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Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  __Yes, 4.8___(Note from Roslyn Bauer- I believe we can get by without this since only one shot potentially requires a scope kit)	Comment by Matthew Mattozzi: We did not use a scope kit for this; instead KJ did an extreme close-up and said the footage was sufficient.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? __Yes. Steps 3.4, 3.6, and 3.8__
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__4.4, 4.6, 4.8, 4.10, ____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

1. Introduction (Schematic Overview and Interview)

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

0. Conceptual Narrative:
0.1. The overall goal of the following experiment is to observe transient gene expression of a GFP-tagged reporter in tobacco leaf epidermal cells. 
0.1.1.  (Intro).

0.2. This is achieved by first designing a DNA construct that will be expressed in the chloroplasts and peroxisomes. 
0.2.1. LAB MEDIA: 51234_Mattozzi_Overview_P1 

0.3. The construct is then built using PCR amplification and Gibson assembly.
0.3.1. LAB MEDIA: 51234_Mattozzi_ Overview _P2   

0.4. Next, a gene gun is used to deliver the construct to tobacco leaf epidermal cells.
0.4.1. LAB MEDIA: 51234_Mattozzi_ Overview _P3

0.5. Ultimately, imaging of the tobacco leaf by confocal microscopy reveals GFP expression in the chloroplast and peroxisome.
0.5.1. LAB MEDIA: 51234_Mattozzi_ Overview _P4



1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. [Matthew Mattozzi] The main advantage of this technique over existing methods, such as classical cloning, is that it does not require restriction enzymes, and thus any sequence that can be amplified by PCR may be cloned. 
1.1.1.  MED:  Interview style

1.2. [Matthew Mattozzi] Because of the flexibility of the genetic design, the applications of these techniques extend toward larger scale genetic engineering of agricultural plants.
1.2.1. MED:  Interview style

1.3. [Matthew Mattozzi]: Demonstrating the procedure will be Mathias Voges, a graduate student from our laboratory. (Only use this if the grad student will be demonstrating the procedure).   
1.3.1. MED:  Interview style

Protocol (read by voice talent at JoVE):
2. DESIGN OF SEQUENCES FOR TRANSIENT EXPRESSION
2.1. Begin this protocol by determining the sites within the plant cell for final protein expression. For this work, the aim is to target expression to the chloroplast, peroxisome, and cytosol. 
2.1.1. LAB MEDIA: 51234_Mattozzi_Figure5 (Editor, please show the cell with labels only for the chloroplast, peroxisome, and cytosol)

2.2. Next, design the expression construct. The construct must contain a promoter (highlight Pentcup2), a detectable gene (highlight GFP), and a terminator (highlight nosT), within a single plasmid.  In this case, the constitutive promoter PENTCUP2 drives the expression of GFP, which is followed by the nopaline synthase terminator or “nosT”. (Text overlay: nosT is commonly used in plant constructs)
2.2.1. LAB MEDIA: 51234_Mattozzi_ Figure 2.pptx (slide 1) Editor, highlight as noted in parentheses above

2.3. Note that in this experiment we will be testing a series of tags, TriTags-1,2 and 3, expressed N-terminal to GFP for expression in chloroplasts and peroxisomes. 
2.3.1. LAB MEDIA: 51234_Mattozzi_ Figure 2.pptx (slide 4 top left) 

3. GIBSON ASSEMBLY OF DNA PARTS
3.1. The Gibson assembly method depends on the action of several enzymes in a pre-made mix to partially digest the ends of double stranded DNA and facilitate the annealing of complimentary base pairs of neighboring DNA sequences. 
3.1.1. LAB MEDIA: 51234_Mattozzi_Figure 2.pptx (slide 2 –Top)
3.1.2. LAB MEDIA: 51234_Mattozzi_Figure 2.pptx (slide 2 –Bottom)

3.2. The final construct has 3 parts that must be amplified in 4 PCR reactions prior to Gibson assembly.  The first and second reactions amplify an 8000 bp plasmid vector pORE, which contains GFP, nosT, and a kanamycin resistance marker.
3.2.1. LAB MEDIA: 51234_Mattozzi_Figure 2.pptx Slide 4- (Editor highlight black and green arrows)

