[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 72870
Scriptwriter Name: Vipasha Sharma
Project Page Link: https://review.jove.com/account/file-uploader?src=22225398 

Title: In Silico CRISPR Restoration of F7 Promoter Activity in Hereditary Factor VII Deficiency


Authors and Affiliations: 

Humood Al Shmrany1, Tareg M. Belali2, Mohammed H. Abu-Alghayth2, Abdulkarim S. Binshaya1, Amer Al Ali 2, Yara Alyahyawi3, Osamah Mohammed Belali4  

1Department of Medical Laboratory, College of Applied Medical Sciences, Prince Sattam bin Abdulaziz University
2Faculty of Applied Medical Sciences, University of Bisha
3Department of Medical Laboratory Technology, College of Nursing and Health Sciences, Jazan 
University
4Aseer Central Hospital


Corresponding Authors: 
[bookmark: _Hlk25233958]Humood Al Shmrany			H.alshmrany@psau.edu.sa

Email Addresses for All Authors: 

blaly@ub.edu.sa
mhahmad@ub.edu.sa
abd.aldosari@psau.edu.sa
ameralali@ub.edu.sa
yalyahyawi@jazanu.edu.sa
Osamabelali@yahoo.com
H.alshmrany@psau.edu.sa



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 

 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?  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.

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: 09/17/2025

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


Current Protocol Length

Number of Steps: 24
Number of Shots: 44

Interviews 


Authors: Statements have been edited for length and clarity. 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. Humood Al Shmrany:  Our research focuses on computationally evaluating CRISPRa and promoter-correction strategies to determine their potential to restore Factor VII expression.
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. Humood Al Shmrany: Existing methods do not integrate regulatory-variant prediction with therapeutic targeting; this protocol addresses this by combining motif, epigenomic, transcriptomic, and gRNA analyses.
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. 
1.3. Humood Al Shmrany: This protocol allows researchers to predict F7 regulatory motifs, transcriptional effects, chromatin accessibility, CRISPRa activation, promoter correction, and gRNA specificity.
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. Humood Al Shmrany:  The main challenge is ensuring computational reproducibility and specificity while recognizing that predicted findings require experimental validation before biological or therapeutic interpretation.
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. Humood Al Shmrany: Future studies can experimentally validate predicted targets, optimize guide specificity, assess off-target effects, and evaluate therapeutic efficacy and long-term outcomes.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



















Protocol  
Author: Please provide the demonstrator’s full name after the shoot.
2.  F7 Promoter Motif and Expression Analysis
Demonstrator: Hana

2.1. To begin, switch on the computer [1] and open the prepared human F7 (F-seven) promoter FASTA (Fast-uh) sequence for downstream analysis [2]. Upload the sequence into FIMO (Fee-moh) in MEME (Meem) Suite version 5.5.0 [3]. Select the JASPAR 2022 CORE (JAS-par twenty twenty-two core) vertebrate position weight matrices MA0114.4 (M-A-zero-one-one-four-point-four) for hepatocyte nuclear factor 4 alpha or HNF4α, (H-N-F-four-alpha) and MA0046.2 (M-A-zero-zero-four-six-point-two) for hepatocyte nuclear factor 1 alpha or HNF1α,(H-N-F-one-alpha) [4], apply promoter-specific nucleotide background modeling, and scan both DNA strands [5]. 
2.1.1. WIDE: Talent switching on the computer workstation with the analysis software and reference files ready for use
2.1.2. SCREEN: The prepared human F7 promoter FASTA sequence open in the analysis environment
2.1.3. SCREEN: Promoter sequence being uploaded into FIMO
2.1.4. SCREEN: JASPAR 2022 CORE vertebrate database being accessed. Position weight matrices MA0114.4 for HNF4A and MA0046.2 for HNF1A being selected
2.1.5. SCREEN: Promoter-specific background model being applied and both DNA strands being scanned

Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page: https://review.jove.com/account/file-uploader?src=22225398 

2.2. Set the specified motif-significance threshold to 1 × 10⁻⁴ or lower and apply Benjamini-Hochberg correction [1].
2.2.1. SCREEN: Motif significance filtering and Benjamini-Hochberg correction being applied

2.3. Export the FIMO outputs as tab-separated value files [1] and retain predicted motifs with adjusted q values below 0.05 [2]. Intersect the predicted transcription factor binding site coordinates with disease-associated variants from dbSNP (D-B-S-N-P) build 155 and HGMD, (H-G-M-D) Professional version 2023.2 using BEDTools, (Bed-tools) version 2.30 [3].
2.3.1. SCREEN: FIMO outputs being exported as tab-separated value files
2.3.2. SCREEN: Motifs with adjusted q values below 0.05 being retained
2.3.3. SCREEN: Predicted transcription factor binding site coordinates being intersected with disease-associated variants using BEDTools

