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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?  Yes  
If Yes, can you record movies/images using your own microscope camera? Yes  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 09/30/2021
When you are ready to submit your video files, please contact our Content Engineer, Devon Halley. 


Current Protocol Length

Number of Steps:  34
Number of Shots:  55 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Ewelina Bolcun-Filas: This method can help answer one of the key questions in the reproductive field, namely how and when genetically regulated processes influence the size of the ovarian reserve, which impacts females' reproductive longevity.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B roll: 2.6.1 for ‘the ovarian reserve’

1.2. Ruby Boateng: This protocol can be adapted for large-scale studies using the same technique for intact ovaries from different developmental stages. It generates reproducible data by providing an efficient quantification of germ cells.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B roll: 6.11.1 for ‘reproducible data’

OPTIONAL:
1.3. Ruby Boateng: This method applied to genetically diverse animals of the same species, can provide insight into the genetic factors that regulate germ cell, ovarian development, and other developing organs.

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


Introduction of Demonstrator on Camera
1.4. Ewelina Bolcun-Filas: Demonstrating the procedure will be Nathaniel Boechat, a research intern from my laboratory and Philipp Henrich, a microscopy specialist from The Jackson Laboratory microscopy core.	Comment by Ewelina Bolcun-Filas: P.H will not be demonstrating

1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera


Ethics Title Card
1.1. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) The Jackson Laboratory.


Protocol
2. Perfusion, Dissection, and Fixation of Pubertal Ovaries
2.1. To start with the perfusion step [1], place and secure the anesthetized pubertal female mouse on its back by gently pinning all legs through the paw pads in a relaxed position onto a board [2-TXT]. 
2.1.1. WIDE: Establishing shot of the talent at the lab bench.
2.1.2. Talent securing mouse on the board. TEXT: Anesthesia: 0.35 mL tribromoethanol/ 10g body weight	Comment by ewelina bolcun: Mouse is secured on the board. Hopefully this will work as we would rather not re-shoot just this part
Perfusion video 0:00:01- 0:00:09

2.2. To open the thoracic cavity of the mouse, carefully cut the ribs on both sides of the sternum just below the scapula, avoiding puncturing the lungs [1]. Grab the skin or rib flaps with the forceps [2] and pin the flaps to expose the internal organs [3].
2.2.1. Talent cutting the ribs on both sides and opening the thoracic cavity.	Comment by Ewelina Bolcun-Filas: Perfusion video 0:01:00- 0:01:50

2.2.2. Talent grabbing the skin of the mouse.	Comment by Ewelina Bolcun-Filas: Perfusion video 0:02:00- 0:02:05
2.2.3. Talent pinning the flaps; exposed organs.

2.3. Use dissection scissors to snip the right atrium of the heart [1] and release blood from the system [2]. Then, by holding the heart with forceps, insert a perfusion needle into the left ventricle [3] and pump 10 milliliters of PBS (P-B-S) with a gentle and constant pressure [4]. 
2.3.1. Talent snipping the right atrium.	Comment by Ewelina Bolcun-Filas: Perfusion video 0:02:08- 0:02:11
2.3.2. Blood from the system.	Comment by Ewelina Bolcun-Filas: Perfusion video 0:02:12- 0:02:15
2.3.3. Talent holding a heart with forceps and inserting perfusion needle into the left ventricle.	Comment by Ewelina Bolcun-Filas: Perfusion video 0:02:36- 0:02:45
2.3.4. PBS is being pumped.	Comment by Ewelina Bolcun-Filas: Perfusion video 0:02:46- 0:02:50

