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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

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

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 6/12/2026

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

Current Protocol Length

Number of Steps:  17
Number of Shots:  58

Interviews 

Authors: Answers are slightly edited in accordance with journal guidelines. 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. Dr. Nida GÜRBÜZ: Our research focuses on identifying interferonopathy-related variants in pediatric vasculitis to improve genetic diagnosis and to understand disease mechanisms.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the research contexts or systems in which this protocol can be applied.
1.2. Dr. Nida GÜRBÜZ: This protocol can be applied in pediatric rheumatology, vasculitis, autoinflammatory disease, and interferonopathy research.
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. 
1.1. 
1.2. 
1.3. Dr. Nida GÜRBÜZ: This procedure enables identification, classification, and clinical interpretation of interferonopathy-associated variants and genotype–phenotype relationships. 
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. Dr. Nida GÜRBÜZ: The greatest challenge is accurately interpreting rare variants through clinical correlation and established classification guidelines.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Dr. Nida GÜRBÜZ: Future studies building on this work can validate novel variants, investigate mechanisms, and develop personalized treatments for interferon-driven diseases.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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Protocol  
2. DNA Fragmentation and Adapter Ligation
Demonstrator: Dr. Nida GÜRBÜZ

2.1. To begin, obtain the DNA [1]. Transfer 20 microliters of diluted DNA into new sterile PCR tubes [2]. Add 2 microliters of fragmentation and adenylation buffer to each tube [3], and add 3 microliters of fragmentation and adenylation enzyme mix to each tube for a total reaction volume of 25 microliters [4]. After gently mixing the reaction, briefly centrifuge the tubes [5].
2.1.1. WIDE: Talent sitting with the tubes containing DNA on the workbench
2.1.2. Talent transferring 20 µL of diluted DNA into PCR tubes.
2.1.3. Talent adding 2 µL of fragmentation and adenylation buffer to each tube.
2.1.4. Talent adding 3 µL of fragmentation and adenylation enzyme mix to each tube.
2.1.5. Talent placing the tubes in the centrifuge.
2.2. Run the fragmentation program on the thermal cycler to generate DNA fragments with an average size of 200 to 300 base pairs [1]. Immediately after completion, briefly centrifuge the tubes [2] and place them on ice [3]. 
2.2.1. Talent placing the tubes in the thermal cycler.
2.2.2. Talent placing the tubes in the centrifuge.
2.2.3. Talent placing the tubes on ice.

3. Adapter Ligation
3.1. Add 2.5 microliters of sequencing adapter to each fragmentation product [1]. Then, add 10 microliters of ligation master mix and pipette the mixture gently to ensure homogeneity [2]. After briefly centrifuging the tubes, incubate at 20 degrees Celsius for 15 minutes with the thermal cycler lid open [3]. Again, centrifuge briefly and keep the tubes on ice [4].
3.1.1. Talent adding 2.5 µL of sequencing adapter to each fragmentation product.
3.1.2. Talent adding 10 µL of ligation master mix to the tube and pipetting it.
3.1.3. Talent placing the tubes in the thermal cycler with the lid open.
3.1.4. Talent placing the tubes on ice.

4. Bead-Based Purification
4.1. Add 30 microliters of magnetic beads to each sample [1]. Pipette thoroughly until a homogeneous suspension is obtained [2]. Incubate the mixture at room temperature for 5 minutes and then place the tubes on a magnetic stand for 3 minutes [3]. Once the supernatant has cleared, carefully remove it [4].
4.1.1. Talent adding 30 µL of magnetic beads to each sample.
4.1.2. Talent pipetting the mixture thoroughly to obtain a homogeneous suspension.
4.1.3. Talent taking the tubes from the workbench and placing it on the magnetic stand.
4.1.4. Talent removing the cleared supernatant.
4.2. Wash the pellet twice with 100 microliters of 80% ethanol [1]. After removing the residual ethanol, air-dry the beads on the magnetic stand for up to 5 minutes [2].
4.2.1. Talent adding 100 µL of 80% ethanol to the pellet.
4.2.2. Shot of the beads on the magnetic stand kept undisturbed.
4.3. Resuspend the pellet with 9 microliters of nuclease-free water and incubate at room temperature for 2 minutes [1]. After 3 minutes of magnetic separation, transfer 7.5 microliters of the supernatant to a new, labeled PCR tube [2].
4.3.1. Talent adding 9 µL of nuclease-free water to the beads and keeping them aside for incubation.
4.3.2. Talent transferring the supernatant to a new labeled PCR tube.

