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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) n/a
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.

2. Does your protocol include 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
It is difficult to select any 4-6 steps as all of them are equally important as this is a multistep protocol. Maybe the best way to approach the shoots with the robot is to show how to select options while explaining 2.2, 2.3, 2.4, 2.6, 2.7, 2.10. Then for steps 3.x maybe we can go faster in the selections making emphasis on what is specific to that step.

4. 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 most difficult step is 3.6 and 3.7. It’s not a difficult step, but some of the avoidable issues of the assay (e.g., contamination, colonies missing in parts of the plate) can originate at this step.
As described in the protocol the key for having uniformly covered yeast lawn plates is to shake the plate with the beads for 1 min covering all corners and edges, and immediately flip the plate and tap to remove all beads from the agar.
5. Will the filming need to take place in multiple locations? (Y/N) N
Filming is in one location (24 Cummington Mall, room 748, Boston, MA)


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Juan Fuxman Bass: The goal of enhanced yeast one-hybrid assays is to identify the set of transcription factors that bind to a DNA sequence of interest [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

1.2. Juan Fuxman Bass: The advantage of this technique is that enhanced yeast one-hybrid assays can evaluate more than 1,000 transcription-factors in a single experiment.  Conversely, chromatin immunoprecipitation evaluates one transcription factor at a time [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Clarissa Santoso: This method constitutes a key tool for functional genomics to identify the repertoire of transcription-factors that bind to gene promoters and enhancers, and to identify altered transcription-factor binding to noncoding variants [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Introduction of Demonstrator: (Said by you on camera)

1.4. Juan Fuxman Bass: Demonstrating the procedure will be Dr. Xing Liu, a postdoc from my laboratory [1]/[2].  

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.4.2. Dr. Liu looks up from workbench or desk or robot and acknowledges the camera.






