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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)  No
Can you record movies/images using your own microscope camera? (Y/N)
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) Yes
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.)
Steps 2.7, 2.8, 2.9, 2.12, 5.4, 5.5

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 aspect of the procedure is probably retrieving the oligonucleotide library from the slide (step 5.4). It is important to keep all solvents dry (acetonitrile, toluene and ethylenediamine), and it can help to adjust the lighting so as to be able to visualize the synthesized area on the microscope slide.
5. Will the filming need to take place in multiple locations? (Y/N) No
If yes, how far apart are the locations? 


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. Jory Lietard: DNA and RNA microarrays are very useful to study the interactions between nucleic acids and proteins, but they’re also a convenient method for the preparation of sequence libraries [1].

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

1.2. Erika Schaudy: Photolithography allows for hundreds of thousands of unique sequences to be synthesized in parallel and is currently the only direct method for RNA synthesis on microarrays [1].

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

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

1.3. Kathrin Hölz: The in situ photolithographic synthesis of microarrays can also be extended to chemically modified oligonucleotides, for instance with 2'-fluoro or peptide nucleic acid [1].

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

1.4. Dominik Ameur: Seeing the process of microarray fabrication and handling can help understanding how this complex machinery was developed from the well-known standard solid-phase DNA synthesis [1].  

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.




