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1 Purpose and Scope
1.1 Objective
To prepare cell samples for Optical Pooled Screening (OPS) using conventional reverse transcription, padlock probe hybridization, and rolling circle amplification to enable in situ sequencing of cellular transcripts.
1.2 Scope
This protocol applies to cultured cells grown to 70% confluence and covers the complete workflow from sample fixation through rolling circle amplification. Phenotyping steps, are not included in this protocol, but can be performed either after postfixation or after the Phi29/RCA amplification.
1.3 Prerequisites
Cells cultured to 70% confluence for 48 hours
Basic cell culture training
RNase-free technique training
Knowledge of fluorescence microscopy (if performing phenotyping)
2 Materials and Equipment
2.1 Equipment Required
30-45°C incubator
Flat PCR machine/thermocycler
Fluorescent microscope
Glass bottom plates (6-well plates, CellVis #P06-1.5H-N)
Pipettes and RNase-free tips
Fume hood
2.2 Reagents and Consumables
	Reagent Name
	Supplier
	Catalog #
	Storage
	Final Concentration
	Price ($)

	Paraformaldehyde 32% (10x10mL)
	Electron Microscopy Sciences
	15714
	4°C
	4% (fresh)
	50.00

	PBS 10X RNase-free (1L)
	ThermoFisher Scientific
	AM9625
	RT
	1X
	82.65

	Ethanol 100%
	Various Suppliers
	N/A
	RT
	70% dilution
	Variable

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

	RevertAid H Minus RT Buffer (5X)
	ThermoFisher Scientific
	EP0452
	-20°C
	1X
	Included

	RiboLock RNase Inhibitor (40U/μL)
	ThermoFisher Scientific
	EO0382
	-20°C
	0.8 U/μL
	262.00

	BSA Molecular Biology Grade
	NEB
	B9000S
	-20°C
	0.2 μg/μL
	33.00

	dNTP Mix (10mM)
	NEB
	N0447S
	-20°C
	250 μM
	64.00

	LNA Primer (oRT_CROPseq-v2-T7-Hybrid)
	IDT
	Custom
	-20°C
	1 μM
	250.00

	RevertAid H Minus RT (200U/μL)
	ThermoFisher Scientific
	EP0452
	-20°C
	4.8 U/μL
	499.00

	Glutaraldehyde 10%
	Electron Microscopy Sciences
	16120
	4°C
	0.1%
	32.00

	Padlock Probe (oPD_CROPseq-v2-T7-Hybrid)
	IDT
	Custom
	-20°C
	0.1 μM
	200.00

	RNase H (5000 U/ml)
	Qiagen/Enzymatics
	Y9220L
	-20°C
	0.4 U/μL
	443.00

	Ampligase Enzyme and Buffer
	Lucigen/Epicentre
	A0102K
	-20°C
	0.5 U/μL
	269.00

	TaqIT DNA Polymerase (50000 U/mL)
	QIAGEN/Enzymatics
	P7620L
	-20°C
	0.02 U/μL
	514.00

	Phi29 DNA Polymerase (10 U/μL)
	ThermoFisher Scientific
	EP0094
	-20°C
	1 U/μL
	918.00

	Phi29 DNA Polymerase Buffer (10X)
	ThermoFisher Scientific
	B62
	-20°C
	1X
	20.65

	Glycerol 100%
	Various Suppliers
	N/A
	RT
	5% v/v
	Variable

	UltraPure DEPC-Treated Water
	ThermoFisher Scientific
	750023
	RT
	-
	92.50

	PCR Film Seals
	Various
	-
	RT
	-
	Variable


Note: Refer to OPS_Reagents_Master_List.csv for complete pricing and supplier information.
2.3 Software Requirements
Microscope control software (if performing imaging)
Image analysis software (optional)
3 Reagent Preparation
3.1 4% Paraformaldehyde (PFA)
Final Volume: 50 mL Storage: Prepare fresh, use within 4 hours Shelf Life: Same day use only
	Component
	Stock Conc.
	Final Conc.
	Volume
	Notes

	PFA 32%
	32%
	4%
	6.25 mL
	Handle in fume hood

	PBS 1X
	1X
	1X
	43.75 mL
	RNase-free


Preparation Steps:
⚠️ Work in fume hood - PFA is carcinogenic
Add 6.25 mL of 32% PFA to 43.75 mL of 1X PBS
Mix thoroughly and use immediately
3.2 Post-fixation Solution
Final Volume: 50 mL Storage: Prepare fresh Shelf Life: Same day use only
	Component
	Stock Conc.
	Final Conc.
	Volume
	Notes

