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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: _ We are going to use two dissecting microscopes in this video: ZEISS stemi 2000-C and Olympus SZX10 BS040450_

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 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.

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.) ____3.4, 3.5, 5.4, 5.5

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.) ___3.5

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? __

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 these procedures is to demonstrate how to precisely transfer cells or DNA into early post-implantation mouse embryos. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Dr. Yali Huang: This method can help answer key questions in the developmental biology field, such as the in vivo potential of in vitro cultured cells and functions of certain genes in specific embryonic stages. 
1.2. Author Name: The main advantage of these techniques is that they do not require any specialized equipment and render experimental manipulations of early post-implantation mouse embryos possible.   
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 UK Home Office Regulations as specified in the Animals (Scientific Procedures) Act (1986) under Project License number 60/4435 at The University of Edinburgh.
Protocol (read by voice talent at JoVE):

2. Dissecting E7.5 or E8.5 Postimplantation Embryos for ex vivo Culture
2.1. After sacrificing a pregnant female on day E7.5 or E8.5 according to the text protocol [2.1.1-WIDE], use scissors and forceps to isolate the uterus [2.1.2-MED/CU] and place it in a 30 mm dish filled with M2 medium [2.1.3-CU].
2.1.1. Talent places sacrificed female onto surgical area on bench
2.1.2. Film as written

2.1.3. Film as written 2.1.2 and 2.1.3 in one shot
2.2. With two pairs of fine forceps, carefully tear apart the myometrium [2.2.1-SCOPE/ECU].  Then peel away the deciduas, being careful not to puncture the extraembryonic cavities [2.2.2-SCOPE/ECU].
2.2.1. Film as written

2.2.2. Film as written  

2.3. Remove the Reichert’s membrane by using forceps to pinch it and slowly separate it from the embryo [2.3.1-SCOPE].
2.3.1. Film as written

2.4. Then under a stereo dissecting microscope, check the embryos to ensure that the yolk sac, amnion, and ectoplacental cone are intact [2.4.1-SCOPE]. 

2.4.1. Talent points out yolk sac, amnion, and ectoplacental cone; Editor, point out these structures with the VO

2.5. With a pipette, transfer the embryos to a clean dish of M2 [2.5.1-CU SCOPE] and place on a 30 mm plastic Petri dish lid on ice, or an ice platform, to partially chill the embryos [2.5.2-MED/CU-TXT].  

2.5.1. Film as written
2.5.2. Film as written (TEXT: can be stored here ~1.5 hrs)

2.6. Prepare culture medium and culture embryos according to the text protocol [2.6.1-MED/CU]. 
2.6.1. Shot of prepared culture medium and talent uses it to culture embryos

3. Grafting Cultured Cells into E7.5 or E8.5 Mouse Embryos
3.1. To graft cultured cells into mouse embryos, begin by using a 200 uL pipette tip [3.1.1-CU] to physically scrape epiblast stem cells, or EpiSCs, which ubiquitously express GFP, from a 6-well culture plate [3.1.2-SCOPE/ECU].  Transfer the cells into the dish containing the embryos [3.1.3-CU SCOPE].  

3.1.1. Talent picks up pipette tip and begins scraping cells
3.1.2. Talent scrapes cells under scope

3.1.3. Film as written
3.2. Attach a hand-pulled grafting capillary to the aspirator tube to make a mouth pipette [3.2.1-CU].  Gently suck the mouth pipette [3.2.2-CU SCOPE] to draw one or more cell clumps of greater than 20 cells into the grafting capillary [3.2.3-ECU].  Then gently blow out the cells to disperse large clumps [3.2.4-CU/ECU].
3.2.1. Film as written

3.2.2. Film as written

3.2.3. A clump of cells is seen entering the capillary
3.2.4. Film as written 3.2.2-3.2.4 all in one shot
3.3. Select one clump containing about 10 to 20 cells and draw it into the grafting capillary again, keeping the clump close to the opening of the capillary [3.3.1-SCOPE/ECU]. [3.3.2-SCOPE/ECU]
3.3.1. Film as written (this shot may be not good because the camera can’t focus on the cells.)
3.3.2. Shot of clump in capillary not moving 
3.4. With a pair of forceps, hold the embryo loosely in place [3.4.1-ECU SCOPE] and insert the grafting capillary into the region of interest to create an opening [3.4.2-SCOPE/ECU].
3.4.1. Film as written

