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Title: Using RNA-mediated interference feeding strategy to screen for genes involved in body size regulation in the nematode C. elegans
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ___Y, steps 3.1, 3.2, 3.3, 4.4, 4.5, ___Nikon SMZ-2B; Leica MZ16F____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? _____Y, step 4.5; 4.6; 4.7____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__4.2; 4.5; 4.6; 4.7____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

To ensure that animals are in the right developmental stage. Timing is critical. 

1. Introduction (Schematic Overview and Interview)

0. Schematic Overview (read by voice talent at JoVE):

0.1. This video demonstrates a procedure for identifying genes that regulate C. elegans growth and body size using RNA interference, or “RNAi” to inactivate candidate genes. (Intro).
0.2. First, plates containing bacteria that express double-stranded RNA that target the genes of interest are prepared. (P1, the darker yellow color (seen in the P2 plate) comes out of the flask onto the petri dish.).
0.3. Fourth larval stage hermaphrodites are transferred to the RNAi plates (P2, several black wavy lines are added to the plate).    
0.4. Once they reach the young adult stage, they are transferred to new RNAi plates to lay eggs. After several hours they are removed, leaving synchronized populations of embryos. (P3, move the black wavy lines to a second petri dish. Then remove the black wavy lines from the 2nd petri dish leaving behind the black ovals as seen in P3). 
0.5. At the desired stage of development, the progeny are collected and mounted on slides (P4. The black ovals of P3 turn into black wavy lines which are transferred from the petri dish onto a microscope slide.).

0.6. Finally, microscopic images of the worms are acquired. Analysis of the image demonstrates changes in body size caused by gene inactivation (P5, figure 2).
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1. Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. [Cathy Savage-Dunn] Though this method can provide insight into regulators of the TGFβ signaling pathway, it can also be applied to other pathways that contribute to postembryonic development, such as the insulin-signaling pathway.

Protocol (read by voice talent at JoVE):

2. Preparing RNAi feeding plates carrying target gene sequence  

2.1. Begin this procedure by cloning the target gene sequences into vector L4440, a commonly-used worm RNAi plasmid.  

2.1.1. LAB MEDIA:  4373_Liang_Cloning (P1)  Show a plasmid map for L4440 with the gene of interest before and after insertion  

2.2. Transform the recombinant plasmid into the bacterial strain HT115(DE3). Culture the transformed bacteria on LB agar plates with 25µg/ml carbenicillin and 12.5µg/mL tetracycline.  Then, pick a single clone for future use.

2.2.1. LAB MEDIA:  4373_ Liang_Cloning (P2)  Draw an arrow from the L4440 with inserted gene (P1) to a bacterial culture flask with text to indicate antibiotics  then draw an arrow to an agar plate with colonies and a pipette or toothpick picking one colony and an arrow to a test tube culture  

2.3. Meanwhile, transform the empty vector L4440 into the bacterial strain HT115 to use as a control for the experiments.

2.3.1. LAB MEDIA:  4373_Liang_Cloning (P3)   Show a empty L4440 with an arrow to a culture flask   

2.4. Culture the transformed bacteria in 1ml LB broth with 100µg/ml ampicillin overnight at 37(C. Tetracycline is not added because it decreases RNAi efficiency. 

2.4.1. LAB MEDIA:  4373_Liang_Cloning (P4)   Show arrows to 1 mL cultures of LB and indicate incubation overnight. 

2.5. Add another 5ml of LB broth with 100ug/ml of ampicillin to the overnight culture.  Then incubate for another 4-6 hours at 37(C.

2.5.1. LAB MEDIA:  4373_Liang_Cloning (P5)   Show same culture from P4 with additional media in tube

2.6. Once the culture is ready, seed 0.5ml of experimental or control bacteria onto the RNAi worm plates labeled with the appropriate clone name. At least 2 plates should be prepared for each condition. 

2.6.1. MED:  Talent at bench shows resulting culture

2.6.2. CU:  Talent pipettes bacterial cultures onto the labeled worm plates (ensure that labels are visible)  

2.7. Incubate the plates overnight at 37(C.   The next day, a lawn of bacteria should be present that express RNAi with or without the target gene sequence. The animals will use the bacteria as a food source.

