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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________
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) From the maize transformation protocol, a particle bombardment step (2.12-21) on maize calli using tungsten beads and the PSD-1000/He Particle Delivery device. 
2) Selection (2.24-26) and Regeneration (2.27-30) of particle bombarded maize calli
3) For Klason lignin measurement, a two-stage acid hydrolysis treatment method.
4) Measuring maize acid insoluble lignin. 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  1) For the maize transformation protocol, maintaining healthy maize calli is difficult and regeneration followed by tungsten bombardment is quite challenging. In the lignin measurement protocol, complete maize hydrolyzation and minimizing  the loss of samples during drying and measurement is also difficult.

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:

The overall goal of this procedure is to down-regulate the lignin content in maize via RNAi to facilitate the production of digestible biomass for bioethanol production and to measure the lignin content using the Klason lignin (pronounce as KLAY-zon LIG-nin) measurement protocol. (Intro)

This is accomplished by first constructing the maize CCR1_RNAi plasmid to down-regulate the lignin biosynthesis-related gene, cinnamoyl-CoA reductase. (P1, Editor, use slide 1 here.)

Next, maize Hi-II embryogenic calli are transformed with the ZmCCR1_RNAi construct using particle bombardment, and homozygous transgenic lines are generated. (P2, Editor, use slide 2 here.  Begin with the panel at the top left of the maize embryonic calli.  Then transition to the bottom panel of the scientist placing the plate into the machine for particle bombardment.  Then transition to the top ‘Regenerated calli’ and then the ‘ZmCCR1_RNAi (TO) panel.)

Then, the phenotypic changes are observed by means of a histological assay and by scanning electron microscopy performed on the first, second, and third generations of the transgenic maize. (P3, Editor, use slide 3 here.  Begin with the top two panels of the maize plants, then for the histological assay, bring in the two panels in B, then for scanning electron microscopy,  bring in the bottom two panels.)

Finally, acid insoluble, or Klason lignin from the transgenic maize lines is measured and compared to the lignin content in non-transgenic maize plants. (P4, Editor, use slide 4 here.  Scroll through the 4 panels from left to right, ending on and slightly zooming in on the last panel with the VO, ‘and compared to the lignin content in non-transgenic maize plants.’)

Ultimately, results are obtained that show a 10% lignin reduction in CCR1 transgenic maize plants compared to wild type plants, using particle bombardment and as determined by the Klason lignin measurement. (P5, Editor, use Figure 3 here of the graph showing acid insoluble lignin content.)


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).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Dr. Mariam Sticklen: Visual demonstration of this method is critical as some of the steps are difficult to learn such as preparing embryogenic maize calli under sterile conditions, coating tungsten particles with plasmid DNA, and particle bombardment of the calli. 
1.2. Dr. Mariam Sticklen: Dr. Hussein Aldameldin, a post-doctoral research associate from my laboratory, will demonstrate the procedure. 
1.3. Dr. Rebecca Garlock Ong: The implications of the Klason lignin measurement technique for bioethanol production are that it not only provides information regarding Klason lignin quantities in different lignocellulosic materials, but also provides insight into how resistant lignocellulosic biomass is to cellulase enzymes during pre-treatment.  


Protocol (read by voice talent at JoVE):

2. Maize Genetic Transformation

2.1. To prepare tungsten particles, begin by placing 60 mg of tungsten beads into a 1.5 ml tube.  Wash them by adding 1 ml of 70% ethanol and vortexing for 2 minutes.  Then incubate at 23°C for 10 minutes and centrifuge at 18,894 x g for 2 minutes before discarding the supernatant. 
2.1.1. WIDE Talent at bench places tungsten beads into tube
2.1.2. MED/CU Talent picks up tube that has ethanol added and vortexes – have ethanol labeled and in shot
2.1.3. MED Talent places tubes into incubator
2.1.4. MED Talent places tubes into centrifuge, Editor, use a freeze frame from this for 2.4.2 below

2.2. Use 1 ml of 100% ethanol to wash the beads three times, then add 1 ml of sterile 50% glycerol to bring the microparticle concentration to 60 mg/ml. 
2.2.1. CU Talent pipettes up 1 ml of ethanol from bottle and adds to tube of beads
2.2.2. CU Talent adds 50% glycerol to tube of washed beads

