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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: __Nikon SMZ1500_______________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 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.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. _

3.1) Form glass electrodes by mechanically pulling glass capillaries.  Optimize heat and pull settings to pull glass to form appropriately shaped recording electrodes.  Carefully break off end of glass electrode using forceps under a dissecting microscope to create electrode tip opening that is wide enough to envelope target sensillum, but small enough to avoid contact with neighboring structures.  

3.2) Under a microscope, visually identify by morphology and position the target sensilla/sensillum to ensure repeatability of tip recording.  Prep animals to allow free access to sensilla from angle of electrode entry.

3.3) Cold anesthetize adult insects in freezer at -20°C.  Avoid damage to peripheral neurons by overexposure to cold temperatures.  Cut narrow strips of cellophane tape with razor blade on glass slide.  Immobilize whole insect on a glass slide using the narrow strips. 

3.7) Stimulate sensilla with a control solution (electrolyte only) to ensure functionality. Count spikes starting 200 ms following the stimulus artifact for all preparations. 

4.3) Using two pairs of fine forceps, dissect paired labella or tarsi from males or females under a dissecting microscope and limit inclusion of adjacent tissues.  

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number._3.7  Different compounds can be applied at a fairly high concentrations to elicit characteristic spike activity.

E.  Will the filming need to take place in multiple locations? (Y/N) __yes__ If yes, how far apart are the locations? ______________100 yards__________________________
***After reviewing the protocol, there are a few steps that would be more easily filmed in a building across the parking lot from ours.  These steps include spinning down the tissue and freezing the tissue with liquid nitrogen.
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 observe the responses of gustatory neurons in insects and to measure gene expression in gustatory tissues.  (Intro)
This is accomplished by first recording the responses of specific gustatory hairs to several tastants at different concentrations. (P1)
LAB_MEDIA:  52088_Dickens_graphical overview (P1).   Animation: First show the sensillum. Then move the pipette labelled “Electrolyte+Tastant” towards the sensillum. Then add the arrow, followed by the text “Amplifier”, another arrow, then the spikes, then another arrow, then the text “Computer Software”.
The second step is to carefully dissect the gustatory tissues, then separate the samples by sex and appendage. (P2)
LAB_MEDIA:  52088_Dickens_graphical overview (P2).   Animation: First, show the male and female insects. Then add all the arrows and the blue “tissues” (8 lines), followed by the appearing of the tube in the center.
Next, isolate the total RNA from each tissue sample and create cDNA preparations for Next-Gen sequencing and qPCR. (P3)
LAB_MEDIA:  52088_Dickens_graphical overview (P3).   Animation:  Show the tube first. Then add the arrows and the “color lines” below the tube.  Next, add the right subfigures (two graphs). 
The final step is to analyze the gene expression data and form hypotheses such as how the expressed chemosensory genes mediate physiological responses to tastants in insects. (P4, P5)
LAB_MEDIA:  52088_Dickens_graphical overview (P4).   Animation: Show P4 cartoon, then add P5. 
Ultimately, electrophysiological recordings are used to show the receptive range of the insect gustatory system, and RNA-sequencing of gustatory tissue is used to highlight the most important genetic components of the gustatory reception.  (P5)
LAB_MEDIA:  52088_Dickens_Figure 1, and 52088_Dickens_Figure 3.   Animation:  Show Figure 1 (use part of Figure 1 as shown below), then add figure 3.
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).   
P1-P4

[image: image1.emf]
P5 (from LAB_MEDIA:  52088_Dickens_Figure 1)

[image: image2.emf]
P5 (LAB_MEDIA:  52088_Dickens_Figure 3)

[image: image3.emf]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Jackson Sparks: Generally, individuals new to these methods will struggle because of the small size of insect chemosensory appendages.  Whether dissecting or recording from small insect organs, practice and patience are the keys to master these techniques.

Protocol (read by voice talent at JoVE):

2. Electrophysiology 
ALL SCOPE SHOTS AUDIO SLATED IN SCOPE CAM
2.1. To begin this procedure, pull a thin tipped recording electrode in a pipette puller with a glass capillary.  Under the dissecting microscope, carefully break the electrode tip off so that its opening is wide enough to envelope the target sensillum, but small enough to avoid contacting the neighboring structures.  
2.1.1. MED-over the shoulder:  Talent places a glass capillary in the pipette puller.

2.1.2. SCOPE:  A microscope movie to show the tip of the electrode being broken off.

2.2. Next, anesthetize 2-4 adult insects in the freezer at -20°C for 20 seconds.  After that, immobilize one of the insects on a coverslip using small strips of cellophane tape.  
2.2.1. MED-over the shoulder:  Talent transfers 2-4 adult insects to the freezer.