2.4. When the tissues such as the liver, kidneys, and reproductive tract turn from pink to white [1], replace the PBS with freshly made 1% paraformaldehyde or PFA (P-F-A) [2] and continue perfusion with approximately 10 milliliters of PFA [3]. Videographer: This step is important!
2.4.1. Organs turn white	Comment by Ewelina Bolcun-Filas: Perfusion video 0:02:46- 0:03:00 and 0:03:24-0:03:28
2.4.2. Talent replacing PBS with 1% paraformaldehyde.	Comment by Ewelina Bolcun-Filas: Due to the setup we were unable to shoot 4.4.2 which is just moving tubing from container with PBS to container with PFA. 
2.4.3. Perfusion with PFA.	Comment by Ewelina Bolcun-Filas: Perfusion video 0:04:04- 0:04:14

2.5. Next, locate the fat pad with the ovaries below the kidney [1] and gently dissect the entire reproductive tract, including the fat pad, ovaries, and uterine horns, [2-TXT] to place it in a vial with 4% PFA [3]. 
2.5.1. The fat pad with the ovaries.	Comment by Ewelina Bolcun-Filas: Perfusion video 0:05:25- 0:05:43
2.5.2. Talent dissecting the entire reproductive tract. TEXT: For dissection of fetal and prepubertal ovaries refer to text.
2.5.3. Talent placing tract in a vial.	Comment by ewelina bolcun: Within a perfusion video	Comment by Ewelina Bolcun-Filas: Perfusion video 0:05:45- 0:05:51

2.6. Fix the ovaries at room temperature for 16 to 24 hours before replacing the 4% PFA with 70% ethanol [1].  On the day of the staining, trim the ovaries before proceeding with the immunostaining [2].
2.6.1. [bookmark: _Hlk86737796]Talent replacing 4% PFA with 70% ethanol.	Comment by Ewelina Bolcun-Filas: Video 2_6_1
2.6.2. SCOPE: 62972_screenshot_1. 00:11 – 00:25; 00:47 – 00:50; 01:45 – 01:50. Ovaries being trimmed.

3. Whole-mount Ovary Immunostaining
3.1. On day 1 of the immunostaining protocol, pipette 1 milliliter of PBS per well into the desired number of wells in a clean 24-well plate [1]. 
3.1.1. WIDE: Talent pipetting PBS into the wells in a clean 24-well plate.	Comment by Ewelina Bolcun-Filas: Video 3_1_1

3.2. Cut off the tip of a 1000-microliter pipette tip to make a wide opening [1] and use the wide tip to gently transfer the pubertal ovaries from vials with 70% ethanol into the wells [2-TXT]. Then, replace PBS in the well with fresh 0.8 milliliter of PBS [3]. Videographer: This step is important!
3.2.1. Talent cutting off the tip.	Comment by Ewelina Bolcun-Filas: Video 3_2_1
3.2.2. Talent transferring the ovaries. TEXT: For fetal and prepubertal ovaries: Cut off 200 mL pipette tip	Comment by Ewelina Bolcun-Filas: Video 3_2_2
3.2.3. [bookmark: _Hlk86737816]Talent replacing PBS in the well.	Comment by Ewelina Bolcun-Filas: This step is unnecessary. No shot

3.3. The next day, aspirate PBS from the wells [1] to replace it with 0.8 milliliters of the permeabilization buffer per well [2]. After incubating the plates on the shaker at room temperature for 4 hours [3], replace the permeabilization buffer with blocking buffer [4]. 
3.3.1. Talent aspirating PBS from the wells.	Comment by Ewelina Bolcun-Filas: Video 3_3_1  use 0:00:26-0:00:39
3.3.2. SCOPE: To be provided by authors: Talent adding the permeabilization buffer in the well.	Comment by Ewelina Bolcun-Filas: Video 3_3_2
3.3.3. Talent placing the plates on the shaker.	Comment by Ewelina Bolcun-Filas: Video 3_3_3
3.3.4. [bookmark: _Hlk86737880][bookmark: _Hlk86737829]Talent replacing the permeabilization buffer with blocking buffer.	Comment by Ewelina Bolcun-Filas: Video 3_3_4 

