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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? Yes  
If Yes, can you record movies/images using your own microscope camera?
No  
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Zeis Stemi 305
2.1.2, 2.2.2, 2.3.2, 2.3.3, 3.2.2, 5.2.1, 5.2.3
Videographer: Please film all shots labelled SCOPE using the scope kit

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? No

3. Filming location: Will the filming need to take place in multiple locations? No

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Yes

Current Protocol Length
Number of Steps:  28
Number of Shots:  44

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Courtney Clark-Hachtel: This research focuses on isolating high-quality RNA from diverse tardigrade species to support downstream RNA sequencing and complementary DNA synthesis applications.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Jesse Ryals: This protocol overcomes limitations of hazardous RNA isolation methods by providing a safe, reliable approach accessible to researchers with varying experience, including undergraduates.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Courtney Clark-Hachtel: This protocol allows researchers to study tardigrade stress tolerance, evolution, and development across multiple species.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the most important consideration or challenge when performing this protocol.
1.4. Jesse Ryals: The most important consideration while performing this protocol is carefully transferring the supernatant from pelleted tardigrade cuticles and performing elution steps to ensure successful RNA isolation
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 5.2.2.





Videographer: Obtain headshots for all authors available at the filming location.






























Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.

What problem in your field of research does your JoVE article address?
1.5. Courtney Clark-Hachtel, Assistant Professor of Biology (UNC Asheville): (authors will present their testimonial statements live)
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What value do you expect this video article to have for other researchers working in your field?
1.6. Courtney Clark-Hachtel, Assistant Professor of Biology (UNC Asheville): (authors will present their testimonial statements live)
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.





Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Animals Collection for RNA Isolation
Demonstrator: Jesse Ryals 
2.1. To begin, using a pipette bulb attached to an aspirator tube assembly chamber fitted with a glass capillary, an Irwin loop, or a micropipette [1], transfer 25 to 200 animals from the culture dishes to a dish containing clean spring water to reduce the amount of non-tardigrade material [1]. 
2.1.1. Establishing shot of the talent holding/picking the aspirator tube assembly chamber.
2.1.2. SCOPE: Talent transferring tardigrades from the culture dishes to a dish containing clean spring water using a pipette bulb attached to an aspirator tube assembly chamber fitted with a glass capillary.
Videographer: Please film all shots labelled SCOPE using the scope kit

2.2. Next, obtain a 1.5-milliliter RNase-free tube and a pestle [1]. Using a pipette bulb attached to an aspirator tube assembly chamber, transfer the animals to the bottom of the 1.5-milliliter RNase-free tube while taking up as little water as possible [2].
2.2.1. Talent placing a 1.5 milliliter ribonuclease-free tube and a pestle on the bench.
2.2.2. SCOPE: Talent transferring the tardigrades into the bottom of the 1.5 milliliter ribonuclease-free tube with minimal water.
2.3. Centrifuge the tube at 4,500 g for 3 minutes to pellet the tardigrades into the bottom of the microcentrifuge tube [1]. After centrifugation, while observing the pelleted tardigrades under a dissection microscope [2], use a pipette bulb with an aspirator tube assembly and a glass capillary with an opening smaller than the tardigrades to carefully remove water without disturbing the pellet. [3].
2.3.1. Talent placing the tube into the centrifuge.
2.3.2. SCOPE: Talent observing the pelleted tardigrades under a dissection microscope.
2.3.3. SCOPE: Talent removing the remaining water from the tube while avoiding disturbance of the tardigrade pellet.
2.4. Add 100 microliters of Extraction Buffer to the tube containing the tardigrades [1].
2.4.1. Talent adding 100 microliters of Extraction Buffer to the tube containing the tardigrades.


3. Mechanical Disruption of Tardigrades and RNA Extraction
Demonstrator: Courtney Clark-Hachtel 
3.1. Using an RNase-free pestle, gently but firmly grind the tardigrades against the bottom of the tube 20–30 times over approximately 30 seconds to mechanically disrupt them [1].
3.1.1. Talent grinding the ribonuclease-free pestle into the bottom of the tube.
3.2. Remove the pestle from the tube while ensuring that as much liquid as possible remains in the bottom of the tube [1]. Check the contents of the microcentrifuge tube under the dissection microscope to confirm that no visible intact animals remain [2].
3.2.1. Talent carefully removes the pestle from the tube.
3.2.2. SCOPE: Shot of the contents of the microcentrifuge tube.
3.3. Incubate the mixture at 42 degrees Celsius for 30 minutes on a shaking heat block with gentle shaking at 300 rpm [1].
3.3.1. Talent placing the tube onto the shaking heat block.

