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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)	N	If yes, please list make and model of your microscope: 
B.   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 steps  2.4, 3.4, 4.2, 4.4, 4.5, 4.8, 5.2-5.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Plasmid loss occurs during bacterial growth. This reduces knockdown efficiency dramatically. To prevent plasmid loss, bacteria are grown in high concentrations of carbenicillin and plasmid loss is assessed before feeding animals. Only continue with the protocol if plasmid loss is less than 15%.



1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:

The overall goal of this procedure is to perform large-scale RNA interference screens in C. elegans using a bacterial dsRNA feeding library to knockdown gene expression. (Intro – title slide shown)

This is accomplished by first culturing bacterial clones from a dsRNA library under growth conditions that prevent plasmid loss: begin by duplicating each primary library plate, (Video editor: show the primary library plate and the multichannel pipet moving from the primary library plate to the duplicate library plate) and then using the 96-well duplicate library plate to generate temporary stocks of bacteria on agar omniplates. (Video editor: show Boekel 96-pin replicator moving from duplicate library plate to agar omniplate) Bacteria from these omniplates are grown overnight in liquid culture (Video editor: show Boekel 96-pin replicator moving from agar omniplate to overnight liquid culture plate) and subsequently transferred to the surface of worm feeding plates (Video editor: show multichannel pipet moving from overnight liquid culture plate to worm feeding plate, with the 4 tips aligned with the top 4 circles of the worm feeding plate.  Then animate the yellow contents of the pipet coming out to form the yellow spots in the wells). Each bacterial clone from the library carries a unique dsRNA-encoding plasmid that targets one C. elegans gene for knockdown. (Video editor: show the cartoon of the dsRNA encoding plasmid) (Schematic panel 1.eps) (P1)

The second step is to place synchronized worms onto the feeding plates. (Video editor: please animate the contents of the flask being poured into the reservoir, then the multichannel pipet going into the reservoir to suck up the gray liquid in the 4 tips, then the multichannel pipet moving to the top of the worm feeding plate, and the gray liquid is dispensed into the top 4 wells and the wavy lines appear in those wells) (Schematic panel 2.eps) (P2)

Next, the worms are grown for several days in a humidified chamber at 20ºC. (Video editor: show the 12-well feeding plate with worms, then the side view of the plate, followed by 8 of the side view plates being put inside the humidified incubator) As the worms feed on the bacteria, the induced dsRNAs are released into the gut of the animal, where it then spreads to surrounding tissues to cause systemic knockdown effects. (Schematic panel 3.eps) (P3)

The final step is to examine the fed animals for phenotypic effects caused by gene-specific knockdown. These phenotypic assays are used to identify genes important for the biological process under study. (Video editor: show Figure 2: ‘50693fig2.jpg’) (P4)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Katie Maher: The main advantage of this technique over existing methods, like microinjection of double stranded RNAs into the worm gonad, is its high throughput. Using feeding libraries we can examine the biological function of nearly all C. elegans genes in just a matter of weeks.
1.2. Mary Catanese: Generally, individuals new to this method will struggle because most genes in C. elegans are haplosufficient and thus RNA knockdown must decrease gene expression by greater than 50% to produce loss-of-function phenotypes. To ensure robust gene knockdown it is critical that all of the bacteria fed to the worms express the dsRNA plasmid. 

Protocol (read by voice talent at JoVE):

2. How to determine plasmid loss

2.1. To begin the procedure for determining plasmid loss, remove a small sample of bacteria at each relevant step and add it to 450 µl of sterile water.

Shots:
2.1.1. MED: Talent removing a sample of bacteria and adding it to 450 µl of sterile water in an Eppendorf tube.

2.2. Use 100 µl of this diluted sample to create further serial dilutions using sterile water. Mix the solutions thoroughly between dilutions.

