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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N 

2. Does your protocol include software usage? N

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.)
2.1
2.2
2.4
2.6
2.7
3.3
3.9

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.)
2.3.3.
3.9.1

5. Will the filming need to take place in multiple locations? (Y/N) 
If yes, how far apart are the locations?
Y, the locations will be within a mile of the distance 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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


1.1. Nidhi Rawat: This protocol details the development of robust TILLING populations with high mutation frequency by EMS mutagenesis in small grain crops. TILLING populations can be used for functional genomics as well as for forward genetics based gene discovery in small grain crops [1].
1.1.1. INTERVIEW


1.2. Lovepreet Singh: The TILLING populations developed using this technique have high mutation frequencies and can be applied to any genotype. Cel-1 assay-based mutation detection can be conducted using basic lab equipment [1].
1.2.1. INTERVIEW


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


1.3. Adam Schoen: The most important step is to determine the optimal EMS concentration, therefore, EMS dosage curve should be made specifically for the individual population [1].
1.3.1. INTERVIEW





Section - Protocol
2. Preparation of Dosage Curve for Effective Mutagenesis
2.1. To begin, soak 100 seeds with the genotype of interest in each of six 250-milliliter glass flasks containing 50 milliliters of distilled water [1]. Shake at 100 rpm for 8 hours at room temperature for imbibition [2].
2.1.1. MED: Talent pours 50 ml water in flasks with seeds.
2.1.2. MED: Talent places flasks onto a shaker.
2.2. Then, in a fume hood, prepare 50 milliliters of EMS solutions of 5 different concentrations [1-TXT] by mixing EMS liquid in distilled water [2-TXT].
2.2.1. MED: Talent adds solution into one container with water. TEXT: 0.4%, 0.6%, 0.8%, 1.0%, and 1.2% (w/v); EMS: ethyl methanesulfonate  Videographer: Take multiple shots, as this will be used later.
2.2.2. MED: Talent adds solution into another container with water. TEXT: CAUTION: Use appropriate personal protective equipment while handling EMS.
2.3. After imbibition, decant the water out of five flasks [1]. Add 50 milliliters of EMS solution in each of the five flasks containing imbibed seed [2]. Shake flasks for 16 hours at 75 rpm and room temperature [3-TXT]. 
2.3.1. MED: Talent takes six flasks from the shaker, and decants the water from five flasks.
2.3.2. CU: Talent adds solution into flasks. Close up of the seeds in the flasks.
2.3.3. MED: Talent places flasks back to the shaker. TEXT: 0.0%, 0.4%, 0.6%, 0.8%, 1.0%, and 1.2% EMS treatment Video editor: Show the text when all the flasks are on the shaker.
2.4. Now, decant the EMS solution into an empty waste bottle [1], and pour the treated seeds onto cheese cloth placed on an empty waste bottle to collect separately for each treatment [2]. Use extra water to help pouring of the seeds [3]. 
2.4.1. MED: Talent decants solution in flasks on to cheese cloth held over the waste bottle.
2.4.2. CU: Talent pours seeds onto cloth by using extra water. Close up of the seeds.
2.4.3. CU: Talent adds water, and pours seeds.
Author comment: 2.4 - This is essentially performed as a single step. Decanting and pouring of seeds take place simultaneously.
2.5. Also, spray several milliliters of EMS-inactivating solution to the wall of contaminated flasks [1] and immerse used pipette tips in the solution for 24 hours [2]. Inactivate the used EMS solution by adding one volume of EMS-inactivating solution to treat for 24 hours [3-TXT].Using a twist tie, hold the EMS-treated seeds inside the cheese cloth, and wash under running tap water for 2 hours [3].
2.5.1. MED: Talent rinses flasks with solution. TEXT: 0.1 M NaOH, 20% w/v Na2S2O3
2.5.2. CU: Talent immerses pipette tips in solution.
2.5.3. Use 2.4.3. Author comment: I am not sure what number is finally assigned to 2.4.3 but it should be moved here.
2.5.4. MED: Talent puts seeds wrapped in cloth in a beaker and washes under running tap. 
