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Authors, please fill out the brief questionnaire below.   

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:  Leica MZ7.5 (dissection microscope)   
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 numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted.  Steps 3.2, 6.2, 6.3, 6.4, 6.5, 6.6
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 to be filmed by their protocol numbers. (Please do not list an entire section.)  Dissection of the aphid ovarioles (step 3.2) and transfer of a single egg chamber from one slide to another (step 6.6) require extraordinary care, but we are confident to make it.
E.  Will the filming need to take place in multiple locations? (Y/N)    Y     If yes, how far apart are the locations?  Experiments for filming are supposed to take place in two laboratories within the same building. Laboratories 101 and 108, with distance about 30 meters, are located in the ground floor of the Entomology Building at the National Taiwan University in Taipei.


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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this immunostaining protocol is to detect protein expression in the aphid (pronounced as “ey-fid”) embryos.  Critical conditions are identified that increase tissue permeability and decrease background staining, both of which are long-standing problems when staining embryonic tissues of aphids. (Intro)
	
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Chun-che Chang: This method can help answer key questions in the field of insect developmental biology, such as how germ cells are specified and how axes are determined in distinct reproductive phases in aphids [1.1.1 – MED]. 
1.1.1. Chun-Che speaks toward the camera, interview style.
1.2. Chun-che Chang: The main advantage of this technique is that it provides specific conditions for effective penetration of antibody and reduction of background staining, which usually are not described in a standard immunostaining protocol [1.2.1 – MED].
1.2.1. Chun-Che speaks toward the camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Gee-way Lin: We first had the idea for this method, when we were studying how germ cells were specified in the pea aphid – a rising insect model for genomic and developmental studies [1.3.1 – MED].
1.3.1. Gee-way Lin speaks toward the camera, interview style.

Protocol (read by voice talent at JoVE):

