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Library Amplification Protocol
1. Electroporate
1. Warm the outgrowth media and LB-AMP plates at 37 oC.
2. Cool other materials on ice: cuvettes, empty Eppendorf tubes, DNA sample, electrocompetent cells (NEB C3020K).
3. Mix >100 ng of DNA with 50 µL cells.
4. Transfer the DNA/cell mix to a cuvette with a gel loading tip. Make sure there are no air bubbles.
5. Electroporate, then immediately add 950 µL of warm outgrowth media. Record the voltage and time. Example: 1840 V, 3.4 msec would be typical.
6. Transfer all of the sample to a culture tube and place it on the warm room shaker for 20 min.
7. Mix 10 µL of the culture with 40 µL of LB. Label this sample “7.”
8. Mix 10 µL of the culture with 90 µL of LB.  Label this sample “6.”
9. Make 5 1:10 serial dilutions from Sample 6. Use 10 µL of the sample and 90 µL of LB to make 100 µL total for each dilution. Label these samples “1-5” with 5 being the most concentrated and 1 being the least concentrated.
10. Use the beads to plate 50 µL of Samples 1-7 on warm LB-AMP plates. Wait to discard the beads until they start to stick to the plate.
11. Add the remainder of the culture to 50 mL LB and 50 µL of AMP in a shake flask. Place on the warm room shaker.
12. Incubate the plates and the culture at 37 oC for 16 hours.

2. Determine CFU
After the 16 hour incubation, count the number of colonies on Plates #1-6. Calculate CFU as follows:
# Colonies on Plate #6 x 2 x 10 x 100
# Colonies on Plate #5 x 2 x 100 x 100 etc.

3. Zymo Midiprep Kit
Complete a midiprep of the 50 mL culture according to the manufacturer’s instructions:
1. Centrifuge the culture at 4000 xg for 12 min. Discard the supernatant.
2. Add 8 mL of ZymoPURE P1 (red) to the bacterial cell pellet. Resuspend completely by pipetting and vortexing.
3. Add 8 mL of ZymoPURE P2 (green) and immediately mix by inverting the tube 6 times. Let sit at room temp for 3 min.
4. Add 8 mL of ZymoPURE P3 (yellow) and mix thoroughly by inversion. 
5. Ensure the plug is attached to the Luer Lock at the bottom of the ZymoPURE Syringe Filter. Place the syringe filter upright in a tube rack and load the lysate into the filter. Wait 8 min for the precipitate to float to the top.
6. Remove the Luer Lock plug from the bottom of the syringe and place it into a clean 50 mL conical tube. Place the plunger in the syringe and push the solution through the filter in one continuous motion until ~20 mL of cleared lysate is recovered.
7. Add 8 mL of ZymoPURE Binding Buffer to the cleared lysate and mix by inverting 8 times.
8. Remove the 50 mL reservoir from the top of the Zymo-Spin III-P Column Assembly. Ensure the connection between the 15 mL conical reservoir and the spin column is tight and place the assembly into a 50 mL conical tube.
9. Add 10 mL of the sample into the assembly and centrifuge at 500 xg for 2 min. Empty the 50 mL conical tube and repeat this step until the entire sample has passed through the column.
10. Add 2 mL of ZymoPURE Wash 1 to the assembly and centrifuge the column at 500 xg for 2 min.
11. Add 2 mL of ZymoPURE Wash 2 to the assembly and centrifuge the column at 500 xg for 2 min. Repeat this step.
12. Unscrew the purple Luer Lock cap from the top of the spin column and discard the 15 mL reservoir. Place the spin column in a collection tube and centrifuge at >10,000 xg for 1 min in a microfuge to remove residual wash buffer.
13. Transfer the column to a clean Eppendorf tube and add 200 µL of ZymoPURE Elution Buffer directly to the column. Wait 2 min, then centrifuge at >10,000 xg for 1 min.
14. Measure and record the concentration of DNA and the A260:A280.

4.  Building a dictionary
Purpose: Use NGS on the plasmid library to make a “dictionary” that matches unique barcodes to a mutant of interest. Large, one-pot libraries (nicking mutagenesis) must be characterized with either PacBio or ONT sequencing reactions, which give large arrays of individual plasmid sequencing reactions. These results should be validated through conventional sequencing of select clones. Small libraries produced manually (one clone at a time) can be validated with a series of individual sequencing reactions. For small ORFs, barcodes and mutants can be matched for individual clones using sanger sequencing, though there will be instances in which minor barcodes cannot be resolved in within the sequencing traces. The use of Nextera sequencing for individual clones provides optimal resolution of barcode/ variant combinations and can be used for any size ORF. The protocol below details the use of various sequencing approaches to match barcodes to variants.

