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1 Purpose and Scope
1.1 Objective
To perform in situ sequencing using MiSeq Nano or NovaSeqX kits with 4- and 3-color chemistry for optical pooled screening (OPS) applications, enabling single-cell barcode/sgRNA identification through iterative incorporation, imaging, and cleavage cycles.
1.2 Scope
This protocol applies to prepared cell samples following library preparation and covers the complete sequencing workflow including primer hybridization, nucleotide incorporation, imaging, and cleavage for multiple cycles until all barcodes/sgRNAs are resolved.
1.3 Prerequisites
Completed conventional or T7 library preparation (SOP_009a or SOP_009b)
Training on high-temperature thermocycler operation
Knowledge of fluorescence microscopy and imaging systems
Understanding of sequencing chemistry principles
Experience with time-critical procedures
2 Materials and Equipment
2.1 Equipment Required
Flat-top thermocycler with accurate temperature control
Fluorescent microscope with appropriate filter sets
Precision pipettes and tips
Plate handling tools for hot surfaces
Timer with multiple alarms
Temperature monitoring device
2.2 Reagents and Consumables
	Reagent Name
	Supplier
	Catalog #
	Storage
	Final Concentration
	Price ($)

	Sequencing Primer (oSBS_CROPseq-v2-T7-Hybrid)
	IDT
	Custom
	-20°C
	1 μM
	15.00

	SSC 20X RNase-free
	ThermoFisher Scientific
	AM9763
	RT
	2X
	85.99

	PBS-T (0.05% Tween-20)
	Prepare fresh
	-
	4°C
	0.05% Tween
	-

	MiSeq Reagent Nano Kit v2 (500 cycles)
	Illumina
	MS-103-1003
	-20°C
	As supplied
	400.00

	NovaSeqX Reagent Kit
	Illumina
	Variable
	-20°C
	As supplied
	Variable

	Illumina PR2 Buffer
	Illumina
	Included with kit
	RT
	As supplied
	Included

	DAPI Staining Solution
	ThermoFisher Scientific
	D1306
	4°C
	200 ng/mL
	Variable

	Isopropyl Alcohol (IPA) 99%
	Various Suppliers
	N/A
	RT
	99%
	Variable

	Lens Cleaning Tissue
	Various Suppliers
	N/A
	RT
	-
	Variable


Note: You either use the MiSeq Reagent Nano Kit v2, or the NovaSeqX Reagent Kit, not both of them.
Note: Refer to OPS_Reagents_Master_List.csv and OPS_Oligonucleotides.csv for complete specifications.
Note: The NovaSeqX Reagent Kit reagent cannot be ordered from the vendor to be used in OPS. The Kit needs to be opened and used in a NovaSeqX DNA sequencer so that it is opened and mixed. After use in the instrument, collect the leftover reagents in the used kit and freeze at -80C until aliquoting in 50 ml volumes (The volume of the aliquots depends on the number of OPS cycles and the plate format used). ⚠️ Critical Point: Avoid repeated freeze/thaw cycles.
2.3 Software Requirements
Microscope control software with automated imaging capabilities
Image analysis software for sequencing data processing
Temperature monitoring software
3 Reagent Preparation
3.1 Sequencing Primer Solution
Final Volume: 10 mL Storage: Prepare fresh or use frozen aliquots Shelf Life: 6 months at -20°C
	Component
	Stock Conc.
	Final Conc.
	Volume
	Notes

	Sequencing primer
	100 μM
	1 μM
	100 μL
	Custom designed

	2X SSC buffer
	2X
	2X
	9.9 mL
	


3.2 DAPI Working Solution
Final Volume: 50 mL Storage: Prepare fresh Shelf Life: Same day use only
	Component
	Stock Conc.
	Final Conc.
	Volume
	Notes

