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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _
To clarify: Our protocol will require images and videos taken on a stereo dissecting microscope. We have several Leica stereo dissecting miscroscopes in the lab that can be used, such as an MZ5, M60, M80 and M165FC. Even though we have a camera adaptor for our M165FC and Zeiss Axiocam MrC and Mrm with cameras that can be used for stills and videos, we ideally would like to be able to use the eye pieces for the dissection while the image is being filmed. If your team has adapters to use their equipment for this footage, that would be ideal. Otherwise we can obtain adapters from Leica, so long as we know what kind would be needed. Our videographer will have adapters.

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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.
We use both Mac and Windows machines. Windows machines for the segmentation steps of the analysis, Macs for the data processing.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.6, 2.9, 3.3, 4.4____
D.  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. (Please do not list entire sections.) __3.3, 4.1, 4.2
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? _ 
Two rooms in the Rockefeller Research Labs building (430 East 67th Street, New York, NY10065) will be used. RL1023 will be used for the software demonstration and RL1053 for the wet-lab experiments. The rooms are in close proximity.
There will be two authors exclusively featured in the video: Nestor Saiz and Min Kang. I would suggest that Dr Saiz demonstrate the wet-lab parts of the protocol (to be filmed in RL1053), and Ms. Kang the software used for image analysis (to be filmed in RL1023).



1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to quantify protein levels in situ in mouse preimplantation embryos. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Nestor Saiz: This method allows us to perform high-throughput analysis of confocal microscopy images, with single-cell resolution, in a semi-automated way. 
1.2. Min Kang: This method can be used to quantify protein concentration on confocal images where there is high nuclear density and when one wants to study heterogeneities within cell populations.   


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

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Memorial Sloan Kettering Cancer Center, protocol  #03-12-017.


Protocol (read by voice talent at JoVE):

2. Embryo Collection

2.1. To begin, use an open flame on a glass Pasteur pipette [2.1.1-WIDE/MED] to draw a capillary end at the tip [2.1.2-CU]. Gently rub the far end of the pipette against the capillary to break it while creating a blunt end.
2.1.1. Talent at bench places Pasteur pipette into flame
2.1.2. Talent pulls capillary end at tip 
2.1.3.  Talent breaks off the end of pipette
2.2. After sacrificing a pregnant female mouse on the desired embryonic day of development [2.2.1-MED/CU], expose the abdominal viscera according to the text protocol and locate the uterus [2.2.2-CU/ECU]. 
2.2.1. Talent lays sacrificed mouse on work bench
2.2.2. Talent finishes exposing the viscera and locates the uterus
2.3. Hold the cervical end, cut through the cervix and gently pull up to stretch both uterine horns [2.3.1-CU/ECU]. Trim the fat from it, taking care not to pierce the uterine wall [2.3.2-CU/ECU]. Cut above the oviducts, below the ovaries to release the entire uterus [2.3.3-CU/ECU] and place on a Petri dish [2.3.4-CU].
Step 2.3 – 2.8 can be filmed sequentially.
2.3.1. Film as written
2.3.2. Film as written
2.3.3. Film as written
2.3.4. Film as written
2.4. Next, cover the uterus with PBS [2.4.1-CU] and separate both uterine horns by cutting through the proximal end on both sides of the cervix [2.4.2-CU]. Then separate each oviduct from the uterus by cutting below the isthmus that connects them [2.4.3-ECU]. 
2.4.1. Film as written
2.4.2. Film as written
2.4.3. Film as written
2.5. Under a dissection microscope [2.5.1-MED], use a 1 ml syringe with a hypodermic needle [2.5.2-CU] to flush the blastocysts out of the uterus and into manipulation medium by forcing 0.5 – 1 ml of medium through each horn from the cervical opening [2.5.3-SCOPE].
2.5.1. Talent sitting at dissecting scope
2.5.2. Talent picks up syringe of medium
2.5.3. Talent flushes a blastocyst out of uterus into medium
2.6. Allow up to 1-2 minutes for blastocysts to sink to the bottom of the dish after flushing [2.6.1-CU/ECU. Then locate the blastocysts [2.6.2-SCOPE/ECU], and using the mouth-controlled glass Pasteur pipette with a capillary end [2.6.3-CU], collect the blastocysts [2.6.4-SCOPE] and transfer to a fresh drop of medium [2.6.5-SCOPE].
2.6.1. Dish with blastocysts sinking to bottom
2.6.2.  Blastocysts at bottom of dish
2.6.3. Talent attaches glass pipette to end of moth pipette
2.6.4. Film as written
2.6.5. Film as written, Authors: if blastocysts have ZP here, please point out.  Editor, if ZP present and pointed out, use a still frame to place next to the blastocyst with the ZP gone in 2.7.2 and label before and after.
2.7. After rinsing the blastocysts, remove the Zona Pellucida by using acidic Tyrode’s solution to briefly wash the embryos [2.7.1-SCOPE/ECU-TXT]. As soon as the zona is no longer visible [2.7.2-SCOPE], transfer the blastocysts back to manipulation medium [2.7.3-SCOPE/ECU].
2.7.1. Talent transfers blastocysts to Tyrode’s solution (TEXT: refer to text protocol)
2.7.2. Blastocysts with zona gone next to blastocysts with zona still intact (Still frame from 2.6.5)
2.7.3. Film as written
2.8. Wash the blastocysts in room temperature PBS [2.8.1-SCOPE/ECU] and fix them by transferring to 4% PFA in PBS for 10 minutes at room temperature [2.8.2-CU].  After fixation, transfer the blastocysts back to PBS for storage at 4ºC [2.8.3-CU].
2.8.1. Film as written
2.8.2. Talent move embryos to PFA
2.8.3. Talent transfers embryos back to PBS