4. ONT sequencing in CGB
1. Design primers:
a. Forward primer should anneal 30-40 bp upstream of the attB site, and reverse primer 30-40 bp downstream of the gene of interest.
b. Check the oligo sequences for alternate binding sites in Clustal Omega.
c. Send a text file to CGB including: the primer sequences, the corresponding region of interest, and the sequence of the whole plasmid.
2. Send CGB the sample submission form
3. Provide CGB with more than 500 ng of plasmid.

Sample Prep and PCR Amplification Protocol
1.  gDNA Extraction
Purpose: Extract gDNA from recombined Clone 37 cells for further analysis.
I highly recommend using the Qiagen DNeasy Blood and Tissue Kit!
1. Thaw Cell Pellets until liquid. (~3 minutes)
2. Each column/prep is for 5 million cells maximum. Treat >5 million cells as two preps, e.g. 18 million cells would be 4 preps. The following instructions are for 1 prep; adjust volumes according to the number of preps. Example: for 4 preps, multiply volumes by 4 and use 4 columns.
3. Add a volume of 1x PBS equal to 200 uL/5 million cells in the pellet for each sample. 
4. Add proteinase  k 20 uL/5 million cells and vortex to mix.
5. Add 200 uL AL Buffer per 5 million cells. Vortex to mix thoroughly. Do NOT incubate samples at 56 C. Do NOT add RNase. Let sit for a minute or so.
6. Add 200 uL 100% EtOH/5 million cells, and vortex thoroughly. A white precipitate may form.
7. Pipette 640 uL of the mixture into a DNeasy Mini spin column  in 2 mL collection tube for as many columns as needed for the number of cells. I tend to use 4 columns and if I have more than 20 million cells just save the remainder. You shouldn’t need more than that.
8. Centrifuge at >= 6000 x g for 1 min. Discard flow through and collection tube.
9. Place column in fresh 2 mL collection tube, add 500 uL AW1 Buffer. Centrifuge at >= 6000 x g for 1 min. Discard flow through and collection tube.
10. Place column in fresh 2 mL collection tube, add 500 uL AW2 Buffer. Centrifuge at >= 20000 x g for 3 min. Discard flow through and collection tube.
11. Transfer half of the columns to 1.5 mL Eppendorf tubes. Add 200 uL MQH2O/NF-Free H2O to these columns. Incubate for 1 min at room temperature. Centrifuge at >= 6000 x g for 1 min.
12. Add 50 uL MQH2O/NF-Free H2O to the flow-through and transfer the 250 uL mix to an uneluted column containing the same sample. Incubate 2 min at room temp and centrifuge at >= 6000 x g for 1.5 min. This increases the concentration without increasing the volume!
13. Measure DNA concentration twice for each sample. Measurements should be within 10% of each other for accuracy. Sometimes a fine white precipitate occurs in the sample – this is normal and comes from the column. In my experience the concentration should be between 600-900 ng/uL

2.  Preparation of Illumina Sequencing Libraries
Purpose: Prepare post-sort DNA samples for Illumina sequencing. 1st round PCR amplifies the barcode region from the gDNA, and 2nd round PCR attaches tails used for Illumina sequencing. If the primers have already been designed and tested you can skip to step 2. Complete first round PCR
Background: This is a semi-nested PCR where one primer anneals to the gDNA and the other primer anneals to the plasmid insert in the 1st round. You will need to select primers appropriate for your plasmid design. 

Examples:
Rhodopsin TM1: JPSO 611 (fwd primer in gDNA), JPSO 2152 (rev primer in insert)
Rhodopsin TM2: JPSO 611 (fwd primer in gDNA), JPSO 738 (rev primer in insert)
Rhodopsin TM7: JPSO 611 (fwd primer in gDNA), JPSO 739 (rev primer in insert)
Barcoded designs (GnRHR and pharmacological profiling libraries for rhodopsin and CFTR): JPSO 2180 (fwd primer in insert), JPSO 1232-1235 (rev primer in gDNA) Note: JPSO 1234 usually gives the best results

For the 2nd round primers, one will anneal to the tail of a 1st round primer and the other will anneal to the amplified region of the 1st round product. The 2nd round primers contain the Illumina adapters and i7/i5 index sequences. (These index sequences are sometimes referred to as barcodes.) Each fraction of each library needs a distinct primer set so that they can be run on the same Illumina cell and distinguished from each other in the output.

