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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?  No  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
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.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  22
Number of Shots:  53

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

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Wen Hsuan Chou: This research explores microbial culturomics using an automated, droplet microfluidic-based  platform to enhance microbial isolation, cultivation, and monoclonal screening, aiming to improve understanding of beneficial microbeshuman gut microbiota and their applications.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Wen Hsuan Chou: Technologies advancing microbial research include droplet microfluidics, droplet microfluidics, automatic strain isolation and screening platforms, machine learning algorithms, and single-cell dispensermonoclonal dispenserss for high-throughput culturomics and microbiome analysis.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What significant findings have you established in your field?
1.5. Wen Hsuan Chou: Yi Wang: The MISS cell system significantly enhances microbial monoclonal isolation and cultivation, yielding nearly twice as many clones as traditional methods, improving gut microbial culturomics research.We 
developed the Omics system, enabling high-throughput screening of microbial samples, significantly enhancing single-cell isolation, cultivation, and picking efficiency in microbial culturomics research.

What research gap are you addressing with your protocol?
1.6. Yi Wang Wen Hsuan Chou: Our protocol addresses the need for a low-cost, high-throughput microbial screening platform, overcoming traditional methods' limitations in efficiency and scalability for culturomics research.

What advantage does your protocol offer compared to other techniques?
1.7. Chong Zhang Wen Hsuan Chou: Our protocol offers automation, high-throughput efficiency, and reduced costs, streamlining microbial isolation and screening compared to traditional manual methods
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Chong Zhang Wen Hsuan Chou: Our lab will further focus on the integration of additional droplet manipulation techniques, such as droplet splitting and merging, to expand the scope of biotechnology applicationsOur lab will focus on .optimizing the Omics system for mammalian cells, exploring biocompatibility, shear stress effects, and droplet size optimization for biomedical applications.


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

Testimonial Questions (OPTIONAL): 

Answers to these questions will not appear in the video but may be featured in our journal's promotional materials.
· Enter the full name of the author who will deliver the statement.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Answers will be mildly edited for clarity.
· Limit the length of each statement to 50 words or fewer.


How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.11. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.12. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Installation of MISS Cell Micro-Tubing and Droplet Generation Microfluidic Chip 
Demonstrator: Wen Hsuan Chou 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, open the droplet generation and cultivation chamber door of the MISS cell [1-TXT]. Vertically remove the protective cover for the micro-tubing and droplet generation microfluidic chip [2]. Using a disposable syringe, add 10 milliliters of sterile distilled water to the humidifier inside chamber before reinstalling the protective cover [3].
2.1.1. WIDE: Talent opening the door of the droplet generation and cultivation chamber. TXT: MISS: Single-cell Microliter-droplet Culture Omics System
2.1.2. Talent removing the protective cover for the micro-tubing and microfluidic chip.
2.1.3. Talent using a disposable syringe to add sterile distilled water to the humidifier and reinstall the protective cover for the micro-tubing and droplet generation.

2.2. Open the sterile packaging of the micro-tubing and droplet generation microfluidic chip and vertically place it directly above the cultivation chamber [1]. Then, on the software interface, click on Installation [2]. When the confirmation pop-up window appears, click Yes to start the installation [3].
2.2.1. Talent opening the sterile packaging of the micro-tubing and microfluidic chip and positioning it vertically above the cultivation chamber.
2.2.2. [bookmark: _Hlk191825314]SCREEN: To be provided by the authors: Click on Installation in the software interface.
Authors: The shots labeled as SCREEN are those that would be visualized on a computer screen. Because filming the screen directly does not produce good-quality images, we recommend recording the shots using screen recording software.
2.2.3. [bookmark: _Hlk191825421]SCREEN: To be provided by the authors: Confirmation pop-up window displaying "Confirm the replacement of micro-tubing and droplet generation microfluidic chip?" with Yes being clicked.

