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1. Brief Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Y If yes, please list make and model of your microscope: Zeiss Stemi 2000

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number: 3.3., 3.6., 3.10., 4.1. 

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: RNA extraction (Step 7).  What we do to ensure success is to use RNAzap liberally, clean benches prior to work to avoid minimize dust and other sources of Rnase contamination, and carefully set up tubes and reagents in advance of the procedure. 

E.  Will the filming need to take place in multiple locations? N

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of the following experiment is to identify transcriptional components of the photoperiodic diapause response in a non-model mosquito, Aedes albopictus. (Intro) This is achieved by first producing biologically replicated samples of diapause and non-diapause eggs via different photoperiodic treatments. (P1) As a second step, RNA is extracted from each replicate for high-throughput RNA sequencing. (P2) The RNA sequences are then processed computationally to assemble them into contigs and to annotate them. (P3) Ultimately, variations in the gene expression in response to diapause inducing vs. non-diapause inducing photoperiods can be inferred from reads mapped to the RNA assembly. (P4)
(P1) from graphic_overview.pptx, please show the image of “arm” with mosquito attached, then transition to (or have mosquito lay) graphic of eggs, then have eggs split into two groups on each side of screen and have photoperiod pie graphs with accompanying photoperiod text each appear next to one of the groups
(P2) zoom into one of the eggs, and then have single strand RNA graphic come up and out of egg (e.g. RS2826 like 4393@00:18-00:22) 
(P3) can show bottom lines of graphic sequentially with accompanying text OR figure_3.pdf 
(P4) figure_4.pdf
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Monica Poelchau: The main advantage of this technique over existing methods, such as microarray analysis, is that a priori genetic resources such as a genome sequence and/or a microarray are not required to obtain global estimates of gene expression in response to diapause conditions.   

1.2. Xin Huang: This method can help answer key questions in the field of ecological genomics, such as what is the transcriptional basis of diapause or other key ecological adaptations in non-model organisms.
1.3. Alli Goff: Generally, individuals new to this method will struggle, as it can be difficult to obtain sufficient quantities of diapause and non-diapause eggs, and the downstream bioinformatics analysis can be challenging.
1.4. Peter Armbruster: We first had the idea for this method when we noticed that high throughput DNA sequencing technologies were becoming more affordable and offered a tractable method for obtaining whole genome expression profiles in non-model organisms.
Protocol (read by voice talent at JoVE):
2. Larval rearing of two A. albopictus groups to adulthood

2.1. Before starting the procedure, set 2 photoperiod cabinets with programmable lighting at 21°C for optimal diapause expression and approximately 80% relative humidity. 
2.1.1. WIDE: Few seconds Talent setting at least one photoperiod cabinet to 21°C

2.1.2. CU: Shot of readout showing 80% humidity and if possible 21°C 
2.2. Program one cabinet for a non-diapause-inducing photoperiod with a 16L:8D light:dark (Pronounce 16-8 light dark) cycle and the other for a diapause-inducing 8L:16D light:dark (Pronounce 8-16 light dark) cycle, with the ‘lights on’ at the same time for both cabinets to synchronize the circadian time between the photoperiods. 
2.2.1. MED: Few seconds Talent setting cabinet to 16L:8D light:dark 

2.2.2. CU: Shot of readout of light cabinet set to 8L:16D light:dark 

2.2.3. CU: Shot of readout for “lights on” time AND/OR CU: “lights on” time being set for one cabinet
2.3. Next, submerge egg papers for the appropriate number of eggs in 500 ml of deionized water and add 1 ml of ground dog food and brine shrimp food slurry.

2.3.1. MED: Few seconds Talent submerging egg papers in water (TEXT: See text for egg # calculation) 

2.3.2. CU: Few seconds food slurry being added to container (TEXT: See text for all reagent preparation)

2.4. Cover the container with mesh, placing a rubber band around the mesh to keep it in place. 
2.4.1. CU: Container being covered with mesh

2.4.2. CU: Few seconds rubber band being placed around mesh
2.5. Then incubate the eggs in the 16L:8D long day photoperiod cabinet for ~24 hours. The next day, transfer ~30 hatched larvae per group to individual 10x10x2 cm petri dishes filled with 90 ml of deionized water. 
2.5.1. MED: Talent placing eggs in 16L:8D long day photoperiod cabinet 
2.5.2. CU: Shot of a few larvae being placed into at least one petri dish, possibly with other larvae already visible in same or other dish in frame
2.6. Every 48-72 hours, transfer the larvae to a clean dish, feeding them with fresh food slurry at each transfer. 
2.6.1. MED: Talent transferring at least one larva from old dish to clean dish

2.6.2. MED: Few seconds Talent adding food slurry to clean dish
2.7. After about 6 days, line the bottom of 3-4 adult cages for each photoperiod treatment with wet filter paper and dampen the filter paper with enough deionized water to increase the local humidity in the cage while avoiding standing water.
2.7.1. MED: Few seconds Talent lining one adult cage with wet filter paper (TEXT: Each cage = biological replicate) 

