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INTRODUCTION 
 

Overview The collection contains plasmids for genome editing of Y. lipolytica via CRISPR/Cas9 
technology and markerfree EasyClone vectors for (over-)expression of 
(heterologous) genes. The collection contains integrative Cas9 expression vectors 
and an episomal vector for gRNA expression. Additionally, the collection contains a 
set of markerfree EasyClone integration vectors and their corresponding gRNA 
vectors. The system can be used in Y. lipolytica strains, which are sensitive to the 
antibiotics nourseothricin and hygromycin or can not use D-serine as nitrogen 
source. The markerfree EasyClone vector system provides a possibility of cloning of 
up to two genes, when a bidirectional promoter (any of choice) is used and 
integration of the construct into well-defined yeast chromosomal locations without 
the use of selection markers. Particular BioBricks are assembled and cloned into 
the vectors via Uracil-Specific Excision Reaction (USER) cloning. 
 

 
Figure 1 

References CRISPR/Cas9 Y.l. is described in (Holkenbrink et al.) 
USER cloning method https://www.neb.com/applications/cloning-and-synthetic-
biology/user-cloning. 

Related materials EasyClone_Y.l., a vector set with selection markers (Holkenbrink et al., 2017). 
 

 

  

https://www.neb.com/applications/cloning-and-synthetic-biology/user-cloning
https://www.neb.com/applications/cloning-and-synthetic-biology/user-cloning
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LIST OF EASYCLONEYALI VECTORS 
 

Vector 
characteristics 

EasyCloneYALI CRISPR/Cas9 contains: 
- a Cas9 expression vector for integration into the IntB integration site 

mediated by a hygromycin resistance cassette. The Cas9 gene is codon-
optimized for Y. lipolytica (Figure 2B). 
OR 

- a Cas9 expression vector for integration into the ku70 locus mediated by a 
dsd cassette (allows growth on D-serine). The Cas9 gene is codon-
optimized for Y. lipolytica. 
 

- an episomal vector (propagating in Y. lipolytica) habouring an EasyClone 
cloning site for integration of single or multiple gRNA expression cassettes 
via USER cloning. The vector confers resistance to nourseothricin. The 
vector is partially based on (Liu et al., 2014) (Figure 2A). 
 
 

- 7 markerfree EasyCloneYALI integration vectors and their corresponding 
gRNA vectors; The plasmids are described in Holkenbrink et al., 2017 
(Figure 2C). 
The cloning can be conveniently accomplished by USER cloning, however 
other methods can be used as well, such as in-fusion, Gibson, MoClo, etc. 

 
All vectors have E. coli origin of replication and ampicillin resistance for 
propagation in E. coli. 

 

Storage Upon receipt of the CRISPR/Cas9_Y.l. vectors, the plasmids must be transformed 
into E. coli and the transformants selected on LB-amp agar plates.  
Single colonies should be inoculated in liquid LB-amp overnight and the plasmids 
extracted from the cells, following the protocol outlined by plasmid extraction kit 
of choice. 

 

 

 

 

 

C 
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Vectors in this set: 

For CRISPR/Cas9 mediated genome editing: 

Plasmid ID Description Marker cassette Integrative/Episomal 

pCfB4906 Expression of Cas9 from 
Y.lipolytica tef promoter 

Hph Integrative vector (IntB 
site) 

pCfB6364 Expression of Cas9 from 
Y.lipolytica tef promoter 

Dsd Integrative vector (ku70 
locus; generates ∆ku70)  

pCfB3405 Vector for expression of gRNA 
cassettes 

Nat Episomal vector 

 

Markerfree EasyCloneYALI vectors 

Integration 
site 

Integration 
vector 

Helper 
vectors 

Reference 

IntC_2 pCfB6682 pCfB6627 Holkenbrink et al. 

IntC_3 pCfB6371 pCfB6630 Holkenbrink et al. 