4. Conditioning the RNA Isolation Column

4.1. During the last 10 minutes of extraction incubation, place the RNA purification column in a collection tube and label it [1].
4.1.1. Talent placing a purification column into a collection tube and labelling the column.
4.2. Add 250 microliters of Conditioning Buffer directly to the purification column and incubate at room temperature for 5 minutes [1].
4.2.1. Talent adding 250 microliters of Conditioning Buffer directly to the purification column and keeping it aside.
4.3. Centrifuge the purification column at 16,000 g for 1 minute [1] and discard the flow-through [2]. 
4.3.1. Talent placing the purification column into the centrifuge.
4.3.2. Talent discarding the flow through.
4.4. Remove the 10x (Ten-X) DNase I Reaction Buffer and the Nuclease-Free Water from the freezer to thaw completely in preparation for the subsequent procedure [1].
4.4.1. Talent removing the 10 times DNase I Reaction Buffer and the Nuclease-Free Water from the freezer.

5. Binding RNA to the Column 

5.1. After the extraction incubation, centrifuge the tube containing the mechanically disrupted tardigrades and Extraction Buffer at 3,000 g for 2 minutes [1]. Obtain a new RNase-free tube and label it appropriately [2].
5.1.1. WIDE: Talent placing the tube containing the mechanically disrupted tardigrades into the centrifuge.
5.1.2. Talent labelling a new ribonuclease-free tube.
5.2. Observe the pelleted tardigrade cuticles under the microscope [1]. Using a 200-microliter pipette fitted with a filter tip, carefully remove the supernatant from the pelleted tardigrade cuticles without disturbing the pellet [2]. Check the pipette tip containing supernatant to ensure that no tardigrade cuticles are transferred to subsequent steps [3]. Transfer the supernatant to the newly labeled RNase-free tube [4]. 
5.2.1. SCOPE: Talent observing pelleted tardigrade cuticles under microscope.
5.2.2. Talent aspirating the supernatant from above the pelleted tardigrade cuticles using a 200-microliter pipette fitted with a filter tip.
5.2.3. SCOPE: Talent observing pipette tip containing supernatant to confirm no cuticle presence. 
5.2.4. Talent transfers the supernatant into the newly labelled ribonuclease-free tube.
5.3. Pipette 100 microliters of 70 percent ethanol into the tube containing the RNA and mix thoroughly by pipetting up and down multiple times [1]. Observe clear viscous filaments after adding the ethanol as an indication that RNA is present in the supernatant [2].
5.3.1. Talent adding 100 microliters of 70 percent ethanol to the RNA sample and mixing by pipetting up and down.
5.3.2. Close-up of clear viscous filaments visible in the tube after ethanol addition.
5.4. Pipette the entire 200 microliter mixture onto the prepared purification column [1]. To bind the RNA, centrifuge the purification column at 100 g for 2 minutes, followed by 16,000 g for 30 seconds to remove the flow-through. [2].
5.4.1. Talent loading the entire 200 microliter mixture onto the prepared purification column.
5.4.2. Talent placing the purification column into the centrifuge.

6. Washing the RNA and DNase I Treatment
6.1. Prepare a 40-microliter DNase I solution in a separate 1.5-milliliter microcentrifuge tube [1] [2]. Keep the solution on ice until it is ready to be applied to the purification column [3].
6.1.1. Talent preparing the deoxyribonuclease I solution in a 1.5 milliliter microcentrifuge tube. 
and
TEXT ON A PLAIN BACKGROUND
Nuclease-Free Water: 32 µL
10x DNase I  Reaction Buffer: 4 µL  
DNase I Enzyme: 4 µL   Video editor: Please use split screen to show both the shots side by side
6.1.2. Talent placing the prepared deoxyribonuclease I solution on ice.
6.2. Pipette 100 microliters of Wash Buffer 1 directly onto the purification column containing the bound RNA [1]. Centrifuge the column at 8,000 g for 1 minute and remove the flow-through [2].
6.2.1. WIDE: Talent adding 100 microliters of Wash Buffer 1 to the purification column.
6.2.2. Talent placing the purification column into the centrifuge.
6.3. Add 40 microliters of 10x (Ten-X) DNase I solution to the purification column and incubate at room temperature for 15 minutes to remove DNA contamination [1].
6.3.1. Talent applying the deoxyribonuclease I solution to the purification column and keeping it aside.
6.4. Pipette 40 microliters of Wash Buffer 1 onto the purification column [1] and centrifuge at 8,000 g for 30 seconds [2].
6.4.1. Talent adding 40 microliters of Wash Buffer 1 to the purification column.
6.4.2. Talent placing the purification column into the centrifuge. Videographer: Please film multiple reusable shots to use later
6.5. Next, pipette 100 microliters of Wash Buffer 2 onto the purification column [1] and centrifuge at 8,000 g for 1 minute [2].
6.5.1. Talent adding 100 microliters of Wash Buffer 2 to the purification column.
6.5.2. Reuse 6.5.2
6.6. Then, pipette another 100 microliters of Wash Buffer 2 onto the purification column [1]. Centrifuge the column at 16,000 g for 2 minutes [2], discard the flow-through, then centrifuge again for 1 minute to dry the column [3].
6.6.1. Talent adding 100 microliter aliquot of Wash Buffer 2 to the purification column.
6.6.2. Talent placing the purification column into the centrifuge.
6.6.3. Talent discarding the flow through.
7. RNA Elution
7.1. Obtain a 0.5-milliliter tube for each RNA isolation and label it appropriately [1].
7.1.1. WIDE: Talent labeling a 0.5 milliliter tube for ribonucleic acid collection.
7.2. Transfer the purification column containing the bound and washed RNA into the labeled 0.5-milliliter tube until the column clicks firmly into place [1].
7.2.1. Talent transferring the purification column into the labelled 0.5 milliliter tube until it clicks into place.
7.3. Position the pipette tip above the column membrane and dispense 11 microliters of elution buffer and incubate at room temperature for 1 minute [1].
7.3.1. Talent dispensing 11 microliters of Elution Buffer directly onto the column membrane while viewing the tube from the side and keeping it aside.
7.4. Place the 0.5-milliliter tube containing the purification column into the collection tube supplied with the kit to ensure proper fit during centrifugation [1].
7.4.1. Talent placing the 0.5 milliliter tube into the collection tube supplied with the kit.
7.5. Centrifuge the purification column at 1,000 g for 1 minute to distribute the elution buffer, then at 16,000 g for 1 minute to elute the RNA.[1].
7.5.1. Talent placing the assembled tubes into the centrifuge.
7.6. Place the 0.5 milliliter tube containing the isolated RNA on ice immediately [1].
7.6.1. Talent placing the 0.5 milliliter tube containing the isolated ribonucleic acid on ice.

