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1 Purpose and Scope
1.1 Objective
To validate CRISPR pooled cell libraries through genomic DNA extraction, PCR amplification, gel purification, next-generation sequencing, and computational analysis using MAGeCK pipeline to assess sgRNA representation and library quality.
1.2 Scope
This protocol applies to CRISPR pooled cell libraries requiring validation before Optical Pooled Screening (OPS) and covers the complete workflow from cell harvesting through bioinformatics analysis of sequencing data.
1.3 Prerequisites
Knowledge of CRISPR library design and sgRNA representation requirements
Basic cell culture training
PCR and gel electrophoresis experience
Access to Biowulf computational cluster
Familiarity with command-line operations
2 Materials and Equipment
2.1 Equipment Required
Centrifuge for cell pellets
Thermocycler (PCR machine)
Electrophoresis apparatus and power supply
UV transilluminator or blue light system
Qubit fluorometer or equivalent
TapeStation (optional)
Nanodrop spectrophotometer
Freezer (-20°C and -80°C)
2.2 Reagents and Consumables
	Reagent/Item
	Supplier
	Catalog #
	Storage
	Notes

	Qiagen DNeasy Blood & Tissue Kit
	Qiagen
	69504
	RT
	For gDNA extraction

	Q5 High-Fidelity 2X Master Mix
	NEB
	M0492S
	-20°C
	For PCR amplification

	P5 primer (10 μM)
	IDT
	Custom
	-20°C
	Forward primer

	P7 primer (10 μM)
	IDT
	Custom
	-20°C
	Reverse primer

	Agarose
	Various
	-
	RT
	For gel electrophoresis

	GelRed (10,000X)
	Biotium
	41003
	4°C
	Nucleic acid stain

	1X TAE/TBE buffer
	Various
	-
	RT
	Electrophoresis buffer

	Qiagen Gel Extraction Kit
	Qiagen
	28704
	RT
	For gel purification

	Qubit dsDNA HS Assay Kit
	ThermoFisher
	Q32851
	4°C
	DNA quantification

	Nuclease-free water
	Various
	-
	RT
	PCR reactions


2.3 Software Requirements
MAGeCK software (on Biowulf cluster)
Terminal/command-line access
File transfer software (for data download)
Spreadsheet software for data analysis
3 Reagent Preparation
3.1 2% Agarose Gel
Final Volume: 120 mL Storage: Use fresh or store at 4°C for up to 1 week
	Component
	Amount
	Notes

	Agarose
	1.0 g
	High resolution grade

	1X TAE buffer
	120 mL
	Warm to dissolve agarose

	GelRed
	5 μL
	Add after cooling to ~60°C


Preparation Steps:
Dissolve agarose in TAE buffer by microwaving in 30-second intervals
Cool to approximately 60°C
Add GelRed and swirl gently
Pour into gel casting tray and insert comb
3.2 PCR Master Mix (per 50 μL reaction)
Components for single reaction:
	Component
	Volume
	Final Concentration

	Q5 High-Fidelity 2X Master Mix
	25 μL
	1X

	P5 primer (10 μM)
	2.5 μL
	0.5 μM

	P7 primer (10 μM)
	2.5 μL
	0.5 μM

	Template DNA
	Variable
	~1.5 μg

	Nuclease-free water
	To 50 μL
	-


4 Procedure
4.1 Cell Harvesting and gDNA Extraction
Time Required: 2 hours Temperature: Room temperature
Cell Harvesting Harvest sufficient cells to maintain proper sgRNA representation Aim for minimum 500 cells per sgRNA in library ⚠️ Critical Point: Maintain library representation throughout process
Cell Pelleting Centrifuge cells according to standard protocols Remove supernatant completely Freeze cell pellet immediately at -80°C if not proceeding immediately
gDNA Extraction Use Qiagen DNeasy Blood & Tissue kit following manufacturer’s instructions ⚠️ Critical Point: Maximum 5×10⁶ cells per extraction For larger libraries, perform multiple extractions Elute DNA in nuclease-free water (not elution buffer)
DNA Quantification Measure DNA concentration using Nanodrop ✅ Quality Check: A260/A280 ratio should be 1.8-2.0 Calculate total DNA yield
4.2 PCR Amplification
Time Required: 3-4 hours Temperature: Thermocycling
PCR Setup Use approximately 1.5 μg template DNA per 50 μL reaction Set up multiple reactions for large libraries Include negative control (no template)
Thermocycling Program
	Step
	Temperature
	Time
	Cycles