Section - Protocol
2. Preparation and Monitoring of Microarray Synthesis
2.1. Begin this procedure with microarray design and slide functionalization as described in the text protocol [1].
2.1.1. Talent places the prepared slides into the desiccator. (Author Comment: This step was filmed but we believe that it does not help in understanding the process of synthesis preparation. We would therefore like to not have this step included in the final video.) (Editor: I’m not sure if it was made clear to the authors that this step establishes the preparation and design steps in the text, and that the VO would also have to be removed if the shot is removed. It may be good to include this in the video, inform them of these things, and see if they still want to remove the shot)
2.2. Turn on the DNA synthesizer UV-LED and its cooling fan [1]. Attach a UV intensity meter at the focal plane of incoming UV light and turn it on [2].
2.2.1. Talent turns on the DNA synthesizer UV-LED and its cooling fan.
2.2.2. Talent attaches a UV intensity meter at the focal plane of incoming UV light and turns it on.
2.3. On the computer, start the WiCell controller software. Turn on and initialize the micromirror device. Load an all-white mask file by right-clicking on DMD, and then selecting Load Image. Right-click on the UVS icon and select UV Shutter Open [1].
2.3.1. LAB MEDIA: 59936_2.3.1_.mp4 – Video editors, please start this video at 0:40. Use the zoom bubble to emphasize the action being performed. 
2.4. Read the power value on the intensity meter and count 60 seconds [1]. After 60 seconds, read the power value again and note down the beginning and end values [2]. 
2.4.1. Talent reads the power value on the intensity and writes it in a logbook. 
2.4.2. Logbook as talent records the end value near the beginning value.
2.5. Close the shutter by selecting UV Shutter Close and turn off the intensity meter [1]. Calculate the average UV intensity value in milliwatts per centimeter square [2-TXT]. 
2.5.1. LAB MEDIA: 59936_2.5.1_.mp4 – Video editors, please show this video from 0:05 to 0:12. Use the zoom bubble to emphasize the action being performed. 
2.5.2. Talent calculates average UV intensity value. TEXT: See text for preparing protocol file
2.6. In the WiCell software, load the job… [1], sequence… [2], and protocol files in their respective sub-windows [3]. Then, click Send to send the sequence and protocol files to the DNA synthesizer [4]. 
2.6.1. LAB MEDIA: 59936_2.6.1_.mp4 – Video editors, please show this video from 0:04 to 0:18. Use the zoom bubble to emphasize the action being performed. 
2.6.2. LAB MEDIA: 59936_2.6.1_.mp4 – Video editors, please show this video from 0:19 to 0:31. Use the zoom bubble to emphasize the action being performed. 
2.6.3. LAB MEDIA: 59936_2.6.1_.mp4 – Video editors, please show this video from 0:33 to 0:43. Use the zoom bubble to emphasize the action being performed. 
2.6.4. LAB MEDIA: 59936_2.6.1_.mp4 – Video editors, please show this video from 0:44 to 0:52. Use the zoom bubble to emphasize the action being performed. 
2.7. To assemble the synthesis cell, place a thick perfluoroelastomer gasket on the quartz block of the cell [1]. Then, place a drilled, functionalized microscope slide on top of the first gasket [2], and verify that the holes on the slides connect with the inlet and outlet tubing of the synthesis cell [3].
2.7.1. Quartz block of the cells as talent places a thick perfluoroelastomer gasket there. Videographer, the authors consider this an important step for visualization.
2.7.2. Gasket as talent places a drilled, functionalized microscope slide on top of the first gasket. Videographer, the authors consider this an important step for visualization.
2.7.3. ECU: Holes of the slides as connecting with the inlet and outlet tubing of the synthesis cell. Videographer, the authors consider this an important step for visualization.
2.8. Place a second, thin polytetrafluoroethylene gasket over the drilled slide, surrounding the two holes [1]. Finally, place a second, functionalized but undrilled slide atop the second gasket [2].
2.8.1. ECU: Drilled slide as talent places the second thin gasket there, surrounding the two holes. Videographer, the authors consider this an important step for visualization.
2.8.2. Second gasket as talent places a second, functionalized but undrilled slide atop. Videographer, the authors consider this an important step for visualization.
2.9. Now, place a 4-screw metal frame on top of the assembled double-substrate cell [1]. Tighten the screw to the same clamping force using a torque screwdriver [2-TXT].
2.9.1. Talent places a 4-screw metal frame on top of the assembled double-substrate cell. Videographer, the authors consider this an important step for visualization.
2.9.2. Talent tightens the screw to the same clamping force using a torque screwdriver. Videographer, the authors consider this an important step for visualization. TEXT: 0.45 Nm (Author Comment: There is an audible click from the screwdriver indicating that the correct torque was reached. We would like to have this sound available in the video if possible. The videographer commented on this as well.)