2.2.2. MED-over the shoulder:  Talent tapes the animal on a coverslip using small strips of cellophane tape.

2.3. Under the microscope, identify the target sensillum by its morphology and position, and orient the animal to allow free access to it from the angle of electrode entry.  Then, insert a tungsten wire into its dorsal thorax to serve as the ground electrode.  
2.3.1. SCOPE:  A microscope movie to show that the animal is oriented to allow free access to the sensillum.
2.3.2. SCOPE CU:  A microscope movie to show that a tungsten wire is inserted into the insect’s dorsal thorax.
2.4. Fill the glass electrode from the tip with a stimulating solution of interest.  Flick out the air bubbles while holding the tip down.  Insert a silver wire into the electrode to serve as the recording and stimulating electrode.
2.4.1. MED-over the shoulder:  Talent fills the glass electrode from the tip with a stimulating solution of interest.
2.4.2. [combined with 2.4.1] CU:  The glass electrode as the air bubbles are flicked out.

2.4.3. CU:  The glass electrode as a silver wire is inserted into it.
2.5. After that, connect the electrodes to a preamplifier (Text overlay: 300 Hz - 3 kHz bandpass filter), which allows the reduction of the settling time to capture neuronal activity.  The preamplifier is connected to a computer equipped with spike recording software to collect, store and analyze electrical signals.
2.5.1. MED-over the shoulder:  Talent connects the electrodes to a preamplifier.  Text overlay: 300 Hz - 3 kHz bandpass filter.

2.5.2. [combined with 2.5.1] CU:  The preamplifier, then the computer which has the spike recording software opened.

2.6. Now, stimulate the sensillum with a control solution to ensure its functionality.  Count the spikes starting 200 ms following the stimulus artifact.  To obtain the dose-response results, expose the sensillum to increasing concentrations of the experimental chemical and allow a minimum of 3 minute intervals between stimulations to ensure adequate recovery.
2.6.1. MED-over the shoulder:  Talent delivers control solution to the sensillum.

2.6.2. MED-over the shoulder:  Talent clicks the “record” or “play” button on the computer monitor and spikes are displayed on the monitor.
2.6.3. CU SCOPE:  The insect as the experimental chemical is delivered to the sensillum.

3. RNA isolation and sequencing  

3.1. In this procedure, prepare a shallow cooler with dry ice for the collected tubes.  Label the 1.5 mL RNase-free snap cap tubes for the collection of different types of tissue.  After that, prepare the accompanying RNase-free pestles to fit the snap cap tubes tightly.  Keep the tubes closed to avoid excess condensation.
3.1.1. MED-over the shoulder:  Talent puts dry ice in a shallow cooler.

3.1.2. CU:  A RNase-free snap cap tubes as it is labeled.

3.1.3. MED-over the shoulder:  Talent cuts open the handle side of the packaging and places the grinding end in a shallow cooler with dry ice.
3.1.4. CU:  The tubes as they are closed.

3.2. Next, anesthetize 30 to 40 mosquitoes in the -20°C freezer for 15 to 30 seconds. Then, transfer the anesthetized mosquitoes to a cold stage and sort by sex.  Turn the insects dorsal side down by grasping their wings, being careful not to damage the taste appendages.
3.2.1. MED:  Talent places the insects in the freezer.

3.2.2. CU:  The cold stage as the anesthetized insects are placed on it and sorted by sex.

3.2.3. CU:  The cold stage as the insets are turned dorsal side down by grasping the wings.
3.3. Under a dissecting microscope, dissect the paired labella or tarsi from either males or females by gently grasping the mosquito proboscis just proximal to the labella with one pair of forceps to expose the inner stylets and remove the labella with the other pair of forceps.  Then, place the tissue in the cold collection tube.
3.3.1. SCOPE:  A microscope movie to show that the mosquito proboscis proximal to labella is gently grasped to expose the inner stylets and the labella are removed. Take 4
3.3.2. CU:  The tissue as it is placed on the inner wall of cold collection tube.
3.4. Subsequently, gently grasp the mosquito leg at the junction of the tibia and the first tarsal segment and remove the tarsi.  Then, place the tissue in the cold labelled tube.
3.4.1. SCOPE:  A microscope movie to show that the mosquito leg is gently grasped, and the tarsi is removed. Take 2
3.4.2. CU:  The tissue as it is placed on the inner wall of cold collection tube.

3.5. Spin the collection tubes for 1 minute in a 0°C centrifuge at 9,000 x gravity to keep the tissue at the bottom of the tube.  If moisture accumulates in the collection tubes during dissection, add 50uL of cold Trizol reagent to cover and protect the collected tissue.  
Take 2
3.5.1. MED-over the shoulder:  Talent places the collection tubes in the centrifuge.