	PFA 32%
	32%
	3.2%
	5 mL
	

	Glutaraldehyde 10%
	10%
	0.1%
	0.5 mL
	

	PBS 1X
	1X
	1X
	44.5 mL
	RNase-free


3.3 Reverse Transcription Mix
Final Volume: 1000 μL (per well of 6-well plate) Storage: Prepare fresh on ice
	Component
	Stock Conc.
	Final Conc.
	Volume
	Notes

	5X RT Buffer
	5X
	1X
	200 μL
	

	RNase Inhibitor
	40 U/μL
	0.8 U/μL
	20 μL
	

	BSA
	20 μg/μL
	0.2 μg/μL
	10 μL
	

	dNTPs
	10 mM
	0.25 mM
	25 μL
	Pre-dilute to 10 μM

	LNA primer
	100 μM
	1 μM
	10 μL
	

	Reverse Transcriptase
	200 U/μL
	4.8 U/μL
	24 μL
	Add last

	DEPC water
	-
	-
	711 μL
	


3.4 Ligation Mix
Final Volume: 750 μL (per well of 6-well plate) Storage: Prepare fresh on ice Shelf Life: Same day use only
	Component
	Stock Conc.
	Final Conc.
	Volume per well
	Notes

	10X Ampligase Buffer
	10X
	1X
	75 μL
	

	Gap filling padlock probes
	2 μM
	0.1 μM
	37.5 μL
	

	RNase H
	5 U/μL
	0.4 U/μL
	60 μL
	

	BSA
	20 μg/μL
	0.2 μg/μL
	7.5 μL
	

	TaqIT/KlenTaq polymerase
	50 U/μL
	0.02 U/μL
	0.3 μL
	

	dNTPs (pre-diluted)
	10 μM
	50 nM
	3.75 μL
	Pre-dilute 1:1,000 from 10mM stock

	Ampligase
	100 U/μL
	0.5 U/μL
	3.75 μL
	

	DEPC water
	-
	-
	562.2 μL
	


3.5 Rolling Circle Amplification (RCA) Mix
Final Volume: 900 μL (per well of 6-well plate) Storage: Prepare fresh on ice Shelf Life: Same day use only
	Component
	Stock Conc.
	Final Conc.
	Volume per well
	Notes

