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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____Y____  
Can you record movies/images using your own microscope camera? (Y/N)___N______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: Microscope: LEICA MZ16F, Camera port adapter: LEICA 0.63X C-MOUNT adapter. LEICA CATALOG NUMBER IS 10447367. Camera: OLYMPUS DP73; Software: cellSens 
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
2.3, 3.3, 3.4, 5.3, 5.8___________________________________________
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. (Please do not list entire sections.) 
5.3: Dissection step of diploid males. If it is difficult to dissect living males, we keep them on ice to stop individuals from move. 
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? If yes, how far apart are the locations? Five locations, three rooms are in the same building (1st, 2nd and 3rd floor), another two rooms are 1st and 2nd floor in the next building (at a distance about 5 m). To complete the video shooting at once in the same room, we will prepare samples of each protocol steps of expriments which are conducted in the same room.
Building 1 
1st floor  4.5, 5.1~5.2
2nd floor　3.2, 3.6, 4.1~4.4, 5.1~5.7
3rd floor 5.8 (This is the room of confocal laser scanning microscope. We would like to priortize to use this room since this is common room in our department.)
Building 2
1st floor   2.2, 3.5  
2nd floor   2.1, 2.3, 3.1, 3.3, 3.4, 3.7 



1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Misato: This method can help answer key questions in the molecular biology and genetics field of Hymenoptera, such as sex determination systems. 
Misato: The main advantage of this technique is that we can easily develop inbreeding lines of the ant, Vollenhovia emeryi, which are essential for genetic mapping and molecular studies.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Hitoshi: Though this method can provide insight into the sex determination system of a specific ant, it may also be applied to other ants and other hymenopteran species, such as wasps.

