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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No
Can you record movies/images using your own microscope camera? NA
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? No
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.)
Step 2.1, 3.3, 3.4, 3.9, 4.1, 4.2.

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.)
[bookmark: _gjdgxs]NA. 
[bookmark: _30j0zll]
5. Will the filming need to take place in multiple locations? Yes
If yes, how far apart are the locations? 
The highlighted experiments need to be filmed in 3 different locations: (1) at our greenhouse facility, (2) Biosafety Level I (BSL-I) and (3) Biosafety Level II (BSL-II) laboratories. The laboratories are located in the same building and at the same wing. The BSL-I laboratory is located on the first floor, while the BSL-II laboratory is one floor higher. The Greenhouse facility is located in another building. This building is within 2-3 minutes walking distance from the laboratory building.

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. Arjan van Zeijl: Parasponia is a tropical tree from the Cannabis family that is able to establish a nitrogen-fixing symbiosis with rhizobium. Comparative studies between legumes and Parasponia could provide insight into the core genetic networks underlying rhizobium symbiosis.

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


1.2. Titis Wardhani: With this protocol, Parasponia andersonii stable transgenic mutant lines can be generated in a period of two to three months. These lines can be efficiently propagated through in vitro propagation.

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


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

1.3. Arjan van Zeijl: This protocol provides an experimental platform to study rhizobial symbioses as well as other aspects of the biology of this tropical tree.

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

1.4. Titis Wardhani: Basic skills in tissue culture and molecular cloning are sufficient to implement this protocol. This allows any laboratory to adopt Parasponia as research model.

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




Introduction of Demonstrator: (Said by you on camera)

1.5. Arjan van Zeijl: Demonstrating the procedure will be PhD students Titis Wardhani and Yuda Roswanjaya, together with Marijke Hartog, a technician in our laboratory. 

1.5.1. Interview style: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.








Section - Protocol
2. Growth of P. andersonii Trees
2.1. To grow Parasponia andersonii (pronounce ‘Pa-ra-spo-nee-ya an-der-SON-ee-eye’) trees, begin by germinating the seeds [1-TXT]. Remove the seeds from Parasponia (pronounce “Pa-ra-spo-nee-ya”) berries by rubbing against the inside of a tea sieve [3] or squashing them on a piece of tissue paper [2] . Videographer: This step is important!
2.1.1. WIDE: Establishing shot of talent walking into the lab with the berries in hand. TEXT: Pre-soak dried berries in water for 2 hours
2.1.2. CU: Talent squashing berries on a tissue paper. NOTE: 2.1.3. should come before 2.1.2.
2.1.3. CU: Talent rubbing the berry against the tea sieve. 
2.2. Disinfect seeds using 4% hypochlorite bleach for 15-20 minutes [1] and then wash the seeds 6 times with sterilized water [2]. 
2.2.1. MED: Talent pouring bleach on seeds.
2.2.2. MED: Talent washing seeds.
2.3. Transfer the seeds to sterile 200-microliter PCR tubes and fill the tubes with sterilized water to submerge the seeds [1]. Incubate the tubes for 10 days in a thermocycler according to manuscript directions [2-TXT]. 
2.3.1. CU: Talent filling the PCR tube with water and submerging the seed.
2.3.2. MED: Talent placing tube in PCR machine and programming it. TEXT: Do NOT use heated lid.

2.4. After the 10-day incubation, transfer the seeds to SH-0 plates [1] and close them with 2 layers of elastic sealing foil to prevent drying [2]. Incubate at 28 °C with a 16-hour day 8-hour night cycle for 3 to 4 weeks [3]. 

2.4.1. MED: Talent transferring seeds to SH-0 plates.
2.4.2. MED: Talent sealing plates.
2.4.3. MED: Talent putting plates in incubator.

2.5. Once the seedlings develop their first set of true leaves [1] transfer them to pots filled with commercial potting soil [2] and cover them with a translucent plastic cup to prevent desiccation [3]. Place the pots in a 28 °C, 85% relative humidity climate room or greenhouse under a 16-hour day 8-hour night regime [4].

2.5.1. CU: Seedlings with leaves.
2.5.2. MED: Talent transferring seedling to pot.
2.5.3. MED: Talent covering seedling with cup.
2.5.4. WIDE: Talent placing pot in the climate room or greenhouse. NOTE: only use Take 3 because Takes 1 and 2 contain personal information that should not be shown in the video. 

2.6. After 1 week, remove the plastic cup [1]. Regularly water the pots and supplement with fertilizer to sustain tree growth [2].

2.6.1. MED: Talent removing cup. 
2.6.2. MED: Talent watering pot.

3. Stable transformation of P. andersonii
3.1. Prepare for transformation by harvesting young 5 to 8-centimeter branches from the greenhouse grown trees, making sure to use only healthy, non-infected branches [1-TXT]. Cut off the leaves [2], leaving 1 centimeter squared of leaf tissue at the end of each petiole [3].
3.1.1. WIDE: Talent harvesting branches. TEXT: About 5 branches per transformation
3.1.2. MED: Talent cutting off leaves.
3.1.3. CU: Properly trimmed branch.

