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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, 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
2.4.1

3.1.2

3.2.1

3.2.2

4.1.1

4.2.1
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) The single most difficult behavior to observe is metapleural gland grooming (video 4).
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? Y If yes, how far apart are the locations? Two or three rooms on the same floor in our building, so minimal need to move filming equipment.
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!)  
1.1. Stephen Nilsson-Møller: Our visualized protocol provides a frame of reference for wider research on defenses in fungus-growing ants [1-MED].
1.1.1. Named author states the above, looking slightly off to the side. Interview style.

1.2. Stephen Nilsson-Møller: The main advantage of this approach is that it will help other researchers recognize key defensive behaviors to ensure a common understanding for future research in the field [1-MED].
1.2.1. Named author states the above, looking slightly off to the side. Interview style.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Stephen Nilsson-Møller: A reference for research on defenses in fungus-growing ants is likely to be particularly useful for young researchers who are not familiar with these behaviors. [1-MED]   

1.3.1. Named author states the above, looking slightly off to the side. Interview style.

1.4. Stephen Nilsson-Møller: A number of these behaviors are infrequent, so experienced researchers may never have observed them. [1-MED]
1.4.1. Named author states the above, looking slightly off to the side. Interview style.

1.5. Stephen Nilsson-Møller: This guide will facilitate comparisons across studies and ant species, by illustrating key behaviors alongside consistent definitions. [1-MED]
1.5.1. Named author states the above, looking slightly off to the side. Interview style.

1.6. Stephen Nilsson-Møller: Furthermore, understanding and recognizing behaviors under controlled conditions may help studies in natural habitats where conditions are harder to control.  [1-MED] 
1.6.1. Named author states the above, looking slightly off to the side. Interview style.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
N/A

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
N/A
Protocol: (read by voice talent at JoVE)
2. Escovopsis isolation
2.1. To begin, isolate Escovopsis strains from Acromyrmex echinatior laboratory colonies [1-MED]… by placing fungus garden fragments, with ants removed, on a Petri dish with moist cotton wool for several days until Escovopsis germinates and sporulates [2.1.2]…, transfer spores to potato dextrose agar plates [2.1.3] and incubate at approximately 23 degrees Celsius for two weeks [2.1.4].
2.1.1. Show panning detail of some laboratory colonies and talent taking an ant colony from a shelf. 

2.1.2. Talent transfers spores to agar plates Talent places several fungus fragments without ants in an empty Petri dish with moist cotton wool.
2.1.3. [Added Shot]: Talent transfers Escovopsis spores from fungus garden fragments to plates.
2.1.4. [Added Shot]: Talent places the new plates in the incubator and shuts the incubator door.

2.2. Using a sterile needle, remove mature spores from the plates [1-CU]. 

2.2.1. Talent removes the spores from the plate. Show detail of needle tip covered by the spores. 

2.3. Then, inoculate the spores on new plates under sterile conditions [1-CU]… and incubate them at approximately 23 degrees Celsius for two weeks [2-MED-over the shoulder].

2.3.1. Talent inoculates the spores onto new plates. Videographer: Obtain multiple takes, this is repeated. 
2.3.2. Talent places the new plates in the incubator and shuts the incubator door. 
2.4. When the hyphae (Pronunciation: “Hi [as in the greeting]-fee [as in the beginning of “feel”]”) have grown to cover the entire plate and into mature brown spores [1-CU]… inoculate the spores onto new plates under sterile conditions [2-CU].

2.4.1. Show detail of the plates covered in hyphae and with brown spores. 

2.4.2. Use 2.3.1.
3. Experimental Setup
3.1. Using three original A. echinatior colonies, obtain a total of 36 sub-colonies with 12 sub-colonies from each ‘parent’ colony [1-CU-TXT]. 4 hours before ant introduction, add a tea-spoon sized piece of the original colony’s fungus garden, some bramble leaves, and a piece of water-soaked cotton wool to the box [2-MED].
(Author Comment: The order of 3.1.1 and 3.1.2 was switched from the original, so the filming was done as it appears here.) (Editor: Looks like the authors just switched the order of 3.1.1 and 3.1.2. I accepted the way they noted it in the hopes that it matches the slating)
3.1.1. Show detail of some of the sub-colonies. Ensure they are labeled to indicate their treatment. TEXT: See text for sub-colonies and box details Talent adds the fungus garden piece, some leaves, and wet cotton wool to the box.
3.1.2. Talent adds the fungus garden piece, some leaves, and wet cotton wool to the box. Show detail of some of the sub-colonies. Ensure they are labeled to indicate their treatment. TEXT: See text for sub-colonies and box details 
3.2. For the sub-colonies that are to be infected, fill an inoculation loop with Escovopsis spores [1-ECU]. Then, inoculate the spores by gently tapping a small part of the fungus garden 10 – 20 times [2-CU].