3.3.  The third reaction amplifies the promoter PENTCUP2, (Orange arrows) and the fourth reaction amplifies TriTag-1 (blue arrows).
3.3.1. LAB MEDIA: 51234_Mattozzi_Figure 2.pptx Slide 4- (Editor highlight as indicated in the text above)

3.4. Using in silico design software such as ApE, design the construct base-for-base such that there is a 50-bp overlap between each piece.   When ordering primers for PCR, it is possible to use the 50 bp overlap as the primers: 25 bp each direction.  (Text overlay: A plasmid Editor (ApE) is an open source freeware package useful for this work.) 
3.4.1. MED:  Talent seated at computer using APE	Comment by Matthew Mattozzi: KJ took some footage of me using this software.  Please let me know if you would like me to provide some screen shots of the specific process.

3.5. After performing PCR to amplify each component, purify all the PCR products separately and elute them in ddH2O.  
3.5.1. CU:  Talent removes elution column from a microcentrifuge tube.  “Purified” PCR products in water are seen at the bottom of the tube

3.6. Next, measure the concentrations of each of the DNA pieces.  Adjust the vector concentration to approximately 150 ng/μL. 
3.6.1. MED:  Talent, standing at NanoDrop instrument pipettes a drop onto the instrument, closes it and takes a reading.
3.6.2. CU:  Talent adds solution to adjust the vector concentration 

3.7. For each construct to be assembled, including a control, take a 15 μL aliquot of the Gibson assembly mix out of the freezer and thaw it on ice. (Text overlay:  See accompanying document for recipe. Note that commercial mixes are also available) 	Comment by Matthew Mattozzi: KJ also has a shot of the box containing commercial mix
3.7.1. MED:  Talent takes mix out of freezer and places it in bucket of ice that is in hand

3.8. Using the online open source tool at Gibthon.org, determine the volumes for equimolar amounts of each of the fragments. (Text overlay: http://django.gibthon.org/tools/ligcalc/)  
3.8.1. MED:  Talent, seated at computer using Gibthon.org tool 	Comment by Matthew Mattozzi: Again, let me know if you need screen captures of this

3.9. Add the calculated volume of each of the fragments to the 15 μL Gibson mix. Also prepare a control of the vector DNA alone.  The total volume of each reaction should be 20 µL.   Use water to adjust the volume, if needed.
3.9.1. CU:  Talent adds fragments to the Gibson mix
3.9.2. CU:  Talent adds vector to a tube labeled “control”
3.9.3. CU:  Talent adds water to each reaction

3.10. Incubate the tubes at 50-55°C for 30-60 minutes.  
3.10.1. MED:  Talent places the tubes in the thermal cycler.

3.11. After the incubation, place the tubes back on ice.   Remove a microfuge tube containing a commercial preparation of 200 μL of calcium-chloride competent E. coli from a -80 ºC freezer and warm it slightly by hand.  Then add all 20 μL of the reaction to the E. coli. 
3.11.1. CU:   Talent moves the tubes to an ice bucket
3.11.2. MED:  Talent removes E. coli from -80 and warms it slightly by hand
3.11.3. CU:  Talent transfers the contents to a microfuge tube with E. coli

3.12. [bookmark: _GoBack]Incubate the cultures on ice for 30 minutes, then transfer them to a water bath at 42°C and heat shock for 60 seconds.  
3.12.1. CU:  Talent  places the cultures on ice
3.12.2. CU:  Talent transfers them to the water bath for heat shock

3.13. Matthew Mattozzi “Do not use electrocompetent cells.  The high salt concentration and the relatively low DNA concentration may cause the cells to arc.”
3.13.1. MED:  Talent looks up from placing the tubes on ice and says the above line

3.14. Following transformation, return the cultures to ice for 2 minutes.  Then, apply 750 μL of SOC or LB medium and allow them to recover for 30 minutes at 37°C.  (Text overlay:  The incubation may be skipped if using ampicillin).
3.14.1. CU:  Talent places cultures back on ice
3.14.2. CU:  Talent adds SOC 
3.14.3. MED:  Talent places the tubes at 37 ºC warm room

