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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? (Y/N) Y

2. Does your protocol include software usage? 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.3 / 2.5 / 3.2 / 3.3 / 3.5

4. 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 (especially in 3.2.3; Cut carefully not to separate the funiculus and the transmitting tract) 
3.3 Try to pinch the half of the upper side of the transmitting tract because the ovules aligned making a double layer in a pistil.

5. Will the filming need to take place in multiple locations? (Y/N) N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Taro Takahashi: This protocol provides a way to assess the involvement of a certain factor in double fertilization of Arabidopsis [1].
1.1.1. INTERVIEW

1.2. Taro Takahashi: The fertilization status can be judged by the morphology of the sperm nuclei at a glance, so the quick obtaining of the data for statistical analysis is possible [1].
1.2.1. INTERVIEW

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Tomoko Igawa: This method is specific to assessment for fertilization phenotype in Arabidopsis. There are still unknown fertilization regulators even if in Arabidopsis. This method would be useful for functional analysis of future-unknown fertilization factors [1].
1.3.1. INTERVIEW

1.4. Tomoko Igawa: The most difficult part is ovule-sampling from a pistil. All the procedures from taking a pistil from a flower stalk to mounting the ovules on the slide-glass, should be finished, before the samples dry [1].
1.4.1. INTERVIEW




Section - Protocol
2. Artificial Pollination 
2.1. To begin, grow A. thaliana (pronounce as Arabidopsis thaliana) at 22 degrees Celsius under a 16-hour light and 8-hour dark cycle in a growth chamber [1]. Cut and remove the first developed flower stalk with scissors to promote development of axillary buds [2].
2.1.1. Shot of the plant in a chamber.
2.1.2. CU: Talent cuts the flower stalk.
2.2. Two to three weeks after cutting of the first stalk, measure the plant height [1]. Plants with height above 25 centimeters are considered vigorously growing plants, and are suitable for analysis [2].
2.2.1. Talent measures plant height.
2.2.2. Talent points to the suitable plants, and uses a ruler to show its height.
2.3. To emasculate, look for buds at stage 11, with bits of petals seen at the top [1]. Use a No. 5 forceps to remove sepal, petal, and stamen of flower buds [2].
2.3.1. Talent shows a bud at stage 11.
2.3.2. ECU: Talent removes parts of one flower bud.  Videographer: Important Step
2.4. Fifteen to eighteen hours after emasculation, take the stamen of a DMP9KD/HTR10-mRFP (pronounce as D-M-P-nine knocked-down line with background of H-T-R-ten m-R-F-P) flower at stage 13 [1] by pinching the filament with forceps [2].
2.4.1. Talent selects a flower at stage 13.
2.4.2. CU: Talent pinches the filament to obtain stamen.
2.5. To pollinate, gently pat the stigma of an emasculated pistil several times with a dehiscent anther [1].
2.5.1. Talent pats the stigma of a bud with parts removed. Videographer: Important Step
3. Ovule Observation
3.1. Seven to eight HAP (pronounce as hours after pollination) [1], collect the pistil and place it on the double-sided tape [2], then press gently with forceps to fix the pistil on the tape [3].
3.1.1. Talent approaches the plants.
3.1.2. CU: Talent collets the pistil and places onto a tape.
3.1.3. ECU: Talent presses the pistil.
3.2. Under a dissecting microscope [1], cut off the upper and lower ends of the ovary using an injection needle [2]. Move the tip of the injection needle to slit the ovary wall along both sides of the replum. Cut carefully not to separate the funiculus and the transmitting tract [3-TXT]. Evert the ovary wall [4].
3.2.1. Talent places the tape under microscope.
3.2.2. SCOPE: Talent cuts ends.
3.2.3. SCOPE: Talent slits the wall. TEXT: Insert the needle as shallowly as possible. Videographer: Critical Step
3.2.4. SCOPE: Talent opens the wall.
3.3. Pinch the base of the septum to which ovules are connected, and lift it up carefully with forceps [1]. Transfer the ovules into a drop of water on a slide glass, and gently cover with a cover glass for observation under a fluorescence microscope [2].
3.3.1. SCOPE: Talent lifts up the ovules. Videographer: Critical Step. Take multiples shots, as this will be used later.
3.3.2. ECU: Talent places the part into a drop of water, and places the cover glass on top. Videographer: Important Step
3.4. On an epifluorescence microscope equipped with a fluorescence filter cube, adjust the objective lens to 20x or 40x [1]. Acquire images of the ovules containing sperm nuclei labeled with mRFP (pronounce as m-R-F-P) [2]. Confirm the number of mRFP-labeled sperm nuclei in an embryo sac [3].
3.4.1. Talent adjusts objectives.
3.4.2. SCREEN: Talent takes images of the ovules.
3.4.3. SCREEN: Talent points to mRFP-labeled sperm.
3.5. Confirm the shape and position of each mRFP-labeled sperm nucleus in an embryo sac [1].
3.5.1. SCREEN: Talent points to the labeled sperm nuclei. Videographer: Important Step