2.10. Attach the inlet and outlet tubing to the DNA synthesizer [1]. Prime the acetonitrile wash line and verify the proper flow of acetonitrile through the substrates [2]. 
2.10.1. Talent attaches the inlet and outlet tubing to the DNA synthesizer.
2.10.2. Talent primes the acetonitrile wash line and verifies the proper flow of ACN through the substrates. (Author Comment: The shot shows the front of ACN solvent rapidly coming from the inlet line and out into the waste line)
2.11. Measure the volume of acetonitrile at the waste line after going through 7 cycles of acetonitrile priming. This volume should be 2 milliliters [1].
2.11.1. Talent measures 2 mL of ACN in the waste line. 
2.12. Attach the synthesis cell at the focal plane of incoming UV light [1]. In the case of library preparation, attach an extra inlet and outlet line to the back of the cell and fill the back chamber with 2 milliliters of the Beta-carotene solution [2].
2.12.1. Talent attaches the synthesis cell at the focal plane of incoming UV light. Videographer, the authors consider this an important step for visualization.
2.12.2. Talent attaches an extra inlet and outlet line to the back of the cell and fills the back chamber with 2 milliliters of the Beta-carotene solution. Videographer, the authors consider this an important step for visualization. 
2.13. Start the synthesis by first clicking on Run in the WiCell software. At the first WAIT command in the job file, press Start on the DNA synthesizer [1].
2.13.1. LAB MEDIA: 59936_2.13.1_.mp4 – Video editors, please note that there is significant waiting time from the moment “Run” is clicked (~0:05), to the moment the job file reaches the first WAIT command (~0:50); this could perhaps be sped up or maybe cropped out.
2.14. After synthesis of regular microarrays, disconnect the cell from the synthesizer and disassemble the cell [1].
2.14.1. Talent disconnects the cell from the synthesizer and disassembles the cell. 
2.15. Use a diamond pen to etch the synthesis number onto the glass slides [1]. Etch the number on the non-synthesized face of each slide [2]. Transfer the slides into 50 milliliter centrifuge tubes and store in a desiccated area until further use [3].
2.15.1. Talent uses a diamond pen to etch the synthesis number onto the glass slides. Continue action in next shot.
2.15.2. Non-synthesized face as talent etches the synthesis number there.
2.15.3. Talent transfers the slides into 50 mL centrifuge tubes.
2.16. [bookmark: _GoBack]After the synthesis of library microarrays, first drain the beta-carotene solution out of the chamber [1]. Then wash the chamber twice by flowing 5 milliliters of methylene chloride through before draining [2].
2.16.1. Talent drains the beta-carotene solution out of the chamber.
2.16.2. Talent washes the chamber by flowing 5 milliliters of methylene chloride through.
3. DNA and RNA Microarray Deprotection
3.1. For DNA microarray deprotection, fill a staining glass jar with 20 milliliters of ethanol and 20 milliliters of EDA [1-TXT]. Place the DNA-only microarrays vertically in the jar, close the lid, and leave the slides to deprotect for 2 hours at room temperature [2].
3.1.1. Talent fills a staining glass jar with 20 mL of ethanol and 20 mL of EDA. Use labeled containers whenever possible for viewer clarity. TEXT: EDA: ethylenediamine
3.1.2. Jar as talent places the DNA-only microarrays vertically in the jar, closes the lid, and leaves the slides. 
3.2. After 2 hours, retrieve the slides using tweezers and rinse them thoroughly with double-distilled water [1]. Dry the slides in a microarray centrifuge for a few seconds before storing them in a desiccator [2].
3.2.1. Slides as talent removes them using tweezers and rinses them with double-distilled water.
3.2.2. Talent places the slides in a microarray centrifuge and starts spin.
3.3. For RNA microarray deprotection, prepare a dry solution of 20 milliliters triethylamine and 30 milliliters acetonitrile in a 50 milliliter centrifuge tube [1].
3.3.1. Talent prepares a dry solution of 20 mL triethylamine and 30 mL acetonitrile in a 50 mL centrifuge tube. 
3.4. Transfer one RNA microarray slide into the centrifuge tube, close the lid, and wrap with plastic sealing film [1]. Gently shake the centrifuge tube on an orbital shaker for 1 hour and 30 minutes at room temperature [2].
3.4.1. Centrifuge tube as talent transfers one RNA microarray slide there, closes the lid and wraps with plastic sealing film.
3.4.2. Orbital shaker as the tube gently shakes there.
3.5. Next, remove the slide and wash twice with 20 milliliters of dry acetonitrile before drying in a microarray centrifuge for a few seconds [1].
3.5.1. Talent removes the slide and begins washing it with 20 mL of ACN. Use labeled containers whenever possible for viewer clarity.
3.6. Following the first deprotection step, transfer the RNA slide into the hydrazine hydrate solution, close the lid, and wrap with plastic sealing film [1-TXT].
3.6.1. RNA slide as talent transfers it into the hydrazine hydrate solution, closes lid, and wraps with plastic sealing film. TEXT: See text for hydrazine hydrate solution preparation