2.4. Evaluate the disease-associated c.-61T>G (C minus sixty-one T to G) promoter variant in the context of its reported proximity to an HNF4α binding site [1]. Interpret all motif overlaps as computational predictions rather than experimentally confirmed occupancy [2].
2.4.1. SCREEN: c.-61T>G promoter variant being examined relative to the predicted hepatocyte nuclear factor 4 alpha binding site
2.4.2. SCREEN: Predicted motif overlap being documented as computational evidence only

2.5. Obtain liver ribonucleic acid sequencing expression data from GTEx (G-T-E-X) version 8 comprising 226 liver samples [1]. Transform transcripts-per-million-normalized expression values for F7, HNF4α, and HNF1α using log base 2 of transcripts per million plus 1 [2]. Perform Pearson correlation analysis in R version 4.3.1 using the cor.test (Core-dot-test) function with 2-tailed testing [3]. Apply Benjamini-Hochberg correction where applicable and interpret the correlations as associative rather than evidence of direct regulatory causality [4].

2.5.1. SCREEN: GTEx version 8 liver expression dataset being loaded
2.5.2. SCREEN: F7, HNF4A, and HNF1A expression values being transformed using log base 2 of transcripts per million plus 1
2.5.3. SCREEN: Pearson correlation analysis being performed using the cor.test function in R version 4.3.1
2.5.4. SCREEN: Multiple-comparison correction being applied and correlations being interpreted as associative relationships

3. Regulatory Network and Dynamic Modeling
3.1. Retrieve protein interaction and regulatory network information from STRING version 11.5 using a minimum interaction confidence score of 0.7 [1]. Import the STRING-generated tab-separated value interaction files into Cytoscape version 3.9.1 for network construction and visualization [2].
3.1.1. SCREEN: STRING version 11.5 interaction data being retrieved using a minimum confidence score of 0.7
3.1.2. SCREEN: STRING interaction files being imported into Cytoscape version 3.9.1

3.2. Identify network modules using the MCODE (M-Code) plugin with a degree cutoff of 2, node score cutoff of 0.2, K-core of 2, and maximum depth of 100 [1]. Export the significant clusters [2]. Perform functional enrichment using STRING enrichment analysis with a false-discovery-rate below 0.05 [3]. Interpret the resulting predicted and curated relationships for hypothesis generation [4].
3.2.1. SCREEN: MCODE parameters being set to the specified values and network modules being identified
3.2.2. SCREEN: Significant network clusters being exported
3.2.3. SCREEN: STRING enrichment analysis being performed and significantly enriched results being retained
3.2.4. SCREEN: Network relationships being documented as hypothesis-generating predictions

3.3. Construct a dynamic regulatory model in CellDesigner version 4.4 to simulate predicted effects of hepatocyte nuclear factor 4 alpha modulation on F7 transcription [1]. Represent the model in Systems Biology Markup Language format and simulate it using a deterministic ordinary differential equation-based solver [2].
3.3.1. SCREEN: Dynamic regulatory model being constructed in CellDesigner version 4.4
3.3.2. SCREEN: Systems Biology Markup Language model being simulated with a deterministic ordinary differential equation-based solver

3.4. Configure the model with normalized HNF4α, HNF1α, and F7 expression values from GTEx liver data, relative transcription factor binding affinities derived from FIMO motif scores scaled from 0 to 1, chromatin accessibility weights from ENCODE (Encode) assay for transposase-accessible chromatin sequencing and deoxyribonuclease sequencing signal intensity, and active chromatin parameters incorporating H3K27ac (H-three-K-twenty-seven-A-C) and H3K4me3 (H-three-K-four-M-E-three) profiles [1].
3.4.1. SCREEN: Expression, motif-affinity, chromatin-accessibility, and active-chromatin inputs being entered into the regulatory model.