Section – Results
4. Results: Fertilization Phenotypes
4.1. In this study, fertilization phenotypes were judged by sperm nuclear signal morphology in ovule [1]. Most ovules contained two decondensed mRFP-labeled sperm nuclei [2] at the egg cell, micropylar side [3], and central cell, charazal end side [4]. This indicates successful double fertilization [5]. 
4.1.1. Figure 3
4.1.2. Figure 3 – Video editor: Emphasize Figure 3A&E
4.1.3. Figure 3 – Video editor: Emphasize Figure 3A&E, and emphasize EC in Figure 3E.
4.1.4. Figure 3 – Video editor: Emphasize Figure 3A&E, and emphasize EC in Figure 3E.
4.1.5. Figure 3 – Video editor: Emphasize Figure 3A&E, and emphasize SC in Figure 3E.
4.1.6. Figure 3 – Video editor: Emphasize Figure 3A&E
4.2. In addition, ovules containing a decondensed mRFP-labeled sperm nucleus at the central cell nucleus [1] plus a condensed mRFP-labeled sperm nucleus outside the egg cell were observed [2], indicating single fertilization [3]. 
4.2.1. Figure 3 – Video editor: Emphasize Figure 3B&E, and emphasize the arrowhead in Figure 3B and emphasize CC in Figure 3E.
4.2.2. Figure 3 – Video editor: Emphasize Figure 3B&E, and emphasize the arrow in Figure 3B.
4.2.3. Figure 3 – Video editor: Emphasize Figure 3B&E
4.3. In the case of failed double fertilization, two condensed mRFP-labeled sperm nuclei were observed at the boundary of the egg cell and the central cell [1].
4.3.1. Figure 3 – Video editor: Emphasize Figure 3C&E, and emphasize the arrows.
4.4. In the analysis using DMP9KD/HTR10-mRFP (pronounce as D-M-P-nine knocked-down line with background of H-T-R-ten m-R-F-P) pollen, ovules containing a single condensed mRFP-labeled sperm nucleus [1] or three or more mRFP-labeled sperm nuclei were rarely observed [2].
4.4.1. Figure 4 – Video editor: Emphasize Figure 4A.
4.4.2. Figure 4 – Video editor: Emphasize Figure 4B.



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

5.1. Tomoko Igawa: To master the skill of quick and intact handling the ovules are important for the success of this analysis [1] [2].
5.1.1. Use 3.3.1.
5.1.2. INTERVIEW
5.2. Tomoko Igawa: Combining with the use of the female marker lines, more accurate fertilization status can be analyzed. For example, the fertilization status at after gamete fusion and before the karyogamy can be judged [1-LM] [2].
5.2.1. Supplementary Figure 1
5.2.2. INTERVIEW
5.3. Tomoko Igawa: Yes, the fertilization process is divided into several steps. The questions that each fertilization regulator involves in which steps can be answered with this improved method. It would provide deeper insights into the sexual reproduction of the plant [1].
5.3.1. INTERVIEW
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