3.4.2. Film as written

3.5. Gently expel the clump out of the grafting capillary [3.5.1-CU], leaving the short string of 10 to 20 cells lodged in the embryo [3.5.2-SCOPE/ECU]. [3.5.3-SCOPE/ECU] 
3.5.1. Talent expels from capillary

3.5.2. Cells exit capillary and enter embryo 3.5.1 and 3.5.2 in one shot
3.5.3. Talent expels cells into another embryo

3.6. Dr. Yali Huang, Step 3.5: It’s important to gently expel the clump and withdraw the grafting capillary from the embryo at the same time.  Also, make sure the cell clump is inserted in the host [3.6.1-INTERVIEW].
3.6.1. Talent recites the above statement looking off camera documentary style
3.7. Leave the embryos in the same dish of M2 medium [3.7.1-CU] and use a fluorescence compound dissecting microscope and camera to image the grafted embryos [3.7.2-LM].  Keep the imaging time to a minimum to avoid exposure of the embryos to excessive light and heat [3.7.3-MED].
3.7.1. Embryos in dish of M2

3.7.2. LAB MEDIA Figure 2A

3.7.3. Talent at scope imaging and then moves plate from stage
3.8. Immediately after imaging, using a pastette, transfer the embryos with a minimal volume of M2 medium to pre-equilibrated culture medium and culture according to guidelines in the text protocol [3.8.1-CU-TXT].

3.8.1. Talent transfers embryos to pre equilibrated culture medium (TEXT: refer to text protocol for medium instructions) (Comment: 3.8.1 there is no “take 1”. This shot starts at “take 2”.)
4. Handmade Electroporation Materials and Apparatus Setup
4.1. Prior to carrying out electroporation experiments, use a horizontal micropipette puller to pull DNA injection pipettes [4.1.1-MED/CU] with a fine tip and an opening of less than 10 um to avoid tissue damage [4.1.2-ECU].
4.1.1. Talent pulls micropipettes 
4.1.2. [split shot] and removes one from the machine
4.1.3. [previously 4.1.2] Talent holds micropipette up for camera or against a background that easily shows the fine tip

4.2. For glass capillary electroporation, use a microforge to cut the opening of the DNA injection pipettes [4.2.1-CU] to an internal diameter of either 20 or 30 um with a clean tip and no broken edges [4.2.2-ECU].  

4.2.1. Film as written

4.2.2. Similar to 4.1.2, show the tip of the injection pipette as clean and with no broken edges

Please move step 4.5 above 4.3
4.3. To prepare a handmade capillary electrode, insert a 0.2 mm diameter platinum wire into an electroporation glass capillary with a fixed opening of 20 or 30 um diameter to focus the electric current and deliver the plasmid DNA to a small region of interest in the embryo [4.3.1-ECU -TXT].

4.3.1. Film as written, Videographer, get enough footage for the entire VO here (TEXT: anode),

4.4. To make an L-shaped electrode, bend a 0.2 mm diameter platinum wire creating an ‘L’ shape, with the horizontal portion of the L around 1 mm in length [4.4.1-ECU-TXT]. 

4.4.1. Film as written (TEXT: cathode)
4.5. Attach each platinum electrode to a thin insulated wire [4.5.1-CU] and insert it into a microinjection needle holder covered with insulation tape [4.5.2-CU/ECU].
4.5.1. Film as written

4.5.2. Film as written 4.5.1-4.5.2 in one shot.
4.6. Mount the needle holders on standard micromanipulation instrument holders [4.6.1-MED/CU].
4.6.1. Film as written

4.7. Connect the capillary electrode to the anode of the power supply [4.7.1-CU].  Connect the L-shaped electrode to the anode of the multimeter [4.7.2-CU].  Then connect the cathode of the multimeter to the cathode of the power supply [4.7.3-MED/CU].
4.7.1. Film as written

4.7.2. Film as written

4.7.3. Film as written 4.7.1-4.7.3 all in one shot.
5. Electroporation of E7.5 or E8.5 Embryos

5.1. Fill the electroporation glass capillary with PBS to within 1-2 mm of the top [5.1.1-CU] and insert the straight platinum electrode into the glass capillary until it reaches the bottom of the capillary [5.1.2-CU/ECU].
5.1.1. Film as written

5.1.2. Film as written

5.2. Anchor the L-shaped electrode on the surface of the 30 mm petri dish filled with PBS [5.2.1-CU].
5.2.1. Film as written