2.3. Take out the air bubble remover and fix it upside down on the air bubble remover placement in the chamber [1-TXT]. Attach the droplet outlet tube of the air bubble remover to the clamping valve below it [2]. Guide it through the hole leading to the droplet detection and collection chamber [3].
2.3.1. Talent fixing the air bubble remover on the air bubble remover placement in the chamber. TXT: Do not press the droplet inlet and outlet tubes
2.3.2. Talent attaching the droplet outlet tube to the clamping valve.
2.3.3. Talent guiding the outlet tube through the designated hole leading to the detection and collection chamber.

2.4. After opening the door of the chamber, vertically insert the detection tube, into the detection socket [1-TXT]. Ensure the detection tube is fully inserted [2]. Tighten the screw securing the detection tube in a clockwise direction [3]. After confirming full insertion and securing, close the door of the chamber [4].
2.4.1. Talent inserting the detection tube into the detection socket. TXT: Detection tube is already connected to the droplet outlet tube
2.4.2. Close-up shot confirming that the detection tube is fully inserted.
2.4.3. Talent tightening the screw to secure the detection tube.
2.4.4. Talent closing the door of the droplet detection and collection chamber.

2.5. Connect each of the 10 silicone tubes from the microfluidic chip, labeled L01–L10, to their corresponding numbered clamp valves [1]. Next, connect the quick connector from the microfluidic chip to the corresponding port on the Omics system following proper connections [2-TXT].
2.5.1. Talent connecting a couple of labeled silicone tubes to their corresponding clamp valve.
2.5.2. Talent attaching each quick connector to the corresponding Omics system port. TXT: Connections: C1 to O1, C2 to O2, C4 to O4, and CF to OF

2.6. Once the chip installation is complete, a pop-up window appears with the message “Droplet tubing clamping valve is opened. Click OK to confirm installationwhen the micro-tubing and droplet generation chip installation is completed” [1]. After ensuring all tubes are correctly attached to their corresponding clamp valves, click OK again [12].
2.6.1. [bookmark: _Hlk191826001]SCREEN: To be provided by the authors: Pop-up message displaying "Droplet tubing clamping valve is opened" with OK being clicked.
2.6.2. SCREEN: To be provided by the authors: Final confirmation pop-up with OK being clicked.

2.7. Before performing initialization, click on the Setting interface to configure the relevant parameters like detection mode, incubation temperature, incubation time, agitator speed, OD detection wavelength, and excitation and emission wavelength for fluorescence detection [1-TXT].

2.7.1. [bookmark: _Hlk191826134]SCREEN: To be provided by the authors: Setting interface opened and configuration of detection mode, incubation temperature, time, agitator speed, OD detection wavelength, and fluorescence detection parameters are done. TXT: Refer to text for parameter values

2.8. Navigate to the Home interface and click Initialize. The confirmation pop-up window appears, click Yes  to allow the Omics system to perform a self-check of its components, including the injection pump, temperature settings, waste liquid discharge testing, screening module, and droplet detection module [1]. After the initialization is completed, click OK from the pop-up window.

2.8.1. [bookmark: _Hlk191827044]SCREEN: To be provided by the authors: Home interface displayed with Initialize button being clicked, the Yes button being clicked from the pop-up window,  and system performing self-check on injection pump, temperature settings, waste liquid discharge, screening module, and droplet detection module. After initialization, the OK button being clicked from the pop-up window.

3. Droplet Generation and Cultivation Using MISS Cell
Demonstrator:  

3.1. To prepare the sample, take the fecal sample and perform serial dilutions with Brain Heart Broth medium to achieve a concentration of around 50 cells per milliliter to obtain 40 milliliter fecal suspension [1]. Then unscrew the cap of the sample bottle first and pour the diluted fecal suspension into the sample bottle, with a magnetic stir bar, up to the sample adding position [21]. Close Screw the lid cap and tighten it securely [32]. Then, insert quick connector A into quick connector B to complete the sample loading process [43].

3.1.1. Talent diluting the suspension in the super clean bench.
3.1.2. WIDE: Talent pouring the diluted fecal suspension into the sample bottle containing a stir bar.
3.1.3. Talent closing and tightening screwing the caplid of the sample bottle with the sample and stir bar inside.
3.1.4. Talent inserting quick connector A into quick connector B.