3.4. On day 3, prepare the primary antibodies by dilution in the blocking buffer [1]. To visualize the oocytes, incubate the prenatal and prepubertal ovaries with the oocyte markers [2-TXT]. 
3.4.1. Talent preparing the primary antibodies.	Comment by Ewelina Bolcun-Filas: Video 3_4_1
3.4.2. Talent adding antibodies to samples. TEXT: For marker and antibody details, refer to the text.	Comment by Ewelina Bolcun-Filas: Reuse Video 3_3_4 use 0:01:09- 0:01:15

3.5. On day 8, wash the samples with the fresh washing buffer for 2 hours [1]. Then, replace the washing buffer with 0.5 milliliters of the secondary antibody mixes diluted in a blocking buffer [2].
3.5.1. Talent washing the samples.	Comment by Ewelina Bolcun-Filas: Video 3_5_1 (removing liquid from wells and adding new one)
3.5.2. Talent adding secondary antibody mixes to samples.	Comment by Ewelina Bolcun-Filas: Video 3_5_2

3.6. Seal the plate with a parafilm to prevent evaporation [1] and incubate the samples at room temperature in the dark for 3 days [2-TXT]. 
3.6.1. Talent sealing the plate.	Comment by Ewelina Bolcun-Filas: Video 3_6_1
3.6.2. The samples at room temperature in the dark, TEXT: Alternatively, incubate plates covered with aluminum foil with gentle agitation	Comment by Ewelina Bolcun-Filas: Video 3_6_2


4. Clearing of Immunostained Whole-mount Ovaries
4.1. On day 11, after the immunostaining wash, aspirate the washing buffer [1] and incubate the samples with 0.8 milliliters of ScaleCUBIC-1 (Scale-Cu-bic-one) solution at 37 degrees Celsius for 3 days in the dark, changing the ScaleCUBIC-1 solution daily [2-TXT]. 
4.1.1. Talent aspirating washing buffer.	Comment by Ewelina Bolcun-Filas: Video 4_1_1
4.1.2. Talent placing plates on incubator shaker. TEXT: Refer to text for clearing fetal and prepubertal ovaries with Scales4(0)	Comment by Ewelina Bolcun-Filas: Video 4_1_2 or 4_1_2b

4.2. On day 15, wash the samples 3 times for 10 minutes in 0.8 milliliters of PBS at room temperature with gentle shaking [1]. Then, replace the PBS with 0.8 milliliters of the freshly prepared, degassed 20% sucrose with PBS, followed by gentle shaking at room temperature [2].
4.2.1. Talent washing the samples.	Comment by Ewelina Bolcun-Filas: Video 4_2_1
4.2.2. Talent adding degassed 20% sucrose.	Comment by Ewelina Bolcun-Filas: Video 4_2_2

4.3. After 1 hour, replace the 20% sucrose solution to treat the samples with 0.8 milliliters of the ScaleCUBIC-2 solution for 4 to 5 days, as explained earlier [1].
4.3.1. Talent placing the plates on incubatorthe shaker.	Comment by Ewelina Bolcun-Filas: Not in the incubator but on the bench at RT Video 4_3_1


5. Sample Setup and Imaging with a Multiphoton Microscope
5.1. [bookmark: _Hlk81987715]To prepare a sample setup, use a 200-microliter pipette tip with the tip cut off to transfer the pubertal ovaries [1-TXT] with 15 to 20 microliters of ScaleCUBIC-2 (Scale-cubic-two) solution into the middle of the adhesive well [2-TXT]. Videographer: This step is important!
5.1.1. WIDE: Talent transferring ovaries into the middle of the adhesive well. TEXT: For prenatal and prepubertal ovaries: 20 µL pipette cutoff tip, 5-10 microliters of ScaleS4(0)	Comment by Ewelina Bolcun-Filas: Video 5_1_1
5.1.2. Two adhesive wells with transferred prepubertal and pubertal ovaries. TEXT: multiple ovaries fit into the well