IntD_1 pCfB6684 pCfB6631 Holkenbrink et al. 

IntE_1 pCfB6677 pCfB6633 Holkenbrink et al. 

IntE_2 pCfB6685 pCfB6634 Holkenbrink et al. 

IntE_3 pCfB6681 pCfB6637 Holkenbrink et al. 

IntE_4 pCfB6679 pCfB6638 Holkenbrink et al. 
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METHOD OVERVIEW 
 

Integration of Cas9 
expression cassette 
into Y. lipolytica 
parent strain 

This CRISPR/Cas9 system has been developed for a Y. lipolytica ∆ku70 strain 
sensitive to the antibiotics hygromycin and nourseothricin. Alternatively, a vector 
integrating the Cas9 expression cassette into the ku70 locus using growth on D-
serine can be used (pCfB6364). This protocol describes how to create a Y. lipolytica 
strain expressing the Cas9 protein which then can be used for CRISPR/Cas9 
mediated genome editing. 

Cloning of gRNA 
vectors 

For every genome edit a specific gRNA expression cassette Biobrick has to be 
constructed. A single or multiple gRNA expression cassette Biobricks can be cloned 
into one gRNA vector. The procedures are described in details on the p. 8-12. 

Cloning of 
markerfree 
EasyClone_Y.l. 
vectors for gene 
expression and 
preparation for 
CRISPR/Cas9 
mediated 
integration 

The CRISPR/Cas9 technology can be used to integrate one markerfree 
EasyCloneYALI integration vector (for the expression of up to two (heterologous) 
genes). This method describes how to clone one or two genes into the USER 
cloning site. The genes can be either native or heterologous. The promoters can be 
either native or synthetic. Native promoters and genes can be amplified from yeast 
genomic DNA. The cloning process consists of: a) vector preparation, b) primer 
design, c) generation of gene and promoter biobricks via PCR, d) USER cloning. The 
vectors should be confirmed by sequencing. The procedures are described in 
details on the p. 13. 

Preparation of 
CRISPR/Cas9 
mediated gene 
knockout 

Gene knockouts with this CRISPR/Cas9 technology are achieved by supplying the 
cells with a DNA repair template for homologous recombination which will delete 
the gene, introduces a STOP codon or a frameshift. This method describes how to 
design and order a DNA repair template for gene knockout. 

Transformation into 
yeast 

The transformation procedure is described on p.15-17. 
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PROTOCOLS 

Integration of Cas9 expression cassette into Y. lipolytica parent strain 

Linearization of 
pCfB4609/pCfB6364 
with NotI 

1. Mix the following: 
X μl of expression vector (min 1 μg) 

5 l of FastDigest® buffer 
X μl of FastDigest NotI® (use 0.2 μl per 1 μg DNA) 

water up to 50 l  
2. Incubate at 37°C for 1 hour.  
3. (Optional step) Confirm linearization on the gel and if desired purify the 

correct fragment from the gel (be aware of the E. coli backbone fragment 
of 2.8 kb). 

Purify the linearized vector from solution using e.g., NucleoSpin® Gel and PCR 
Clean-up from Macherey Nagel. Store at -20°C until transformation. 

Preparation of 
competent 
Y.lipolytica cells 

 
1. Prepare an agar plate with the parent strain grown for 24 h at 30°C; for 1-2 

transformations: restreak the strain the an inoculation needle onto a fresh 
plate; for ≥3 transformation reactions: resuspend some cells in 100 µl 
sterile H2O and plate the suspension using sterile glass beads. 

2. For each strain to transform prepare a sterile reaction tube with 1 ml of 
sterile H2O and scrape the cells of the plate from step one e.g. using an 
inoculation needle. Resuspend the cells by slowly pipetting up and down. 