2.7.2. CU: Few seconds water being added to cage
2.8. Note the photoperiod, replicate number, cage start date, and other information relevant to the experiment with permanent marker on the side of the cage.
2.8.1. CU: Shot of side of cage, with photoperiod and replicate number already on cage, with start date or other being added

2.9. Then, every other day for 10 days, transfer the pupae into small cups of clean water at no more than 50 pupae per 25 ml of water into the appropriate adult cages for the experiment and place organic raisins on the top mesh of the cage to provide sugar for the emerged adults. 
2.9.1. MED: Talent adding at least one pupa into cup of water (TEXT: e.g., M-W-F)

2.9.2. CU: Above shot of adult cage, then cup of pupae being placed into cage

2.9.3. CU: Shot of raisins on top of mesh OR CU: Shot of raisin(s) being placed on top of mesh
3. Measuring diapause incidence
3.1. To stimulate oviposition, 4-5 days after the first blood meal, fill dark colored 50 ml cups lined with a textured non-bleached paper towel, halfway with deionized water and place one cup into each cage.

3.1.1. MED: Talent lines cup with paper towel, then adds water to at least one cup 

3.1.2. WIDE: Talent places cup into cage. 
3.2. To collect and store the eggs, replace the egg papers in each cage with fresh paper, placing the recently removed papers in petri dishes and storing them in the 8L:16D short day photoperiod cabinet to avoid confounding effects on the egg storage. 
3.2.1. MED: Talent placing new egg paper into at least one cage

3.2.2. MED: Talent placing used paper into at least one petri dish

3.2.3. CU: Dish(es) being placed into cabinet
3.3. Approximately 48 hours after the collection, dry the egg papers in the open air such that they are limp and slightly damp to the touch but not so wet that the papers are dark from water or stimulate hatching. 
3.3.1. MED: Talent placing egg papers on bench or other appropriate

3.3.2. CU: Shot of slightly damp towel, then Talent’s hand appears in frame and taps/feels with fingertips once or twice then turns hand up to show dry fingertips OR MED: Talent holding paper up to look at dampness OR similar appropriate shot 
3.4. To measure the diapause incidence, record the number of eggs on each egg paper, then completely submerge the individual papers in a 90 ml petri dish with approximately 80 ml of deionized water to stimulate their hatching. 
3.4.1. MED – over the shoulder: Talent looking at paper, counting eggs (with finger or pointer or similar) and/or with counter visible in frame OR writing number down into notebook or similar

3.4.2. CU: Few seconds at least one paper being submerged in petri dish with 80 ml of water

3.5. Add approximately 0.25 ml of food slurry, and then after 24 hours, transfer the petri dish onto a black surface. 

3.5.1. CU: Food slurry being added to dish

3.5.2. MED: Talent placing dish on black surface

3.6. Now place a light source on one side of the dish. The larvae will move away from the light, allowing for a clear tally of the individual first instar larvae. Use a pipette to remove each larva after counting to prevent recounting individuals.
3.6.1. MED: Talent placing light source

3.6.2. CU: Few seconds larvae moving away from light source

3.6.3. CU: Shot of at least one larva being removed with pipette
3.7. Then place the egg papers into a new petri dish to re-dry. 
3.7.1. MED: Talent placing egg papers into new petri dish 

3.8. After counting a second batch of hatchlings a week later, place the egg papers with the remaining un-hatched eggs in new 90 ml petri dishes with approximately 80 ml of fresh bleaching solution, taking care that the papers are completely submerged in the bleaching solution. 
3.8.1. MED: Talent placing papers in bleach

3.8.2. CU: Shot of papers fully submerged in bleach

3.9. Leave the papers under a fume hood overnight, and then, the next day, use a light microscope to tally the number of un-hatched eggs.

3.9.1. MED: Talent placing dish(es) in fume hood

3.9.2. MED: Shot of Talent at microscope, counting un-hatched eggs (TEXT: Bleaching clears the chorion)
3.10.  If an egg is embryonated, it will exhibit an off-white color, with the eyes appearing as two small black dots opposite each other on the dorsal side.

3.10.1. SCOPE: Shot of embryonated egg (Video Editor: if possible, please indicate two black dot eyes when mentioned)
4. RNA extraction from eggs 
4.1. To begin, carefully clean the bench with RNase decontamination solution to remove any residual nucleases and to avoid RNA degradation.  

4.1.1. MED: Talent cleans bench with RNaseAway

4.2. Next, use a camel-hair brush to brush at least 400 mosquito eggs containing developing embryos at the developmental time point of interest into glass grinders. 
4.2.1. WIDE: Few seconds Talent brushing eggs into glass grinder

4.2.2. CU: Shot of ~400 eggs in grinder

4.3. In a fume hood, add 1 ml of Trizol and grind the eggs until they are completely pulverized, and then perform the RNA extraction in Trizol followed by isopropanol precipitation according to the manufacturer’s instructions. 
4.3.1. MED: Talent adds 1 ml of Trizol to the eggs

4.3.2. CU: Few seconds eggs being ground OR CU: Shot of fully pulverized eggs

4.3.3. MED: Talent opens kit and pulls out directions OR CU: Few seconds isopropanol being added to sample, with isopropanol container label visible in frame
4.4. Now, use up to 1 microliter of DNase per up to 10 micrograms of RNA in 50 microliters of reaction for 30 minutes at 37°C according to the manufacturer’s instructions.

