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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. 2.6.1, 3.5, 4.2
D.  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. 
E.  Will the filming need to take place in multiple locations? N

1. Introduction (Experimental Goal and Author Interviews) 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Meghan Bennett: This method can help answer key questions in the chronobiology and stress physiology field, such as what cues affect the timing of insect emergence [1-INT]. 
1.1.1. Named author states the above, looking slightly off frame, interview style.
1.2. Meghan Bennett: The main advantage of this technique is that it is automated and can be used to measure emergence of large numbers of insects [1-INT].   
1.2.1. Named author states the above, looking slightly off frame, interview style.

Protocol: (read by voice talent at JoVE)     
2. System Construction
2.1. The following parts are required for each channel being constructed [1-MED]: one collector manifold [2-CU], one end cap [3-CU], six platform supports [4-CU], four tube rack base plates [5-CU], and four tube rack face plates [6-CU]. 
2.1.1. Talent at the bench with the parts in a airtight bin or similar. Talent removes the lid from the bin and reaches in.  
2.1.2. The collector manifold is placed onto a bench. 
2.1.3. The end cap is placed next to the collector manifold. 
2.1.4. Six platform supports are placed. 
2.1.5. Four tube rack base plates are laid out. 
2.1.6. Four tube rack face plates are added to the space. TEXT: All *.stl files for 3D printing are available in Supplemental data.
2.2. With three platform supports and a 33 by 30-centimeter piece of corrugated plastic [1-MED-over the shoulder], use hot glue to assemble two tube rack platforms per channel being constructed [2-MED]. 
2.2.1. Talent in work area with 3 platform supports and a 33 by 30-centimeter piece of corrugated plastic. Talent scores the plastic on one side at each corner to allow for bending.
2.2.2. Talent places a line of hot glue along one side of the parts and then finishes assembling one of the tube rack platforms. 
Added 222a because the size didn’t fit originally. 
2.3. Install electronics into the collector manifold by first soldering a 120-Ohm resistor to the anode of both the infrared emitter and the infrared detector [1-CU], and a 5-centimeter length of 22–gauge electrical wire to both cathodes [2-CU-TXT]. 
2.3.1. A resistor is soldered to the longer leg of the infrared detector. A resistor is seen on the longer leg of the infrared emitter. 
2.3.2. Wire is soldered onto the second cathode. A wire of a different color is seen on the other cathode. TEXT: Use different colors of wires to avoid confusion in later steps.
2.4. Carefully insert the detector into one socket of the collector manifold [1-MED-over the shoulder] and the emitter into the second socket. Both components should fit snugly [2-CU].
2.4.1. *film as written. 
2.4.2. The emitter is placed into the second socket and twisted to show that it is snug. 
2.5. Feed the detector wires through the cabling channel and pull all two wires through the access hole [1-CU]. Use hot glue to secure them in place while ensuring that no bare wires are touching [2-MED-over the shoulder]. 
2.5.1. Talent feeds the wires and then pulls them through the hole as described. 
2.5.2. Talent soldering the wires in place. ~20 seconds of footage. 
2.6. Solder all four wires to a RJ45 Ethernet jack, using the back row of pins. Both anodes should be soldered to the left-most pin, the cathode of the emitter to the right-most pin, and the cathode of the detector to either of the center pins [1-CU].  
2.6.1. The wires are soldered to the Ethernet jack as described. 30+ seconds of footage. Shot can be edited for length to show soldering at the left-most pin, at the right-most pin and the center pin if necessary. Author note: 2.5.2-2.7.1 shot in a continuous shot
2.7. Secure the RJ45 jack over the collector manifold access hole with hot glue, ensuring no bare wires are touching inside the manifold [1-MED]. 
2.7.1. Talent applies hot glue and then attaches the Ethernet jack over the collector manifold hole as described. 
2.8. Next, begin construction of the central processor for the system by soldering female headers on the through-holes labeled for Arduino Nano, temp, clock, and SD module [1-MED-over the shoulder]. Also, solder a female header on the unlabeled 2 x 5 through-hole in the upper left corner of the PCB board for the LCD screen [2-CU].
2.8.1. Talent soldering a female header on the circuit board for the SD module (other female headers are already in place). 
2.8.2. The final female header is soldered as described. 
2.9. Snap in and solder six RJ45 jacks along the lower edge of the PCB board [1-MED].
2.9.1. Talent snaps in the six RJ45 jacks and then picks up the soldering iron. 
2.10. Solder six 470-kilo-Ohm pulldown resistors into the through-hole sites located just above the RJ45 jacks [1-CU]. 
2.10.1. The final resistor is soldered into place. 
2.11. Install the Arduino Nano… DHT-temperature and humidity sensor… clock… and SD module onto the PCB board [1-MED]. 
2.11.1. The Arduino Nano is placed, followed by the sensor, the clock and the SD module. This can be filmed as a continuous shot and would take about a minute. 
2.12. Finally, connect a 10-connector ribbon wire to the LCD screen connector of the PCB board [1-MED]. 
2.12.1. Talent connects the 10-connector ribbon as described. 
2.12.2. Talent soldering the other end to the LCD screen. 
3. Use of the Detection System 
3.1. Once the detection system has been assembled, load and place tube racks immediately prior to running an experiment [1-MED]. 
3.1.1. Talent moving to collect the required materials (tubes, racks etc.) for the following steps. 
3.2. First, ensure that all holes in the racks contain a 0.5-milliliter microcentrifuge tube with the cap removed and that the tubes fit snugly [1-MED-over the shoulder].
3.2.1. Talent places the last few tubes into the holes in the rack and checks that fit snugly. Videographer note: 3.2.1 is mislabeled as 3.1.2.
