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Genetic engineering in budding yeast
Budding yeast lends itself well to genetic engineering as it is functionally haploid (at least lab strains are), and has very efficient homologous recombination. Novel sequences can be introduced between two short regions of homology, and the rate of unwanted rearrangements is low.
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A genetic modification cassette takes this form: 
Left flank – New sequence – Right flank

The Left and Right flanks are between 45 and a few hundred base pairs long and define the insertion points. The ‘New sequence’ is inserted between the flanks, and whatever was originally there is removed.

Because the flanks can be as little as 45bp, they can be added as part of a primer in a PCR reaction, so to create the above cassette, PCR amplify the ‘New sequence’ region with the flanks attached to the primers (this makes long oligos of ~65bp, but this does not effect the PCR). The un-purified PCR product may be directly transformed into yeast using the TRAFO protocol.

A wide variety of plasmids have been created containing sequence cassettes that can be amplified and inserted into the genome, and the most commonly used vectors are the pFA6a series.

After transformation, the insertion is tested by PCR. Appropriate PCR primers for this are described with each example.

The pFA6a plasmids

These plasmids contain three selectable markers: KAN, HIS3, and TRP1, and a variety of tags and alternative promotors. They are fully described in (Longtine et al., 1998), and primers for amplifying the various cassettes are given that can be fused to your flanking sequence. However, primers F1 and F2 given in this paper work poorly with Phusion polymerase, and should be substituted with the following:

F1: CGGATCCCCGGGTTAATTAAG
R1: GAATTCGAGCTCGTTTAAAC
F2 for tagging with 3HA, 13Myc or GFP:

CGG ATC CCC GGG TTA ATT AAC (3 base clusters show reading frame)

F2 for tagging with GST:

CGG ATC CCC GGG TTA ATT AAT ATG (clusters show reading frame)

Some examples of genetic manipulations, involving your favourite gene YFG1:
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Making a deletion:
The deletion cassette contains a marker gene (in this case Kan, for G418 resistance), with a promotor and terminator. The whole cassette is called KanMX6. 

This cassette is amplified with oligos F1 and R1, which are fused with 45bp sequences homologous to the flanks around YFG1. This is then transformed into the target yeast strain.
Two PCR reactions can be used to confirm that the cassette has integrated in the correct place. Oligos C and D only amplify a product in the parental strain, Oligos MX 4-6 F and D only amplify a product in the correct deletion strain.
Using multiplex PCR to check strains
In the above example, as long as the products of C to D and MX4-6 F to D are different sizes (by at least 100bp), it is possible to test for both possibilities in a single PCR reaction. Simply use all three oligos (C, D and MX4-6 F) in a single PCR reaction. This is very useful as the PCR always gives a product whether the strain is positive or negative (unless the PCR fails).
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C- terminal tagging
Very similar to deletion, but in this case the 5’ oligo consists of the 45bp upstream of the stop codon fused to oligo F2 (above). Note that it is important that the reading frame is maintained into the tag, and that the original stop codon is removed. The reading frame is indicated by clusters of three nucleotides in the F2 oligo sequence. The same strategy for confirming the inserts used for deletions is appropriate here, and it is wise to further check successful tagging using a western blot for the tag.
Promotor fusion 
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Promotor fusions are usually used for essential genes that cannot be deleted. The most commonly used promotor is that of GAL1, which expresses highly in galactose medium, and at very low levels in glucose.

Most promotor fusions include an N terminal tag that can be used to follow the depletion of the protein by western blot. Fuse 45bp from ~100bp 5’ of the start codon to primer F4, and the complement of the 45bp downstream of the start codon (including the start codon) to R5 (or appropriate R primer for the tag, be careful to maintain the open reading frame). Note that these primers are described in (Longtine et al., 1998).
Check the insertion using oligos A, B and MX4-6 F. Note that in the pFA6a PGAL1 vectors, the marker cassettes are reversed compared to the C-terminal tagging constructs.
Those were the basics, but almost any manipulation can be performed.