4.4.1. MED: Few seconds Talent cleaning bench

4.4.2. MED: Talent adding DNase to sample, with DNase container label visible in frame

4.4.3. MED: Talent placing sample at 37°C
4.5. Next, incubate the reaction in 5 microliters of suspended DNase inactivation reagent for 5 minutes at room temperature, gently vortexing the suspension 3 times during the incubation period. 
4.5.1. MED: Talent adding DNase inactivation reagent to sample, with container label visible in frame if possible

4.5.2. CU: Few seconds sample being vortexed
4.6. Then, centrifuge the RNA extracts for 1.5 minutes at 10,000 x g and aliquot the RNA-containing supernatants into fresh tubes for sequencing.
4.6.1. MED: Talent placing tube(s) into centrifuge

4.6.2. MED: Few seconds Talent aliquoting supernatant into at least one tube 

4.7. Finally, see the accompanying text for details on how to process the resulting next-generation sequencing data, from read preparation, assembly and annotation to differential expression analysis.
4.7.1. LAB MEDIA: figure_2.pdf 
5. Results: Representative RNA sequencing analyses of A. albopictus extracts
5.1. In this first figure, the fluorometry of two representative RNA samples shows two bands at approximately 2,000 nucleotides. The insect 28S ribosomal RNA is comprised of two polynucleotide chains held together by hydrogen bonds that are easily disrupted by brief heating or agents that break hydrogen bonds. The resulting two components are approximately the same size as an 18S ribosomal RNA. In the second RNA sample, high levels of degradation can be observed.
5.1.1. LAB MEDIA: figure_1_mod.pdf 

(Video Editor: with “two representative … 2000 nt” please outline the peaks in both graphs at the 2000 mark with one vertical rectangle; 

with “The resulting … 18S ribosomal RNA” please add/highlight the 18S texts and accompanying arrows in both graphs; 

with “In the second … observed” please add/highlight the “Degraded RNA” text and accompanying arrow and/or circle the peaks between the 5S and 18S peaks in the bottom graph)

5.2. In this representative experiment, the photoperiodic treatment of a representative group of A. albopictus mosquitoes resulted in a high diapause incidence in short-day-reared mosquitoes, and a low diapause incidence in long-day-reared mosquitoes, although there was some variation among the replicates. For example, the short day 2 group exhibited a lower diapause incidence than the other replicates. 
5.2.1. LAB MEDIA: table2.tif 

(Video Editor: with “resulted in … short-day-reared mosquitoes” please highlight the 4 SD rows and circle the 4 SD %Diapause data cells; 

with “and a low … long-day-reared mosquitoes” please highlight the 4 LD rows and circle the 4 LD %Diapause data cells; 

with “For example … replicates” please highlight the 2nd SD row (Replicate 2) and circle the 80.00 %Diapause data cell)

5.3. Here the post-sequencing read cleaning of one representative library from adult A. albopictus females after a substantial number of reads were removed is shown. Digital normalization further reduced the number of total reads and then a Trinity assembly of these reads generated even fewer contigs, with a mean contig length of 1,023.1 and a maximum contig length of 20,892. Note that the distribution of the contig lengths is heavily skewed towards shorter contigs; this is typical of de novo transcriptome assembly. 
5.3.1. LAB MEDIA: figure_3.pdf (Video Editor: *if possible*, please highlight data along the x-axis at about “1,023” and “20,892” when mentioned; with “Note … contigs” please circle/otherwise highlight the right end/tail of data)

5.4. In this final graph, the differential expression analyses from a similar workflow of embryos reared under diapause-inducing conditions at 11 and 21 days post-oviposition reveal 3,128 differentially expressed genes between these two time periods.
5.4.1. LAB MEDIA: figure_4.pdf (Video Editor: with “differentially … time periods” please highlight/indicate the red data points)

6. Conclusion (said by authors on camera)
6.1. Monica Poelchau: Once mastered, this technique can be completed in 6-8 months from tissue generation to bioinformatics analysis if it is performed properly.
6.2. Alli Goff: While attempting this procedure, it’s important to remember that success at each step should be verified before moving to the next step. For example, confirm that the experimental conditions have produced diapause and non-diapause eggs before testing the RNA integrity.
6.3. Xin Huang: Following this procedure, other methods, like quantitative RT-PCR or comparative genomics analysis, can be performed to answer additional questions concerning tissue- or development-specific expression of the genes of interest and/or processes of molecular evolution.
6.4. Peter Armbruster: Don't forget that working with Trizol can be extremely hazardous and that precautions such as using gloves, a lab coat and a fume hood, should always be taken while performing this procedure.   
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.  

graphic overview.pptx

table2.tif

figure_1_mod.pdf
figure_2.pdf
figure_3.pdf

figure_4.pdf
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