2.6. After washing, transplant each seed individually into root trainers containing potting soil [1]. Grow plants at 20–25 degrees Celsius for a 16-hour light period [2].
2.6.1. CU: Talent places one seed in one root trainer containing soil.
2.6.2. MED: Talent approaches to temperature panel to check temperature, and light period. Author comment: Please confirm that light period matches with meter reading. 12 hr light period is also fine.
2.7. After 15 days of transplantation, check the plants and count the number of seeds that failed to germinate [1-TXT]. Record data of plant survival [2]. 
2.7.1. MED: Talent checks the plants, with view of the germinated plants and the ones failed to germinate. TEXT: Day 15
2.7.2. CU: Talent records plant survival on paper.
2.8. If the survival rate is not within 40%–60%, conduct a second round of dosage optimization with a modified concentration until achieving the desirable lethality rate of 40%–60% [1].
2.8.1. Use 2.2.1
3. Cel-1 Assay for Genetic Characterization of Mutants
3.1. After Mutagenesis experiment, collect the leaf tissue of M2 (pronounce as M-two) plants in a 96-well tissue collection box [1]. And extract DNA using a plant DNA extraction kit with a DNA purification system following the manufacturer’s recommendations [2-TXT].
3.1.1. CU: Talent collects leaf tissue.
3.1.2. MED: Talent operates the DNA extraction kit. TEXT: See Table of Materials for details of the DNA extraction kit.
3.2. Then, load 2 microliters of the DNA extract into LV plates with 16 slots, and quantify DNA using a spectrophotometer at the wavelength of 260 and 280 nanometers [1]. Dilute the DNA concentration to 25 nanograms per microliter with nuclease-free water [2]. 
3.2.1. MED: Talent loads 2 ul into LV plate with 16 slots , and measures on a spectrophotometer.
3.2.2. CU: Talent adds sample and water into each well in the 96-well blocks.
3.3. Create 4 times DNA pools of 200 microliters by combining the DNA from each well in the four 96 well blocks into a pool plate, while maintaining the row and column identity of each sample [1].
3.3.1. CU: Talent combines four samples into a new well of a new plate.
3.4. Next, prepare PCR master mix tube for gene-specific primers by adding into each tube PCR buffer, forward and reverse primers, and DNA polymerase according to the manuscript [1]. Aliquot master mix into the wells of a 96 well PCR plate [2]. Then, add the pooled DNA template [3].
3.4.1. CU: Talent adds 4 solutions into a tube.
3.4.2. MED: Talent adds solution into wells of a plate.
3.4.3. CU: Talent adds DNA sample into the wells.
3.5. Load the PCR tubes into a thermal cycler [1], and use a touch down profile to run the PCR reaction on a thermal cycler [2-TXT].
3.5.1. MED: Talent places a 96-well plate into a thermal cycler.
3.5.2. CU: Talent adjusts settings on the cycler. TEXT: See manuscript for all thermal cycler settings.
3.6. To generate heteroduplexes between mismatched DNAs, incubate PCR products in the thermal cycler in a different program [1].
3.6.1. CU: Talent adjusts settings on the cycler.Videographer: Take multiple shots, as this will be used later.
3.7. Then, add 2.5 microliters of homemade Cel-1 (pronounce as Cell one) endonuclease to each of the heteroduplexed PCR products [1] and incubate for 45 minutes at 45 degrees Celsius [2]. After that, terminate the Cel-1 reaction by adding 2.5 microliters of 0.5 molar EDTA at pH 8 [3].
3.7.1. MED: Talent opens the 96-well plate, and adds solution into each well.
3.7.2. MED: Talent puts back 96-well plate and adjusts temperature.
3.7.3. CU: Talent opens the 96-well plate, and adds solution into each well .
3.8. Load 30.5 microliters of each Cel-1 treated products mixed with 5 microliters of dye onto a 3% agarose gel [1] and run at 100 Volts for 2.5 hours [2].
3.8.1. MED: Talent pipets DNA product onto a gel.
3.8.2. MED: Talent adjusts voltage and turns on power supply.
3.9. To denconvolute mutant pools, determine the zygosity of mutants by running two PCR reactions for individual M2 DNA, in which the first reaction contains 2.5 microliters of M2 DNA and 2.5 microliters of wild-type DNA, and the second reaction contains only 5 microliters of M2 DNA [1].
3.9.1. Use 3.6.1. Video editor: Use two split screens. Show TEXT: 2.5 µL of M2 DNA + 2.5 µL of wild-type DNA and TEXT: 5 µL of M2 DNA respectively.