	10X Phi29 Buffer
	10X
	1X
	90 μL
	

	dNTPs
	10 mM
	0.25 mM
	22.5 μL
	

	BSA
	20 μg/μL
	0.2 μg/μL
	9 μL
	

	Glycerol
	50%
	5% v/v
	90 μL
	

	Phi29 DNA Polymerase
	10 U/μL
	1 U/μL
	90 μL
	Add last, temperature sensitive

	DEPC water
	-
	-
	598.5 μL
	


Preparation Notes:
⚠️ Critical Point: Phi29 is temperature sensitive - prepare on ice
Add Phi29 DNA Polymerase last before use
4 Procedure
4.1 Sample Preparation
Time Required: 2 hours Temperature: Room temperature (RT)
Cell Culture Setup Ensure cells are at 70% confluence and have been in culture for 48 hours ✅ Quality Check: Verify cell health and confluence under microscope
Initial Fixation Remove culture media and add freshly prepared 4% PFA Incubate for 30 minutes at RT ⚠️ Critical Point: Use fresh PFA solution, work in fume hood
Washing Discard formaldehyde according to hazardous waste protocols Wash samples with 1X PBS three times, quick washes ✅ Quality Check: Ensure complete removal of PFA
Permeabilization Add 70% ethanol to cover cells, or any other permeabilization procedure according to the desired phenotype staining protocol (e.g. IF) Incubate for 30 minutes at RT for 70% ethanol, or the appropriate amount of time for alternative permeabilization protocol ⚠️ Critical Point: Avoid cell dehydration if using 70% ethanol
Ethanol Removal (if using 70% EtOH permeabilization) Carefully remove ethanol Add and remove PBS-T (0.05% Tween) 6 times Continue until ethanol concentration is below 1%
PBS Washes Wash with PBS-T three times
4.2 Reverse Transcription
Time Required: 6-16 hours Temperature: 37°C
RT Mix Application Apply RT mix to each well ⚠️ Critical Point: Ensure complete coverage of cells
Incubation Fill empty wells and space in between the wells with RNase-free water to minimize evaporation Cover with aluminum foil microseal Incubate at 37°C overnight (minimum 6 hours) 🔧 Troubleshooting: If time is limiting, 6-hour incubation may be sufficient
Post-RT Washing Wash with 1X PBS-T six times, quick washes ⚠️ Critical Point: Complete dNTP removal is essential for subsequent steps
4.3 Post-fixation
Time Required: 45 minutes Temperature: Room temperature
Second Fixation Apply post-fixation solution (3.2% PFA + 0.1% Glutaraldehyde) Incubate for 30 minutes at RT ⚠️ Critical Point: This cross-links newly synthesized cDNA
Washing Wash with PBS-T three times, quick washes
4.4 mRNA Degradation and Padlock Probe Processing
Time Required: 2 hours Temperature: 37°C then 45°C
Ligation Mix Preparation Prepare ligation mix according to Section 4.4 ⚠️ Critical Point: Pre-dilute dNTPs 1:1,000 from 10mM stock
Thermocycling Apply ligation mix to samples Cover plate and load onto flat thermocycler 5 minutes at 37°C 90 minutes at 45°C
Washing Wash with PBS-T three times, quick washes
4.5 Rolling Circle Amplification (RCA)
Time Required: 16 hours Temperature: 30°C
RCA Mix Preparation Prepare RCA mix according to Section 4.5 ⚠️ Critical Point: Phi29 is temperature sensitive - prepare on ice
RCA Incubation Apply RCA mix quickly (Phi29 unstable when diluted) Fill empty wells and space in between the wells with RNase-free water to minimize evaporation Cover plate and incubate at 30°C overnight
Final Washing Wash with PBS-T three times, quick washes
4.6 Optional Quality Check
Time Required: 20 minutes Temperature: Room temperature
DNA-FISH Stain sample in DNA-FISH with fluorescently labelled sequencing primer oSBS_CROPseq-v2 (Cy5) to look for Phi29 amplification products (bright punctate signals)
DAPI Application Apply DAPI solution in 1X PBS (1:4000) for 20 minutes Leave wells with 1X PBS until imaging
5 Quality Control and Validation
5.1 Critical Control Points
CCP 1: Cell confluence at 70% before starting
CCP 2: Complete PFA removal after fixation
CCP 3: Ethanol concentration below 1% after permeabilization
CCP 4: Complete dNTP removal after RT
CCP 5: Visible amplification products after RCA
5.2 Expected Results
Cells should remain attached to the plate throughout the procedure
After RCA, bright punctate signals should be visible by fluorescence microscopy
Background fluorescence should be minimal
Cell morphology should be preserved
5.3 Optional Validation Steps
Anchor probe hybridization can be performed to visualize amplification products
DAPI staining for nuclei visualization
Phenotyping before or after the procedure
6 Troubleshooting
	Problem
	Possible Cause
	Solution
	Prevention

	Cell detachment
	Harsh washing
	Use gentler pipetting
	Optimize wash procedures

	Low signal
	Poor RT efficiency
	Check primer design, extend RT time
	Verify reagent quality

	High background
	Incomplete washing
	Increase wash steps and duration
	Follow wash protocols strictly

	No amplification
	Phi29 degradation
	Keep enzyme cold, use fresh aliquots
	Store properly, minimize freeze-thaw

	Signal saturation
	Over-amplification
	Reduce RCA time or enzyme concentration
	Optimize conditions for cell type


7 References and Related Documents
7.1 Related SOPs
SOP_009b: T7 Library Preparation
SOP_010: SBS Illumina Sequencing
SOP_011: Imaging Using Nikon Ti2
7.2 Literature References
[Primary OPS methodology reference]
[Padlock probe design reference]
[Rolling circle amplification optimization reference]
8 Appendices
8.1 Reagent Volume Calculations
For 6-well plate: multiply volumes by number of wells + 10% excess
For different plate formats: adjust volumes proportionally to surface area
8.2 Equipment Settings
Thermocycler: Flat-top, heated lid disabled for this protocol
Incubator: 30°C for RCA, 37°C for RT, humidity control recommended
Microscope: DAPI filter for nuclei, appropriate filters for fluorescent probes