Section - Protocol
2. Spotting a Transcription Factor (TF) Array
2.1. Thaw the yeast glycerol stock plates with the TF-prey array on ice [1-TXT].  Resuspend the yeast within 1 to 3 minutes using a 12-channel pipette [2]. 
2.1.1. MED: Talent places the yeast glycerol stock plates with the TF-prey array on ice.  TEXT: See text for TF-prey array preparation reference 
2.1.2. CU: Yeast as talent resuspends it using a 12-channel pipette 
2.2. To spot the yeast into Sc minus tryptophan rectangular plates, use a high density array robot to select multi-well 96 plates as the source, 96 agar plates as the target, and 96 long pin pads.  Pin pads are not reusable and should be discarded [1-TXT].
2.2.1. MED-over the shoulder: Talent selects multi-well 96 plates as source, 96 agar plates as target, and 96 long pin pads using the robot touchscreen.  TEXT: See text for Synthetic Complete (Sc) – Tryptophan (Trp) plate prep
2.3. Select the Spot Many program to make two copies per 96-well plate.  Do not use the recycle or revisit options to avoid back contamination of the frozen stocks.  Also select the option to swirl up and down in the source, to mix the yeast [1]. Author note]: “Spot” should also be changed in the manuscript.
2.3.1. CU: Robot touchscreen as talent selects the Spot Many program and then the option to swirl up and down in the source. 
2.4. Follow instructions for where and when to place the plates and allow the robot to spot the yeast into Sc minus tryptophan rectangular plates [1].
2.4.1A. Added shot: Talent places the plates where the robot indicates
2.4.1B. Added shot: Talent places the pads in the robot
      2.4.1C. CU: Robot as it works to spot the yeast into Sc −Trp rectangular plates.
2.5. Bag the spotted array and incubate it, agar-side up, at 30 degrees Celsius for 2 to 3 days [1].
2.5.1. MED: Talent removes the spotted array from the robot and bags it.
2.6. To generate 384 colony arrays in Sc minus tryptophan rectangular plates, select 96 agar plates as the source, 384 agar plate as the target, and 96 short pin pads [1].
2.6.1. CU: Robot touchscreen as talent selects 96 agar plates as source, 384 agar plate as target, and 96 short pin pads.
2.7. Select the 1 to 4 Array program [1].
2.7.1. MED-over the shoulder or CU: Robot touchscreen as talent selects the 1 to 4 Array program.  
2.8. In this way, four 96 colony plates will be consolidated into one 384 colony plate.  Do not use the recycle or revisit options to avoid contamination between different plates [1].
           2.8.1A. Added shot: Talent shows plate and places it in the robot.
           2.8.1B. CU: Robot spots the yeast into 384 colony arrays in Sc −Trp rectangular plates.
2.9. Bag the plates and incubate the spotted 384-colony array, agar-side up, at 30 degrees Celsius for 2 days [1].
2.9.1. MED: Talent places the already bagged plates at 30 degrees Celsius.
2.10. To generate 1,536 colony arrays in Sc minus tryptophan rectangular plates: select 384 agar plates as the source, the 1,536 agar plates as the target, and 384 short pin pads.  Then, select the 1 to 4 assay single source program [1].  
2.10.1. CU: Robot touchscreen as talent selects 384 agar plates as source, 1,536 agar plates as target, and 384 short pin pads.  Talent selects the 1 to 4 assay single source program.
2.11. The goal is to copy each colony into four colonies to obtain quadruplicates.  Use the recycle and revisit options as this involves copying each colony four times [1].
2.11.1. CU: Robot touchscreen as talent selects the recycle and revisit options.
2.12. Follow the robot’s instructions and allow the robot to spot the yeast into the plates, before bagging and incubating the spotted 1,536-colony array, agar-side up, at 30 degrees Celsius for 3 days [1].
       2.12.1A.  MED: Talent places the plates.
           2.12.1B.  and Tthe robot begins to create the arrays.
2.13. To amplify the 1,536 colony array in Sc minus tryptophan rectangular plates, select 1,536 agar plates as the source, 1,536 agar plates as the target, and 1,536 short pin pads [1].  
2.13.1. CU: Robot touchscreen as talent selects 1,536 agar plates as source, 1,536 agar plates as target, and 1,536 short pin pads. 
2.14. Select the Replicate Many program to replicate 3 to 4 copies.  Use the recycle and revisit option, but throw out the pad when switching to a different plate of the array to avoid cross contamination [1]. 
2.14.1. CU: Robot touchscreen as talent selects the Replicate Many program and the recycle and revisit option.
2.15. Allow the robot to amplify the 1,536 colony array in Sc minus tryptophan rectangular plates [1].
             2.15.1A. Added shot: Talent shows 1,536 colony plate.
             2.15.1B. CU: Robot works to amplify the 1,536 colony array in Sc −Trp rectangular plates 
2.16. Finally, bag the plates and incubate the spotted 1536-colony array agar-side up, at 30 degrees Celsius, for 3 days to use for mating steps [1].  
2.16.1. CU: Talent places the bagged array into the incubator.
3. Enhanced Yeast One-Hybrid (eY1H) Screen
3.1. To prepare the DNA-bait strain lawns for mating, spot the yeast DNA-bait strains on an Sc minus uracil and histidine plate, and grow for 3 days at 30 degrees Celsius [1-TXT].
3.1.1. MED: Talent spots the yeast DNA-bait strains on a Sc −U −H plate.  TEXT: See text for Sc – U – H plate prep
3.2. Streak the yeast into a 15 centimeter, Sc minus uracil and histidine plate using a sterile toothpick, so that each plate fits 12 to 16 different strains [1].  Incubate the plate one day at 30 degrees Celsius [2].  
3.2.1. CU: Plate as talent streaks the yeast into a 15 cm Sc −U −H plate using a sterile toothpick, so that each plate fits 12 to 16 different strains.
3.2.2. MED: Talent places the plate into the incubator.
