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Authors, please fill out the brief questionnaire below.   

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___ideally yes, however our microscope is NOT equipped for digital imaging (no camera)______ If yes, please list make and model of your microscope: ________Nikon inverted microscope, model TMS.
Would the filming team have equipment to mount on this microscope to film the process? If not, we can move the microaspiration device to another inverted microscope of our laboratory (Olympus) equipped with a high resolution digital camera for live filming (Flea2, MoelFL2-08S2C,Point Grey Research® Inc.).
B. **Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) __N_____ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps________________
1- seed dissection
2- seed crushing
3- setting up embryo isolation microscope
4- screen, clean, collect
5- transfer in wash drop
6- re-collect of all embryos and transfer in processing buffer with minimal contact
__________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Collecting embryos with minimal debris: cleaning with tungsten needle, controlling wash drop for potential carry-over debris/repeat washes if necessary______________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to isolate young plant embryos.(Intro)

This is accomplished by first dissecting the seeds.(P1)

The second step is to gently crush the seeds in an isolation buffer.(P2)

Next, embryos are screened for and then collected by microaspiration under an inverted microscope.(P3)

The final step is to re-collect all embryos after washing in a minimal volume and to transfer them to the destination buffer.(P4)

Ultimately, embryos can be used for RNA or DNA extraction to analyze the transcriptome or epigenome, or used for cytological analyses such as gene reporter assays or fluorescent in situ hybridization.(P5)
Editors, please edit P5 of graphical_abstract by cropping in figure 5A next to the bottom illustration in P5 as “embryos can be used for RNA or DNA extraction to analyze the transcriptome or epigenome” is narrated.  Then crop in figure 5B and 5C next to the top illustration in P5 as “or used for cytological analysis such as gene reporter assays (5B) or fluorescent in situ hybridization (5C)” is narrated.

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. CéliaBaroux:The main advantage of this technique is to be able to harvest plant embryos in bulk and at specific developmental stages.
1.1.1. MED:  Célia speaks toward camera, interview style.
1.2. Michael T. Raissig:Generally, individuals new to this method will have no difficulties to quickly and efficiently apply it.
1.2.1. MED:  Michael speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):
2. Material preparation
2.1. To begin select the best-shaped capillariesunder a stereo microscope that were previously siliconized, pulled and cut as described in the text protocol. The opening should be smooth and around 50 to100 µm.
2.1.1. LAB MEDIA: Figure 2A.  Editors, please slowly zoom into the openings of the capillary tubes as the second sentence is narrated.
2.2. Next, wash the siliconized multi-well glass microscopic slides in Coplin jars for 10 minutes in 10% SDS. Following detergent wash, wash the slides twice for 2 minutes in nuclease-free water, for 2 minutes in 70% ethanol, for 2 minutes in 100% ethanol, and then air-dry.
2.2.1. MED:  Talent places the siliconized multi-well glass microscopic slides in Coplin jars containing 10% SDS.
2.2.2. CU:  Coplin jar with nuclease-free water as talent places the slide(s) in.  Editors, once the slide(s) are in the jar, freeze the shot and bring in the following TEXT overlay as narrated (each line is separated by a semi-colin):  2 min in nuclease-free H2O; 2 min in 70% ethanol; 2 min in 100% ethanol.  Videographer, please leave room on one side of the CU shot for a Text overlay list.
2.3. Then, spread about 0.5µL of 10mg/mL bovine serum albumin, or BSA, with a pipette over the whole surface of each well and air-dry.
2.3.1. MED-over the shoulder:  Talent spreads about 0.5µL of 10mg/mL BSA with a pipette over the whole surface of each well.  Match action in next shot.
2.3.2. ECU:  Wells of slide as talent spreads about 0.5µL of 10mg/mL BSA with a pipette over the whole surface of each well. 
2.4. Next, prepare the embryo isolation microscope. Use an inverted microscope with a 10x and 20x magnification objective. Connect the glass capillary to a microinjector..To coat the microcapillary, take up about 6µL of BSA and release it.
2.4.1. MED:  Talent approaches the inverted microscope and sits down in front of it to prepare it.
2.4.2. CU:  Inverted microscope as talent connects the glass capillary to a microinjector.
2.4.3. CU:  Glass capillary as talent pulls up 6µL of BSA and releases it.