3.2. Disinfect the tissue for 15 minutes with 2% hypochlorite bleach containing a few drops of polysorbate 20 [1] and then rinse it 8 times with autoclaved water [2]. 

3.2.1. MED: Talent pouring the bleach into the tube with the tissue. 
3.2.2. MED: Talent rinsing tissue. NOTE: Do NOT use Take 1. 
3.3. Resuspend Agrobacterium (pronounce “ag-roh-bak-teer-ee-uhm”) cells in 25 milliliters of infiltration medium to an optical density of about 5 [1-TXT]. Cut the stem and the petiole tissue into 1-centimeter pieces inside the cell suspension [2]. Remove the leaf tissues and incubate the stem and petiole pieces in the cell suspension for 10 to 30 minutes. Videographer: This step is important!
3.3.1. MED: Talent resuspending cells. TEXT: See manuscript for medium preparation
3.3.2. MED: Talent cutting tissue.
3.3.3. Added shot: MED: Talent removing the leaf tissues and leaving the stem and petioles pieces in the cell suspension.

3.4. Dry the tissue pieces on a sterile piece of filter paper and place them on rooting medium prepared according to manuscript directions [1-TXT]. Incubate the plates in the dark at 21 C for 2 days [2]. Videographer: This step is important!

3.4.1. MED: Talent taking dry tissue off the filter paper and putting it in rooting medium. TEXT: About 10 explants per plate
3.4.2. [bookmark: _1fob9te]MED: Talent putting aluminum-wrapped plates into growth chamber

3.5. After the 2 days, inspect the plates for fungal or bacterial contamination and discard contaminated plates [1]. Transfer the tissue pieces to 10 milliliters of SH-10 medium prepared according to manuscript directions [2]. Leave the tissue in the medium for at least 10 minutes and gently agitate every 2 to 3 minutes to wash [3-TXT].

3.5.1. WIDE: Talent sitting at the microscope.
3.5.2. MED: Talent transferring tissue pieces to SH-10 medium. 
3.5.3. MED: Talent agitating tissue. TEXT: Repeat the wash two more times with a 2 – 3-minute incubation
3.6. Prepare rooting medium with cefotaxime and kanamycin according to manuscript directions and pour plates [1]. Dry the tissues on sterile pieces of filter paper and transfer them to the plates [2]. 
3.6.1. WIDE: Talent pouring plates at the lab bench.
3.6.2. MED: Talent transferring tissues from filter paper to plates.

3.7. Incubate the plates for 7 days at 28 °C under a 16-hour day 8-hour night regime [1]. Check plates for fungal or bacterial contamination every 2 days [2]. If contamination occurs, transfer the non-infected tissue pieces to a fresh plate [3]. 

3.7.1. MED: Plates incubating. 
3.7.2. WIDE: Talent at the microscope.  
3.7.3. MED: Talent transferring pieces to a fresh plate.

3.8. After 7 days, transfer the tissue pieces to propagation medium prepared according to manuscript directions [1] and incubate at 28 °C under a 16-hour day 8-hour night regime [2]. Refresh the plates once a week until transgenic shoots develop, making sure to only transfer non-infected tissue pieces to new plates [3].

3.8.1. MED: Talent transferring tissue pieces to propagation medium. 
3.8.2. MED: Talent putting plates into incubator. 
3.8.3. MED: Talent putting tissue pieces into fresh plates.

3.9. Once the putative-transgenic shoots are at least 1 centimeter long, cut the shoots and culture them independently in propagation medium with antibiotics [1]. To ensure that the shoots represent independent transformants, take only a single shoot from each side of an explant [2-TXT]. Videographer: This step is important!
NOTE: 3.9.1 and 3.9.2 were filmed together. Please use Take 3 or 4.
3.9.1. MED: Talent cutting the shoots.
3.9.2. MED: Talent isolating one shoot and placing it on fresh medium. TEXT: Propagate shoots as described in the manuscript

4. Preparation of Rooted P. andersonii Plantlets 

4.1. Propagate the tissue by placing about 10 shoots on a fresh plate of propagation medium and closing the plate with 2 layers of elastic sealing foil [1]. Incubate the plates at 28 °C under a 16-hour day 8-hour night regime and repeat this step every 4 weeks [2]. Videographer: This step is important!

4.1.1. MED: Talent placing shoots into medium and sealing plate. 
4.1.2. MED: Talent putting plate into incubator.

4.2. When the shoots reach 1 centimeter in length, cut them at their base and place them on the rooting medium [1]. Position the shoots upright by inserting the basal tip of the shoot into the medium. About 10 shoots can be placed on a single plate [2]. Videographer: This step is important!

