Yeast point mutation using Cas9.doc
v1.1
Houseley lab

 Introducing yeast mutations with Cas9
This is written for introduction of an individual point mutation in the yeast genome.

Principle

Cas9 cleaves nearby your chosen mutation site, forming a double strand break that is repaired using an oligonucleotide repair template containing your mutation. You need to clone your Cas9 guide sequence into a Cas9 expression plasmid, then transform this plasmid along with the repair template oligo into your target strain.

You will need 6 oligos:

2 oligos for cloning the guide RNA

2 repair template oligos
2 testing oligos lying 100-400 nt each side of the mutation site so you can amplify and sequence to confirm the mutation.

Design of the guide RNA oligos
Guides contain about 20 nt of specific sequence adjacent to a PAM sequence, the PAM is critical for cleavage but it is not part of the guide. Cas9 cleaves 3-4 nt away from the PAM in the guide sequence. Optimal guide sites are not trivial to select. Helpfully, the Wyrick lab have an online tool to pick out good guide sites in any region of the yeast genome.

http://wyrickbioinfo2.vetmed.wsu.edu/ 
You need to select a guide that cleaves as close as possible to the mutation that you wish to introduce. Remember that Cas9 will cleave next to the PAM sequence.
The guide sequence must be cloned into an expression vector that also expresses Cas9, we use  pML104 from the Wyrick lab. The guide sequence is made by annealing 2 oligos designed by the tool above and cloning into pML104 digested with BclI and SwaI.

Check whether the oligo sequences that are designed by the website contain a ClaI site (ATCGAT) - look at the longer of the two. If it does, check whether it overlaps a GATC sequence. If the guide oligo contains a ClaI site that does not overlap a GATC then you cannot validate cloned guides by restriction digestion and will need to check them by sequencing. Not a huge problem, just be aware.
Design of the repair template oligos

You need two oligos that anneal together to form a dsDNA template. I have not been able to find clear design rules for the repair template oligos but it would seem sensible if the mutations to PAM and desired mutation are roughly in the middle and the total length is 90-100 nt. 

The repair template oligo should contain the mutation of choice, and it must also contain a mutation that disrupts the 3nt PAM sequence. Mutating the PAM site is critical - if you don’t mutate it then Cas9 will just keep cleaving the same site even after your mutation is introduced, which will prevent the cell proliferating. As the PAM site is normally within the protein coding sequence of the gene you are mutating, make sure that the mutation you use to destroy the PAM sequence is silent. The PAM is NGG, and NAG is also cut with reduced efficiency so you need to change the PAM so that it is no longer NGG or NAG.

To make life easy when screening for mutations, it is strongly advised to put in an additional silent mutation the as close as possible to your desired mutation but on the other side from the PAM site that creates or deletes a restriction enzyme site. Ideally this site should be for an enzyme we already have, and should be one that works well in a PCR mix:

I have used this tool to find mutations that introduce restriction sites:

https://molbiotools.com/silentmutator.php
This table gives the activity of enzymes in OneTaq buffer

https://uk.neb.com/tools-and-resources/usage-guidelines/activity-of-restriction-enzymes-in-pcr-buffers
And here is a table of the restriction enzymes we have

"N:\Ordering\JH lab restriction enzymes.docx"
Protocol 

Design and order your oligos.

Get some digested pML104. If nobody has any, make it as follows:

Mini prep pML104 grown in dam- e. Coli. We have a glycerol stock of this already. This is required as BclI is methylation sensitive.

Digest 1ug of plasmid over night at 25° with 1ul SwaI in 50 ul total volume of NEBuffer 3.1. Do this in a PCR machine with the heated lid off

Add 1ul BclI (note do not use the HF version as the buffer required isn’t compatible with SwaI), mix by pipetting and put back in the PCR machine at 50 with the lid at 60 - incubate for 2 hours

Gel extract the product, elute DNA in 50ul

Once you have digested plasmid:

Anneal your guide oligos - mix 10ul each guide oligo (100uM), 10ul NEBuffer 2 or 2.1, 70ul water, heat to 90 then allow to cool on the bench. Make a 1:100 dilution.

Also anneal your repair template oligos in the same way.

Mix    
1ul digested pML104,

1ul 1:100 annealed oligos

6ul water

Heat to 50 then cool to room temperature

Add    
1ul T4 DNA ligase buffer

1ul T4 DNA ligase

Ligate at room temperature for an hour

Transform and plate on ampicillin - Alex got this to work with the normal competence DH5alpha's, I had to use the high competence NEB ones.

Miniprep 4 colonies and perform a test digestion with ClaI (unless your guide oligos contain a ClaI site). Putative positive colonies will give a single band >10kb, reformed parental plasmid will give two overlapping bands at 5.3 and 5.9kb

Verify 2 putative positive clones by sequencing from M13 rev (AGCGGATAACAATTTCACACAGG) - we have this oligo, JH1847

Transform 2ul pML104-guide plasmid and 10ul of the annealed 10uM repair template into your target strain. This needs to have a URA3 auxotrophy

Plate the cells on a -URA plate

Restreak 6 colonies

Amplify a 12.5ul OneTaq PCR product (see PCR protocol) using the testing oligos from all 6 clones, and also from the parental strain, add 0.25ul of the informative restriction enzyme and digest for 1h at 37°, then run on a gel. If you used an enzyme that doesn’t work in PCR mix then purify using 0.9x AMPure beads first. Efficiency can be very variable, you may need to screen more colonies.

Amplify the same 50ul OneTaq product from 1-3 positive colonies, check 5ul on a gel, if it is good, PCR purify, quantify and sequence from one of the primers used for amplification
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