5.2. Once the ovaries are transferred into the individual well with a drop of clearing solution, gently place a cover glass on the adhesive well and press to create a seal, sandwiching the samples in clearing solution between two coverslips [1]. For imaging, place the coverslip sandwich in a 3D printed microscope adapter slide [2-TXT]. Videographer: This step is important!
5.2.1. Talent placing a cover glass on the adhesive well and pressing to create a seal.	Comment by ewelina bolcun: All in video 5_2_1
5.2.2.   Adhesive well with transferred pubertal ovaries. TEXT: multiple ovaries fit into the well	Comment by Ewelina Bolcun-Filas: Moved and adjusted text
5.2.3. 
5.2.4. Talent placing theshowing coverslip sandwich in a 3D printed microscope adapter slide. TEXT: Protect mounted samples from light until imaging. 

5.3. Set up the parameters for image acquisition according to the microscopy core’s or the manufacturer’s specifications [1]. If available, use the bidirectional image acquisition to reduce the scanning time and improve efficiency. Adjust the line average, frame average, and frame accumulation in the software [2].
5.3.1. Talent at the computer; talent opens the software.	Comment by Ewelina Bolcun-Filas: Video 5_3_1
5.3.2. SCREEN: 62972_screenshot_2.mp4. 00:55-1:16. Parameters being set. Line average, frame average, and frame accumulation in the software being adjusted.

5.4. Set up the Z-Stack by identifying the beginning and the end position. Then, select a Z-step size of 2 micrometers for prepubertal ovaries and 5 micrometers for pubertal ovaries [1].
5.4.1. SCREEN: 62972_screenshot_2.mp4. 01:29 – 01:40; 02:50 – 03:14. Z-stack being set up. Z-step size for ovaries being selected.

5.5. Next, activate the Z-compensation feature and the excitation gain. Set the Z-compensation for the bottom and top of the sample by selecting a laser intensity for both [1].
5.5.1. SCREEN: 62972_screenshot_2.mp4. 03:14 – 03:40. The Z-compensation feature and then the excitation gain being activated.

5.6. Use the tiling mode for larger samples that cannot be captured in a single field of view. Activate the image navigator and indicate the number of tiles needed to capture the entire sample with the rectangular marking tool [1].
5.6.1. SCREEN: 62972_screenshot_2.mp4. 03:55 – 03:59; 05:32 – 05:40; 06:21 – 06:27. Tiling mode being used and the number of tiles being indicated.

5.7. Once the setting is done, start the image acquisition. For the images with multiple tiles, begin image acquisition with the navigator to capture all tiles [1]. 
5.7.1. SCREEN: 62972_screenshot_2.mp4. 07:54 – 07:59. Images being acquired.

5.8. After the image acquisition, save all the images, and if multiple tiles were acquired, run the mosaic-merge tool to merge the tiles into a single image [1].
5.8.1. SCREEN: 62972_screenshot_2.mp4. 37:00 – 37:34. Images being saved and merged.


6. Oocyte Quantification
6.1. To determine the size of the oocytes, open the image and select the Slice option to open the Z-stack image [1].
6.1.1. SCREEN: 62972_screenshot_3.mp4. 00.03 –  00.05. Z-stack image being opened.

6.2. Select the Line option in the Measure panel and measure the distance by drawing a line from one edge of an oocyte or marker to the other edge at the widest point to determine the XY diameter of the oocyte [1].
6.2.1. SCREEN: 62972_screenshot_3.mp4. 00:10 –  00:24. XY diameter of the oocyte being measured.

6.3. Move through the stack and obtain the range of diameters for multiple oocytes of the same type. Use the shortest length as the size selection criterion for oocyte counts [1].
6.3.1. SCREEN: 62972_screenshot_3.mp4. 00:24 – 00:48. Multiple oocytes being measured.

6.4. Next, in the 3D View option, select the Spots feature. In the Scene panel, activate the Add new Spots function to open the Algorithm panel. Then, deselect all the algorithm settings as the size selection filter with the oocyte size obtained earlier [1].
6.4.1. SCREEN: 62972_screenshot_4.mp4. 00:58 – 01:03. 3D View option and Spots feature are being selected and all the algorithm settings being deselected.