3.2. Place the sample bottle into the designated position and separate quick connectors A and B from the sample bottle [1]. Connect quick connector A of the sample bottle to the O3 port on the Omics system [2]. Connect the C3 connector on the microfluidic chip to quick connector B before closing the door of the chamber [3].
3.2.1. Talent separating quick connectors A and B from the sample bottles placed in designated position.
3.2.2. Talent connecting quick connector A of the sample bottle to the O3 port on the Omics system.
3.2.3. Talent connecting the C3 connector on the micro-tubing and droplet generation microfluidic chip to quick connector B and then close the door of the chamber..

3.3. On the software’s Home interface, select the desired number of droplet tubings to be generated and click Produce to start single-cell droplet generation [1]. Wait for the beeper alarm to indicate the completion of droplet generation [2]. Close the clamp on the C3 connector and remove the sample bottle [3].

3.3.1. [bookmark: _Hlk191827362]SCREEN: To be provided by the authors: Home interface displaying selection of the number of droplet tubings and Produce button being clicked to initiate droplet generation.
3.3.2. [bookmark: _Hlk191828043]SCREEN: To be provided by the authors: Beeper alarm notification indicating completion of droplet generation.
3.3.3. Talent closing the clamp on the C3 connector and removing the sample bottle from the system.
3.4. On the software’s Home interface, select the same droplet tubing number as used during droplet generation, click Culture, confirm the cultivation time and temperature, and begin the process [1]. Monitor the progress bar on the interface to track cultivation progress and remaining time [2].

3.4.1. [bookmark: _Hlk191828204]SCREEN: To be provided by the authors: Selecting the same droplet tubing number as used for droplet generation, clicking Culture, confirming cultivation time and temperature, and initiating the process.
3.4.2. [bookmark: _Hlk191828224]SCREEN: To be provided by the authors: Progress bar showing cultivation progress and remaining time.

3.5. Wait for the beeper alarm to indicate the completion of droplet cultivation, and if needed, adjust the time directly on the Home Setting interface [1].
3.5.1. [bookmark: _Hlk191828379]SCREEN: To be provided by the authors: Beeper alarm notification indicating completion of droplet cultivation.

4. Droplet screening Using MISS Cell and Data Analysis
Demonstrator:  

4.1. Press the UV button on the Omics system to turn on ultraviolet UV light. Irradiate the droplet detection and collection chamber for 30 minutes before turning it off [1].

4.1.1. SCREEN: To be provided by the authors: UV button being pressed on the Omics system instrumentand timer displaying 30 minutes for UV irradiation.

4.2. In a super-clean bench, open all 96-well plates used for droplet collection and stack them on top of each other without lids, numbering them sequentially from bottom to top [1]. Ensure that the top well plate is covered with a lid [2].

4.2.1. Talent stacking well plates without lids, numbering them sequentially.
4.2.2. Close-up of the top well plate covered with a lid.

4.3. Open the door of the droplet detection and collection chamber and place the well plates in the designated positions [1]. Remove the lid from the top well plate, then close the chamber door [2]. Turn on the UV light on the Omics system again for 30 minutes to perform secondary sterilization [3].

4.3.1. Talent opening the droplet detection and collection chamber door and placing well plates inside their designated positions.
4.3.2. Talent removing the lid from the top well plate and closing the door of the detection and collection chamber.
4.3.3. SCREEN: To be provided by the authors: UV button being pressed on the instrument and being turned on for 30 min.

4.4. Next, remove the air bubble remover from its placement position [1]. OpenUnscrew the caplid and remove the butterfly-shaped screw from the lid cap [2]. Pour 200 milliliters of air bubble removal oil into the air bubble remover [3]. Secure the lid cap tightly [4], then fix the air bubble remover upside down in its designated placement [5].
4.4.1. Talent removing the air bubble remover from its placement position.
4.4.2. Talent opening screwing the caplid of the air bubble remover and removing the butterfly-shaped screw from it.
4.4.3. Talent pouring air bubble removal oil into the remover.
4.4.4. Talent securing the caplid tightly on the remover.
4.4.5. Talent fixing the air bubble remover upside down in its placement.