3.5.2. CU:  The tube as 50uL of cold Trizol reagent is added to cover the collected tissue.
3.6. Freeze the tubes in the 1.5mL tube rack containing liquid nitrogen.  Then, grind the tissue into fine powder (Text overlay: Grind into fine pieces if in Trizol) and repeat one more time.  Bring the total volume of Trizol to 1mL and resuspend the ground tissue by vortexing.
3.6.1. MED-over the shoulder:  Talent places the tubes in the 1.5mL tube rack containing liquid nitrogen.
3.6.2. CU:  The tissue as it is grinded into fine powder.  Text overlay: Grind into fine pieces if in Trizol.

3.6.3. CU:  The tissue as it is being vortexed.

3.7. After that, add 200 uL of chloroform to the ground tissue and mix thoroughly.  After 5 minutes at room temperature, spin it down in the centrifuge at 4°C and 11,000 x gravity for 15 minutes.  Carefully add the aqueous layer directly to a genomic DNA filter column.  
3.7.1. MED-over the shoulder:  Talent adds 200 uL of chloroform to the ground tissue and mixes them.

3.7.2. CU:  The sample as it is placed in the centrifuge.

3.7.3. MED-over the shoulder:  Talent adds the aqueous layer directly to a genomic DNA filter column.

3.8. Then, spin it down at 11,000 x gravity for 5 minutes.  Add an equal volume of RNase-free 70% ethanol to the flow-through and mix by pipetting.  Transfer the liquid to an RNA collection column and continue RNA extraction.
3.8.1. MED-over the shoulder:  Talent places the sample in the centrifuge.

3.8.2. MED-over the shoulder:  Talent adds RNase-free 70% ethanol to the flow-through and mixes by pipetting.
3.8.3. CU:  The RNA collection column as liquid is transferred to it.

3.9. After that, quantify and assess the purity of the total RNA on a precision spectrophotometer and proceed with any standard RNA sequencing method.  
3.9.1. MED-over the shoulder:  Talent places the sample in the spectrophotometer.

As suggested by the authors, the following section is optional. If the authors prefer to include it, please submit the files indicated.
4. Quantitative RT-PCR validation of RNA sequencing
4.1. In this step, select as many genes as possible to compare the relative gene expression levels over a dynamic range, both in predicted sequence abundance and presumed chemosensory gene function.
4.1.1. Authors will submit animation to illustrate this step.

4.2. Next, design primer pairs for each target gene to amplify a specific 100-180 base pair PCR product.  Exclude non-specific gDNA amplification by ensuring at least one primer per set to span an intron boundary.  
4.2.1. Authors will submit a vector graphic animation to illustrate this step.
4.3. Then, calculate the amount of tissue required to provide enough RNA to complete all qRT-PCR reactions.  
4.3.1. SCREEN: A screen movie to show the calculation with icons representing the tissue.
4.4. After that, calculate the relative gene quantification for each target gene and the average for each replicate.  Use a housekeeping gene to normalize Ct values between the biological replicates and to root the Y-axis scale in comparisons of relative expression.
4.4.1. SCREEN: A screen movie to show the calculation.  

4.5. Assess the similarity of RNA-seq and qRT-PCR datasets using the regression-based, bootstrap equivalence procedure, iteratively applied, to the data from each tissue.  
4.5.1. Authors will submit a graphed result to illustrate this step.
5. Results:  Physiological recordings and RNA sequencing of the gustatory appendages of the yellow-fever mosquito Aedes aegypti
5.1. The trace recordings of action potentials from Aedes aegypti gustatory sensilla demonstrate the effectiveness of direct stimulation with a range of chemicals (Video editor, please highlight the words “NaCl”, “Sucrose”, “Quinine”, “DEET”, “Picaridin”, “Citronellal”, and “IR3535”).  This technique can be used to quantify responses to any stimulating chemical by counting the spikes of a given amplitude and duration over a reasonable time range of less than 500 ms.  (Video editor, add the 3 spikes “A”, “B”, “C”) These three spikes correspond to three sensory neuron subtypes with different sensitivities.  
5.1.1. LAB_MEDIA: 52088_Dickens_Figure 1

5.2. The biological replicates for RNA-seq datasets may be limited by cost or difficulty of tissue collection.  qRT-PCR offers the ability to validate small subsets of total gene expression at less cost and requires less source RNA.  Shown here is the side by side data comparison (Video editor, show Figure 3A here) between the relative expression determined by RNA-seq (Text overlay: Left column) and the relative expression determined by qRT-PCR (Text overlay: Right column). These two methods rely on different chemistries for gene abundance estimation.  The statistical equivalence functions (Video editor, show Figure 3B here) demonstrate the limits of certainty in each case.    
5.2.1. LAB_MEDIA: 52088_Dickens_Figure 3
6. Conclusion (said by authors on camera)

6.1. Jackson Sparks:  After watching this video, you should have a good understanding of how to dissect insect tissue for RNA isolation and record neural signals from the gustatory hairs of live insects.
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, .eps, 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.

( 2013, Journal of Visualized Experiments