3.15. Next, plate the mixture on LB plates with Kanamycin or other appropriate antibiotic.  Incubate at 37ºC overnight.
3.15.1. CU:  Talent plates the mixture  
3.15.2. MED:  Talent places the plates in the warm room

3.16. Screen 10 colonies by sequencing. Note that this method may result in a higher background and higher number of non-target recombination events than traditional ligation-based cloning. 
3.16.1. CU:  Talent picks colonies on plate (authors, please prepare a plate in advance)

4. BIOLISTIC TRANSFECTION OF TOBACCO WITH THE GENE GUN
4.1. The Biolistic transfection of tobacco with a gene gun has been previously described in JoVE.  Here, key steps and differences are reviewed from previous protocols. (Text overlay: See: Woods, G. & Zito, K. JoVE 2008) and Hollender, C. A. & Liu, Z. JoVE 2010)
4.1.1. Author, at bench with gene gun in background says the above line 

4.2. (Text overlay Woods and Zito, JoVE, 2008) After amplifying and isolating the constructs, prepare gene gun bullets as described in the JoVE article by Woods and Zito and load them into the gene gun.
2.1.1. REUSE SHOT FROM WOODS AND ZITO 2008 video #675 at time: 9:22-9:32 (Talent cutting “bullets” and collecting them in a scintillation jar. 
2.1.2. CU:  Talent loads the gun bullets into the gene gun

2.2. For transfection of Nicotania benthamiana tobacco leaf epidermal tissue, choose a large leaf close to the base of a 3-5 month old plant.  Carefully place it bottom side up on wet paper towels in a 15 cm Petri dish.	Comment by Matthew Mattozzi: The numbering in the “final” script you sent me switches to 2.x.x.  KJ’s shot from this point forward use the 2.x.x numbers as written here.
2.2.1. CU:  Talent chooses a large leaf 
2.2.2. CU:  Talent places the leaf bottom side up on wet paper towels in a Petri Dish

2.3. Wearing appropriate eye and ear protection, set the He pressure for the Gene Gun to 200-250 psi.  
2.3.1. MED:  Talent, wearing appropriate eye and ear protection sets pressure for gene gun

2.4. Carefully aim the Gene Gun between the ribs on the bottom side of a leaf, about 3-5 inches above it.  Release the safety and deliver the particles to the leaf.  Use each bullet twice in the same location on the leaf.   
2.4.1. CU:  Talent aims the gene gun, releases the safety, and delivers particles to the leaf two times.

2.5. Move to another location and repeat the process.   For a 12-cm leaf, expect to shoot in 4-5 locations.  
2.5.1. CU:  Talent moves to another location, aims, and delivers particles

2.6.  If the leaf explodes, discard and start a new leaf.  There is some variance in leaf toughness due to growth conditions such as age, moisture, etc.  
2.6.1. CU:  Talent aims the gun, releases the safety and delivers particles:  the leaf explodes
2.6.2. CU:  Talent discards
2.6.3. CU:  Talent aims the gene gun, releases the safety, and delivers particles to the leaf two times.

2.7. After all shots have been delivered, cover the leaf and store it 2-3 days in low light on the bench.
2.7.1. CU:  Talent covers the leaf and sets it aside for storage

2.8. Examine the leaf in a dissecting microscope equipped with UV fluorescence, and search for individual cells expressing GFP. When cells expressing GFP are found, use dissecting scissors to carefully extract 0.5 cm x 0.5 cm sections of leaf.
2.8.1. MED:  Talent examines the leaf using a dissecting microscope
2.8.2. SCOPE:  Field of view as talent searches for GFP expressing cells  OR   LAB MEDIA:  51234_Mattozzi_FOV_GFP (Authors, if we do not use a scope kit can you please provide an image of a field of view of cells with a few GFP expressing cells?)	Comment by Matthew Mattozzi: We are actively working on getting this; the sample on the day of shooting did not work
2.8.3. SCOPE:  Talent uses dissecting scissors to extract sections of leaf   OR ECU:  Talent cuts small sections of the leaf.