3.7. After 2 hours of gently shaking on an orbital shaker, remove the slide and wash it twice with 20 milliliters of dry acetonitrile [1]. Then, dry in a microarray centrifuge for a few seconds [2].
3.7.1. Talent removes the slide and washes it with 20 mL of acetonitrile.
3.7.2. Talent places the slide into the microarray centrifuge and starts spin. 
3.8. If the RNA microarray also contains DNA nucleotides, proceed with a third deprotection step. Add the DNA/RNA microarray to a 50 milliliter tube containing a 1 to 1 EDA/ethanol solution [1]. 
3.8.1. Talent adds the DNA/RNA microarray to a 50 milliliter tube containing 1 to 1 EDA/ethanol solution.
3.9. After 5 minutes at room temperature, remove the slide and wash the microarray twice with 20 milliliters of sterile water [1]. Dry the slide in a microarray centrifuge, and store in a desiccator [2].
3.9.1. Talent removes the slide and begins washing it with sterile water.
3.9.2. Talent places the dry slide into the desiccator.
4. Hybridization with a Fluorescently-Labelled Complementary Strand
4.1. In a 1.5 milliliter sterile microcentrifuge tube, prepare the hybridization buffer containing Cy3 (sahy-three)-labelled DNA as described in the text protocol. Mix and vortex the solution [1].
4.1.1. 1.5 mL sterile microfuge tube containing the prepared hybridization buffer as talent mixes and vortexes the tube.
4.2. Carefully place a self-adhesive 300 microliter hybridization chamber over the synthesis area on each slide, and pipet in the hybridization solution [1]. Cover the holes of the chamber with adhesive dots and wrap the entire slide in aluminum foil [2].
4.2.1. 300 microliter hybridization chamber as talent places it over the synthesis area and pipettes in the solution.
4.2.2. Chamber as talent covers the holes of the chamber with adhesive dots and wraps the slide with foil.
4.3. Place the microarray slide into the hybridization oven, cover, and let it gently rotate at the selected hybridization temperature for 2 hours [1].
4.3.1. Microarray slide in the hybridization oven as it gently rotates 
4.4. After 2 hours, detach the slide, remove the aluminum foil, pipet out the hybridization solution and carefully tear off the hybridization chamber [1]. Transfer the slide into a centrifuge tube containing 30 milliliters of Non-Stringent Wash Buffer [2-TXT]. Shake vigorously for 2 minutes at room temperature [3].
4.4.1. Slide as talent detaches it, removes the aluminum foil, pipets out the hybridization solution and carefully tears off the hybridization chamber.
4.4.2. Talent transfers the slides into a centrifuge tube containing Non-Stringent Wash Buffer. Use labeled containers. TEXT: See text for buffer preparation 
4.4.3. Tube as talent shakes vigorously.
4.5. Transfer the slide into a centrifuge tube containing 30 milliliters of Stringent Wash Buffer, and shake vigorously for 1 minute [1].
4.5.1. Talent transfers the slide into a centrifuge tube of Stringent Wash Buffer and begins shaking.
4.6. Finally, transfer the slide into a centrifuge tube containing 30 milliliters of Final Wash Buffer, and shake for a few seconds [1]. Dry the slide in a microarray centrifuge [2].
4.6.1. Talent transfers the slide into a centrifuge tube containing 30 mL of Final Wash Buffer, and begins to shake.
4.6.2. Talent places the slide in a microarray centrifuge and starts spin.
4.7. Now, place the dry microarray, synthesis area facing down, in the slide holder of the microarray scanner [1-TXT]. 
4.7.1. Microarray scanner as talent places the dry microarray, synthesis area facing down, in the slide holder. TEXT: See text for data extraction and analysis
5. Library Deprotection, Cleavage and Recovery
5.1. To deprotect and cleave DNA libraries, immerse the slide into the cleavage solution in a 50 milliliter centrifuge tube [1-TXT]. 
5.1.1. Talent immerses the slide into the cleavage solution. TEXT: See text for cleavage solution.
5.2. Close the tube and wrap with plastic sealing film before gently rotating in an orbital shaker for 2 hours at room temperature [1].
5.2.1. Tube as talent closes the lid and wraps with plastic sealing film. 
5.3. After 2 hours, remove the slide and wash twice with 20 milliliters of scrupulously dry acetonitrile before letting it air dry [1].
5.3.1. Talent removes the slide and washes it with scrupulously dry acetonitrile.
5.4. With a pipette, apply 100 microliters of sterile water over the now discernable synthesis area [1]. 
5.4.1. Slide as talent applies 100 microliters of sterile water over the now discernable synthesis area. Videographer and video editors, the authors consider this a critical step.
5.5. Pipet the solution up and down a few times before transferring it into a 1.5 milliliter microcentrifuge tube [1]. Repeat the process and combine the microarray eluate into the same tube [2].
5.5.1. Talent pipettes the solution up and down. Videographer, the authors consider this an important step for visualization.
5.5.2. Talent combines the microarray eluate into the same tube. Videographer, the authors consider this an important step for visualization.
5.6. Evaporate the chip eluate to dryness and then re-dissolve in 10 microliters of nuclease-free water [1].
5.6.1. Talent re-dissolves the dry chip eluate in 10 microliters of nuclease-free water. Use labeled containers.