My plasmid library includes plasmids for tagging with GST, GFP, 3HA, 13MYC, TAP, HTP, mCherry and a few other obscure ones. Promotors include PGAL1, PMET25 and PADH1. Markers include HIS, KAN, NAT, HYG, URA, TRP
pFA6a test Oligos
MX4-6F: CCTCGACATCATCTGCCCAGAT 

MX4-6R: TGCAGCGAGGAGCCGTAAT
Problems with the pFA6a plasmids

Close examination of the pFA6a plasmids will reveal similarities; plasmids containing His, Kan, Nat and Hyg share the same promoters and terminators. Therefore, inserting more than one pFA6a based mutation in a strain is more difficult – not only can recombination occur at the desired site, it can occur between the old and the new cassette, resulting in a marker swap (see diagram). Therefore, on the second round of transformation select for both markers to avoid marker swapped transformants. 

Three pFA6a plasmids do not have this problem since they have different promoters and terminators (although the same F1 and R1 primers work to amplify the cassette). There are many variants containing the TRP1 gene, although this marker cannot be used in the lab standard BY4741 strain. We have pFA6a plasmids containing URA3, LEU2 and MET25 markers which can be used instead and do not have homologous sequence.
 Mutation at a distance
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Introducing a point mutation into a gene can be combined with tagging. To do this, attach a C-terminal tag to the gene (or simply insert a marker gene downstream), then amplify the tag and surrounding region out of the  tagged strain’s genomic DNA with a mutating primer and primer D. The mutating primer should contain 45bp perfectly complementary sequences, the mutated region, then 10-15bp perfectly complementary sequence. Transform this whole product again into yeast. The efficiency of insertion of the mutation with the selectable marker (in this case Kan) decreases with distance. In my experience 1:5 to 1:10 transformants with the marker in the correct place also contain the mutation, so it is worth sequencing a good few clones. As with any insertion of this type, check the sequence from mutation to marker by sequencing.
Non-pFA6a plasmids

For tagging with a tandem affinity purification tag (TAP-tag), amplify from pRS1539 (URA3 marker) or pRS1479 (TRP1 marker) using the following primers fused to homologous regions:

F – TCC ATG GAA AAG AGA AG (note the reading frame)
R – TACGACTCACTATAGGG
Other useful tricks

The URA3 marker (amplified from pFA6a-URA3 or from pRS316) can be inserted into the genome and then removed by selection against URA3 with 5 FOA. This can be used to make very subtle mutations. For example, replace a gene with URA3, then replace the URA3 marker with a version of the gene carrying point mutations. This subtle change keeps the genomic context of the region in-tact. 

References

Longtine, M. S., McKenzie, A., 3rd, Demarini, D. J., Shah, N. G., Wach, A., Brachat, A., Philippsen, P., and Pringle, J. R. (1998). Additional modules for versatile and economical PCR-based gene deletion and modification in Saccharomyces cerevisiae. Yeast 14, 953-961.


Rigaut, G., Shevchenko, A., Rutz, B., Wilm, M., Mann, M. and Seraphin, B (1999). A generic protein purification method for protein complex characterization and proteome exploration. Nat Biotechnol 17, 1030-1032. 

� EMBED CorelDRAW.Graphic.12  ���





� EMBED CorelDRAW.Graphic.12  ���





� EMBED CorelDRAW.Graphic.12  ���





� EMBED CorelDRAW.Graphic.12  ���





� EMBED PowerPoint.Show.8  ���








4

[image: image6.wmf]YFG1

3HA

KAN

Mutation primer

D

[image: image7.wmf]Left flank

Right flank

New sequence

Left flank

Right flank

Left flank

Right flank

New sequence

[image: image8.wmf]KanMX6

YFG1

KanMX6

MX 4-6 F

C

D

F1

R1

D

MX 4-6 F

+

[image: image9.wmf]KanMX6

YFG1

MX 4-6 F

C

D

F2

R1

D

+

GFP

YFG1

C

KanMX6

MX 4-6 F

R1

GFP

[image: image10.wmf]YFG1

MX 4-6 F

A

B

F4

R5

+

3HA

P

GAL1

K

a

n

M

X

6

YFG1

A

B

MX 4-6 F

3HA

P

GAL1

K

a

n

M

X

6

_1294513503.unknown

_1359790332.unknown

_1309945835.unknown

_1294511686.unknown

_1282847565.ppt




YFG1

3HA

KAN

Mutation primer

D