2.3. To prepare DNA for bombardment, place 50 ul of the tungsten beads in glycerol into a 1.5 ml tube and add the following, vortexing between each addition:  1 ug of IV-1.1::ZmCCR1 RNAi plasmid DNA, prepared according to the text protocol, 50 ul of 2.5M CaCl2, and 20 ul of 0.1M spermidine.  
2.3.1. MED/CU Talent adds 50 ul of beads to tube
2.3.2. CU of tube of plasmid DNA, 2.5 M CaCl2, and spermidine
2.3.3. MED Talent picks up DNA and pipettes 1 ug and then adds to tube of beads, closes tube and vortexes, Videographer, frame for a split screen; Editor, place this next to 2.3.2 with the VO beginning with the RNAi plasmid dna; videographer, get enough footage of the vortexing for the beginning of step 2.4: ‘After a final vortex’

2.4. After a final vortex, centrifuge the mixture at 18,894 x g for 30 seconds.  Then pour off the supernatant and use 140 ul of 70% ethanol to wash the pellet two times. 
2.4.1. FREEZE FRAME from 2.1.4 of talent placing tubes into centrifuge
2.4.2. CU Talent pipettes up 70% ethanol from labeled bottle and adds to tube 

2.5. After discarding the final wash, add 48 ul of 100% ethanol to the beads and use them immediately or store on ice for up to 4 hours prior to bombardment.
2.5.1. CU Talent adds 100% ethanol to beads – have ethanol bottle visible; Videographer, get enough footage for entire VO

2.6. At least 4 hours prior to bombardment, place a 3-5 cm diameter Hi-II embryogenic maize calli in the middle of a 100 mm Petri dish containing N6OSM medium.
2.6.1. MED Talent approaches bench with maize calli
2.6.2. CU Talent places calli in 100 mm dish of N60M medium

2.7. Prepare the PSD-1000/He Particle Delivery device according to the manufacturer’s instructions and use 70% ethanol to sterilize the chamber wall. 
2.7.1. WIDE/MED Shot of the particle delivery device
2.7.2. CU Talent sterilizes chamber wall with 70% ethanol

2.8. Next, load a sterile 650 psi rupture disk into the sterile retaining cap.  Then spread 5-6 µl of the M10-DNA solution onto the surface of a macrocarrier and dry briefly before loading the macrocarrier and stopping screen into the microcarrier launch assembly.
2.8.1. CU Talent loads 650 psi disk into sterile retaining cup
2.8.2. CU Talent spreads 5-6 ul of M10 DNA solution onto the surface of macrocarrier
2.8.3. CU Talent loads macrocarrier and stopping screen into launch assembly

2.9. Place the microcarrier launch assembly and maize calli in the chamber at a selected distance from the stopping screen and close the door.  Accelerate in a vacuum of 27 psi against the wire mesh screen. 
2.9.1. MED/CU Talent places microcarrier launch assembly and maize calli into chamber and closes door- videographer, have the stopping screen in the shot as well to show the distance
2.9.2. MED/CU Talent starts the acceleration

2.10. Press the fire button until the rupture disk bursts and the helium pressure drops to zero on the gauge.  Then release the fire button.
2.10.1.  CU Talent presses start button
2.10.2. CU Rupture disk bursts 
2.10.3. CU Helium pressure approaches and reaches zero
2.10.4. CU Talent releases fire button

2.11. Transfer the bombarded calli into a Petri dish containing N6OSM and incubate for 16 hours in the dark at 27ºC. Then, break the calli into about ten pieces and transfer them to N6E, or callus induction medium, in Petri dishes and incubate for 5 days in the dark at 27 ºC.
2.11.1.  CU Talent places calli into Petri dish
2.11.2. WIDE/MED Talent places calli in dark; see 3.2.1 below for a similar shot
2.11.3.  CU Talent breaks calli into multiple pieces and places pieces in Petri dish of N6E, Videographer, get enough footage here for the entire second sentence

2.12. After about 8-10 weeks, white fast-growing sectors will grow out of the non-proliferating and partially necrotic mother calli. Excise the white fast-growing tissues and transfer them to fresh selection medium, continuing to incubate them. 
2.12.1.  MED/CU White, fast growing sectors growing out of partially necrotic mother calli
2.12.2. CU Talent excises a white fast growing calli and places in fresh medium

3. Maize Regeneration

3.1. Transfer the white and fast-growing embryonic calli onto regeneration medium and incubate in the dark at 27 ºC for 1 week before switching to a period of 16 hours daylight and 8 hours dark at 25-27ºC.  
3.1.1. MED/CU Talent transfers white and fast growing calli onto regeneration medium
3.1.2. WIDE/MED Talent places plants into dark incubator, Videographer, get enough footage for the VO beginning with ‘and incubate in the dark…’