5. Library Amplification 
5.1. Dilute the in vitro transcription, or IVT (I-V-T), primers by combining 20 microliters of primer stock with 80 microliters of nuclease-free water [1]. Prepare the PCR reaction [2] and pipette the mixture gently [3]. Run the PCR-3 program [4].
5.1.1. Talent adding 80 µL of nuclease-free water and 20 µL of primer stock to the tube containing in vitro transcription primers.
5.1.2. Talent adding reagent into the reaction mixture tube.
5.1.3. TEXT ON A PLAIN BACKGROUND:
PCR reaction (Total volume 17.5 µL):
IVT primer 1 - 2.5 µL
IVT primer 2 - 2.5 µL
Library amplification master mix - 12.5 µL 
5.1.4. Talent placing the tube in the thermal cycler.

6. Post-PCR Purification
6.1. Add 25 microliters of magnetic beads to each PCR product [1]. Incubate for 5 minutes at room temperature and then place the tubes on a magnetic stand for magnetic separation [2]. Wash the beads with 100 microliters of 80% ethanol [3]. Air-dry the beads for up to 5 minutes [4].
6.1.1. Talent adding 25 µL of magnetic beads to the PCR product.
6.1.2. Resuse 3.1.3
6.1.3. Talent adding 100 µL of 80% ethanol to the beads.
6.1.4. Shot of beads on the magnetic stand.
6.2. Add 11 microliters of nuclease-free water to the beads [1]. After transferring 10 microliters of supernatant to a new tube, measure the library concentration and confirm that it exceeds 25 nanograms per microliter [2].
6.2.1. Talent adding 11 µL of nuclease-free water to the beads.
6.2.2. Talent measuring the library concentration in NanoDrop.

7. Pooling and Hybridization 
7.1. Pool libraries by combining eight patient samples and adjust the volume to 12.5 microliters with nuclease-free water if necessary [1]. Preincubate the hybridization mix at 65 degrees Celsius for 15 minutes [2]. Add the hybridization reagents [3] sequentially [4]. Initiate the 16-hour hybridization program [5].
7.1.1. Shot of pooling patient libraries into a single tube.
7.1.2. Talent placing the hybridization mix in the thermal cycler.
7.1.3. Talent adding hybridization reagents into the tube.
7.1.4. TEXT ON A PLAIN BACKGROUND:
Hybridization Reagents: 
Blocking solution
Universal blocking oligonucleotides
Exome capture probe
Nuclease-free water
Hybridization enhancer
7.1.5. Talent initiating the hybridization program on the thermal cycler.

8. Capture of Hybridized Targets onto Streptavidin Beads
8.1. Wash the streptavidin beads three times with binding buffer [1]. After 16 hours of hybridization, add the hybridization mixture to the beads [2]. Incubate at 25 degrees Celsius for 30 minutes, mixing gently every 5 minutes [3].
8.1.1. Talent adding binding buffer to the streptavidin beads.
8.1.2. Talent adding the hybridization mixture to the streptavidin beads.
8.1.3. Talent placing the bead mixture for incubation into the incubator, taking it out for mixing, and placing it back.
8.2. Wash the beads with capture wash buffer 1 at room temperature [1]. Then, wash the beads three times with prewarmed capture wash buffer 2 at 48 degrees Celsius [2]. Resuspend the pellet in 23 microliters of nuclease-free water [3].
8.2.1. Talent adding capture wash buffer 1 to the beads.
8.2.2. Talent performing washes with prewarmed capture wash buffer 2.
8.2.3. Talent resuspending the pellet in 23 µL of nuclease-free water.