3.5. Simulate the model over 24 hours using adaptive numerical integration and record outputs at the predefined intervals [1]. Model knockout conditions by setting transcription factor activity to zero percent [2]. Record normalized F7 transcript abundance, relative promoter activation state, and transcription factor activity, and normalize all expression outputs relative to the unperturbed baseline model set to 100 percent [3]. Use sensitivity-guided tuning for parameters unavailable from public datasets and interpret all model outputs as computational predictions under defined assumptions [4].
3.5.1. SCREEN: Regulatory model being simulated over 24 hours with adaptive numerical integration
3.5.2. SCREEN: Transcription factor activity being set to 0 percent for knockout simulations
3.5.3. SCREEN: F7 transcript abundance, promoter activation state, and transcription factor activity outputs being recorded and normalized to baseline
3.5.4. SCREEN: Sensitivity-guided parameter tuning being applied and model outputs being documented as computational predictions
4. CRISPRa Guide Design and Activation Modeling
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Design clustered regularly interspaced short palindromic repeats activation or CRISPR  (Crisper) activation targets computationally using Benchling 2024 build and CRISPOR (CRIS-por) [1]. Scan the F7 promoter region from 500 base pairs upstream to 100 base pairs downstream of the transcription start site for Streptococcus pyogenes Cas9 NGG (Cas-nine-N-G-G) protospacer-adjacent motif sites within plus or minus 200 base pairs of high-confidence hepatocyte nuclear factor 4 alpha motifs [2]. Filter candidate guides using a Doench (Dench) 2016 on-target score of at least 50, a cutting frequency determination off-target score of at least 70, guanine-cytosine content from 40 to 60 percent, and absence of poly-thymidine sequences of 4 or more base pairs [3].
4.1.1. SCREEN: Benchling and CRISPOR being used to design clustered regularly interspaced short palindromic repeats activation targets
4.1.2. SCREEN: F7 promoter region being scanned for Streptococcus pyogenes Cas9 NGG protospacer-adjacent motif sites near hepatocyte nuclear factor 4 alpha motifs
4.1.3. SCREEN: Candidate guides being filtered according to on-target score, off-target score, guanine-cytosine content, and poly-thymidine criteria

4.2. Incorporate predicted chromatin accessibility from assay for transposase-accessible chromatin sequencing and nucleosome occupancy estimates from NuPoP (New-pop) to prioritize accessible regulatory regions [1]. Model potential CRISPR activation responses using dCas9-VP64 (Deactivated-cas-nine-V-P-sixty-four) and dCas9-p300 (Deactivated-cas-nine-P-three-hundred) architectures and interpret the outputs as predicted activation potential only [2].
4.2.1. SCREEN: Chromatin accessibility and NuPoP nucleosome occupancy estimates being incorporated into candidate prioritization
4.2.2. SCREEN: dCas9-VP64 and dCas9-p300 activation responses being computationally modeled

5.  CRISPR-Cas9 Motif Restoration and Epigenetic Modeling
5.1. Select the c.-61T>G promoter variant as the representative HNF4A-associated regulatory variant for motif-restoration modeling [1]. Design two Streptococcus pyogenes Cas9 guide ribonucleic acids, designated gRNA-L (Guide-R-N-A-L) and gRNA-R (Guide-R-N-A-R), to flank the variant and evaluate them individually and as a combined dual-guide configuration [2].
5.1.1. SCREEN: c.-61T>G promoter variant being selected for motif-restoration modeling
5.1.2. SCREEN: gRNA-L and gRNA-R being designed around the variant and configured for individual and dual-guide evaluation


5.2. Model single-stranded homology-directed repair templates containing the reference promoter sequence at the variant position with 100-base-pair homology arms [1]. Evaluate candidate guides using CRISPOR and Cas-OFFinder (Cas-off-finder) for predicted specificity and CRISPRscan (Crisper-Scan) for predicted cleavage activity [2].
5.2.1. SCREEN: Single-stranded repair template with 100-base-pair homology arms being modeled
5.2.2. SCREEN: Candidate guide specificity and cleavage activity being evaluated using CRISPOR, Cas-OFFinder, and CRISPRscan

5.3. Use Inference of CRISPR Edits-based modeling to estimate theoretical editing outcomes for the individual and combined guide configurations [1]. Treat the gRNA-L and gRNA-R combination as a dual-guide strategy rather than a third independent guide, and interpret all editing outcomes as computational estimates rather than evidence of experimental homology-directed repair, restored binding, sequence correction, or recovered F7 transcription [2].
5.3.1. SCREEN: Inference of CRISPR Edits-based modeling being used to estimate editing outcomes for the guide configurations
5.3.2. SCREEN: Individual and dual-guide predictions being documented as computational estimates only

5.4. Evaluate chromatin accessibility surrounding candidate CRISPR activation sites using ENCODE assay for transposase-accessible chromatin sequencing and deoxyribonuclease sequencing datasets from HepG2 (Hep-gee-two) cells [1]. Quantify signal intensity within 100-base-pair windows centered on each candidate guide sequence [2].
5.4.1. SCREEN: ENCODE chromatin-accessibility datasets from HepG2 cells being loaded
5.4.2. SCREEN: Signal intensity being quantified within 100-base-pair windows centered on candidate guide sequences