2. Culture of aphids
2.1. The laboratory strain of the pea aphid A. pisum (pronounced as “A. pie-sum”) was originally collected in central Taiwan and has been reared on host plants for more than 300 generations [2.1.1 – Title Card].
2.2. To germinate, soak the seeds of host plants in tap water for 3 to 5 days at room temperature [2.2.1 - MED-over the shoulder].  Refill with fresh water once per day [2.2.2 - MED].
2.2.1. Talent places the seeds of the host plants to soak in a container filled with tap water.
2.2.2. Talent refills the container with tap water.
2.3. Grow 10 germinating seeds in a small pot with soil in the growth chamber under a photoperiod of 16 hours light/8 hours dark at 20 degrees Celsius [2.3.1 – CU].
2.3.1. Small pots with soil as talent plants the germinating seeds there.  TEXT Overlay:  9 cm diameter X 7 cm tall
2.4. About 10 days after growth begins, the height of plants is usually more than 8 centimeters [2.4.1 – MED-over the shoulder].  Keep each pot of plants within a 1-liter glass beaker and transfer adult aphids onto plants using a paintbrush [2.4.2 – CU].
2.4.1. Talent measures the plant height showing that it is more than 8 cm. 
2.4.2. Plant in a 1L glass beaker as talent transfers the adult aphids onto the plant using a paintbrush.
2.5. Then seal the beaker with an air-permeable cover such as gauze mesh to prevent aphids from escaping [2.5.1 – MED-over the shoulder].
2.5.1. Beaker as talent seals with air-permeable gauze mesh. 
2.6. Incubate the aphids in a growth chamber under a photoperiod of 16 hours light/8 hours dark at 20 degrees Celsius, watering each pot of plants once every day [2.6.1 – MED].
2.6.1. Talent places the plants with aphids in a growth chamber and sets the photoperiod.
3. Dissection and fixation of ovaries
3.1. Fill one well of a spot plate with about 500 microliters of 4% paraformaldehyde [3.1.1 – CU].  Place the plate under a stereo microscope at low magnification [3.1.2 – MED], and submerge an adult aphid into the paraformaldehyde for dissection [3.1.3 – ECU].
3.1.1. Spot plate as talent fills one well with 500 microliters of 4% paraformaldehyde from a labeled container.
3.1.2. Talent places the plate under a stereo microscope at low magnification.
3.1.3. Well with paraformaldehyde as talent submerges an adult aphid within the paraformaldehyde.
3.2. Dissect the ovaries by holding the head and abdomen with one set of forceps, cutting open the dorsal cuticle of the abdomen, and dragging the ovaries away from the abdominal cavity [3.2.1 – SCOPE].
3.2.1. Talent dissects the ovaries by holding the head and abdomen with one set of forceps, cutting open the dorsal cuticle of the abdomen, and dragging the ovaries away from the abdominal cavity. 
3.3. Next, fix three pairs of ovaries in a 1.5 milliliter tube containing 1 milliliter of paraformaldehyde at room temperature for 20 minutes with mild shaking on a mixer [3.3.1 – CU].
3.3.1. Tube containing the ovaries in paraformaldehyde as it shakes on a mixer. TEXT Overlay: mode: F60/8 RPM 
3.4. Discard the fixation buffer with a glass dropper and then wash the ovaries with PBST 3 times for 10 minutes, with mild shaking [3.4.1 – MED]. 
3.4.1. Talent discards the fixation buffer with a glass dropper and then adds PBST from a labeled container.  TEXT Overlay:  0.2% TritonX-100 in 1x PBS, 3x 10 min
4. Treatment of ovaries
4.1. To treat the ovaries, first incubate them with proteinase K for ten minutes with mild shaking to increase the permeability of the embryonic tissues [4.1.1 – MED-over the shoulder].
4.1.1. Talent adds proteinase K to the ovaries from a labeled container.  TEXT Overlay:  working concentration = 1 µg/ml
4.2. Following incubation, discard the proteinase K solution and then wash the ovaries with 700 microliters of Glycine 3 times for 5 minutes [4.2.1 – CU].
4.2.1. Sample tube as talent discards the proteinase K solution and adds Glycine to the tube.  TEXT Overlay: 2 mg/ml Glycine, 3x 5 min	
4.3. Next, wash the ovaries with PBST twice for 10 minutes [4.3.1 – MED].  Fix ovaries again with fixation buffer for 15 minutes at room temperature with mild shaking [4.3.2 – CU].
4.3.1. Talent adds PBST to the sample tube from a labeled container.  TEXT Overlay:  0.2% PBST, 2x 10 min
4.3.2. Ovaries in the sample tube with fixation buffer as they shake at room temperature.
4.4. To suppress the endogenous peroxidase activity, serially dehydrate the ovaries with different percentages of methanol in 0.2% PBST with volume ratios of 1:3, 1:1 and 3:1, and then further incubate the ovaries with 100% methanol for 1 hour at room temperature with mild shaking [4.4.1 – MED-over the shoulder].  Then serially rehydrate the ovaries as instructed in the text protocol [4.4.2 – MED].
4.4.1. Talent removes the fixation buffer from the sample tube, serially adds methanol-PBST solutions (v/v: 1:3, 1:1 and 3:1), and adds 100% methanol from a labeled container.
4.4.2. Talent begins to rehydrate the ovaries.
5. Antibody staining
5.1. For three pairs of ovaries in a 1.5 milliliter tube, 200 microliters is the minimum volume for sample blocking and antibody staining [5.1.1 – Title Card].
5.1.1. Title Card.
5.2. Incubate the ovaries with the 1X DIG-B (pronounced as “dig-bee”) blocking solution for 4 hours at room temperature or overnight at 4 degrees Celsius with mild shaking [5.2.1 – MED-over the shoulder].
5.2.1. Talent adds 1X DIG-B blocking solution to the sample tube.  TEXT Overlay:  see text protocol for DIG-B recipe