9. Preparation of ssDNA 
9.1. Add 24 microliters of TE (T-E) buffer to the sample [1]. Denature the mixture at 95 degrees Celsius for 3 minutes [2] and immediately place it on ice [3]. Add a master mix containing splint ligation buffer and rapid DNA ligase [4]. Run the SS-2 (S-S-two) program at 37 degrees Celsius for 30 minutes to circularize the single-stranded DNA [5].
9.1.1. Talent adding 24 µL of TE buffer to the sample.
9.1.2. Talent placing the tube in the thermal cycler.
9.1.3. Talent placing the sample on ice.
9.1.4. Talent adding the master mix to the sample.
9.1.5. Talent placing the tube in the thermal cycler.
9.2. Add digestion buffer and digestion enzyme mix to the sample [1]. Run the SS-3 (S-S-three) program at 37 degrees Celsius for 30 minutes [2]. Then, add 3.75 microliters of digestion stop buffer [3]. Add 85 microliters of magnetic beads [4] and perform standard bead purification [5].
9.2.1. Talent adding digestion buffer and digestion enzyme mix to the sample.
9.2.2. Talent placing the tube in the thermal cycler.
9.2.3. Talent adding 3.75 µL of digestion stop buffer to the sample.
9.2.4. Talent adding 85 µL of magnetic beads to the sample.
9.2.5. Talent performing bead purification.
9.3. After transferring 15 microliters of supernatant to a new tube, measure the concentration and confirm that it is between 0.8 and 2 nanograms per microliter [1].
9.3.1. Talent measuring the sample concentration using NanoDrop.

10. DNB Formation
10.1. Add the deoxyribonucleic acid nanoball, or DNB (D-N-B), reaction components [1] sequentially [2]. Run the DNB-1 and DNB-2 programs sequentially [3].
10.1.1. Talent adding the DNB reaction components into the tube.
10.1.2. TEXT ON A PLAIN BACKGROUND:
DNB reaction components:
DNB formation buffer
Low-EDTA TE buffer
DNB enzyme mix 1
DNB enzyme mix 2 
10.1.3. Talent placing the tube in the thermal cycler.
10.2. Add 20 microliters of DNB reaction stop buffer [1]. Gently mix 5 to 8 times using wide-bore pipette tips [2]. Confirm that the DNB concentration is between 8 and 40 nanograms [3]. Load the prepared DNBs onto the DNA nanoball sequencing platform for high-throughput sequencing [4]. Analyze the sequencing data [5].
10.2.1. Talent adding 20 µL DNB nanoball reaction stop buffer to the sample.
10.2.2. Talent gently mixing the reaction using a wide-bore pipette tip.
10.2.3. Shot of NanoDrop display showing DNB concentration between 8 and 40.
10.2.4. Talent loading the prepared DNA nanoballs onto the sequencing platform.
10.2.5. Talent reviewing the sequencing data analysis results on a computer.








Results
11. Results 

11.1. The most frequently affected genes were ADAR (ADAR) in 25 patients [1] and DNASE1 (D-N-ase-one) in 24 patients [2].
11.1.1. LAB MEDIA: Table 2. Video editor: Show the rows 45 to 63 labelled 'ADAR' 
11.1.2. LAB MEDIA: Table 2. Video editor: Show the rows 64 to 79 labelled 'DNASE1'
11.2. DNASE1 variants were exclusively class 3 [1], and the majority of ADAR variants were class 3, with only 1 class 2 variant [2].
11.2.1. LAB MEDIA: Table 2. Video editor: Highlight the rows 65 – 67, 70 & 76
11.2.2. LAB MEDIA: Table 2. Video editor: Highlight the rows 45 – 47
11.3. In the wild-type computational model, the signaling cascade demonstrated rapid homeostatic attenuation, characterized by an activation peak at 45 minutes [1] followed by rapid clearance driven by programmed negative feedback at 0.45 per minute via simulated SOCS1 (socs-one) expression [2].
11.3.1. LAB MEDIA: Table 5. Video editor: Highlight the cell '45 minutes' in the row 'Wild-Type (WT)'.
11.3.2. LAB MEDIA: Table 5. Video editor: Highlight the cell '0.45 min-1' in the row 'Wild-Type (WT)'.
11.4. Modeling gain-of-function variations in STING1 (sting-one) [1] and tyrosine kinase 2 or TYK2 (T-Y-K-two) pathways [2] revealed severe threshold shifts, resulting in a persistent, nonattenuating hyper-inflammatory state [3].
11.4.1. LAB MEDIA: Table 5. Video editor: Highlight the row labelled 'STING1'.
11.4.2. LAB MEDIA: Table 5. Video editor: Highlight the row labelled 'TYK2'.
11.4.3. LAB MEDIA: Table 5. 
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