4.5. On the Home interface, select the droplet tubing for sorting, click Sorting, input the number of well plates to be collected, and start the sorting process [1]. Observe the process display area for real-time measurements of droplet optical density or fluorescence values [2].

4.5.1. [bookmark: _Hlk191828703]SCREEN: To be provided by the authors: Selecting droplet tubing for sorting, clicking Sorting, inputting the number of 96-well plates for collection, and starting the sorting.
4.5.2. [bookmark: _Hlk191828766]SCREEN: To be provided by the authors: Real-time display of OD or fluorescence values.

4.6. Analyze approximately 20–30 droplets to check the OD value [1]. If most droplets have an OD of about 0.2, set the lower OD threshold to 0.5 and the upper OD threshold to 4.0 [2]. The system will automatically collect droplets within this range into the 96-well plates [3].

4.6.1. [bookmark: _Hlk191828873]SCREEN: To be provided by the authors: Analysis of droplets for OD values.
4.6.2. [bookmark: _Hlk191828896]SCREEN: To be provided by the authors: Setting OD threshold range from 0.5 to 4.0.
4.6.3. [bookmark: _Hlk191828938]SCREEN: To be provided by the authors: Droplets within OD range being collected into 96-well plates.

4.7. Wait for the beeper alarm to indicate the completion of droplet screening and collection [1]. Then, open the chamber doordoor of droplet detection and collection chamber, place the well plate lid on the top well plate, and remove the plates together [2].

4.7.1. [bookmark: _Hlk191829054]SCREEN: To be provided by the authors: Beeper alarm indicating completion of droplet collection.
4.7.2. Talent opening the chamber door, placing the lid on the top well plate, and removing all well plates.

4.8. Click Export data to save the collected droplet signal data [1].
4.8.1. [bookmark: _Hlk191829353]SCREEN: To be provided by the authors: Export data button being clicked, saving the collected droplet signal data.

4.9. Click Heat map, select the droplet collection data file, and observe the OD displayed in the microplate format [1]. Visualize these OD values as a heatmap, where color intensity corresponds to the OD distribution across the wells, providing a clear and intuitive representation [2].

4.9.1. [bookmark: _Hlk191829531]SCREEN: To be provided by the authors: Heat map button being clicked, droplet collection data file being selected, and OD values of collected droplets displayed in microplate format.
4.9.2. [bookmark: _Hlk191829555]SCREEN: To be provided by the authors: Heatmap visualization showing OD distribution across wells with varying color intensities.
Authors: Please record all shots labeled as SCREEN using screen recording software, and upload the video files to your project page as soon as possible. https://review.jove.com/files_upload.php?src=20717173

4.9.3. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 73.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Representative Results 

5.1. At the family level, 34 microbial families were enriched by both the solid plate method and the demonstrated Omics method [1], with the Omics system additionally enriching four families [2].
5.1.1. LAB MEDIA: Figure 5B. Video Editor: In the Venn diagram of Figure 5B, emphasize the areas labeled 31 and 3.
5.1.2. LAB MEDIA: Figure 5B. Video Editor: In the Venn diagram of Figure 5B, emphasize the areas labeled 4.

5.2. The Omics system also effectively enriched some of the low-abundance families [1].
5.2.1. LAB MEDIA: Figure 5D. Video Editor: In the chart “Community barplot analysis”, emphasize the labels named “Family_XI”, “Acidaminococcaceae”, “Desulfovibrionaceae”, and “Enterobacteriaceae”
5.3. At the genus level, both methods enriched 74 microbial genera [1], while the MISS cell method additionally enriched 13 genera [2]. 
5.3.1. LAB MEDIA: Figure 5C. Video Editor: In the Venn diagram of Figure 5C, emphasize the areas labeled 63 and 11.
5.3.2. LAB MEDIA: Figure 5C. Video Editor: In the Venn diagram of Figure 5C, emphasize the areas labeled 13.
5.4. Additionally, two genera, initially present at low abundance, were effectively enriched using the Omics system [1].
5.4.1. LAB MEDIA: Figure 5E. Video Editor: In the chart “Community barplot analysis”, emphasize the labels named “Enterococcus” and “Phascolarctobacterium”
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