3.3. The next day, streak the yeast into a 15 centimeter Sc minus uracil and histidine plate using a sterile toothpick, so that each plate fits 4 different strains [1].  Incubate the plate for one day at 30 degrees Celsius [2].  
3.3.1. CU: Plate as talent streaks the yeast into a 15 cm Sc −U −H plate using a sterile toothpick, so that each plate fits 4 different strains.
3.3.2. MED: Talent places the plate with the 4 strains into the incubator.
3.4. Following incubation, scrape the yeast using a sterile toothpick, making sure not to scrape any agar [1].  Add the yeast into a 1.5 milliliter tube with 500 microliters of sterile water [2].
3.4.1. CU: Plate as talent scrapes the yeast using a sterile toothpick.  	Comment by Juan Soto: These steps were merged
3.4.2. CU: 1.5 mL tube with 500 microliters of sterile water as talent adds the yeast there. 
3.5. Now, add 10 to 15 sterile glass beads and the yeast suspension onto a YAPD rectangular plate [1-TXT].  Add the yeast suspension onto the plate and sShake thoroughly in all directions for 1 minute to ensure the yeast is spread through all the plate [2].
3.5.1. CU: Plate as talent adds 10 to 15 sterile glass beads and the yeast suspension onto a YAPD rectangular plate.  TEXT: See text for YAPD plate prep
3.5.2. CU: Plate as talent finishes adding the yeast suspension andTalent shakes thoroughly in all directions to ensure yeast is spread through all the plate.	Comment by Juan Soto: Steps were partitioned in a different way than in the original script.
3.6. Invert the plate immediately, and tap so that the beads go to the lid.  Remove and recycle the beads [1].  Bag the plates and incubate them agar-side down for 1 to 2 days at 30 degrees Celsius.  Then proceed to the mating step [2].
3.6.1. CU: Plate as talent inverts it, taps it and collects the beads from the lid.
3.6.2. MED: Bagged plates as talent places them into the incubator, them agar-side down.
3.7. To mate the yeast DNA-bait and TF array strains, transfer the TF array to a YAPD rectangular plate with the robot [1].
3.7.1. WIDE: Talent approaches the robot with the DNA-bait and TF array strains and YAPD rectangular plate.
3.8. Select the 1,536 agar plate as the source and the target, and the 1,536 short pin pad.  Select the Replicate Many program [1]. Select four source plates and the recycle and revisit options.
3.8.1. CU: Robot touchscreen as talent selects the 1,536 agar plate as source and target, and the 1,536 short pin pad.  Then talent selects the Replicate Many program, 4 source plates, recycle and revisit..
3.9. Each TF array plate can be used to transfer to 3 to 4 YAPD plates. The TF array plates used for mating must be 2 to 3 days old, but not more, as mating may be inefficient [1].
3.9.1. Robot as it transfers the TF array to the YAPD rectangular plate.
3.9.2. Added shot: Close up of plate.
3.10. To transfer the lawn of a DNA-bait strain to the YAPD plates already containing the TF array, select the 1,536 agar plate as the source and the target, and the 1,536 short pin pad [1]. 
3.10.1. CU: Robot touchscreen as talent selects the 1,536 agar plate as source and target, and the 1,536 short pin pad.
3.11. Select the Replicate Many program.  Use a random offset in the source with a radius of approximately 0.6 millimeters to avoid taking yeast from the same spot, and select mix on target to facilitate contact between yeast strains [1].
3.11.1. CU: Robot touchscreen as talent selects the Replicate Many program.  Talent uses a random offset in the source with a radius of approximately 0.6 millimeters and mixes on target to facilitate contact between yeast strains.
3.12. Use the lawn containing the DNA-bait strains as the source, and the YAPD plates containing the spotted TF array as the target, before bagging the plates and incubating them agar-side up at 30 degrees Celsius for 1 day [1].
3.12.1. CU: Robot as it transfers the lawn of a DNA-bait strain to the YAPD plates already containing the TF array.
3.13. For selection of diploid yeast, select the 1,536 agar plate as the source and the target, and select the 1,536 short pin pad.  Select the Replicate program.  Select mix on source and on target [1].
3.13.1. CU: Robot touchscreen as talent selects the 1,536 agar plate as source and target, and the 1,536 short pin pad.  Talent selects the Replicate program, mix on source and on target
3.13.2. Added shot: Close up of plate.
3.14. Allow the robot to transfer the mated yeast from the YAPD plates to Sc minus uracil and tryptophan plates, before bagging the plates, and incubating them agar-side up at 30 degrees Celsius for 2 to 3 days [1].
3.14.1. CU: Robot as it transfers the mated yeast from the YAPD plates to the Sc −U −Trp plates. 
3.15. Now, select the 1,536 agar plates as the source and the target, and the 1,536 short pin pad.  Select the Replicate program [1].
3.15.1. CU: Robot touchscreen as talent selects the 1,536 agar plates as source and target, and the 1,536 short pin pad.  Talen selects the Replicate program.
3.15.2. Added shot: Close up of plate.
3.16. Transfer the diploid yeast from the Sc minus uracil and tryptophan plates to the readout rectangular 3AT and X-gal containing plates, using the robot [1].  
3.16.1. CU: Robot as it transfer the diploid yeast from the Sc −U −Trp plates to the readout rectangular plates Sc −U −H −Trp + 5mM 3AT + 0.4 mM X-gal.
3.17. Bag the plates and incubate them agar-side up at 30 degrees Celsius for up to 7 days [1].
3.17.1. CU or MED: Incubator as talent places the bagged plates there.
3.18. For DNA-bait strains with high background reporter activity, take pictures on days 2, 3, and 4.  Otherwise, take pictures at days 4 and 7 [1].
      3.18.1A. Added shot: Close up of plate.
       3.18.1B. MED: Talent works to take pictures of the plates.  
3.19. Keep the TF array plates at room temperature and copy again after 7 days for a new round of screening [1].
3.19.1. MED: Talent leaves the plates at room temperature. 