	DAPI
	5 mg/mL
	200 ng/mL
	2 μL
	Light sensitive

	2X SSC buffer
	2X
	2X
	49.998 mL
	


4 Procedure
4.1 Primer Hybridization
Time Required: 45 minutes Temperature: 37°C
Primer Application Apply 1 μM sequencing primer in 2X SSC buffer to cover all wells ✅ Quality Check: Ensure complete coverage of sample area
Hybridization Incubate at 37°C for 30 minutes ⚠️ Critical Point: Maintain accurate temperature for proper hybridization
Washing Rapidly wash three times with PBS-T Remove all excess primer solution
4.2 Nucleotide Incorporation Cycle
Time Required: 15 minutes per cycle Temperature: 60°C ⚠️ CRITICAL TIMING: Do not exceed 5-minute incorporation limit
Incorporation Mix Application Pre-warm thermocycler to 60°C Apply incorporation mix to samples: MiSeq Nano kit: Use reagent 1 as supplied NovaSeqX kit: Use reagent 30 as supplied ⚠️ Critical Point: Work quickly to minimize temperature variation
Incorporation Incubation Place plate on flat-top thermocycler immediately Incubate for exactly 5 minutes at 60°C ⚠️ CRITICAL: Do not exceed 5 minutes - extending time greatly increases background
Rapid Dilution and Washing Remove plate from thermocycler Immediately add Illumina PR2 buffer to dilute incorporation mix Aspirate diluted mix quickly Add and remove PR2 buffer 6 times at room temperature ⚠️ Critical Point: Speed is essential - delayed washing increases background
4.3 High-Temperature Washing
Time Required: 30 minutes Temperature: 60°C
Intensive Washing Protocol Wash 5 times with PR2 buffer at 60°C Each wash: 5 minutes duration 🔧 Troubleshooting: If background issues persist, increase wash number and duration in later cycles
4.4 DAPI Staining and Imaging
Time Required: 15 minutes Temperature: Room temperature
Nuclear Staining Exchange into 200 ng/mL DAPI in 2X SSC Allow 5 minutes for DAPI binding to DNA ⚠️ Critical Point: Protect from light during incubation
Plate Preparation for Imaging Clean bottom of plate with isopropyl alcohol and lens cleaning tissue Visually inspect to ensure no streak marks remain ✅ Quality Check: Clear optics are essential for accurate imaging
Image Acquisition Use pre-set optical configuration specific to sequencing kit: MiSeq Nano: 4-color configuration NovaSeqX: 3-color configuration Acquire all necessary channels for the cycle ✅ Quality Check: Verify signal quality and minimal background Note Refer to SOP_011: Imaging Using Nikon Ti2 for additional details on how to setup the microscope.
4.5 Cleavage and Cycle Completion
Time Required: 15 minutes Temperature: 60°C
Cleavage Reaction Apply cleavage mix after imaging: MiSeq Nano kit: Use reagent 4 as supplied NovaSeqX kit v2: Use reagent 6 as supplied Incubate at 60°C for 6 - 12 minutes.
Post-Cleavage Washing Quickly wash 3 times with PR2 at room temperature Wash 3 times with PR2 at 60°C for 1 minute each Quickly wash 3 times with PR2 at room temperature ⚠️ Critical Point: Temperature transitions must be rapid ✅ Quality Check: Verify that all the signal is gone after washing
4.6 Cycle Repetition
Continue Sequencing Repeat steps 4-12 for subsequent cycles Continue until sufficient cycles completed to resolve all barcodes/sgRNAs 🔧 Planning: Determine cycle number based on library complexity
5 Quality Control and Validation
5.1 Critical Control Points
CCP 1: Primer hybridization temperature accuracy (37°C ± 1°C)
CCP 2: Incorporation timing exactly 5 minutes maximum
CCP 3: Immediate dilution and washing after incorporation
CCP 4: High-temperature wash effectiveness (60°C ± 1°C)
CCP 5: Clean plate optics before each imaging session
CCP 6: Cleavage timing accuracy (6 minutes at 60°C)
5.2 Expected Results
Clear, bright signals at expected locations
Minimal background fluorescence
Signal intensity consistent across cycles
Successful signal removal after cleavage
Preserved cell morphology throughout cycles
5.3 Cycle-Specific Monitoring
Cycle 1: Establish baseline signal intensity
Mid-cycles: Monitor background accumulation
Mid-cycles: Verify that all the signal is gone after washing
Final cycles: Confirm complete barcode resolution
6 Troubleshooting
	Problem
	Possible Cause
	Solution
	Prevention

	High background fluorescence
	Extended incorporation time
	Strictly limit to 5 minutes, increase wash intensity
	Use timer alarms, multiple operators for speed

	Poor signal intensity
	Incomplete incorporation
	Check reagent activity, verify temperature
	Fresh reagents, calibrate thermocycler

	Signal persistence after cleavage
	Incomplete cleavage
	Extend cleavage time, check reagent
	Verify cleavage reagent activity

	Blurry images
	Plate surface contamination
	Clean with IPA and lint-free tissue
	Handle plates carefully, check before each cycle

	Temperature fluctuations
	Thermocycler malfunction
	Monitor with independent thermometer
	Regular equipment calibration

	Increasing background in later cycles
	Accumulating wash artifacts
	Increase wash stringency progressively
	Start with higher wash standards


7 References and Related Documents
7.1 Related SOPs
SOP_009a: Conventional Library Preparation
SOP_009b: T7 Library Preparation
SOP_011: Imaging Using Nikon Ti2
7.2 Kit Documentation
MiSeq Nano Kit v2 User Guide (Illumina)
NovaSeqX Kit User Guide (Illumina)
Sequencing by Synthesis Chemistry Guide (Illumina)
7.3 Literature References
[In situ sequencing methodology reference]
[SBS chemistry optimization reference]
[Background reduction strategies reference]
8 Appendices
8.1 Timing Guidelines
Critical Time Limits:
Incorporation: Maximum 5 minutes
Post-incorporation dilution: <30 seconds
Temperature transitions: <2 minutes
Cleavage: 6 - 12 minutes, cell line dependent
8.2 Kit-Specific Parameters
MiSeq Nano (4-color):
Reagent 1: Incorporation mix
Reagent 4: Cleavage mix
Imaging: 4 fluorescent channels
NovaSeqX (3-color):
Reagent 30: Incorporation mix
Reagent 6: Cleavage mix
Imaging: 3 fluorescent channels
8.3 Imaging Configuration
Objective: High NA for maximum light collection
Exposure: Optimize for signal/background ratio
Focus: Maintain throughout heating/cooling cycles
Filters: Kit-specific wavelength sets