3. Seed dissection and embryo extraction
3.1. [bookmark: _GoBack]Collect siliques (for pronunciation, go to http://dictionary.reference.com/browse/silique) at the desired stage of development, either following crosses or self-fertilization. Siliques 2.5 days after pollination are used here and contain 2 to 4cell embryos.
3.1.1. MED-over the shoulder:  Talent collects the siliques at 2.5 days after pollination.
3.2. Remove the seeds from 15 siliques under a stereomicroscope with forceps and insulin needles.  Immerse the seeds in 20µL of isolation buffer in a 2mL round-bottom Eppendorf tube placed on ice.
3.2.1. CU or ECU:  Talent removes the seeds from 15 siliques under a stereomicroscope with forceps and insulin needles.
3.2.2. MED:  Talent immerses the seeds in 20µL of isolation buffer in a 2mL round-bottom Eppendorf tube placed on ice.
3.3. Gently crush the seeds with a plastic pestle, pre-cleaned as described in the text protocol, to release the embryosuntil the seed extract is cloudy. The force to apply is to be determined by every user upon trial.
3.3.1. MED-over the shoulder:  Talent gently crushes the seeds with a plastic pestle.  Continue action in next shot.
3.3.2. CU:  Eppendorf tube as talent gently crushes the seeds with a plastic pestle.
3.4. Rinse the pestle with 300 µL of isolation buffer to wash the pestle and dilute the sample.
3.4.1. ECU:  Pestle (and tube) as talent rinses the pestle with 300 µL of isolation buffer to wash the pestle and dilute the sample.
3.5. Spin-down the extract at 5000 g for 5 seconds. Following centrifugation, gently resuspend the pelleted extract by pipetting up-and-down 2 to 3 times using a Pipetman P-200.
3.5.1. MED or MED-over the shoulder:  Talent places the eppendorf tube into the centrifuge.
3.5.2. CU:  Eppendorf tube as talent gently resuspends the pelleted extract by pipetting up and down with a pipette.
3.6. Filter the extract with a 30µm nylon mesh mounted on tube adaptors and swing the tube. Rinse the mesh with an additional 200µL of isolation buffer and swing again. 
3.6.1. MED-over the shoulder:  Talent filters the extract with a 30µm nylon mesh mounted on tube adaptors.
3.6.2. MED: Talent swings the tube
3.6.3. WIDE: Talent rinses with an additional 200µL isolation buffer. Talent swings the tube again.
4. Embryo isolation
4.1. To prepare slide for embryo isolation, place a clean, BSA-coated and siliconized multi-well slide on the stage of the inverted microscope. Place the capillary above the slide and adjust the position to have the opening in the field of view.
4.1.1. MED:  Talent places a clean, BSA-coated and siliconized multi-well slide on the stage of the inverted microscope. 
4.1.2. ECU:  Glass capillary as talent places it above the slide and adjusts the position to have the opening in the field of view.

4.2. After resuspending the filtered seed extract by pipetting gently up and down, pipette 2 droplets of 40-50 µL seed extract into 1 or 2 wells. Screening only 1 or 2 drops at a time prevents evaporation of the sample.