Shots:
2.2.1. MED: Talent starting to make serial dilutions with the first sample.
2.2.2. CU: Match action above: serial dilutions being made and mixed thoroughly.
2.2.3. CU: A shot of the 3 tubes (clearly labeled 1:10, 1:100, 1:1,000).  (Video editor: if labels are not clear enough, please add text overlay of each tube’s dilution - “1:10,” “1:100,” “1:1,000”)

2.3. Spread 100 µl of each dilution onto LB and LB AMP plates and incubate overnight at 37ºC.

Shots:
2.3.1. CU: 100 µl of one of the dilutions being spread onto an LB plate.
2.3.2. CU (from different angle than in 2.3.1.): 100 µl of the same dilution being spread onto an LB AMP plate.
2.3.3. MED: Talent putting all 6 plates into the incubator.

2.4. On the following day, identify the LB plate that contains between 100 and 500 bacterial colonies. Count the number of colonies on this plate and on the corresponding LB AMP plate containing the same dilution of bacteria.

Shots:
2.4.1. MED: Talent setting out all the plates on the bench top/work surface.
2.4.2. CU: A shot of the LB plate and LB Amp plate with 100-500 colonies that will be used for counting.
2.4.3. MED: General shot of talent at the microscope counting colonies on the 2 plates.

2.5. Determine plasmid loss using this equation (Video editor: show equation 1: ‘50693_Equation 1.pptx’). The percentage of bacteria that do not contain the plasmid is calculated by subtracting the number of colonies on the LB Amp plate from the number of colonies on the LB plate, dividing by the number of colonies on the LB plate, and multiplying by 100. 

Shots:
2.5.1. LAB MEDIA: 50693_Equation 1.pptx
2.5.2. Talent – interview style to camera: “Plasmid loss that occurs during bacterial growth is prevented by growing bacteria in high concentrations of carbenicillin. For effective dsRNA knockdown, assess plasmid loss before feeding the animals and only continue with the protocol if plasmid loss is less than 15%.”

3. Making temporary copies of the library on Omniplates

3.1. Begin this procedure by removing duplicate library plates from the -80ºC freezer. Take off the foil seal while the cultures are still frozen. Replace the plate’s plastic cover and set the duplicate library plates on a level surface to thaw at room temperature for no longer than 30 minutes (TEXT: Thaw at room temperature;  ≤ 30 min).

Shots:
3.1.1. WIDE/MED: Talent taking out 2 library plates from the -80ºC freezer.
3.1.2. CU: Foil seal being removed from a plate and the plastic cover replaced.
3.1.3. CU: The two plates being set at room temperature to thaw.

3.2. Sterilize the Boekel 96-pin replicator: place it into an ethanol bath and then burn the ethanol coating the pins off using a Bunsen burner. Allow the flame to extinguish and then repeat. The pins of a clean replicator should be rinsed with distilled water and then sterilized before each use.

Shots:
3.2.1. MED: Talent putting the Boekel 96-pin replicator into 3/4 inch deep ethanol in a Pyrex dish and then lighting the Bunsen burner (or Bunsen burner can already be lighted).
3.2.2. CU: Multiple takes from different angles of the 96-pin replicator being lifted from ethanol bath and burned with flame until flame is extinguished.  Shot will be repeated later.
3.2.3. MED: Talent putting the replicator back into the ethanol bath and then burning the ethanol off again.

3.3. Place the sterilized replicator into the wells of the thawed duplicate plate and use it to gently stir the cultures. Small volumes of the culture will adhere to the pins of the replicator.

Shots:
3.3.1. CU: Sterilized replicator being placed into the wells of a thawed duplicate plate and used to gently stir the culture.

3.4. Carefully remove the replicator from the wells of the duplicate plate and place it gently, pins down, on the surface of the omniplate.  Be careful not to pierce the agar surface. Leave the replicator on the surface of the omniplate for 3-4 seconds so that bacteria from the pins of the replicator are transferred onto the agar surface. To prevent plasmid loss on solid media, the omniplate contains 2 mg/ml carbenicillin.