2.7.1. MED:  Talent places the cultures in the incubator

2.7.2. MED:  Talent removes cultures from incubator

2.7.3. CU:  Talent shows the lawn of bacteria

3. Culture worms on the RNAi feeding plates

3.1. Once the RNAi feeding plates are ready, flame-sterilize the tip of a platinum wire. Then, use the platinum wire to transfer 6-10 fourth larval stage or “L4” C. elegans hermaphrodites to each RNAi plate.  Let the hermaphrodites grow at 20(C overnight. (Text overlay: standard culture condition for C. elegans) 

3.1.1. CU:  Talent sterilizes platinum wire in alcohol flame

3.1.2. MED:  Talent seated at scope transferring hermaphrodites to an RNA plate  (do 2 takes)

3.1.3. SCOPE:  Talent transfers 6-10  L4 worms to the RNAi plate

3.1.4. MED:  Talent stacks the plates in 20(C incubator (Do 3 takes)

3.2. The next day, the animals will be young adults. Transfer them to a new appropriately labeled and prepared RNAi plate. Incubate the plates at 20(C for 4-6 hours to allow the adults to lay eggs.

3.2.1. USE 3.1.2 : Talent seated at scope transferring hermaphrodites to an RNA plate 

3.2.2. SCOPE:  Talent transfers young adults to new plate

3.2.3. USE 3.1.4 Talent stacks plates in 20(C incubator 

3.3. Following the incubation, remove all the adults from the plate to synchronize the progeny. Once the adults are removed, start to count time. This is time zero. Incubate the plates at 20(C to let the animals grow to the developmental stage of interest.

3.3.1. SCOPE:  Talent removes all adults from a plate

3.3.2. MED:  Talent looks at watch or clock (Do 2 takes)

3.3.3. CU:  Close up of watch or clock time  (Do 2 takes)

3.3.4. USE 3.1.4 Talent stacks plates in 20(C incubator 

3.4. Here, young adults will be chosen for phenotypic analysis. For knockdowns that develop at a normal rate, 72 hours incubation is required. Keep in mind that various genes affect animal development differently, so incubation times may need to be adjusted. 

3.4.1. LAB MEDIA:  4373_Liang_development0-72 (Editor show these in series during this line of text)

3.5. If the RNAi causes animals to grow at a different rate, young adults can be identified as those no more than 24 hours past L4 with completed vulval development and 2-6 embryos in the uterus, as shown here.

3.5.1. LAB MEDIA: 4373_Liang_RNAiL4

3.6. To identify other developmental stages, the investigator should use gonadal and vulval development as a guide.

3.6.1. MED:  Talent looking through microscope eye pieces

4. Score body size phenotypes of RNAi treated worms
4.1. Once the animals have grown to the appropriate stage, prepare to score the body size phenotypes of the RNAi-treated worms.

4.1.1. Title screen

4.2. Next, place 2 layers of colored label tape on a glass 1mm thick specimen slide as shown here. Make two of these glass slides.

4.2.1. CU:  Talent places tape on glass slide;

4.3. Then, place a new glass slide in between the two slides with the tape, and apply a drop of 2% agarose, melted in water, to the center of the new glass slide.  Press a second glass slide on top to make a thin agarose pad.   
4.3.1. CU:  Talent applies a drop to the center of a glass slide and presses a second glass slide

4.4. Once the agarose has solidified, remove the top glass slide. The slide with the agarose pad is ready to load worms. Label the slide with the clone name.

4.4.1. CU:  Talent removes top glass slide and labels the slide with the clone name

4.5. Add 10 µl of 25mM NaN3 to the agarose pad.  Then, using a platinum wire as before, transfer 30-40 animals into the NaN3 solution to immobilize them. Put a coverslip on the top.   Do this for both recombinant and empty L4440-carrying RNAi-treated animals.

4.5.1. CU:  Talent adds NaN3 to the agarose pad.

4.5.2. CU:  Talent transfers animals into the solutions and adds coverslip

4.6. Next, place a micrometer slide under dissecting microscope with a 2.5x objective lens.  Using QCapture or similar software, capture an image of the micrometer ruler and save it.   Then, place the worms under the scope and capture images. 

4.6.1. MED:  Talent seated at microscope and computer places micrometer slide
4.6.2. LAB MEDIA: 4373_ Liang_image-micrometer.MP4 (This is screen capture of the authors imaging the micrometer)

4.6.3. CU:  Talent removes micrometer and places worms under scope

4.6.4. LAB MEDIA:  4373_ Liang_image-worm.MP4 (This is screen capture of the authors imaging the worms, editor please skip the portion where the authors open the software)

4.7. To measure the body length, first open the image of the micrometer ruler in Image-Pro software.   Then, click on measure and choose “calibration” then choose “spatial calibration wizard”.  