Examples:
Barcoded designs: JPSO 2181 (universal fwd primer), JPSO 2279-2282 (dual-index fwd primers, contain i5 index), JPSO 2139-2146 (rev primers, contain i7 index), JPSO 2262-2278 (rev primers, contain i7 index)

3. Complete first round PCR
Complete first round PCR with gDNA from sorted cells, 8x50 uL reactions per fraction:
	
	1X
	8X

	2.5 ug gDNA
	? uL
	? uL

	Fwd primer (10 uM)
	1.5 uL
	12 uL

	Rev primer (10 uM)
	1.5 uL
	12 uL

	Kapa HiFi Mix
	25 uL
	200 uL

	MQ H2O
	to 50 uL
	to 400 uL



PCR program: 
	95 oC
	3 min
	

	98 oC
	20 sec
	7 cycles

	? oC
	15 sec
	

	72 oC
	45 sec
	

	72 oC
	1.5 min
	

	4 oC
	hold
	



Clean up the PCR products with the Zymo Clean & Concentrate ZR-96 DCC kit:
1. Ensure ethanol has been added to the Wash Buffer.
2. Add 5X volume of DNA binding buffer to each PCR sample, vortex.
3. Transfer samples to the wells of a Zymo-Spin I-96 plate mounted on a Collection plate.
4. Centrifuge for 5 minutes at 4,000 xg until sample mixtures have been completely filtered. Discard the flow-through. 
5. Add 300 uL Wash Buffer to each well. Centrifuge for 5 minutes. Repeat the wash step but centrifuge for 15 minutes.
6. Add 19 uL water to each column, and let the columns sit for 5 minutes. Transfer the I-96 plate to an Elution plate and centrifuge for 3 minutes.
7. Combine eluents from the 8 samples per fraction for a total of ~140 uL per fraction.

Optional: Check the product using Sanger sequencing. 
4. Complete the second round PCR.
RT-PCR with gDNA from sorted cells that has gone through the optimized 7-cycle PCR:
	
	1X
	4X

	1st round DNA
	10-14 uL
	43-56 uL

	Fwd primer (100uM)
	0.876 uL
	3.5 uL

	Rev primer (100uM)
	0.876 uL
	3.5 uL

	Kapa HiFi Mix
	25 uL
	100 uL

	100X SYBR Green
	0.5 uL
	2 uL

	MQ H2O
	to 50 uL
	to 200 uL



For each sample/fraction, make a 4X reaction and then aliquot 50 uL of the Kapa reaction into each four wells of an AIQ322 Low Profile, White,  96-well RT-PCR plate, 0.1 mL. Tightly cover the plate with a Clear Optical Sealing Sheet. The plates are very specific and other 96-well plates WILL NOT WORK!
RT-PCR program: 
	95 oC
	3 min
	

	98 oC
	20 sec
	Cycle number = mid-log

	? oC
	10 sec
	

	72 oC
	? sec
	



Set up the RT-PCR run in Celio:
1. Turn on the instrument if not on already. Open the Azure Cielo Manager software on the laptop and click “SEARCH DEVICES”. It should find the instrument but if doesn’t make sure the connection is solid and restart the software and/or instrument until they find each other. 
2. The software will open the “Experiment Details” where you can name your experiment and ensure that the Experiment Mode is set to “Absolute Quantification – Standard Curve”
3. Next go to “Thermal Profile” under “Experiment Setup” which open the Protocol Manager. You can choose to load an existing protocol template if you wish. The templates are very specific and cannot be changed without saving a new template
4. Go to Dye Manager, and ensure Channel1 is set to SYBR Green
5. Got to Well Selection and ensure all the wells you are using are turned on (blue). It only does 2 columns at a time.
6. Go to Cycling settings. Change the volume to 50 uL. Change the temperatures, time and cycles to the ones above by clicking the gears in the top right. Make sure the camera is blue for one of the temperatures.
7. Go to “Plate Setup” under “Experiment Setup”. Under “WELLS” on the right hand side, click “Add Sample” until you have as many samples as you need. Rename the samples as needed.
8. On the plate map itself, highlight all the wells you need and click “well type”, scroll up and click “UNKNOWN”. Then, under dyes, click the dropdown for channel1 and select SYBR GREEN. Then click the checkbox next to it.For each sample, click the well you need and then click the checkbox next to the appropriate sample. 
9. Put the plate in the reader by pressing the buttons on either side of the drawer on the instrument itself, covered by the plastic sheet. Press the button again to close.
10. Go to Thermal Profile, and Cycling settings again. Click the green run button to begin the run. Sometimes the software bugs and won’t let you click it. You must close the software and redo everything.
11. The Run Status and Raw Data Plots will update as the run proceeds. However, the final graphs may look slightly different.
12. When the run finishes, export the results to a flash drive, save the experiment.
13. Close the software.

Pool the 4 like samples together to send to sequencing.
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