Shots:
3.4.1. MED: Talent carefully removing the replicator from the wells of the duplicate plate and placing it gently, pins down, on the surface of the omniplate.
3.4.2. CU: Match action above: Replicator being placed down GENTLY on the omniplate surface (without piercing agar) and left for 3-4 seconds.

3.5. Remove the replicator and allow the small volume of bacterial culture to absorb into the agar. After both plates have been duplicated, incubate the omniplates inverted for 15-18 hours at 37ºC (TEXT: 15-18 h; 37ºC).  On the following morning, these omniplates can either be used to inoculate 96-well liquid cultures or stored up to seven days at 4ºC. 

Shots:
3.5.1. CU: Replicator being removed.
3.5.2. MED: Talent putting the 2 omniplates into the incubator.
3.5.3. CU: Match action above: plates being placed in an inverted position.


4. Preparation of bacteria for feeding worms

4.1. Bacteria for feeding worms are prepared as liquid cultures using bacteria from the omniplates. Using a repeat pipettor and a 50-ml combitip, dispense 1 ml of bacterial growth media into each 2 ml-deep well of a 96-well plate.

Shots:
4.1.1. WIDE/MED: Talent retrieving omniplates from the incubator.
4.1.2. MED: Talent dispensing 1 ml of bacterial growth media into each well of a 96-well plate.

4.2. Sterilize the replicator and place it onto the surface of an omniplate containing bacterial colonies, making certain the pins are in contact with each of the 96 bacterial colonies.

Shots:
4.2.1. Use shot from 3.2.2. 
4.2.2. CU: Replicator being placed onto the surface of an omniplate containing bacterial colonies, with pins contacting each of the 96 bacterial colonies.

4.3. Carefully move the replicator from the surface of the omniplate into the deep well plate, making certain that the pins do not scrape the sides of the deep wells until immersed in growth media. To dislodge the bacteria into the growth media, move the replicator slowly in a square motion following the inside wall of the deep well plate. Be careful not to splash and cross contaminate wells.

Shots:
4.3.1. MED: Talent carefully moving the replicator from the surface of the omniplate into the deep well plate.
4.3.2. CU: Match action above: replicator going into deep well plate and then moved slowly in a square motion following the inside wall of the deep well plate.

4.4. For each 96-well deep well culture plate, two controls should be included: bacteria expressing dsRNA as a positive control for the expected knockdown phenotype, and bacteria containing empty dsRNA vector as a negative control (TEXT: Positive control = bacteria expressing dsRNA; Negative control = bacteria containing empty dsRNA vector). 

Shots:
4.4.1. CU: 2 control plates being placed on the bench top (clearly labeled as “positive control” and “negative control”)

4.5. Using a sterile inoculating loop, remove a single well-isolated colony from the positive control plate and inoculate an empty well in the deep well culture plate. Record the position of the well that has been inoculated.   Repeat for the negative control.

Shots:
4.5.1. MED: Talent using a sterile inoculating loop to remove a single well-isolated colony from the positive control plate and inoculating an empty well in the deep well culture plate.
4.5.2. CU: Position of positive control well being recorded.
4.5.3. MED: Talent inoculating negative control well.

4.6. Shake the deep-well plates in a flat position at 650 RPM on a micro-shaker at 37ºC overnight (TEXT: 650 RPM; 37ºC; overnight).

Shots:
4.6.1. MED: Talent putting the plates into the micro-shaker.

4.7. After overnight incubation of cultures, the bacteria from the 96-deep well plates will be transferred to 12-well feeding plates.

Shots:
4.7.1. MED: Talent placing deep well plates next to 8 feeding plates.

4.8. Transfer can be done four wells at a time. Place pipette tips on every third channel of a 12-channel multichannel pipette, remove 150 µl of bacterial culture from the deep well plate, and eject onto the surface of 4 wells of the 12-well feeding plate. It is important not to pierce the surface of the agar during transfer as worms will burrow and not feed on the dsRNA-expressing bacteria.