3.3. Fill each tube with one insect brood cell making sure the flat edge side is facing toward the opening [1-CU]. Then add one airsoft pellet [2-MED], and finally one metal BB [3-CU]. 
3.3.1. A brood cell is placed into one of the tubes as described. 
3.3.2. The airsoft pellet is placed in the tube with the brood cell. 
3.3.3. The BB is added to the tube. 
3.4. Then use ¼ inch nylon screws to affix the tube rack faceplate [1-MED-over the shoulder], with the rounded edge towards the bottom of the rack [2-CU]. 
3.4.1. Talent places the face plate and then begins to screw it to the rack. 
3.4.2. The final screw of the face plate is placed. The rounded edge of the face plate is seen to be facing towards the bottom of the rack. 
3.5. Place the tube racks on the rack platform [1-MED-over the shoulder]. Start with the openings facing upwards and then gently rotate into place to ensure the metal BBs are not released [2-CU]. Racks should be placed at the very edge of the platform so that a metal BB can fall freely into the collector without bouncing against another portion of the structure [3-CU]. 
3.5.1. Talent places one of the tube racks on the platform. 
3.5.2. The other tube rack is placed on the platform but slowly, showing the detail described in the narration. Please film Talent’s hands holding the rack with the openings facing upward and then gently rotating the rack into place. 
3.5.3. Shot of a rack at the very edge of the platform as a ball bearing falls out and falls directly into the collector. TEXT: For demonstration purposes. BBs should remain in the tubes until emergence. 
3.6. Insert a SD card into the adapter [1-CU] and then start the central processor by plugging a micro-USB connector into the Arduino, and the other end into any appropriate USB adapter [2-MED-over the shoulder]. The LCD screen will display numbers one through six when ready [3-CU]. 
3.6.1. Talent’s hand insert the card into the adapter. 
3.6.2. Talent plugs the micro-USB connector into the Arduino, and the other end into a USB adapter. 
3.6.3. Shot of the LCD screen as the numbers 1-6 appear. Author note: This video will be provided by lab in Fargo.
3.7. Drop a single metal BB into the ball collector of each channel and watch for the corresponding count to appear on the screen [1-MED] and for the correct time to display at the bottom of the screen [2-SCREEN]. 
3.7.1. Talent drops a ball into one of the collectors while watching the screen and then repeats the action. Author note: This video will be provided by lab in Fargo.
3.7.2. SCREEN CAPTURE: The counts are visible on the screen and a timestamp appears at the bottom of the screen. Author note: This video will be provided by lab in Fargo. 
4. Experiment End and Data Collection
4.1. After all insects have emerged, power down the apparatus by unplugging the Arduino [2-MED-over the shoulder]. Racks may be disassembled and cleaned for reuse [3-MED].
4.1.1. If possible please capture the emergence of an insect from the brood cell and the BB falling out of the tube into the collector. This would likely need to be filmed from an ongoing experiment occurring at the time of filming. It would be wonderful to have this shot but if not possible it can be omitted. 
4.1.2. Talent unplugs the Arduino. 
4.1.3. Talent at sink disassembling and washing racks. 
4.2. During the emergence experiment, data is stored on the SD card in a comma- Use the SD card to transfer data to the computer, and RStudio to auto-generate bubble plots of the data [2-MED]. 
Author note: We did a screen recording of this because computer was being slow. File 4.2_jove shows the R studio and bubble plot generation. At 1.16 minutes in the video the script is ran, the bubble plot does not appear till 1.57 minutes. This should normally happen immediately when script is ran and should be edited to reflect this.
4.2.1. Talent ejects and removes the SD card from the apparatus. 
4.2.2. Talent approaches the data analysis computer with the SD card and places it into the slot. Talent then moves the mouse while looking at the computer screen to convey opening the software to generate bubble plots. 
4.3. Both event and temperature data are saved in the same file for data integrity [1-MED-over the shoulder]. Prior to analysis, import the comma delimited file into a spreadsheet program. Columns I and J are the date and time of emergence for bees; make them columns A and B by cutting and pasting columns A-E into a second spreadsheet, and save as a separate file of temperature data for further analysis [2-SCREEN]. 
4.3.1. BROLL Talent working at the computer to open the spreadsheet file. 
4.3.2. SCREEN CAPTURE: The spreadsheet file is opened. Columns A-E are cut from the spreadsheet and pasted into a second empty spreadsheet. 
5. Results: Graph of a Typical Experimental Run After Processing in R 
5.1. This figure displays bee emergence under a 4° C thermoperiod after exposure to a cold stress during development. The red crosshairs indicate the median time and day of emergence [1-LM].
5.1.1. LAB MEDIA: 58362_Bennett_Figure8. Video Editor please show image. 
5.2. This figure shows the same dataset as just seen, but with one of the six channels clogged with BBs, creating the large bubble on the graph as the lack of signal is repeatedly counted. Data from this channel can justifiably be removed from the analysis [1-LM]. 
5.2.1. LAB MEDIA: 58362_Bennett_Figure9. Video Editor please show the figure as shown and then place a red box or similar around the big circle close to the number 4 on the y-axis. 

6. Conclusion (said by authors on camera)
6.1. Meghan Bennett: While attempting this procedure, it’s important to remember to check all parts soldered to make sure the connections are working [1-INT].
6.1.1. Interview: Named author states the above, looking slightly off frame, interview style.
6.2. Meghan Bennett: After its development, this technique paved the way for researchers in the field of chronobiology and stress physiology to explore what cues affect the timing of emergence in solitary bees [1-INT].
6.2.1. Named author states the above, looking slightly off frame, interview style.
   

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 are included in the email accompanying the finalized script.
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