Section – Results
4. Results: Examples of eY1H Readout Plates and Potential Problems 
4.1. To illustrate the type of results that can be obtained using enhanced yeast one-hybrid assays, the promoter regions of the CCL-fifteen and IL-seventeen-F genes were screened against an array of 1,086 human TFs [1].
4.1.1. LAB MEDIA: Figure 2.pdf
4.2. The CCL-fifteen promoter is an example of a non-autoactive DNA-bait where interactions, even weak ones, can be easily detected [1]. 
4.2.1. LAB MEDIA: Figure 2.pdf – Video editors, please emphasize the left-most panel and the boxes in the left-most panel (all colors).
4.3. The IL-seventeen-F promoter is an example of an autoactive DNA-bait with uneven background reporter activity [1], where some interactions can be detected… [2], while for several TFs it is uncertain whether the reporter activity is higher than background [3].
4.3.1. LAB MEDIA: Figure 2.pdf – Video editors, please emphasize the right-most panel.
4.3.2. LAB MEDIA: Figure 2.pdf – Video editors, please emphasize the red and orange boxes in the right-most panel.
4.3.3. LAB MEDIA: Figure 2.pdf – Video editors, please emphasize the yellow boxes in the right-most panel.
4.4. There are several problems that can occur when performing enhanced yeast one-hybrid assays. In this case, colonies are too small and fail to transfer.  Typically, approximately 95% of TF-prey colonies display normal growth [1]. 
4.4.1. LAB MEDIA: Figure 3.pdf – Video editors, please emphasize the top left panel.
4.5. In this example, there is no yeast growth in a portion of the plate.  This issue is generally related to a failure in the mating step if the 1,536 pin pad fails to make contact with the yeast in the DNA-bait strain lawn, the TF array, or in the mating plate [1]. 
4.5.1. LAB MEDIA: Figure 3.pdf – Video editors, please emphasize the top right panel.
4.6. In these two examples, no interactions are detected [1].  This issue is often related to either unintended inactivating mutations in the reporter genes, in particular LacZ… [2], or to high autoactivity that mask interactions [3]. 
4.6.1. LAB MEDIA: Figure 3.pdf – Video editors, please emphasize the middle panels.
4.6.2. LAB MEDIA: Figure 3.pdf – Video editors, please emphasize the leftmost-middle panel.
4.6.3. LAB MEDIA: Figure 3.pdf – Video editors, please emphasize the rightmost-middle panel.
4.7. In this case, the plate presents random blue spots, which is often related to bacterial contamination [1].  
4.7.1. LAB MEDIA: Figure 3.pdf – Video editors, please emphasize the bottom panel.



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Clarissa Santoso: The most important thing to consider is proper plate preparation, making sure that all components are added and that agar height is uniform, as all subsequent steps depend on this [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Juan Fuxman Bass: Although most reagents are not hazardous it is important to wear gloves at all times to avoid contamination of the samples and plates [1].

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Clarissa Santoso: As with any DNA-binding assay, it is important to validate the interactions identified using functional assays such as reporter assays, transcription factor knockdown, or knockout followed by measuring expression of the target-gene [1].  

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.4. Juan Fuxman Bass: This method has allowed the identification of transcription factors that regulate genes involved in particular biological processes, as well as transcription factors with altered binding to noncoding disease-associated variants [1]. 

5.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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