3.2.1. Talent covers the inoculation loop with spores. 
3.2.2. Talent taps the inoculation loop against one of the sub-colony fungus garden. 
3.3. For the control sub-colonies, mimic the application of Escovopsis spores by tapping the fungus garden with a sterile inoculation loop 10 – 20 times [1-CU].
3.3.1. Talent taps a clean loop against one of the control fungus garden. 

3.4. For the 72-hour post-infection observations, leave half of the sub-colonies undisturbed for 72 hours after the introduction of Escovopsis. For the 0-hour post-infection observations, immediately add 2 brood, 4 minor workers, and 4 major workers from the parent colony to each box 30 minutes prior to recording [1-CU/MED].
3.4.1. Talent sets one box aside and adds ants to one of the other boxes. 
3.5. Then, add the same mixture of workers to the 72-hour post-infection observations 30 minutes prior to recording [1-CU].
3.5.1. Talent adds ants to the box that was previously set aside. 
4. Video Recording and Scoring Behaviors 
4.1. Perform video recording for 4 hours for each sub-colony [1-MED]. 
4.1.1. Talent sets up a camera to record one of the boxes. (Editor: Use either 4.1.1 or 4.1.2 here, whichever looks better)
4.1.2. [Added Shot]: Video with ants visible appears on the computer.
4.2. After recording all of the 36 sub-colonies, review the footage and score the behaviors of interest for each individual in each sub-colony [1-MED-over the shoulder].
4.2.1. Talent , walks over to a computer, sits down, sits down by the computer and starts to review footage. Video editor: Obtain multiple shots of the talent doing some work at the computer. It will be repeated in the results section.
5. Behaviors 
5.1. While reviewing the video, notice if an ant stops leg movement to initiate self –grooming. Check to ensure that the antennae pass through the antenna cleaners on the front legs. Then, the ant should clean its legs and antenna cleaners with its mouthparts [1-LM-TXT].
5.1.1. Video 1: Video editor: The ant performing this behavior in video 1 is the large ant near the left-middle edge of the screen. To make video match VO, try slowing down footage and using a zoom bubble to emphasize the behavior. The authors provided figure 1 as an ant anatomy reference. Refer to figure 1 for the ant anatomy referenced in this chapter. Per author request: Please use arrows/highlights/other tools to visually emphasize the ants doing the behaviors in this section and all subsequent ant behavior sections. TEXT: Self grooming and antenna cleaning
5.2. Also, notice if an ant stops any leg movements at a fixed point in the fungus garden. Observe if the antennae are stationary and parallel, pointed towards the fungus and touching each other close to the tip of the mandibles. Then, the glossa should emerge to lick the fungus [1-LM-TXT]. 

5.2.1. Video 2: Video editor: The ant of interest is the large, darker ant on the right side of the video. Unfortunately, it is difficult to make out the glossa in this video. TEXT: Fungus grooming 

5.3. One or more ants may also groom each other. During this behavior, the ants stop all movement and stand closely together, maintaining physical contact. Then, the grooming ant should point its antennae towards the receiving ant and lightly tap the receiver [1-LM-TXT].
5.3.1. Video 3: Video editor: The ants of interest are the two large ants in the top left corner. TEXT: Allogrooming 

5.4. Note that the upper and lower mouthparts of the grooming individuals are open, with the glossa emerging to lick the receiver ant [1-LM-TXT].

5.4.1. Video 3: Video editor: The ants of interest are the two large ants in the top left corner. Please use a zoom bubble to highlight the mouthparts of the grooming ant. TEXT: Allogrooming
5.5. Observe when the ant stops movement to initiate metapleural gland grooming. The ant should lean to one side and reach one of its front legs back to rub the opening of the gland while licking the other front leg with the glossa. Then, the ant will repeat the behavior with the opposite legs [1-LM-TXT].