3. Confocal Imaging 
3.1. After carrying out immunofluorescence according to the text protocol [3.1.1-CU], use a fine mouth pipette [3.1.2-CU] to make microdrops of PBS or nuclear stain solution on the glass surface of a 35 mm glass-bottom dish [3.1.3-CU/ECU] and cover them with mineral oil [3.1.4-ECU].
3.1.1. Talent uncovers embryos that are staining with DNA stain and adds PBS to rinse – have the samples labeled with the antibodies used
3.1.2. Talent attaches glass pipette to end of moth pipette 
3.1.3. Film as written
3.1.4. Film as written
3.2. Place the embryos in the microdrops and arrange in a consistent manner, preferably with the ICM cavity axis parallel to the glass surface [3.2.1-SCOPE/ECU]. Then set up the dish on the microscope holder [3.2.2-MED/CU].
3.2.1. Talent places embryos into microdrops and arranges consistently
3.2.2. Film as written
3.3. To carry out confocal imaging, use the lowest laser power that provides a strong signal-to-noise ratio without bleaching the fluorophores [3.3.1-SCREEN/LM]. 	
3.3.1. Talent sets up laser power 
3.4. Adjust the gain and offset to obtain the widest dynamic range without overexposing the sample. Capturing most of or the entire gray scale range will facilitate the detection of small differences in intensity between images [3.4.1-SCREEN/LM].
3.4.1. Record as written, capturing most of the entire gray scale range
3.5. Follow the additional details outlined in the text protocol to image embryos throughout the entire Z-axis [3.5.1-SCREEN/LM].
3.5.1. Talent sets up Z step size and begins to image embryos
4. Image Analysis and Data Pre-processing 
4.1. Follow the graphic user interface of the Matlab based segmentation tool Modular Interactive Nuclear Segmentation, or MINS to load a confocal image or an entire Z-stack of raw data generated by the microscope [4.1.1-SCREEN/LM-TXT].
4.1.1. Talent uses MINS to load image or Z stack (TEXT: refer to Table 2 of the text protocol for additional details).  
4.2. To view the outcome of each step, click the corresponding ‘View’ button.  A yellow tag above the button indicates operation in process, a green tag indicates operation completed [4.2.1-SCREEN/LM].
4.2.1.   Talent clicks on view button and a yellow tag appears during operation in process.  Then talent clicks on.  Then talent clicks on view again and green tag appears when operation is complete.
4.3. Assess the outcome of the detection step, before proceeding to segmentation. If it is not satisfactory, modify the detection parameters and re-run it [4.3.1-SCREEN/LM].
4.3.1. Talent assess outcome of detection then modifies and reruns
4.4. From the Batch-Mode Run menu, click ‘Add files’ and load all files to be processed at once.  Click ‘Start Batch-Mode Run’ and allow time for the software to process the files.  Segmentation output will be saved in the same directory as the original files [4.4.1-SCREEN/LM].
4.4.1. Talent clicks add files and loads files.  Then talent clicks start batch-mode run and software processes files and saves in directory.
4.5. Identify false positives such as apoptotic vesicles or other elements that are not intact nuclei, but which may have been identified as such by MINS [4.5.1-SCREEN/LM].
4.5.1. Talent uses cursor to point out false positives
4.6. Delete the corresponding records for false positives from the *statistics.csv file.  Preserve the original *statistics.csv file for future reference and edit only a copy of it [4.6.1-SCREEN/LM].
4.6.1. Talent deletes one or more records for false positives
4.7. If a nucleus has been over segmented and presented as 2 or more nuclei, either merge the records by averaging their intensity level or keep one of the records for that cell and discard the rest [4.7.1-SCREEN/LM].
4.7.1. Talent points out a nucleus that has been over segmented and then merges the records (or discards one).
4.8. To resolve under-segmentation, identify events where MINS has failed to detect the border between two or more nuclei and segmented them as a single one or where it has failed to detect a nucleus altogether [4.8.1-SCREEN/LM].
4.8.1. LAB MEDIA Figure 3A d, Editor, for failing to detect the border between two or more nuclei, add in the arrow in the two right hand panels that is pointing to a thin border between two nuclei.   If there is time, also show 3B and the asterisk that is on the blue cell that turns into two cells (#1-23).  