Shots:
4.8.1. MED: Talent placing pipette tips on every third channel of a 12-channel multichannel pipette.
4.8.2. CU: 150 µl of bacterial culture being removed from the deep well plate, and ejected onto the surface of 4 wells of the 12-well feeding plate, WITHOUT piercing the surface of the agar.

4.9. After each set of 4 wells is transferred, replace the 4 pipette tips with 4 new sterile pipette tips and seed the next 4 wells of the feeding plate. 

Shots:
4.9.1. MED: Talent replacing the 4 used pipette tips with 4 new sterile pipette tips.
4.9.2. CU: Another 4 wells of the feeding plate being seeded.

4.10. Store seeded plates upright in the dark at room temperature overnight so the bacteria can absorb into the agar.

Shots:
4.10.1. MED: Talent storing 8 seeded plated upright in the dark at RT (placing them upright in a cabinet)

5. Determining the concentration of L1 arrested C. elegans larvae

5.1. Prior to transferring L1 arrested C. elegans larvae onto dsRNA feeding plates for a feeding screen, the concentration of the previously prepared L1 arrested larvae must be determined (TEXT: Refer to accompanying protocol text for generating L1 arrested C. elegans larvae).

Shots:
5.1.1. MED: Talent approaching lab bench with Erlenmeyer flask of arrested L1 larvae.

5.2. Mix the Erlenmeyer flask containing the arrested L1 larvae to distribute the animals.  Then remove a 10 µl aliquot and place drop-wise onto an unseeded 6-cm NGM plate in 4-5 drops down the center of the plate.  Make sure that all media is expelled from the pipet.

Shots:
5.2.1. MED: Talent mixing the Erlenmeyer flask containing the arrested L1 larvae.
5.2.2. CU: A 10 µl aliquot being removed from flask and placed drop-wise onto an unseeded 6-cm NGM plate in 4-5 drops down the center of the plate. 
5.2.3. ECU: 4-5 drops being placed down the center of the plate.

5.3. Using the end of the pipette tip, spread the dots of worm suspension to form a single continuous line of liquid that spans the diameter of the plate.

Shots:
5.3.1. CU: End of pipette tip being used to spread the dots of worm suspension to form a single continuous line of liquid that spans the diameter of the plate.
5.3.2. LAB MEDIA: Counting L1 animals.mov (Video editor: Author provided this video clip, which may overlap with the footage in 5.3.1.  If you use this clip, show it from the beginning up to the time just before the zooming in occurs)

5.4. Using a dissecting microscope, count all animals starting at one end of the line of liquid and continuing to the other end before the liquid has absorbed into the plate and the animals disperse. This may require constant refocusing of the dissecting scope to be certain that no animals are missed.

Shots:
5.4.1. MED: Multiple takes from different angles of talent placing the plate under the dissecting scope and starting to count the animals.  Shot will be repeated later.
5.4.2. LAB MEDIA: Counting L1 animals.mov (Video editor: show this starting from the time of zooming in to end of clip)

5.5. Repeat this counting procedure for three separate 10 µl aliquots to determine the average number of worms per µl of worm suspension and record this number directly on the Erlenmeyer flask. 

Shots:
5.5.1. Use shot from 5.4.1.
5.5.2. CU: Talent writing the average number of worms per µl of worm suspension on the flask.

6. dsRNA feeding screen

6.1. To begin the feeding screen, use the suspension of L1 arrested larvae and sterile water to prepare a solution containing 2,000 worms/ml. Each 12-well feeding plate will require 120 µl of this worm suspension. Mix thoroughly to ensure an even distribution of animals and transfer the animals to a sterile reservoir for pipetting.

Shots:
6.1.1. MED: Talent preparing a solution of 2,000 worms/ml.
6.1.2. MED: Talent mixing the solution thoroughly and then transferring it to a sterile reservoir.

6.2. Using the multichannel pipette set up with tips in every third position, transfer 10 µl of the worm solution directly onto the bacterial lawn of the feeding plates. Take care not to pierce the surface of the agar, as worms will burrow into the agar and not feed on the dsRNA-expressing bacteria.