4.2.1. MED:  Talent resuspends the filtered seed extract by pipetting gently up and down and pipettes 2 droplets of 40-50 µL seed extract into 1 or 2 wells.
4.3. Place 50 µL of fresh isolation buffer in a well of a different slide prepared as before to serve as the 1st wash drop. Keep this slide in a covered, humid chamber to prevent evaporation.
4.3.1. CU:  2nd slide as talent places 50 µL of fresh isolation buffer in a well.
4.3.2. MED-over the shoulder:  Talent places the slide into a covered, humid chamber.
4.4. Screen the droplets of seed extract for embryos at the desired stage with the 10x magnification objective. If necessary, confirm the stage with the 20x magnification. The embryos usually sink to the bottom of the slide.
4.4.1. SCOPE:  Talent screens the droplets of the seed extract for embryos at the desired stage, switching between 10x and 20x objectives.
4.5. Talent:The most difficult aspect of this procedure is to collect embryos with minimal debris.  This can be achieved by cleaning with a tungsten needle, controlling the wash drop for potential carry-over debris and repeating washes if necessary
4.5.1. MED:  Talent looks up from microscope and addresses camera.
4.6. Manually remove debris around the embryo with a tungsten needle, an insulin needle or similar equipment.
4.6.1. SCOPE:  Talent manually removes debris around the embryo with a tungsten needle.
4.7. Move the glass capillary near the embryo using the micromanipulator and take up the embryo with as little solution as possible.
4.7.1. SCOPE:  Talent moves the glass capillary near the embryo using the micromanipulator, taking up the embryo with as little solution as possible.
4.8. Collect several embryos and release them in the 1st wash drop for molecular applications; for cytological applications the embryos can go directly to the destination buffer. Each collecting round should be kept within 5-10 minutes and embryos should be collected in a minimal volume. Repeat the screening and collection until the desired amount of embryos is gathered.
4.8.1. SCOPE:  Talent continues to collect several embryos.
4.8.2. MED: Talent exchanges slides and release. 
4.8.3. SCOPE:2nd slide as talent releases the embryos into the 1st wash drop. 
4.8.4. WIDE or MED:  Talent at the microscope continuing to work to collect embryos.
4.9. If debris are carried over into the wash drop, remove them with a needle before re-collecting all embryos at once from the drop.
4.9.1. SCOPE:  Talent removes any debris with a needle and recollects all the embryos at once from the wash drop.
4.10. Release the embryos into a 2nd wash drop of 50 µL, and repeat the re-collection.
4.10.1. MED:  Talent releases the embryos into a 2nd wash drop of 50 µL
4.10.2. SCOPE: shows embryo release in wash drop
4.10.3. SCOPE: shows embryo recollection.
4.11. Finally, release the embryos in the destination buffer. The transfer should involve only a contact, and not immersion, of the capillary tip.
4.11.1. MED:  Talent releases the embryos in the destination buffer, using only contact of the capillary tip.
4.11.2. ECU: shows contact of microcapillary tip to medium
5. Results: Isolated plant embryos are suitable for diverse downstream applications
5.1. Shown here are several embryos in the last drop following washes.
5.1.1. LAB MEDIA:  Figure 4E
5.2. The isolated plant embryos can now be used for various downstream applications.
5.2.1. LAB MEDIA:  Figure 5 
5.3. To control the embryonic cDNA libraries prior to sequencing, embryo-specific transcripts were amplified.  Shown here are the results of PCRamplification on cDNA libraries from 2-4 cell embryos washed 1 time, and on genomic DNA.
5.3.1. LAB MEDIA:  Figure 5A.  Editors, please zoom into the left-most panel from the previous point to transition to this figure.  Then as “2-4 cell embryos washed 1 time” is narrated, please highlight the band in the left lane of each gel panel.  Then as “genomic DNA” is narrated, please highlight the band in the right lane of each panel
5.4. Embryo isolation has proved very useful in reporter gene assays with low embryonic expression, and where the maternal seed coat confounds detection.Shown here is an embryo expressing a GUS reporter gene under the control of the MEDEA promoter. 
5.4.1. LAB MEDIA:  Figure 5B.  
5.5. Finally, fluorescent In Situhybridization was applied to study the nuclear architecture in isolated embryos embedded in acrylamide pads on slides. An example using probes against the centromere repeats and nucleolar organizing regions is shown here.
5.5.1. LAB MEDIA:  Figure 5C.  

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera)
6.1. Michael T. Raissig:Once mastered, this technique allows isolation of 30 embryos in less than an hour for cytological applications and in less than 3 hours for molecular applications.
6.1.1. MED:  Michael speaks toward camera, interview style.
6.2. CéliaBaroux: Actually, this technique will enable the plant research community to explore genetic and epigenetic mechanisms in embryogenesis.
6.2.1. MED:  Céliaspeaks toward camera, interview style.



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, 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.
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Figure 2A -Authors, please provide a separate figure for 2A without the A label.
Figure 4E -Authors, please provide a separate figure for 4E with the two panels adjacent to each other and without the E label.
Figure 5 - Authors, please provide a version of figure 5 without the A-C labels.
Figure 5A - Authors, please provide a separate figure for 5A without the A label.
Figure 5B -Authors, please provide a separate figure for 5B without the B label.
Figure 5C - Authors, please provide a separate figure for 5C without the C label.


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, as well as an introduction to your videographer, closer to your filming date.
 2011, Journal of Visualized Experiments