6.5. Click on the single forward arrow to move to the Source Channel. Then, select the Channel with the preferred marker and type the acquired diameter in the Estimated XY Diameter [1-TXT].
6.5.1. SCREEN: 62972_screenshot_4.mp4. 01:04 – 01.09. The acquired diameter being entered. TEXT: Refer to text for details about diameter

6.6. After the size selection, activate the Model PSF-elongation and Background subtraction, which are automatically determined. Then, choose the single forward arrow to move to the Filter Spots panel and add the Quality filter to determine a threshold [1]. 
6.6.1. SCREEN: 62972_screenshot_4.mp4. 01:09 – 01:26. The threshold being determined.

6.7. To ensure the accurate estimation of oocyte numbers, enlarge the image. Later, click on the double arrow to finish automated counts [1].
6.7.1. SCREEN: 62972_screenshot_4.mp4. 01:48 – 01:50. Automated count being run and finished.

6.8. Use the Edit tab to manually select missed oocytes or deselect non-oocyte particles selected by the automatic threshold. When done, record the data in the Statistics tab under the Overall tab for further analysis [1].
6.8.1. SCREEN: 62972_screenshot_4.mp4. 01:54 – 02:12; 02:54 – 03:00. Oocytes being edited, and data being recorded.

6.9. To estimate the total oocyte numbers in the damaged ovaries, open images of the intact ovaries with IMARIS (IMA-RIS) and select the Frame feature. Under the Frame Settings, select the Box, Grid, Tickmarks, and Axis labels. In the Position X/Y/Z (x-y-z) tab, select 200 micrometer to generate tickmarks with 200-micrometer spaces in all X/Y/Z positions [1]. 
6.9.1. SCREEN: 62972_screenshot_4.mp4. 03:42 – 03:46. Positions being selected.

6.10. Using the 200-micrometer tickmarks, select the oocytes that fall within 50% of the volume of each ovary. Click on the Spots feature and select the Edit Labels to classify the oocytes that fall within the 50% region by color [1].
6.10.1. SCREEN: 62972_screenshot_4.mp4. 04:47 – 05:08. 04:47 – 05:08. Oocytes being selected and classified.



Results
7. Results: Quantitative and Qualitative Analysis of the Ovaries using Immunostaining, Multiphoton Microscopy, and 3D Visualization 
7.1. In the representative greyscale multiphoton images of the non-perfused and perfused ovaries [1], the small oocytes in primordial follicles with a thin layer of the cytoplasmic DDX4 staining could be seen [2]. Additionally, the larger oocytes within the growing follicles were spotted [3].
7.1.1. LAB MEDIA: Figure 2 C.
7.1.2. LAB MEDIA: Figure 2 C. Video Editor: Sequentially emphasize closed arrows from the non- perfused and perfused ovaries
7.1.3. LAB MEDIA: Figure 2 C. Video Editor: Emphasize open arrows

7.2. The 3D renderings from the multiphoton images [1] of the prenatal [2] and the postnatal ovaries were studied [3]. At the postnatal day 28 [4], the ovary from the control non-irradiated female [5] contained a large population of small oocytes in the primordial follicles [6]. 
7.2.1. LAB MEDIA: Figure 3.
7.2.2. LAB MEDIA: Figure 3. Video Editor: Sequentially emphasize E15.5 and E18.5 columns
7.2.3. LAB MEDIA: Figure 3. Video Editor: Sequentially emphasize P0 to P28 columns
7.2.4. LAB MEDIA: Figure 3. Video Editor: Show both images of P28
7.2.5. LAB MEDIA: Figure 3. Video Editor: Emphasize non-IR image of P28
7.2.6. LAB MEDIA: Figure 3. Video Editor: Emphasize arrows in inset for non-IR image of P28