4.9. Use ImageJ to measure the average gray level for each channel in the under- or un-segmented cells [4.9.1-SCREEN-TXT].
4.9.1. Talent measures average gray level for a channels (TEXT: http://imagej.nih.gov/ij/) [4.10 – 4.12 are describing the measuring steps]
4.10. Next, find a medial section of the under or un-segmented nucleus [4.10.1-SCREEN/LM].  On the DNA channel, using the freehand selection tool, outline the perimeter of the under-or un-segmented nucleus [4.10.2-SCREEN/LM].
4.10.1. Talent points out a medial section of an under or unsegmented nucleus
4.10.2. Record as written
4.11. Then, press Ctrl+M or go to the Analyze menu and select ‘Measure’. This will record the Mean gray value for the area outlined and will display it on a new window [4.11.1-SCREEN/LM].
4.11.1. Talent chooses analyze and measure and the mean gray value is displayed in a new window
4.12. Using the same outlined area just selected in the DNA channel, repeat the measurement of each of the fluorescence channels of interest.  The results will be appended to the previous one on the measurements ‘Results’ window [4.12.1-SCREEN/LM].
4.12.1. Record as written
4.13. Then use the measurements obtained to replace the erroneous records in the *statistics.csv file [4.13.1-SCREEN/LM].  
4.13.1. Record as written, or provide a .csv file showing the new records
4.14. If the nucleus has not been segmented, insert a new row, assign it a new Cell ID and introduce the values obtained in ImageJ under the corresponding column for each channel.  This cell will not have spatial coordinates [4.14.1-SCREEN/LM].
4.14.1. Record as written and talent points out the lack of spatial coordinates; Editor, point out that there are  no spatial coordinates
4.15. If the nucleus has been under-segmented, duplicate its row, assign different Cell IDs to each new cell and introduce the values obtained in ImageJ under the corresponding column.  In this case, both cells will share spatial coordinates [4.15.1-SCREEN/LM].
4.15.1. Record as written and talent points out the spatial coordinates; Editor, point out the spatial coordinates
4.16. When mitotic nuclei are to be considered separately in the analysis, manually score them [4.16.1-SCREEN/LM] and add the information to the data file. Refer to the text protocol for additional image processing instructions [4.16.2-SCREEN/LM].
4.16.1. Talent scores mitotic nuclei
4.16.2. Talent adds scores from mitotic nuclei to data file
5. Results: Lineage Specification Analysis in Mouse Preimplantation Embryos 
5.1. This figure shows examples of intact blastocysts at different stages with an expanded cavity [5.1.1-LM].  
5.1.1. LAB MEDIA Figure 2A-D (Editor, begin with JoVE_Figure2_noarrows.pdf and add in the arrows as mentioned below).
5.2. Shown here are examples of good antibodies for a number of nuclear proteins including CDX2, GATA4, GATA6, NANOG, and OCT4 [5.2.1-LM].  This sample was labeled with the cytoplasmic protein DAB2 that gives a high signal to noise ratio [5.2.2-LM].
5.2.1. LAB MEDIA Figure 2A, Editor, zoom in on 2A here and point out the different panels with the names for nuclear proteins when mentioned
5.2.2. LAB MEDIA Figure 2B, Editor, zoom in on the panels in B here and point out the DAB2 panels at the bottom left when mentioned.
5.3. In this panel, examples of a bad staining for GATA4 with a low signal to noise ratio are shown where the samples were only fixed for 10 minutes. This particular anti-GATA4 antibody requires overnight fixation to provide a strong signal [5.2.3-LM].
5.3.1. LAB MEDIA Figure 2C, Editor, zoom in on the panels in C here and point out the GATA4 panels at the bottom when mentioned in the first sentence.
5.4. These embryos were imaged with a 40X oil immersion objective with an NA of 1.30 and a 0.17 mm working distance.  The middle panels show magnifications of the ICMs where individual nuclei and the border between them can be distinguished [5.4.1-LM].
5.4.1. LAB MEDIA Figure 2D, Editor, for the ‘middle panel’, zoom in on the middle row that is labeled ‘Nuclei’ and point out some of the bright circles at their borders.
5.5. The bottom panels illustrate how the more advanced the embryo, the higher the nuclear density and thus the greater the chance of segmentation errors [5.5.1-LM]. 
5.5.1. LAB MEDIA Figure 2D, Editor, zoom in on the bottom panels when mentioned and for ‘the greater the chance of segmentation errors,’ add in the arrow head in the third image and the arrow in the fourth image.