2.9. Immediately submerge each individual leaf fragment in the well of a deep well microscope slide containing ~200 μL of 0.1% Triton X-100.  The detergent helps prevent air bubbles from forming on the surface, and the deep well microscope slide allows for a larger tissue imaging area.
2.9.1. ECU:  Talent submerges leaf fragments in individual wells on a microscope slide

2.10. Image cells using a confocal microscope equipped with the appropriate filters and a 40x water-immersion objective.
2.10.1. MED:  Talent, seated at confocal microscope images the cells

5. REPRESENTATIVE IMAGES OF BIOLISTICALLY TRANSFECTED TOBACCO LEAF CELLS
5.1. In this study the three different GFP organelle-targeting constructs were compared to untagged GFP and a Rubisco-tagged GFP.  Confocal microscopy was used to detect GFP fluorescence in the transiently transformed single cells. 
5.1.1. 51234_Mattozzi_Figure 3c

5.2. In control experiments, in which Untagged GFP was expressed, fluorescence is observed in the nucleus and cytosol only, but not the chloroplasts, which are identified by red autofluorescence of chlorophyll. 
5.2.1. 51234_Mattozzi_Figure 3c

5.3. As seen in this example of a cell transfected with a chloroplast-only- Rubisco- tagged GFP construct, GFP was expressed in the large organelles. The cell is outlined in white.   The yellow indicates areas of colocalization of the construct with chlorophyll, indicating that the construct is targeted to the chloroplast.
5.3.1. LAB MEDIA: 51234_Mattozzi_Figure3f

5.4. As shown in this image of a TriTag-1 transfected cell, GFP expression is seen in the chloroplast peripheries, cytosol, and small punctate organelles believed to be peroxisomes. 
5.4.1. LAB MEDIA: 51234_Mattozzi_Figure 4a

5.5. Likewise, TriTag-2 transfected cells also express GFP in the chloroplasts, cytosol, and peroxisomes.
5.5.1. LAB MEDIA: 51234_Mattozzi_Figure 4b

5.6. TriTag-3, which consists of a peroxisome signal embedded within a low- complexity region of the chloroplast sequence, localized only to the chloroplast and the peroxisome. Note that this cell is in a different leaf layer.
5.6.1. LAB MEDIA: 51234_Mattozzi_Figure 4c  

5.7. This figure summarizes expression observed in the compartments of a typical tobacco leaf epidermal cell.  The relative sizes and locations within the cell are shown, and the relative expression levels observed via Gene Gun transfection and confocal microscopy. 
5.7.1. LAB MEDIA: 51234_Mattozzi_Figure5c

5.8. Note that the untagged GFP localizes to the cytosol and nucleus, the PIMT2-GFP control localizes to the chloroplast, and TriTag-1-GFP, TriTag-2-GFP, and TriTag-3-GFP localize to the chloroplast and peroxisome as predicted.  
5.8.1. LAB MEDIA: 51234_Mattozzi_Figure5c

6. Conclusion (said by authors on camera)
6.1. [Matthew Mattozzi]: After watching this video, you should have a good understanding of how to construct a plasmid with Gibson assembly, deliver it biolistically to tobacco leaves, and observe GFP expression within three days.

6.2. [Matthew Mattozzi]: While attempting this procedure, it’s important to remember to use 150 ng/μL vector DNA for Gibson assembly and 1500 ng/μL of your final DNA construct to make your Gene Gun bullets.

6.3. [Matthew Mattozzi]: Following this procedure, other methods like Agrobacterium transfection can be performed to obtain stable gene expression rather than transient.


Provided Media

51234_Mattozzi_Overview.pptx
51234_Mattozzi_Figure2.pptx 
51234_Mattozzi_Figure 3c
51234_Mattozzi_Figure 3f
51234_Mattozzi_Figure 4a
51234_Mattozzi_Figure 4b
51234_Mattozzi_Figure 4c
51234_Mattozzi_Figure 5c
51234_Mattozzi_FOV_GFP  (This is a field of view of the GFP expressing cells, and will be needed if a scope kit is not used)  	Comment by Matthew Mattozzi: Again, we are working on getting this shot.



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.
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