4.7.1. LAB MEDIA:  4373_ Liang_calibration:  Talent opens micrometer image in image pro and performs the actions above

4.8. With “calibrate the active image” selected, click on “next”.   Input the name for the calibration and ensure that the spatial reference units are set to microns.   Then, check the “create a reference calibration” button and click “next”. 

4.8.1. LAB MEDIA:  4373_ Liang_calibration:  Talent performs the actions above

4.9. Click on “draw reference line.”  A reference scale bar will appear.  Reposition the scale bar to match the ends of the micrometer, then indicate that the reference indicates 1,000 units. Click “OK”, “Next”, and “Finish”.

4.9.1. LAB MEDIA:  4373_ Liang_calibration:  Talent performs the actions above

4.10. Once the software is calibrated, open a worm image.  Then, select under the “measure” menu, select “calibration” then click on “select spatial”.  In the pull down menu, select the file name created for the micrometer calibration. 

4.10.1. LAB MEDIA:  4373_ Liang_measurement  - Talent performs actions above
4.11. Then, under the “measure” menu, select “measurements.”   In the window that opens, select the free-draw tool, and using the computer mouse, trace a line through the center of the animal body from head to tail.  The length will be reported in the window.

4.11.1. LAB MEDIA:  4373_ Liang_measurement Talent performs actions above
4.12. Repeat this process for all animals in the field.

4.12.1. LAB MEDIA:  4373_ Liang_measurement:  Talent repeats the measurement with a second animal

4.13. Export the length measurements to a Microsoft Excel file, or other suitable statistical software. Analyze the data by calculating the mean and standard deviation for each sample. Then compare the results for each group using a Student’s t-test.

4.13.1. MED:  Talent opens measurements in Excel and generates a graph with SD

5. Body size regulation by the DBL-1/TGF-β pathway 

5.1. The transforming growth factor-β, or “TGF- β” superfamily protein DBL-1 (pronounce “D-B-L-one”) is a member of required for activation of the TGF- β pathway.  In response to signal activation, intracellular Smad signal transducers translocate to the nucleus and initiate gene transcription.

5.1.1. LAB MEDIA: 4374_Liang_DBL-1pathway (Slide 1)

5.2. C. elegans in which the TGF- β pathway is disrupted have a smaller body size, including a shorter body length, than wild-type animals. Thus, screens for C. elegans body size mutants are capable of identifying TGF-β signaling components and modifiers. 
5.2.1. LAB MEDIA: 4374_Liang_DBL-1pathway (Slide 2)
5.3. To test the effectiveness of RNAi by feeding for the identification of body size mutants, RNAi was used to knock down DBL-1 pathway components sma-3 (pronounce “S-ma:-3”), and sma-6 in 4 different strains of C. elegans. 
5.3.1. LAB MEDIA: 4374_Liang_DBL-1pathway (Slide 1) (Editor add X’s over the boxes representing sma3 and sma-6/receptor as they are mentioned (only one X at a time))
5.4. The C. elegans strains tested included 2 that are RNAi hypersensitive: eri-1; lin-15b (pronounce “airy – one; lin-35-B”) and rrf-3 (pronounce “R-R-F-three”), as well as the standard wild-type strain N2 and the lin-36 (pronounce “lin-36”) strain, whose RNAi sensitivity is similar to N2.

5.4.1. LAB MEDIA: 4374_Liang_Figure2

5.5. As shown here, when sma-3 or sma-6 expression was disrupted, the animals displayed a significantly shorter body size than control animals, except sma-6 RNAi in lin-36 background. In rrf-3 background, body lengths of young adults after RNAi treatment were 84~95% of vector alone. 

5.5.1. LAB MEDIA: 4374_Liang_Figure2

5.6. In eri-1;lin-15b background, body lengths of young adults after RNAi were 68~86% of the control animals. However the eri-1;lin-15b strain produces few progeny.  This renders them unsuitable for large-scale screening. Therefore, the use of the rrf-3 strain is suggested for these techniques. 

5.6.1. LAB MEDIA: 4374_Liang_Figure2

6. Conclusion (said by authors on camera)

6.1. [Jun Liang]: After watching this video, you should have a good understanding of how to identify genes that regulate growth and body size using the RNA interference technique.
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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.

( 2010, Journal of Visualized Experiments