5.6. These images show errors that MINS can commit, such as detecting apoptotic nuclei as live cells, over-segmentation, or under-segmentation [5.6.1-LM].
5.6.1. LAB MEDIA Figure 3 (Editor, begin with JoVE_Figure 3_noarrows.pdf), Editor, for apoptotic nuclei, add in the asterisks in 3Aa, Ab, Ad.  For over-segmentation, add in the arrow and arrowheads in 3Ac, and for under-segmentation, add the arrow in 3Ad.   

5.7. This sequence of Z-slices reveals an under-segmentation event, where two cells have been identified as one [5.7.1-LM].  
5.7.1. LAB MEDIA Figure 3B, Editor, point out the middle left panel containing the two asterisks for two cells and point out the panels above and below it with only one asterisk for cells being identified as one.

6. Conclusion (said by authors on camera)

6.1. Min Kang: Once mastered, this protocol can be carried out in 3-4 days, from beginning to end, with a time burden of 2-4h per day.
6.2. Min Kang: While performing this procedure, it’s important to remember to be very consistent with the experimental conditions, that is, immunofluorescence protocol and imaging parameters. 
6.3. Nestor Saiz: After its development, this technique paved the way for researchers in the field of mouse developmental biology to perform in situ, quantitative analyses of gene and protein expression in single cells. 
6.4. Nestor Saiz: After watching this video, you should have a good understanding of how to acquire image data that is appropriate for quantitative in situ expression analysis.
6.5. [bookmark: _GoBack]Nestor Saiz: Remember to observe all local and institutional regulations when working with animals. Take precautions when working with sharp objects, such as the mouth pipette, forceps, syringes and scissors. If preparing PFA solutions from powder, work in a fume hood and wear appropriate PPE. 


Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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