7.3. In contrast, the ovary from the irradiated female with 0.5 Gray of the gamma-radiation [1] was completely devoid of small oocytes in the primordial follicles, but larger oocytes were still present [2]. 
7.3.1. LAB MEDIA: Figure 3.
7.3.2. LAB MEDIA: Figure 3. Video Editor: Emphasize IR image of P28
7.3.3. LAB MEDIA: Figure 3. Video Editor: Emphasize arrow in inset for IR image of P28

7.4. For the quantification of the oocytes [1], the 3D multiphoton images [2] were processed in the IMARIS (IMA-RIS)software using the Gaussian filter [3], and the oocytes of small and large sizes were identified [4] and quantified using the spot feature [5]. 
7.4.1. LAB MEDIA: Figure 4 A.
7.4.2. LAB MEDIA: Figure 4 A. Video Editor: Emphasize left column
7.4.3. LAB MEDIA: Figure 4 A. Video Editor: Emphasize middle column
7.4.4. LAB MEDIA: Figure 4 A. Video Editor: Emphasize right column
7.4.5. LAB MEDIA: Figure 4 B. Video Editor: Uppermost image

7.5. Next, the average percentage of the oocytes was calculated at each stage compared to the average number present in the earliest stage, E15.5 (E-fifteen-point-five). Oocyte numbers sharply decline between E.15.5 and E18.5 (E-eighteen-point-five) [1]. 
7.5.1. LAB MEDIA: Figure 4 B. Video Editor: Lower image

7.6. The E15.5 and E18.5 fetal oocytes express [1] LINE-1 ORF1p as seen in the multiphoton images [2]. The intensity analysis showed [3] higher expression of LINE-1 ORF1p per oocyte at E18.5 [4] than E15.5 [5].
7.6.1. LAB MEDIA: Figure 5 A.
7.6.2. LAB MEDIA: Figure 5 A, B. Video Editor: Emphasize blue cells
7.6.3. LAB MEDIA: Figure 5 C. 
7.6.4. LAB MEDIA: Figure 5 C. Video Editor: Emphasize black plot for E18.5
7.6.5. LAB MEDIA: Figure 5 C. Video Editor: Emphasize black plot for E15.5

7.7. The ovaries with small damage can be used for analysis. Total oocyte numbers are determined using computational correction. The representative model shows [1] GCNA (G-C-N-A) -positive oocytes in the E15.5 ovary with the five 10% regions highlighted in an intact ovary [2]. 
7.7.1. LAB MEDIA: Figure 6 A.
7.7.2. LAB MEDIA: Figure 6 A. Video Editor: Emphasize intact ovary image

7.8. Similarly, a simulated ovary with 10% incremental regions missing up to 50% of the ovary was generated [1]. 
7.8.1. LAB MEDIA: Figure 6 A.  Video Editor: Sequentially emphasize images in row from image no. 2 to 6

7.9. The total oocyte numbers in the simulated ovaries were compared to the original intact ovaries [1], and the difference was presented as the percent deviation [2].
7.9.1. LAB MEDIA: Figure 6 C.
7.9.2. LAB MEDIA: Figure 6 C. Video Editor: Emphasize title of y-axis 




Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements
8.1. Ruby Boateng:  Good perfusion results in good image quality, so ensure tissues are cleared with PBS before switching to PFA. Ensure the ovary is completely exposed by trimming away the somatic tissue. 	Comment by Ewelina Bolcun-Filas: Video 8_1
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.3.4 for ‘good perfusion’, 2.4.3 for ‘switching to PFA’ and 2.6.2 for ‘trimming away’


8.2. Ewelina Bolcun-Filas: The protocol allows efficient analysis of a large number of samples. Quantitative data obtained from genetic reference populations such as Collaborative Cross or Diversity Outbred will help identify genetic modifiers of oocyte development and oocyte numbers. 	Comment by Ewelina Bolcun-Filas: Video 8_2
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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