Section – Results
4. Results: EMS Mutation
4.1. This protocol shows EMS-mutagenizing of small grain crops, and the characterization of mutant [1].
4.1.1. Figure 1
4.2. The dosage curve indicates optimal EMS doses for the desired 50% survival rates for three different species of wheat [1].
4.2.1. Figure 2 – Video editor: Emphasize at the 50%.
4.3. The presence of easily identifiable phenotypes in the M2 population confirms effectiveness of mutagenesis in small grain populations [1].
4.3.1. Figure 3
4.4. Here are four examples of the mutant phenotypes in M2 TILLING (pronounce as tilling) populations [1]. An albino mutant in a barley M2 population [2], a chlorina mutant in a barley M2 population [3], a variegated mutant with pink discoloration in an Ae. tauschii (pronounce as Ae·​g·​lops tau-shi-ai) M2-population [4], and a low tillering mutant in a T. monococcum (pronounce as Tree-ti-cum mono-co-cum) M2 population [5]. 
4.4.1. Figure 3
4.4.2. Figure 3 – Video editor: Emphasize Figure 3A. Emphasize the white plant indicated by the yellow arrow.
4.4.3. Figure 3 – Video editor: Emphasize Figure 3B. Emphasize the yellowish plant indicated by the yellow arrow.
4.4.4. Figure 3 – Video editor: Emphasize Figure 3C. Emphasize the pink part on the plant indicated by the yellow arrow.
4.4.5. Figure 3 – Video editor: Emphasize Figure 3D. Emphasize the plant in the right pot indicated by the yellow arrow.
4.5. A mutant identification using Cel-1 on agarose gel platforms shows a potential mutant pool identified out of 12 mutant pools by unique cleaved bands [1].
4.5.1. Figure 4 – Video editor: Emphasize Figure 4A.
4.6. The deconvolution of mutant pools determined the zygosity of mutation and helped track the mutation down to individual samples [1]. The A4 pool had heterozygous mutations, indicated by cleaved bands in both Box 4 and Box 4 wild-type DNA samples [2].
4.6.1. Figure 4 – Video editor: Emphasize Figure 4B&C.
4.6.2. Figure 4 – Video editor: Emphasize Figure 4B and emphasize lanes box 4 and box 4+WT.
4.7. The H5 pool contained homozygous mutations, as unique, cleaved bands were only present in Box 5 H5 wild-type DNA sample [1].
4.7.1. Figure 4 – Video editor: Emphasize Figure 4C and emphasize lane box 5+WT.




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

5.1. Adam Schoen: The most important step is to determine the optimal concentration of EMS to achieve 40-60% lethality rate [1].
5.1.1. INTERVIEW
5.2. Nidhi Rawat: Once a TILLING population with a high mutation frequency has been developed, it can be for functional characterization of any gene of interest. Additionally the population can be a source of useful genetic mutations for crop improvement [1].
5.2.1. INTERVIEW
5.3. Alex Mahlandt: TILLING has been used extensively for functional genomics studies in model and crop plants. The range of mutations obtained can be mis-sense, knock-outs, silent or even mis-spliced forms [1].
5.3.1. INTERVIEW
5.4. Lovepreet Singh: EMS is a mutagen therefore use appropriate PPE while handing EMS. Decontaminate left over solutions and used pipette tips [1].
5.4.1. INTERVIEW
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