5.5. Use the 15-state ChromHMM (Chrom-H-M-M) model and Segway annotations to classify local regulatory chromatin states [1].
5.5.1. SCREEN: ChromHMM and Segway annotations being applied to classify local chromatin states

5.6. Calculate a composite activation score integrating motif proximity, assay for transposase-accessible chromatin sequencing accessibility, deoxyribonuclease I hypersensitivity, H3K27ac enrichment, and H3K4me3 enrichment to rank the candidate CRISPRa targets [1]. Simulate predicted transcriptional responses under the modeled chromatin conditions and interpret the results as theoretical estimates [2].
5.6.1. SCREEN: Composite activation score being calculated from the 5 specified regulatory features and candidate targets being ranked
5.6.2. SCREEN: Predicted transcriptional responses being simulated under modeled chromatin conditions

Results

6. Results 

6.1. Motif analysis predicted three HNF4α [1] and three HNF1α binding sites within the 1-kilobase upstream promoter region of the F7 gene [2], including an HNF4α-associated motif near the disease-associated c.-61T>G variant [3].
6.1.1. LAB MEDIA: Figure 1. Video Editor: Please highlight the three blue boxes labeled as HNF4α motifs
6.1.2. LAB MEDIA: Figure 1. Video Editor: Please highlight the three green boxes labeled as HNF1α motifs
6.1.3. LAB MEDIA: Figure 1. Video Editor: Please highlight the red marker labeled as c.-61T>G variant 

6.2. Liver transcriptomic analysis showed positive correlations between F7 and HNF4α expression [1] and between F7 and HNF1α expression [2]. 
6.2.1. LAB MEDIA: Figure 2A. Video editor: Please highlight the upward-sloping red line and the surrounding data points in the left graph
6.2.2. LAB MEDIA: Figure 2B. Video editor: Please highlight the upward-sloping blue line and the surrounding data points in the right graph

6.3. HNF4α and HNF1α were predicted to act as central nodes within a hepatic transcriptional network enriched for coagulation genes [1]. F7, HNF4α, and HNF1α were co-expressed in HepG2, Huh7 (Huh-seven), and Hep3B (Hep-three-B) cells, with variable expression levels across the cell lines [2].

6.3.1. LAB MEDIA: Figure 3A. Video editor: Please highlight the circles labelled “HNF4α” and “HNF1α” and their connecting lines to the other circles in the network
6.3.2. LAB MEDIA: Figure 3C. Video editor: Please highlight the 3 groups of bars labelled “HepG2,” “Huh7,” and “Hep3B,” showing the 3 bars within each group


6.4. Simulations predicted thatdCas9-VP64 and dCas9-p300 individually restored F7 expression to 68% [1] and 76% [2] of the wild-type reference, respectively. Combined deactivated Cas9-VP64 and p300 activation increased predicted F7 expression to 87% of the wild-type reference [3].

6.4.1. LAB MEDIA: Figure 4B. Video editor: Please highlight the bar labeled “Mutant + dCas9-VP64” and the “68%” value above it
6.4.2. LAB MEDIA: Figure 4B. Video editor: Please highlight the bar labeled “Mutant + dCas9-p300” and the “76%” value above it
6.4.3. LAB MEDIA: Figure 4B. Video editor: Please highlight the green bar labeled “Mutant + dCas9-VP64 + p300,” the “87%” value above it, and the dashed 85% threshold line

6.5. The predicted homology-directed repair editing efficiency was 43% for gRNA-L alone [1], 47% for gRNA-R alone [2], and 64% for the combined gRNA-L and gRNA-R strategy [3].
6.5.1. LAB MEDIA: Figure 5C. Video editor: Please highlight the “gRNA-L Only” bar and the “43%” value above it
6.5.2. LAB MEDIA: Figure 5C. Video editor: Please highlight the “gRNA-R Only” bar and the “47%” value above it
6.5.3. LAB MEDIA: Figure 5C. Video editor: Please highlight the “gRNA-L + gRNA-R” bar and the “64%” value above it

6.6. Chromatin analysis predicted accessible regulatory regions at the candidate CRISPR activation sites [1], with gRNA@−360 (Guide-R-N-A-at-minus-three-sixty) showing the highest predicted activation score of 93.2 [2], followed by gRNA@−580 (Guide-R-N-A-at-minus-five-eighty) at 88.7 [3].

6.6.1. LAB MEDIA: Figure 6A. Video editor: Please highlight the candidate gRNA positions 
6.6.2. LAB MEDIA: Figure 6B. Video Editor: Please highlight the gRNA@−360 bar and 93.2 value 
6.6.3. LAB MEDIA: Figure 6B. Video Editor: Please highlight the gRNA@−580 bar and 88.7 value 
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