Protocol: (read by voice talent at JoVE)
[bookmark: _Hlk520195726]Field Collection and Maintenance of V. emeryi Colonies in the Laboratory 
To begin the protocol, collect V. emeryi colonies during early summer [1-MED/WIDE-TXT]. Transfer the ant specimens from the collected branches to an artificial plaster nest with a glass cover using an aspirator [2-MED]. 
Establishing shot. Show talent with collected colonies entering lab. TEXT: See accompanying text protocol for detailed guidance 
Over the shoulder, talent transfers ants from branches to nest. 
Maintain the colonies in the artificial nest at 25 °C under a 16:8 hour light/dark cycle [1-MED]. Provide tap water with a wash bottle to keep the plaster moist every other day at the same time [2-MED]. 
Talent places in controlled conditions. If possible, capture the temperature setting of the environment. 
Talent manually moistens the plaster 
Next, add about 100 mg of dry cricket powder wrapped in aluminum foil and a brown sugar water-filled tip to the colony, using a 20 µL tip, every other day until new reproductive ants emerge [1-CU-TXT]. [2-MED-Interview Shot].
Show the dry cricket powder in aluminum foil in the nest, then show the brown sugar water and capture their orientation in the nest. TEXT:  F1 winged-queens and F1 males
Misato: It is important to collect mature colonies from the field and to provide them enough food to gain new queens and males.  
Experimental Laboratory Crosses
First, stop individuals from moving by placing colonies in a room with a controlled environment set at 4 °C for 15 min [1-MED].
Talent moves nest/colonies to controlled environment and sets timer for 15 min
Remove the mid-legs of 30 worker ants using forceps under a stereoscope to distinguish the F0 generation from the workers produced in subsequent inbreeding crosses [1-SCOPE]. 
*Film as written
Then transfer the ants into new smaller plaster nest for inbreeding crosses [1-MED]. 
Talent transfers the ants into a plaster nest 
Next, add 3-4 larvae or pupae into a plaster nest containing workers [1-CU]. Transfer a long-winged queen and a male into a previously prepared plaster nest for inbreeding crosses [2-CU]. [3-MED-Interview Shot].
Focus on the larvae/pupae as they are placed in plaster nest 
Talent points out the long-winged female, then the male, and places them in a plaster nest 
Misato: For this step, it is important to maintain the experimental crossing colony at the same state as that of a normal colony. It is difficult to induce inbreeding just by placing males and females together.  
Keep the colonies at 25 °C under a 16:8 h light/dark cycle with food and water provided as until the queen loses her wings and lays eggs [1-MED-TXT]. 
Side view, show the colonies in the nest, the environment the nest is in, and the food and water in the environment. TEXT: Queen loses wings and lays eggs in 1 week – 1 month
Check the experimental colony everyday under a stereoscopic microscope. After setting up the inbreeding crosses between the F1 offspring, eggs can be observed under a stereoscope [1-SCOPE].
*Film as written 
After the F1 queen begins to lay eggs, remove the F1 males and larvae or pupae from the nest to prevent the F1 generation and the F2 generation from mixing [1-CU]. Keep the colonies under the same conditions, until the F2 offspring emerge [2-MED]. 
Show the eggs, if possible, then focus on and follow the males as talent removes them from the nest 
Show the colonies (experimental crossing colony containing adult diploid males produced by inbreeding)  
DNA Extraction of the F0 Generation
Remove one leg of an F0 queen using forceps [1-CU]. Transfer the leg to a 1.5 mL microtube containing 100 µL of chelation agent [2-MED]. 
Talent removes leg
Over the shoulder, talent transfers the leg  
Under a stereoscope, dissect a female abdomen in a glass dish filled with 300 µL of ultrapure water using forceps…and isolate the spermatheca containing the sperm from mated males [1-SCOPE].
*Film as written
Peel away the tissue of the spermatheca and isolate the sperm from the tissue of the female using insect pins [1-SCOPE]. 
*Film as written Author note: couldn’t complete sperm isolation but the beginning part can be used before slide uploaded by misato to the web of JOEV (picture4.3.1.tif).
http://www.jove.com/files_upload.php?src=17848953. 
Using a micropipette, transfer the sperm into a 1.5 mL microtube containing 100 µL of chelation agent [1-CU]. Author note: changed to MED shoot
Focus on and follow the sperm as talent transfers them to microtube 
Incubate the samples of the F0 queen and sperm at 95 °C for 20 min [1-MED]. Flash centrifuge the microtube…and store the samples at 4 °C [2-MED].
Talent places samples in incubator and sets timer for 20 min 
Over the shoulder, talent finishes spin, and stores samples in the cold 
DNA Extraction  
After confirming egg production by the sib mated F1 queen, extract the DNA of the queen using the shed wings or one mid-leg, and genotype them [1-Scope]. 
Talent points out shed wings and the mid-leg. Do not capture the genotyping, as these steps are not described in detail
Next, extract the DNA of an F1 male by genotyping one leg [1-MED].
Talent is at bench removing the leg of an male ant. Do not capture this step in detail
To evaluate the fertility of the male ants from the inbreeding crosses, dissect internal reproductive organs in a glass dish with 400 µL of PBS solution using forceps [1-SCOPE-TXT]. 
*Film as written. TEXT: PBS: phosphate buffered saline 
Then remove the PBS and replace it with 4% paraformaldehyde using a micropipette [1-MED]. Fix the tissue by incubating the samples in PFA for 30 min at room temperature [2-MED-TXT].
Over the shoulder, talent removes PBS and adds paraformaldehyde
Talent sets aside sample at room temperature and sets timer. TEXT: Room temperature: 15 – 25 °C
After fixation, wash the tissue 5 times with 400 µL of PBS using a micropipette [1-MED]. Dilute DAPI solution to 1 µg/mL in PBS [2-MED-TXT].
Talent removes PFA, and adds PBS with micropipette. Capture one repetition of this step. 
Talent dilutes DAPI, TEXT: DAPI:  4',6-diamidino-2-phenylindole
Remove the PBS and add approximately 300 µL of the diluted DAPI staining solution to the tissue [1-MED]. Incubate the tissue for 15 min under dark conditions at room temperature [2-MED].
Side view, talent removes the PBS and adds DAPI solution 
Talent places tissue in dark and sets timer for 15 min 
Following the incubation, wash the tissue 5 times with 400 µL of PBS…and transfer the tissue to the center of a slide glass using forceps [1-CU]. Then mount the tissue on mounting medium containing TRITC-conjugated phalloidin [2-CU-TXT]. 
Focus on tissue as talent performs last of 4 PBS washes. Talent transfers the tissue to a glass slide with forceps. Show the tissue on the glass slide for a beat. TEXT: TRITC: tetramethylrhodamine
Focus on the tissue as it is placed on the mounting medium  Placing glass plate on top of tissue sample
Finally, observe the samples with a confocal laser scanning microscope using the 20X or 63X objective lenses [1-MED/WIDE].
Talent sits at confocal microscope and examines sample 
Results: Inbred Male V. emeryi Sterile 
Microscopic images of testes of haploid male V. emeryi show healthy fibrous tissue, or sperm, which are absent in diploid male V. emeryi, which did not show healthy fibrous tissue.  
58521fig6large.jpg. Video Editor: Figures 6B-C, & E with all text. Show only figures 6B & C as soon as the voiceover begins. When “healthy fibrous tissue or sperm” is said highlight the border around C in yellow for a beat. When “absent in diploid…” is said show figure 6E beside Figure 6B.  
The male reproductive organs of diploid male V. emeryi did not produce sperm and their testes did not develop, suggesting that males produced in inbreeding crosses are sterile. 
58521fig6large.jpg. Video Editor: Show figure 6A & D only with all text. Add the text for a legend where it best fits on the screen: a: accessory glands; t: testes; v: vas deferens; g: external genitalia.  When “did not produce sperm” is said circle the area labeled with the asterisk (*) in 6D red and circle the testes labeled “t” in red in 6A at the same time. 

Conclusion (said by authors on camera)
Misato: After its development, this technique paved the way for us to explore sex-determining quantitative trait loci in V. emeryi for the first time in ant species.

Provided Media

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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