3. Centrifuge the suspension for 5 min at 3000 xg at room temperature. 
4. Discard the supernatant and resuspend the cells in 1 ml of sterile H2O to 

wash the cells 
5. Centrifuge the suspension for 5 min at 3000 xg at room temperature. 
6. Discard the supernatant and resuspend the cells in 1 ml of sterile H2O to 

wash the cells 
7. For one transformation reaction 5x107 cells should be used. For Yarrowia 

lipolytica GB20 5x107 cells equal an optical density (OD600) of 9.2. 
Example: To measure the optical density (OD600) the yeast culture was 
diluted, measured and determined to be undiluted OD = 40/1000 µl. In this 
case, 230 µl of the cell suspension equals an OD600 of 9.2 (calculation: 
1000 µl/40*9.2 = 230 µl) and should be used for one transformation 
reaction.  

8. The volume of cell suspension needed is transferred to a sterile reaction 
tube and centrifuge for 5 min at 3000 xg at room temperature (1 tube for 
each strain to be made) 

9. The supernatant is discarded (or aspirated with a pipette) and the cell 
pellet is used for yeast transformation 

 
Proceed to yeast transformation. 

Yeast 
transformation and 
selection 

1. Add 500 ng of the NotI-linearized pCfB4609 or 5 µg of NotI-linearized 
pCfB6364 

2. Resuspend the cell pellet in the following Transformation mix by flicking: 
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mix for 1x 
transformation 

mix for 10x 
transformations 

PEG (Stock 50%; sterile-filtrated; end 43.8%) 87.5 µl 875 µl 

LiAc (Stock 2M; sterile-filtrated; end 0.1 M) 5.0 µl 50 µl 

ssDNA (Stock 10 mg/ml; end 0.25 g/l) 2.5 µl 25 µl 

DTT (stock 2M; sterile-filtrated; end 100 mM) 5.0 µl 50 µl 

3. Incubate the tubes at 39°C for 60 min. 
4. Spin down the cells at 3000 xg for 5 min at room temperature 
5. Aspirate and discard the supernatant 
6. Resuspend the cell pellet in 500 µl YPD medium and perform a recovery 

incubation at 30°C for 2 hours shaking. 
7. Spin down the cells at 3000 xg for 5 min at room temperature 
8. Aspirate and discard the supernatant 
9. Resuspend the cell pellet in 100 µl sterile H2O and plate the cells on plates; 

either YPD supplemented hygromycin if pCfB4609 was used or YNB + D-
serine if pCfB6364 was used (see Media recipes p. 20)  

 
Proceed to verification of correct vector integration in the yeast genome, see 
appendix. 

 

 

  



8 
 

Cloning of gRNA vectors 

Target site-specific gRNA-expression-cassette-BioBricks consist of a tRNA promoter Biobrick (BB1635) 

linked via a site-specific crRNA to the tracrRNA-terminator BioBrick (BB1636) and were obtained as follows. 

 

 

Design of gRNA Optimal sgRNA sequences can be identified for example with the help of the online 
tool “CHOPCHOP” searching in the Y. lipolytica CLIB122 genome sequence using 
standard settings (http://chopchop.cbu.uib.no/) (Labun et al., 2016) 

Design of primers 
for gRNA expression 
cassette 

The site-specific gRNA BioBrick consisted of two primers, a sense primer comprising 
the 20 bp gRNA sequence followed by a “gttttagagct” and an antisense primer 
comprising the reverse complement gRNA sequence followed by a “taaccaacct”. 

To be ordered for each new target from IDT: 

Sense primer: NNNNNNNNNNNNNNNNNNNNgttttagagct 

Antisense primer: NNNNNNNNNNNNNNNNNNNNtaaccaacct 

Expression of single 
gRNA 

Continue with “Assembly of gRNA vectors” 

PCR amplification of 
BioBricks 

PCR amplification of BioBricks: 
 
It is necessary to use a DNA polymerase that can read through uracils present in 
the primers and that has proofreading activity, e.g., Phusion U Hot Start DNA 
Polymerase from ThermoFisher Scientific or PfuTurbo Cx Hotstart DNA Polymerase 
from Agilent. Follow the manufacturer’s instructions for the PCR conditions. 
 