5.3. Use a pneumatic pico pump for DNA injection [5.3.2-CU]. Insert the injection needle from the lateral epiblast into the amniotic cavity of the embryo and inject approximately 5 ul of DNA solution into the cavity or until it is completely full [5.3.1-SCOPE/ECU].  Take care not to burst the embryo [5.3.3-SCOPE/ECU-TXT]. 
5.3.1. Film as written move 5.3.2 above 5.3.1.
5.3.2. Shot of pico pump ready to inject into embryo 
5.3.3. Film as written (TEXT:  pCAG-Cre:GFP or pCAG-GFP; 1-1.5 µg/mL w/0.01% green food coloring) 5.3.1 and 5.3.3 in one shot.
5.4. Then carefully position the embryo between the electrodes and move the capillary electrode to the precise location where the DNA is to be delivered [5.4.1-SCOPE/ECU].  
5.4.1. Film as written

5.5. Using 200 volts in 6 pulses, each 50 milliseconds in duration [5.5.1-CU], electroporate the embryo [5.5.2-SCOPE/ECU] with a one second interval between each pulse [5.5.3-SCOPE/ECU].
5.5.1. Electroporator with settings visible

5.5.2. Film as written

5.5.3. Embryo gets another pulse 5.5.1-5.5.3 all in one shot but with two cameras. 
5.6. Immediately transfer the embryo to pre-equilibrated culture medium before repeating the electroporation for the next embryo [5.6.1-CU]. Detect electroporated live or dead cells two hours after electroporation according to the text protocol [5.6.2-LM].
5.6.1. Talent transfers embryo to culture medium

5.6.2.  LAB MEDIA Figure 3D, Editor, point out the red cells as ‘dead’ and the green cells as ‘live.’
6. Results: Localized Cell and DNA Transfer into Mouse Embryos 
6.1. Shown here is an embryo with EpiSCs ubiquitously expressing EGFP grafted on E7.5 and cultured ex vivo for 24 hours [6.1.1-LM].  

6.1.1. LAB MEDIA Figure 2A, Editor, point out the green signal near the bottom of the image.
6.2. When 10 to 16 EpiSCs were grafted into E7.5 embryos, they incorporated and proliferated well within the host embryo [6.2.1-LM].  However, grafting more cells does not result in better chimerism, and in fact results in unincorporated clumps as demonstrated here [6.2.2-LM]. 
6.2.1. LAB MEDIA Figure 2B, Editor, place next to Figure 2A and point out the green signal near the bottom.
6.2.2. LAB MEDIA Figure 2C and D, Editor, place 2C and 2D underneath 2A and 2B (if enough room, otherwise show alone) and point out the green blobs/clumps when mentioned
6.3. As shown in this electroporation of GFP expressing plasmids, GFP positive cells were detected 1 to 2 hours after electroporation [6.3.1-LM].  

6.3.1. LAB MEDIA Figure 2E and 2G, Editor, for GFP positive cells…, point out the green signals at the bottom of both images.
6.4. When distal epiblast cells in the late primitive streak stage embryo were electroporated, labeled cells contributed to the neural ectoderm after 24 hours in culture, which corresponds to known fate maps of epiblast cells in gastrulation stage embryos [6.4.1-LM].
6.4.1. LAB MEDIA Figure 2E and 2F, Editor, for ‘labeled cells’ add in the black arrow shown in 2F
6.5. This figure shows that similar to using other types of electrodes for electroporation, the capillary electrode also caused some degree of cell death in the targeted region, as this region appeared darker in color compared to neighboring regions [6.5.1-LM].
6.5.1. LAB MEDIA Figure 3A and 3B, Editor, for ‘some degree of cell death’ add the white arrow in 3A to point out the dark spot (also shown in the inset).
6.6. Labeling the nuclei of dead cells with a membrane impermeable far-red fluorescence dye confirmed that the capillary electroporation technique results in only a small number of dead cells near the electroporation site [6.6.1-LM].

6.6.1. LAB MEDIA Figure 3D and Table 1, Editor, in figure 3D, point out the red signal in the box for the ‘small number of dead cells.’  
7. Conclusion (said by authors on camera)
7.1. Dr. Yali Huang: While attempting these procedures, it’s important to start culturing the embryos within two hours after isolating the uteri from the female mice.
7.2. Dr. Yali Huang: At the end of culture, the embryos can be fixed. Other methods like sectioning and staining can be performed in order to answer additional questions like the contribution of donor or electroporated cells to the host embryos. 
7.3. Dr. Yali Huang: After watching this video, you should have a good understanding of how to precisely transfer cells or DNA into early postimplantation mouse embryos.
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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