Shots:
6.2.1. MED: Talent transferring 10 µl of worm solution directly onto the bacterial lawn of the feeding plates.
6.2.2. CU: Match action above: Worm solution being dispensed onto bacterial lawn WITHOUT piercing agar surface.
6.2.3. LAB MEDIA: worms on feeding plate-1.mov (Video editor: author has also provided this movie that corresponds to 6.2.2.  If you use this movie, show it from the beginning until just before the zoom in)

6.3. After transfer of worm solution to every two rows of feeding plates, remix the worm solution in the reservoir by gently sloshing it about, as worms settle quickly. Examine a few wells early on under the dissecting scope to ensure that each well is getting 20-30 worms. 

Shots:
6.3.1. CU: Worm solution in reservoir being gently sloshed about.
6.3.2. MED: Talent at the dissecting scope examining the wells.
6.3.3. LAB MEDIA: worms on feeding plate-1.mov (Video editor: show only from the time of zoom in to the end of movie)

6.4. Once all feeding plates have worms, store plates upright in a humidified box in a 20ºC incubator.

Shots:
6.4.1. CU: Feeding plates being placed upright in humidified box.
6.4.2. MED: Multiple takes from different angles of talent putting the box with the plates into the 20ºC incubator.  Shot will be repeated later.

6.5. The next day, after the worm suspension has absorbed into the plate, invert the plates and return to the humidor at 20ºC. Animals on these plates can be observed after 3 days for P0 phenotypes and again after 6 days for F1 phenotypes. 

Shots:
6.5.1. CU: Plates being inverted in the humidified box.
6.5.2. Use shot from 6.4.2.


7. Results: Effects of egl-30, dpy-17, pat-10, and unc-4 knockdown

7.1. [bookmark: _GoBack]The protocol described here was used to test four genes for knockdown: egl-30 (pronounced: eggle-thirty), dpy-17 (pronounced: dumpy-seventeen), pat-10 (pronounced Pat-ten, like you pat your friend on the back), and unc-4 (pronounced: unk four (like "uncle")).  egl-30 and unc-4 are expressed in the nervous system, pat-10 is expressed in body-wall muscle, and dpy-17 is expressed in hypodermal cells. (Video editor: can you show Table 1 without the 3rd column?)  eri-1; lin-15B (pronounced eerie one lynn fifteen B) mutants were used in the screens because of their enhanced sensitivity to RNAi.  As a negative control, the worms were fed bacteria containing the empty pL4440 (pronounced P-L forty-four forty) plasmid that did not express a dsRNA.

Shots:
7.1.1. LAB MEDIA: 50693_Table 1_updated.docx

7.2. As expected, eri-1; lin-15B animals fed bacteria containing the empty plasmid did not shown any morphological or behavioral defects. This photograph shows freely moving animals as evidenced by their normal body posture. The black arrow indicates the position of a young adult animal. The white arrow indicates the position of a group of laid eggs. The normal behavior of the worms is shown in this video clip.

Shots:
7.2.1. LAB MEDIA: panel A only of ‘50693fig2.jpg’
7.2.2. LAB MEDIA: pL4440.mov

7.3. egl-30 encodes the C. elegans ortholog of the G protein subunit Gq. When L1 stage eri-1; lin15B larvae were fed bacteria expressing egl-30 dsRNA, the larvae grew to become adults that showed clear defects in locomotion and egg-laying behavior. (Video editor: show video clip of worms with defective locomotion) After three days, 100% of the animals fed dsRNA against egl-30 were paralyzed and unable to lay eggs. This photograph (Video editor: Figure 2B) shows that all animals have adopted a rigid appearance typical of paralyzed animals. The complete absence of laid eggs on the plate should also be noted.