5.3. Following incubation, discard the supernatant and replace with fresh 1X DIG-B blocking solution containing the primary antibody at the appropriate dilution ratio [5.3.1 – MED].  Stain the ovaries for 4 hours at room temperature or overnight at 4 degrees Celsius with mild shaking [5.3.2 – CU].
5.3.1. Talent discards the supernatant and replaces with fresh 1x DIG-B blocking solution containing the primary antibody from a labeled container.  TEXT Overlay:  see text for primary antibody dilution ratios
5.3.2. Sample tubes as they shake at 4 degrees Celsius.
5.4. After washing ovaries as described in the text protocol, discard the supernatant and replace with fresh 1X DIG-B blocking solution containing secondary antibody at the appropriate dilution ratio and stain the ovaries as before [5.4.1 – MED-over the shoulder].  
5.4.1. Talent discards the supernatant and replaces it with fresh 1X DIG-B blocking solution containing secondary antibody from a labeled container.  TEXT Overlay:  see text for secondary antibody dilution ratios
5.5. For immunofluorescence staining, carry out staining in the dark because the secondary antibody is light sensitive [5.5.1 – CU].
5.5.1. Sample tube as talent wraps with foil or protects from the light in some other manner a 96-well box.
6. Mounting the aphid embryos
6.1. The thickness of aphid embryos varies between stages of development.  Mounting strategies are thus modified to fit early, mid, and late embryos [6.1.1 – Title Card].
6.1.1. Title Card
6.2. Transfer the ovaries together with mounting medium to the cell tray with a plastic dropper and observe samples under a stereo microscope at low magnification [6.2.1 – MED-over the shoulder].
6.2.1. Talent transfers the ovaries with mounting medium to the cell tray with a plastic dropper. 
6.3. Cut the calyces (pronounced as “kal-uh-seez”) associated with the lateral oviduct (pronounced as “oh-vi-duhkt”) using insect pins and then transfer an isolated ovariole (pronounced as “oh-vair-ee-ohl”) to an empty glass well with a dropper [6.3.1 - SCOPE]. 
6.3.1. Talent cuts the calyces associated with the lateral oviduct using insect pins and transfers the isolated ovariole to an empty glass well with a dropper.
6.4. Make up the final volume to between 50 and 100 microliters using mounting medium [6.4.1 – MED-over the shoulder].  Then, transfer an ovariole onto the slide with a glass dropper [6.4.2 - CU].
6.4.1. Talent makes up final volume with mounting medium.  Use a labeled container.
6.4.2. Slide as talent uses a glass dropper to transfer the ovariole there. 
6.5. Dissect egg chambers using insect pins; for embryos older than stage 6 of development, separation of egg chambers is suggested; for germaria (pronounced as “jurm-a-ree-uh”) and the first two egg chambers, separation is optional [6.5.1 – SCOPE].
6.5.1. Talent dissects the egg chambers using insect pins.
6.6. Relocate a dissected egg chamber to a clean slide using a glass dropper [6.6.1 – ECU].
6.6.1. Clean slide as talent relocates a dissected egg chamber using a glass dropper.
6.7. For embryos at stages 1 to 10 of development, slowly place a coverslip over the dissected germaria or egg chambers to avoid bubbles [6.7.1 – MED-over the shoulder].
6.7.1. Talent places a coverslip over the dissected egg chambers slowly to avoid bubbles.  TEXT Overlay: Stages 1-10, size: 2.2 x 2.2 mm
6.8. Alternatively, for embryos at stage 11 to 18 of development, mount egg chambers on a slide with a one-sided coverslip bridge and place another coverslip on top of the sample [6.8.1 – CU or ECU]. 
6.8.1. Slide as talent mounts the stage 11-18 embryo egg chamber with a one-sided coverslip bridge and places another coverslip on top of the sample.  TEXT Overlay:  Stages 11-18, size: 1.8 x 1.8 mm
6.9. For embryos older than stage 19 of development, mount the egg chambers on a slide with a double-sided coverslip bridge [6.9.1 – MED-over the shoulder] and place another coverslip on top of the sample [6.9.2 – CU or ECU].
6.9.1. Talent mounts the egg chamber from a >stage 19 embryo on a slide with a double-sided coverslip bridge.  TEXT Overlay:  Stages >19, size: 1.8 x 1.8 mm
6.9.2. Sample as talent places another coverslip on top of the sample.  TEXT Overlay (continue from previous shot):  Stages >19, size: 1.8 x 1.8 mm
6.10. Next, fill the space beneath the top coverslip with mounting media to avoid drying the sample [6.10.1 – MED-over the shoulder].  Mildly roll the top coverslip to obtain the right orientation for observation [6.10.2 – CU].
6.10.1. Slide as talent fills the space beneath the top coverslip with mounting media.
6.10.2. Slide/coverslip as talent rolls the top coverslip to obtain the right orientation for observation.
6.11. Finally, seal around the edge of the coverslips, including the bridge coverslips, with nail polish before performing image analysis as described in the text protocol [6.11.1 – MED].
6.11.1. Talent seals around the edge of the coverslips with nail polish.
7. Results: Aphid ovary dissection and whole-mount immunostaining with aphid-specific conditions to increase tissue permeability and decrease background staining
7.1. Shown here is a pair of ovaries dissected from a female adult.  An ovariole is composed of one germarium, 1 to 2 oocytes, plus 5 to 7 embryos, all of which are accommodated within egg chambers in an assembly-line fashion [7.1.1 – LM].
7.1.1. 0810_Chun-che Chang_Figure1.tif