3.2. After 3-4 weeks, transfer the regenerating shoots onto the rooting medium in a glass test tube and continue to incubate in a light/dark cycle.  After substantial root development appears, use tap water to wash the roots carefully, then transplant the plantlets to 4” pots with soil.
3.2.1. MED/CU Talent transfers shoots onto rooting medium in glass test tubes
3.2.2. CU Talent holds up a tube and shows the roots
3.2.3. MED/CU Talent finishes washing roots of a plant and transplants shoot into 4’ pot of soil - have plants visible that have already been transplanted

3.3. Cover the pots with plastic bags to keep the plants moist. After 2 days, make small holes in the plastic bags then after 5-6 days remove the plastic bags. Continue to incubate for another 5-6 days. 
3.3.1. MED Talent covers plants with bags 
3.3.2. MED/CU Talent makes holes in one of the bags
3.3.3. MED Talent removes bags from plants

3.4. Transfer the seedlings into 18” pots with soil and maintain in full summer sunlight or greenhouse light. The initial regenerated plants are called T0 while the first seeds belong to the T1 generation.
3.4.1. MED Talent places plants in 18” pots in full light, Videographer, get enough footage for the entire VO here
4. Klason Lignin Measurement 

4.1. To take Klason Lignin measurements, mill the samples through a 2 mm screen.  Then use a moisture analyzer to determine the moisture content of each sample and record the value.
4.1.1. CU Talent mills a sample through a 2 mm screen
4.1.2. MED/CU Talent at moisture analyzer with sample inside – sees value and records 

4.2. Weigh out ~1.5 g of each sample and record the weight.  With an automated solvent extractor, use water to extract the samples.  Then use ethanol to extract them a second time (TEXT: 3 cycles/extraction; ~14 min/cycle).
4.2.1. MED/CU Talent places a sample on scale and records weight – have weight visible 
4.2.2. MED Talent begins the extraction with water bottles visible, carousel rotating, and close up of extraction cells
4.2.3. [bookmark: _GoBack]MED/CU Talent replaces bottles of water with ethanol Not filmed (though this may be labeled as the close up of the extraction cells – unfortunately I cannot remember). 

4.3. Dry the extracted samples at 45 ºC overnight then allow them to cool in the dessicator before weighing them again.
4.3.1. WIDE/MED Talent places samples at 45 ºC

4.4. Next, measure 0.3 g of each dry, extracted sample into three screw-top high-pressure tubes and record the weights to the nearest 0.1 mg.  Then add 3 ml of 72 % sulfuric acid to each pressure tube. 
4.4.1. MED/CU of triplicates of each sample with 0.3 g of biomass – with talent in shot recording weight
4.4.2. CU Talent pipettes 3 ml of 72 % H2SO4 into each tube
4.5. Use glass or Teflon stir rods to mix the samples and leave the stir rods in the tubes.
4.5.1. CU Talent adds a glass Teflon stir rod and mixes sample

4.6. Incubate the vials at 30ºC for 60 min at 150 rpm.  Then add 84 ml of deionized water to dilute the acid concentration to 4%, mixing with the stir rod.  Take care not to leave large amounts of sample on the sides of the vial above the water line (TEXT: remove stir rods). 
4.6.1. MED Talent places vials into incubator and starts rotating
4.6.2. CU Talent adds deionized water to vial and mixes without leaving large clumps

4.7. After tightly sealing the stoppers on all vials, place them into a metal rack or large beakers and autoclave them at 121°C using a liquid sterilization cycle for 1 hour.  Allow them to cool to room temperature before opening.  
4.7.1. MED Talent places rack/beakers into autoclave
4.7.2. MED Talent places autoclaved samples onto bench to cool

4.8. Pre-ash the filtering crucibles in a furnace at 575 ºC for at least four hours, then allow the crucibles to cool in a dessicator for at least one hour.
4.8.1. MED Talent places filtering crucibles into furnace
4.8.2.  MED/CU Crucibles cooling in dessicator

4.9. Using a rubber adaptor to secure each crucible, vacuum filter the solution from each tube through a separate crucible.  Use deionized water to rinse the particles from each tube.
4.9.1. CU Talent adds the solution from a tube to a crucible that has a rubber adapter and filters
4.9.2. CU Talent adds deionized water to tube and rinses particles from tube

4.10. Dry the lignin residue at 105 ºC for a minimum of 4 hours before recording the weight of the dry crucible and the residue.
4.10.1. MED/CU Talent places crucibles at 105 ºC