1. Prepare the PCR reactions as following: 
32 μl of water 
10 μl of 5X Phusion HF Buffer  
2.5 μl of forward primer (10 μM) 
2.5 μl of reverse primer (10 μM) 
1 μl of dNTP mix (10 mM) 
1 μl template DNA (plasmid (1 ng per reaction) or genomic DNA (~50-100 
ng per reaction)) 
1 μl of Phusion U Hot Start DNA Polymerase 

2. Run the following PCR program: 
98°C for 1 min 
30 cycles of 
   [98°C for 10 seconds 
    52°C for 30 seconds (or another suitable annealing temperature) 
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    72°C for 1 min per 1 kb of the PCR product] 
72°C for 5 min 
10°C pause 

3. Purify the BioBricks from the gel using e.g., NucleoSpin® Gel and PCR Clean-

up from Macherey Nagel, eluting with 50 l of elution solution. 
4. BioBricks are stored at -20°C 

 
Overview of templates and primers used for amplification: 
The primers for Biobrick amplification must contain uracils and can be ordered 
from commercial oligo suppliers, e.g., IDT DNA. 
 

Biobrick 
name 

Description PCR 
template 

Forward 
primer 

Reverse 
primer 

BB1635 tRNA used as 
promoter for gRNA 
expression 

pCfB4589 PR-10607 PR-15788 

BB1636 crRNA  fused to rpr 
terminator 

pCfB4589 PR-15789 PR-10604 

 

Assembly of gRNA 
expression cassette 
BioBricks via USER 
cloning-ligation-PCR 

1. Run the following PCR program: 
1 µl BB1635 
1 µl BB1636 
1 µl sense primer (10 µM) 
1 µl antisense primer (10 µM) 
0.5 µl 5x HF buffer (NEB) or CutSmart 
0.5 µl USERTM enzyme (NEB) 

Incubate at: 
37°C for 25 min 
25°C for 10 min 

2. For Ligation add to the USER reaction above 
2 µl T4 ligase buffer (10x) 
7 µl H2O 
1 µl T4 ligase 
Incubate for 5 min at RT 

3. For PCR amplification mix:  

31.5 µl H2O 

1 µl dNTPs (10mM) 

10 µl HF buffer (10x) 

2.5 µl forward primer (see table) 

2.5 µl reverse primer (see table) 

2 µl of the ligation reaction 

0.5 µl Phusion U Hot start Polymerase 

4. Run the following PCR program: 

96ºC for 2 min 

30x 

(   96ºC for 15 s 
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    52ºC for  20 s 

    72ºC for  30 sec) 

72ºC for 5 min 

10ºC pause 

5. Purify the BioBricks from the gel using e.g., NucleoSpin® Gel and PCR Clean-

up from Macherey Nagel, eluting with 50 l of elution solution. 
Note: alternatively the BioBricks can be purified from solution or PCR 
reaction can be used directly. This can however result in lower cloning 
efficiency.  

6. Store the BioBricks at -20°C for repeated use. 
 

Choice of primers 
for gRNA expression 
cassette 
amplification 

Depending on how many gRNA expression cassettes are assembled into one gRNA 
vector different primers have to be use in step 3 above. 

 
Figure from [1] 
 
P1F (PR-10607) - CGTGCGAUagtgaatcattgctaacagatc 
P1R (10604) - CACGCGAUaccgtacccacacaaaaaaagcaccaccgactc 
P2F (PR-15790) - GTGCAGGUagtgaatcattgctaacagatc  
P2R (PR-15791) - ACCTGCACUaccgtacccacacaaaaaaagcac 
P3F (PR-15792) - ATCTGTCAUagtgaatcattgctaacagatc 
P3R (PR-15793) - ATGACAGAUaccgtacccacacaaaaaaagcac 

Digestion with 
AsiSI/SfaAI 

The EasyClone 2.0 vectors are linearized with SfaAI (AsiSI), e.g. FastDigest® SfaAI 
from ThermoScientific (p. 9, a). 
 