4.2.1. CU: Talent cutting shoot. NOTE: Shots 4.2.1. and 4.2.2. were combined.
4.2.2. CU: Talent placing shoot on plate. 

5. Nodulation of P. andersonii Plantlets in Pots 
5.1. Start by preparing rhizobium (pronounce ‘rye-zoh-bee-um’) inoculum. Inoculate 10 milliliters of liquid YEM (pronounce ‘Y-E-M’) medium from a single colony of Mesorhizobium plurifarium BOR2 (pronounce ‘me-so-rye-zoh-bee-um plu-ri-fa-ry-um bawr-two’) [1] and incubate at 28 °C for 2 days [2]. Use this culture to inoculate a larger volume of liquid YEM medium [3]. 
5.1.1. MED: Talent inoculating medium. 
5.1.2. MED: Talent putting medium into incubator. 
5.1.3. MED: Talent inoculating a larger volume of medium.
5.2. Once grown, centrifuge the bacterial culture for 10 minutes at 3,500 x g to harvest the cells [1]. Resuspend the bacterial pellet in liquid EKM medium and determine the optical density [2]. 
5.2.1. MED: Talent taking cells out of the centrifuge.
5.2.2. MED Talent resuspending the cell pellet.

5.3. Prepare 3 liters of EKM medium, which is enough for about 20 pots, and inoculate it with the rhizobial (pronounce ‘rye-zoh-bee-al’) suspension [1-TXT]. Mix the medium with 1.25 kilograms of perlite [2-TXT] and add 210 grams of this mixture to sterile, translucent polypropylene pots [3]. 

5.3.1. MED: Talent inoculating medium. 
5.3.2. MED: Talent mixing medium with perlite. TEXT: Sand can also be used
5.3.3. MED: Talent adding mixture to a pot.

5.4. Plant 1 to 3 Parasponia andersonii plantlets to each pot and prepare several pots with plantlets transformed with a control construct [1-TXT]. Weigh several of the pots [2] and cover the bottom of each pot to shield the roots from light exposure [3].  

5.4.1. MED: Talent planting plantlets. TEXT: See Manuscript for details
5.4.2. WIDE: Talent weighing a pot. 
5.4.3. MED: Talent covering bottom of the pot.

5.5. Incubate the pots in a climatized growth room at 28 °C under a 16-hour day 8-hour night regime for 4 to 6 weeks [1]. Once a week, weigh several pots to determine water loss [2]. If the water loss exceeds 10 milliliters, supplement with ultra-pure water to compensate for the loss [3].

5.5.1. WIDE: Talent placing a pot in the growth room. 
5.5.2. WIDE: Talent weighing pot. 
5.5.3. MED: Talent adding water to pot. 

5.6. After the incubation, clean the roots from perlite [1] and determine nodule numbers using a binocular [2]. 

5.6.1. MED: Talent cleaning roots. 
5.6.2. MED: Talent using a binocular to determine nodule numbers.





















Section – Results
6. Results: Stable Transformation Procedure  
6.1. This technique has been used to successfully transform petioles and segments of Parasponia andersonii stems with Agrobacterium strain AGL1[1]. First, the tissue explants are co-cultivated with Agrobacterium for 2 days [2]. Prolonged co-cultivation results in bacterial over-colonization and should be prevented [3].
6.1.1. Figure 2. 
6.1.2. Figure 2. Video Editor: Emphasize image A. 
6.1.3. Figure 2. Video Editor: Emphasize image B.
6.2. A few weeks later, small green micro-calli are observed along the original wound surface [1]. These calli continue to grow and develop 1 or more putatively-transformed shoots at 6 to 8 weeks after the start of transformation [2]. 
6.2.1. Figure 2. Video Editor: Emphasize image C.
6.2.2. Figure 2. Video Editor: Emphasize image D.
6.3. Transformation efficiencies vary from 10 to 30% for tissue explants from mature branches [1] to 65 to 75% for tissue explants from young and rapidly growing branches [2].
6.3.1. Table 7. Video Editor: Emphasize first row.
6.3.2. Table 7. Video Editor: Emphasize second row.
6.4. Transgenic shoots can be multiplied through in vitro propagation [1], which gives rise to tens of shoots within a month [2]. These shoots can be placed on rooting medium that will induce root formation in about 2 weeks and yield plants that can be used for experimentation [3].
6.4.1. Figure 3.
6.4.2. Figure 3. Video Editor: Emphasize image A and B.
6.4.3. Figure 3. Video Editor: Emphasize images C and D.




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Titis Wardhani: When starting a stable transformation experiment [1], it is important to select healthy branches as source material [2].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.1.2. Use 3.1.1.
7.2. Arjan van Zeijl: Parasponia T0 transgenic lines are propagated in vitro [1]. Therefore, it is essential to thoroughly genotype Parasponia transgenic lines [2]. 
7.2.1. Use 4.1.1.
7.2.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. [bookmark: _GoBack]Arjan van Zeijl: The establishment of Parasponia as an experimental model allows comparative analyses between two distantly-related nodulating lineages; Parasponia and legumes. This could identify conserved genetic networks underlying rhizobium symbiosis.
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.4. Titis Wardhani: Parasponia can also be a valuable model to study other research topics, such as wood formation, the development of bi-sexual flowers or the biosynthesis of Cannabaceae-specific secondary metabolites.
7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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