7.2. After paraformaldehyde fixation, digestion of ovaries in proteinase K solution at a concentration of 1 microgram per milliliter for 10 minutes is highly recommended.  Staining results show that signal intensity is significantly increased in the proteinase K-digested embryos [7.2.1 – LM].

7.2.1. 0810_Chun-che Chang_Figure2.tif.  Editors, please highlight the black filled triangle in the rightmost image panel as the last sentence is narrated.

7.3. Incubation of embryos in the blocking solution from a DIG-based buffer set reduces more background staining than that of embryos in normal goat serum and bovine serum albumin [7.3.1 – LM].

7.3.1. 0810_Chun-che Chang_Figure3.tif.  Editors, please highlight the black outlined triangle in the rightmost image panel as this point is narrated.

7.4. The endogenous activity of peroxidase can also result in high background staining.  These studies reveal that submerging aphid embryos in methanol can suppress the peroxidase activity much more efficiently than treating embryos with hydrogen peroxide [7.4.1 – LM]. 

7.4.1. 0810_Chun-che Chang_Figure4(1).tif.  Editors, please highlight the black outlined triangle in the rightmost image panel as this point is narrated.

7.5. The critical conditions revealed in this study can be applied for signal detection in both germ cells and somatic cells [7.5.1 – LM].

7.5.1. 0810_Chun-che Chang_Figure5(1).tif

8. Conclusion (said by authors on camera)
8.1. Gee-way Lin: Once mastered, this technique can be done in two days if it is performed properly [8.1.1 – MED].
8.1.1. Gee-way speaks toward the camera, interview style.
8.2. Chun-che Chang: After watching this video, you should have a good understanding of how to carry out successful immunostaining in aphid embryos including elevation of signal intensity and reduction of background staining [8.2.1 – MED].
8.2.1. Chun-che speaks toward the camera, interview style.
8.3. Gee-way Lin: While attempting this procedure, it’s important to remember to manipulate aphid embryos gently to get a good shape of embryos [8.3.1 – MED].
8.3.1. Gee-way speaks toward the camera, interview style.
8.4. Chun-che Chang: Don't forget that working with paraformaldehyde and DAPI can be extremely hazardous and precautions such as gloves should always be taken while performing this procedure [8.4.1 – MED]. 
8.4.1. Chun-che speaks toward the camera, interview style.     
8.5. Gee-way Lin: Following this procedure, other methods like in situ hybridization can be performed in order to answer additional questions like whether mRNA is co-localized with its protein products in the embryonic cells [8.5.1 – MED].
8.5.1. Gee-way speaks toward the camera, interview style.
8.6. Chun-che Chang: After its development, this technique paved the way for researchers in the field of insect developmental biology to explore how protein is patterned and how it relates to a particular developmental event during aphid embryogenesis [8.6.1 – MED].
8.6.1. Chun-che speaks toward the camera, 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.

0810_Chun-che Chang_Figure1.tif

0810_Chun-che Chang_Figure2.tif

0810_Chun-che Chang_Figure3.tif

0810_Chun-che Chang_Figure4(1).tif
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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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