the combined material into the centrifuge.
3.7.2. Talent discarding the supernatant from the tube.

3.8. Using sterile scissors or a scalpel, mince the mammary tumor tissue into small chunks [1]. Transfer the minced tissue directly to a 2 milliliter microfuge tube [2].
3.8.1. Talent mincing mammary tumor tissue into small chunks using sterile scissors or a scalpel.
3.8.2. Talent transferring the minced tissue into a 2 milliliter microfuge tube.
3.9. Isolate genomic DNA from the harvested cells using a commercial genomic DNA extraction kit [1]. After isolating the genomic DNA, perform next-generation sequencing of CRISPR libraries and analyze the data [2].
3.9.1. Talent sitting at the workbench, pipetting into a tube with a commercial genomic DNA extraction kit next to it.
3.9.2. Show submission of CRISPR libraries for next-generation sequencing on the computer interface.
3.9.3. 

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: 187.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. PCR amplification of guide RNA or gRNA (G-R-N-A) libraries yielded discrete bands [1], indicating uniform amplification from pooled oligonucleotide chip arrays [2].
4.1.1. LAB MEDIA: Figure 2A. Video editor: Emphasize the 3 bands visible in the column (+)
4.1.2. LAB MEDIA: Figure 2A. 

4.2. Restriction digestion of the 2 lentiviral vector backbones resulted in clear separation of the linearized backbone from the stuffer fragment [1].
4.2.1. LAB MEDIA: Figure 2B,C. Video editor: In Figure 2B, emphasize the 2 bands labeled 8.6 kb backbone and 2 bands labeled 2.5 kb stuffer. In Figure 2C, emphasize the 2 bands labeled 7.5 kb backbone and 2 bands labeled 1.8 kb stuffer.

4.3. Successful library cloning showed dense and evenly distributed colonies [1], while negative control plates contained few colonies [2].
4.3.1. LAB MEDIA: Figure 3. Video editor: Emphasize the plates labeled Backbone + Insert
4.3.2. LAB MEDIA: Figure 3. Video editor: Emphasize the plate labeled Negative Control

4.4. Efficient lentiviral preparations showed a dose-dependent increase in tdTomato (T-D-Tomato) expression [1].
4.4.1. LAB MEDIA: Figure 4A,C. Video editor: Emphasize the line along with the 4 dots on it.

4.5. Low-titer and high-titer viral preparations produced distinct tdTomato expression patterns across increasing virus doses [1].
4.5.1. LAB MEDIA: Figure 4B,D. Video editor: Emphasize all 4 stacked plots.

4.6. Proper placement of the glass microcapillary enabled access to the mammary duct [1].
4.6.1. LAB MEDIA: Figure 5A. Video editor: Circle and highlight the glass needle and the small opening.

4.7. Successful injections showed uniform spreading of Fast Green dye throughout the ductal tree [1], whereas failed injections showed dye pooling beneath the nipple [2].
4.7.1. LAB MEDIA: Figure 5B. Video editor: Emphasize the blue coloured second image.
4.7.2. LAB MEDIA: Figure 5C. Video editor: Highlight the concentrated pool of green dye. 

4.8. Immunohistochemical staining confirmed epithelial cell infection [1], and flow cytometry quantified luminal and basal epithelial cell infections. [2].
4.8.1. LAB MEDIA: Figure 5D. Video editor: Highlight the brown stained cells visible in the image labeled Lv-RFP.
4.8.2. LAB MEDIA: Figure 5E. Video editor: Emphasize the boxed area in all plots, along with the percentages displayed.

4.9. PCR amplification of recovered genomic DNA yielded lentiviral-specific products [1].
4.9.1. LAB MEDIA: Figure 6. Video editor: Emphasize the dark DNA bands at the positions labeled “430 bp pXPR502” and “300 bp pLKO”

4.10. Occasional non-specific amplification was observed in some CRISPR-A samples [1], although strong expected bands indicated successful library recovery [2].
4.10.1. LAB MEDIA: Figure 6A. Video editor: Emphasize the faint upper band above the main DNA band in the lane labeled A. 
4.10.2. LAB MEDIA: Figure 6A,B. Video editor: Emphasize the strong lower band at the positions labeled 430 bp pXPR502 and 300 bp pLKO 

4.11. Quality-controlled libraries showed even guide RNA representation with a few missing guides [1].
4.11.1. LAB MEDIA: Figure 7B

4.12. Sequencing of individual clonal tumors often revealed clonal enrichment of a single gRNA [1], which could be classified as a screen hit [2].
4.12.1. LAB MEDIA: Figure 7C. Video editor: Emphasize the dotted line rising up at 1000 in the “Clonal Tumor” plot 
4.12.2. LAB MEDIA: Figure 7C. Video editor: Emphasize the signal marked “Hit” in the “Clonal Tumor” plot 
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