Shots:
7.3.1. LAB MEDIA: egl-30 knockdown.mov
7.3.2. LAB MEDIA: panel B only of ‘50693fig2.jpg’

7.4. dpy-17 encodes a collagen protein required for cuticle formation in C. elegans and dpy-17 null mutants are shorter and fatter than wild-type animals. In this experiment, no morphological defects were observed in P0 animals fed dpy-17 dsRNA. However, 98% of the F1 animals showed the Dpy phenotype (show figure 2C only). Note that adult animals in the field, one of which is marked by the arrow, are shorter and fatter than the adult animal marked by the black arrow in panel A (add Figure 2A). The lack of short and fat P0 animals indicates that dpy-17 gene function is required at early larval stages for proper body morphology. 

Shots:
7.4.1. LAB MEDIA: panel C only of ‘50693fig2.jpg’
7.4.2. LAB MEDIA: panel A only of ‘50693fig2.jpg’

7.5. pat-10 encodes the body wall muscle troponin C, a protein containing four EF Hand motifs that bind calcium. (Video editor: start showing video clip) It was observed in this study that 100% of eri-1; lin-15B animals fed pat-10 dsRNA became paralyzed within 3 days and laid no eggs leading to a lethal phenotype. Note that although the animals are paralyzed, they can still move their head muscles to feed as indicated by the clearing of bacteria near the head, marked by the arrow. (Video editor: please add overlay arrow pointing to the clearer areas near the heads of the worms)

Shots:
7.5.1. LAB MEDIA: pat-10 knockdown.mov

7.6. unc-4 encodes a homeodomain protein expressed in ventral cord motor neurons and is required for proper synaptic input choice.  unc-4 was chosen as a test gene in this study because it has proven to be resistant to previous dsRNA feeding strategies. Results from this study showed that 62% of animals fed unc-4 dsRNA-expressing bacteria from the library preparation showed defects in locomotion behavior. (show Table 1; highlight last row)

Shots:
7.6.1. LAB MEDIA:  50693_Table 1_updated.docx

7.7. Compared to wild-type animals that back freely in a sinusoidal motion when prodded on the head (Video editor: show wildtype tap response.mov), unc-4 null mutants do not back (Video editor: start showing unc-4 tap response.mov) but instead contract their midbody tightly, causing a dorsal flexure, which often becomes so extreme that the head and tail of the animal touch, placing the body in a coiled position.

Shots:
7.7.1. LAB MEDIA: wildtype tap response.mov
7.7.2. LAB MEDIA: unc-4 tap response.mov

7.8. This table shows the percentage of animals that exhibit null-like phenotypes when fed dsRNA against each of the four genes tested.  One hundred animals were examined for each knockdown experiment (n = 100).  These results demonstrate the importance of plasmid retention for the success dsRNA interference screens. Robust and highly penetrant loss-of-function phenotypes can be observed in all tissues when all of the bacteria fed to worms express dsRNA. 

Shots:
7.8.1. LAB MEDIA:  50693_Table 1_updated.docx

8. Conclusion (said by authors on camera)

8.1. Mary Catanese: Once mastered, the entire dsRNA library can be screened by one person in about two months. 
8.2. Katie Maher: To improve throughput, we only test each bacterial clone once in a feeding screen. Any genes identified in this first pass through the library are then retested in triplicate. We insist that the desired phenotype is observed in all retests for a gene to be scored as a positive hit in the screen. The plasmid is then purified from the bacteria and sequenced to verify the encoded gene. Once a gene is identified, we order a null mutant, if one is available, and test it for the desired phenotype before performing additional characterization of the gene. 


Provided Media

1A. Schematic Overview Graphics: schematic panel 1.eps; schematic panel 2.eps; schematic panel 3.eps
2.5. 50693_Equation 1.pptx
5.4. Counting L1 animals.mov 
6.3. worms on feeding plate-1.mov
7.1., 7.6., 7.8. 50693_Table 1_updated.docx
7.2. – 7.5. 50693fig2.jpg
7.2. pL4440.mov
7.3. egl-30 knockdown.mov
7.5. pat-10 knockdown.mov
7.7. wildtype tap response.mov; unc-4 tap response.mov
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