5.5.1. Video 4: Video editor: The ant of interest is the large one in the top center of the video. TEXT: Metapleural glad grooming
5.6. When an ant stops leg movements at a fixed point on the fungus garden, note that the antennae are motionless and parallel, pointing toward a fixed point of the fungus garden. Then, the ant will grab visible Escovopsis spores and carry them out of the nest [1-LM-TXT].
5.6.1. Video 5: Video editor: The ant of interest is the large, dark ant in the top left corner. Use a zoom bubble and slow down the footage to show the ant picking up the cluster of brown spores. TEXT: Spore weeding 
5.7. An ant may also stop leg movements at a fixed point on the fungus, point its antennae loosely towards a piece of fungus, and tap the fungus piece with its antennae. After this, the ant will detach the piece of fungus from the rest of the fungal crop [1-LM-TXT].
5.7.1. Video 6: Video editor: The ant of interest is the large, red-brown ant in the top center of the video. Slow the video down slightly as the ant tugs at the piece of fungus. SUBCHAPTER TEXT: Fungus weeding

5.8. Another potential behavior may be observed when an ant stops leg movements at a fixed point on the fungus garden. The ant will bend its gaster and head towards each other to apply a drop of fecal fluid to its mouthparts. One at a time, the ant will pull its front legs through the mandibles and the antenna through the antenna cleaners [1-LM-TXT].
5.8.1. Video 7: Video editor: The ant of interest is pretty obvious, it bends its body in half. SUBCHAPTER TEXT: Fecal fluid grooming
6. Results: Illustrative Library of Clips of Disease Defense in Leaf-Cutting Ants Generated 
6.1. The main objective of this study was to create a catalogue of short clips illustrating disease defense behaviors in leaf-cutting ants [1-MED]. The behaviors described in the protocol were scored in an experimental infection scenario [2-LM].
6.1.1. Video editor: Use 4.2.1 (the talent working on the computer). 

6.1.2. Video editor: Show short clips from video 6, 7, and 5 simultaneously on the screen. 

6.2. In the control colonies, minor workers groomed the garden crop more than major workers. In the infected colonies, there was a non-significant tendency for increased fungus grooming relative to the control colonies [1-LM]. 

6.2.1. Figure 2A

6.3. A non-significant increase in fecal grooming was associated with infection but no difference between minor and major workers was detected [1-LM]. 
6.3.1. Figure 2B
6.4. Spore weeding and fungus weeding were both low in frequency with no significant difference observed between infected colonies and controls. A tendency for weeding to increase with time since infection was observed [1-LM].
6.4.1. Figure 3A and 3B: Video editor: Show both of these figures onscreen simultaneously. 3A refers to spore weeding and 3B refers to fungus weeding. 

6.5. Few of the infected colonies with early-stage infections had visible spores remaining after the 4-hour observation period [1-LM]. Interestingly, in later stage infection conditions, the ants were not capable of completely removing spores in any of the colonies [2-LM].

6.5.1. Video 5: Video editor: Show clips of video 5 of the ant removing the spore from the colony.

6.5.2. Figure 3C

6.6. The results of this experiment are thus an illustrative example of how the compilation of clips can be used for behavioral studies to calculate average frequencies for minor and major worker behaviors [1-LM].

6.6.1. Table 
7. Conclusion (said by authors on camera)

7.1. Stephen Nilsson-Møller: We documented behaviors that contribute to defense in fungus-growing ants, and have systematically identified, described, and captured these behaviors on film [1-MED].

7.1.1. Named author states the above, looking slightly off to the side. Interview style. 

7.2. Stephen Nilsson-Møller: Our results reinforce research in the field suggesting why it is hard for a pathogen to successfully infect colonies, when facing extensive defensive behaviors and associated antimicrobial compounds [1-MED].   

7.3. Stephen Nilsson-Møller: We provide a new tool for future work in this field, and hope that the behavioral catalogue will prove valuable for securing consensus and streamlined definitions, observations, and interpretations of behaviors [1-MED].

7.3.1. Named author states the above, looking slightly off to the side. 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.  

Self-grooming and antenna cleaning Clip1.mp4

Fungus grooming Clip2.mp4

Allogrooming Clip3.mp4
Metapleural gland grooming Clip4.mp4

Spore weeding Clip5.mp4
8Fungus weeding Clip6.mp4
Fecal fluid grooming Clip7.mp4

Droplet regurgitation Clip8.mp4

Nilsson-Møller_Figure1.ai

Nilsson-Møller_Figure2.ai

Nilsson-Møller_Figure3.ai

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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