Section – Results
6. Results: Hybridization Assays to the 25mer DNA and RNA Sequences Synthesized In Situ on Microarrays 
6.1. Shown here are the results of a hybridization assay performed on a microarray containing the DNA and RNA versions of a 25mer sequence [1].
6.1.1. LAB MEDIA: Figure 5_withoutlabels.psd
6.2. The scan appears in a green-scale format corresponding to the excitation/emission spectrum of Cy3 fluorescence, with fluorescence intensity recorded in arbitrary units between 0 and 65,536 [1].
6.2.1. LAB MEDIA: Figure 5_withoutlabels.psd – Video editors, please zoom into the left panel.  
6.3. There is significant variability in absolute fluorescence values between experiments. The results for three independent syntheses using the same fabrication parameters and the same post-synthetic handling are shown [1]. 
6.3.1. LAB MEDIA: Figure 5_withoutlabels.psd – Video editors, staying zoomed in, slide over to the right panel.
6.4. The 25mer DNA, when hybridized to its complementary Cy3-labelled DNA strand, will yield fluorescence signals ranging anywhere from 20,000 to 30,000, very rarely above or below [1].
6.4.1. LAB MEDIA: Figure 5_withoutlabels.psd – Video editors, staying zoomed into the right panel, emphasize the two darker green bars labeled “25mer DNA.” 
6.5. The 25mer RNA, when hybridized to the same Cy3-labelled DNA complement, will give fluorescence intensities on the corresponding features ranging from 15,000 to 20,000 [1].
6.5.1. LAB MEDIA: Figure 5_withoutlabels.psd – Video editors, staying zoomed into the right panel, emphasize the two darker green bars labeled “25mer RNA.”
6.6. However, fluorescence intensity of the RNA/DNA duplexes will occasionally drop below 8000… [1], when the corresponding DNA/DNA duplexes will still fluoresce within the 20,000 to 30,000 range [2]. In such cases, the results for RNA may be regarded as sub-optimal [3]. 
6.6.1. LAB MEDIA: Figure 5_withoutlabels.psd – Video editors, staying zoomed into the right panel, emphasize the lightest green bars labeled “25mer RNA.”
6.6.2. LAB MEDIA: Figure 5_withoutlabels.psd – Video editors, staying zoomed into the right panel, emphasize the lightest green bars labeled “25mer DNA.”
6.6.3. LAB MEDIA: Figure 5_withoutlabels.psd – Video editors, staying zoomed into the right panel, emphasize both the lightest green bars labeled “25mer DNA” and “25mer RNA.”



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Jory Lietard: As with any other RNA-based experiment, it is important to remember that RNA microarrays are sensitive to degradation and should be handled under sterile conditions [1]. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
7.2. Erika Schaudy: Nucleic acid libraries collected from microarrays can be used in DNA or RNA sequencing, as well as in the encoding of digital information on DNA [1].   

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
7.3. Kathrin Hölz: The LED produces an intense UV light that should not be directly looked at. Because of this, it is advised to wear protective goggles while the instrument is in use [1].

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
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