7.6.2. 

Results

8. Results 

8.1. RNA concentrations ranged from 11 nanograms per microliter [1] to 106.6 nanograms per microliter by microvolume spectrophotometry [2], and from 9 nanograms per microliter [3] to 113 nanograms per microliter by microfluidics gel electrophoresis [4].
8.1.1. LAB MEDIA: Table 1. Video editor: Highlight the concentration cell ‘11.8’ for ‘H. exemplaris’.
8.1.2. LAB MEDIA: Table 1. Video editor: Highlight the concentration cell ‘106.6’ for ‘P. gadabouti’.
8.1.3. LAB MEDIA: Table 2. Video editor: Highlight the concentration cell ‘9.15’ for ‘HeCtrl16’.
8.1.4. LAB MEDIA: Table 2. Video editor: Highlight the concentration cell ‘113’ for ‘PgCtrl5’.
8.2. Paramacrobiotus species yielded ample RNA concentrations from as few as 25 animals [1], as did Milnesium sp. [2], whereas H. exemplaris [3] and V. celatus were more successfully isolated from 100 or more animals [4].
8.2.1. LAB MEDIA: Table 1. Video editor: Highlight the rows labeled ‘P. experimentalis’ and ‘P. fairbanksi’ with “Number of animals” 25
8.2.2. LAB MEDIA: Table 1. Video editor: Highlight the row labeled ‘Milnesium sp.’.
8.2.3. LAB MEDIA: Table 1. Video editor: Highlight the rows labeled ‘H. exemplaris’.
8.2.4. LAB MEDIA: Table 1. Video editor: Highlight the row labeled ‘V. celatus’.
8.3. Most isolations had a 260 by 280 ratio around 2, indicating clean RNA [1].
8.3.1. LAB MEDIA: Table 1. Video editor: Highlight the ‘A260/280’ column.
8.4. V. celatus [1], H. exemplaris [2], and Paramacrobiotus species occasionally had low 260 by 230 ratios, often with fewer animals [3].
8.4.1. LAB MEDIA: Table 1. Video editor: Highlight the ‘A260/230’ cell ‘0.42’ for ‘V. celatus’.
8.4.2. LAB MEDIA: Table 1. Video editor: Highlight the ‘A260/230’ column for ‘H. exemplaris’.
8.4.3. LAB MEDIA: Table 1. Video editor: Highlight the ‘A260/230’ column for ‘P. experimentalis’ and ‘P. fairbanksi’.
8.5. Microfluidics gel electrophoresis produced samples with high RNA integrity numbers [1] and samples with low or undetectable RNA integrity numbers [2].
8.5.1. LAB MEDIA: Figure 3. Video editor: Highlight the green RIN boxes with values from ‘9.0’ to ‘9.7’.
8.5.2. LAB MEDIA: Figure 3. Video editor: Highlight the RIN entries marked ‘-’.
8.6. Some samples were excluded from further analysis [1], whereas selected samples with low or undetectable RNA integrity numbers advanced to RNA sequencing library preparation and still produced quality sequencing results [2].
8.6.1. LAB MEDIA: Figure 3A,D. Video editor: Highlight panels ‘A’ and ‘D’.
8.6.2. LAB MEDIA: Figure 3B,F. Video editor: Highlight panels ‘B’ and ‘F’.
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