4.11. Using a 575 ºC furnace, pre-fire the samples over a Bunsen burner until there is no visible smoke or ash before placing them in the furnace for 24 hours.  
4.11.1. MED Talent prefires a sample over a Bunsen burner to eliminate smoke/ash
4.11.2. MED Talent places samples into furnace

4.12. Remove the crucibles from the furnace and cool in the dessicator (TEXT: weigh each crucible and ash).
4.12.1. MED Talent removes crucibles from furnace

4.13. Finally, calculate the acid insoluble residue using the following equation, where (pronounce the following abbreviations as EM ‘the subscript word’, i.e. MPRE = EM PREE, MC = EM SEE)
MPRE = the Mass of the pre-extracted biomass; 
MPOST = the Mass of the post-extracted biomass;
MVIAL = the Mass of the extracted biomass added to the vial;
MRESIDUE = the Mass of the crucible and lignin residue;
MASH = the Mass of the crucible and ash; and
MC = the Moisture content of the pre-extracted biomass, total weight basis.

4.13.1. TEXT ON WHITE BACKGROUND Text of the following equation:



4.13.2. Additional photo provided of the crucibles with contents at different stages (empty, with lignin residue, with pre-fired residue, and with ash).

5. Results: dsRNAi Downregulation of Lignin

5.1. Reduction in lignin content in maize via dsRNAi particle bombardment transformation yielded approximately 30% efficiency.  Gene silencing of ZmCCR1 was consistently observed in T0-T2 generations.  Compared to control plants, the transgenics grew similarly except for brown coloration in the leaf mid-rib, husk, and stem.  
5.1.1. LAB MEDIA Figure 2A, Editor, for the brown coloration in the leaf mid rib, point out the vertical reddish brown line in the ZmCCR1 leaf (right leaf) in the left panel in A, for the husk, point out the brown in the husk in the ZmCCR1 plant in the right hand panel in A, and for the stem, point out the brown stem in the ZmCCR1 plant in the right hand panel in A.

5.2. As shown here, histological analysis revealed that the mutant lines exhibit a significant reduction in cell wall thickness of the sclerenchyma fibers; however the xylem vessel, phloem, and sheath cells appeared similar to wild type plants, suggesting that there are no detrimental effects to water transport, nutrient transfer, or mechanical strength to the stems in the mutant lines.
5.2.1. LAB MEDIA Figure 2B, Editor, zoom in on both panels in B to focus on the thickness of the sclerenchyma fibers.  Add in arrows similar to the red arrows in the original image.

5.3. This figure shows the amount of acid-insoluble Klason lignin in wild-type maize and ZmCCR1 RNAi transgenic  lines.  Three transgenic lines showed a statistically significant reduction in lignin compared to wild type plants.  
5.3.1. LAB MEDIA Figure 3, Editor, for ‘Three transgenic lines…’, point out the three blue bars and for ‘wild-type plants’, point out the red bar.

5.4. To determine whether carbon flow was shifted from the lignin biosynthetic pathway to cell wall carbohydrate biosynthesis pathways, cellulose was analzyed via the Updegraff method. As seen in this plot, two ZmCCR1_RNAi mutant lines contained significantly increased levels of crystalline cellulose.  Analysis of hemicellulose content; however, revealed no changes in the mutant lines.
5.4.1. LAB MEDIA Figure 4A, Editor, for the two ZmCCR1_RNAi mutant lines, point out the CCR1B-6 and CCR1c-c bars with the VO
5.4.2. LAB MEDIA Figure 4B, Editor, bring in this panel next to 4A with the last sentence of the VO

6. Conclusion (said by authors on camera)

Particle Bombardment (Dr. Mariam Sticklen)
6.1. Dr. Mariam Sticklen: After its development, this technique paved the way for researchers in the field of plant transgenic science requiring transgenesis. Visualizing this technique will provide guidance to researchers who need to introduce a gene of interest in high transformation frequencies. In addition, the particle bombardment technique can also be applied to other monocots such as sorghum and rice. 

Klason Lignin Measurement (Dr. Rebecca Garlock Ong)
6.2. Dr. Rebecca Garlock Ong: After watching this video, you should have a good understanding of how to measure Klason lignin from lignocellulosic biomaterials. It is important to mention that working with 72% H2SO4 can be extremely hazardous so any personnel handling the chemical should be very cautious and keep the chemicals in safety cabinets and work with it only under a fume hood. 

 

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.


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