	Initial Denaturation
	98°C
	3 min 30 sec
	1

	Denaturation
	98°C
	30 sec
	30

	Annealing
	53°C
	30 sec
	30

	Extension
	72°C
	45 sec
	30

	Final Extension
	72°C
	2 min
	1

	Hold
	12°C
	∞
	-


PCR Product Pooling Mix all PCR reactions from same sample Store at -20°C if not proceeding immediately
4.3 Gel Electrophoresis and Purification
Time Required: 2-3 hours Temperature: Room temperature
Gel Electrophoresis Load portion of pooled PCR product on 2% agarose gel Use multiple lanes if necessary Run at appropriate voltage (typically 100-120V) ✅ Quality Check: Expected band size ~300 bp
Band Excision Visualize DNA under UV or blue light Excise gel band containing ~300 bp fragment ⚠️ Critical Point: Work quickly to minimize UV exposure
Gel Purification Use Qiagen Gel Extraction kit following manufacturer’s instructions Pool all purified DNA from same sample Elute in minimal volume of elution buffer
Final Quantification Quantify purified DNA using Qubit dsDNA HS Assay Optional: Analyze on TapeStation for size verification ✅ Quality Check: Confirm expected fragment size and concentration
4.4 Next-Generation Sequencing
Time Required: 1-2 weeks (external service)
Sample Submission Submit purified PCR products to Genomics facility Request NextSeq 2000 XLEAP P1 100 cycle sequencing Specify ~100M reads requirement Provide sample information and barcode details
5 Bioinformatics Analysis
5.1 Data Download and Preparation
Platform: Biowulf computational cluster Time Required: 2-4 hours
Interactive Session Setup sinteractive
Data Download wget "[sequencing_facility_link]" -O sequencing_data.tar ⚠️ Critical Point: Use exact URL provided by sequencing facility
File Extraction tar -xf sequencing_data.tar cd OUTPUT/Data/fastq gunzip * .fastq.gz
Reference Library Preparation Copy reference library file to working directory Format reference file using dos2unix if necessary: dos2unix reference_library.txt
5.2 MAGeCK Analysis Pipeline
Time Required: 1-2 hours
Load MAGeCK Module module load MAGeCK
Read Counting mageck count \ -l reference_library.txt \ -n sample_name \ --sample-label "T0" \ --fastq sample_R1_001.fastq
Quality Control Analysis Review MAGeCK count output files Check read mapping statistics Assess sgRNA representation
5.3 Data Interpretation
Key Metrics to Evaluate Total read count and mapping efficiency sgRNA representation (minimum 500 reads per sgRNA recommended) Gini coefficient (library evenness) Percentage of sgRNAs with zero counts
Quality Thresholds Mapping efficiency: >80% sgRNA coverage: >95% of library Gini coefficient: <0.1 for well-balanced libraries
6 Quality Control and Validation
6.1 Critical Control Points
CCP 1: Maintain minimum 500 cells per sgRNA during harvesting
CCP 2: DNA purity (A260/A280 ratio 1.8-2.0)
CCP 3: PCR product size verification (~300 bp)
CCP 4: Successful gel purification with appropriate yield
CCP 5: Sequencing read mapping efficiency >80%
6.2 Expected Results
Clean PCR product at expected size (~300 bp)
High-quality sequencing data with good mapping rates
Even distribution of sgRNA representation
Minimal dropout of library elements
6.3 Acceptance Criteria
Pass: >95% sgRNA coverage, Gini coefficient <0.1, mapping efficiency >80%
Conditional Pass: 90-95% coverage, may proceed with noted limitations
Fail: <90% coverage or mapping efficiency <70%, repeat library preparation
7 Troubleshooting
	Problem
	Possible Cause
	Solution
	Prevention

	Low DNA yield
	Insufficient cells, poor extraction
	Increase cell number, fresh reagents
	Optimize cell harvest timing

	Poor PCR amplification
	Degraded DNA, primer issues
	Check DNA quality, verify primers
	Store DNA properly, validate primers

	Multiple bands on gel
	Non-specific amplification
	Optimize annealing temperature
	Use high-fidelity polymerase

	Low mapping efficiency
	Contamination, wrong reference
	Check reference file format
	Verify library design

	Uneven sgRNA distribution
	PCR bias, library construction issues
	Reduce PCR cycles, check original library
	Optimize PCR conditions

	High Gini coefficient
	Library bias, clonal expansion
	Assess original library quality
	Monitor culture conditions


8 References and Related Documents
8.1 Related SOPs
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8.2 Literature References
Li, W. et al. MAGeCK enables robust identification of essential genes from genome-scale CRISPR/Cas9 knockout screens. Genome Biol 15, 554 (2014).
Doench, J.G. et al. Optimized sgRNA design to maximize activity and minimize off-target effects of CRISPR-Cas9. Nat Biotechnol 34, 184-191 (2016).
8.3 Web Resources
MAGeCK documentation: https://sourceforge.net/p/mageck/wiki/Home/
Biowulf MAGeCK guide: https://hpc.nih.gov/apps/MAGeCK.html
9 Appendices
9.1 File Naming Conventions
Raw sequencing data: [sample_name]_S[number]_R1_001.fastq
Reference library: [library_name]_3cols.txt (tab-delimited: sgRNA_ID, sequence, gene)
MAGeCK output: [sample_name].count.txt , [sample_name].countsummary.txt
9.2 Biowulf Specific Notes
Work in /data/username directory for optimal performance
Use sinteractive for interactive sessions
Load modules before running analysis tools
Transfer large files using appropriate methods
9.3 Expected File Formats
Reference Library Format (tab-delimited):