1. Prepare the reactions as following: 

X l of EasyClone Y.l. vector (20 μg) 

20 l of FastDigest® buffer 
5 μl of FastDigest SfaAI® restriction enzyme  
Water to a final volume of 200 μl 

2. Incubate for 1 hour at 37°C. 
3. Purify the plasmid from solution, using e.g., NucleoSpin® Gel and PCR 

Clean-up from Macherey Nagel, eluting with 50 l of elution solution. 
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4. Determine DNA concentration using Nanodrop or sim. 
 
Proceed to nicking step. 

Nicking with 
Nb.BsmI 

The vectors linearized with SfaAI (AsiSI) are nicked with Nb.BsmI, e.g. from New 
England Biolabs Inc.  
 

1. Prepare the reactions as following: 

40 l of SfaAI-digested vector 

X l of Nb.BsmI (use 1U per 1 g of vector)  

5 l of buffer NEB 3.1 
2. Incubate for 1 hour at 65°C (best use PCR machine and heated lid protocol, 

otherwise the water will evaporate from the reaction mix and condense on 
the lid). 

5. Purify the digested and nicked vector from the gel, using e.g., NucleoSpin® 

Gel and PCR Clean-up from Macherey Nagel. Elute with 50 l of elution 
solution. 

3. Determine DNA concentration using Nanodrop or sim. 
4. Store the USER-ready vectors at -20°C for repeated use.  

 
Proceed to USER cloning. 
 

Assembly of gRNA 
vectors 

The gRNA expression cassette Biobricks are cloned into EasyClone Y.l. vectors, 
treated with SfaAI/Nb.BsmI. 
 
Assembly of vector expressing single gRNA: 
 

1. Prepare the USER reaction as following: 
1 μl of SfaAI/Nb.BsmI-treated vector* 
1 μl of BB1635 
1 µl of BB1636 
1 µl of sense primer (10 µmol) 
1 µl of antisense primer (10 µmol) 
0.5 μl CutSmart 
0.5 μl USERTM enzyme (NEB) 

Assembly of vector expressing multiple gRNA: 
1. Prepare the USER reaction as following: 

1 μl of SfaAI/Nb.BsmI-treated vector* 
1 μl of gRNA expression BioBrick 1 
1 µl of gRNA expression BioBrick 2 
1 µl H2O 
0.5 μl 5xHF buffer (NEB) 
0.5 μl USERTM enzyme (NEB) 
 
Note: when more than one gRNA expression cassette is cloned, the H2O is 
partially substituted with 1 µl of gRNA expression cassette; If more than 3 
gRNA expression cassettes are used, the volume of 4 µl is evenly distributed 
on the vector and the gRNA expression cassette Biobricks 
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2. Incubate the mixture in PCR machine at the following conditions: 

37°C for 25 min 
25°C for 10 min 

3. Transform the reaction mix into competent E. coli cells.  
- Cool the tubes on ice and add 95 μl of competent E. coli DH5α cells  
- After 10 min on ice, perform heat shock at 42°C for 90 s and place the 

tubes on ice for 1-2 min  
- Add 50 μl SOC media to each tube and incubate at 37°C incubator for 

30 min 
- Plate the cells on LB-amp plates and incubate at 37°C overnight. 

 
Proceed to E.coli colony PCR. 

E. coli colony PCR 1. Mix the following in a PCR tube (for 10 reactions of 10 μl each): 
50 μl 2xOneTaq Master Mix (New England Biolabs) 
10 μl μM PR-10593 
10 μl μM PR-10594 
30 μl water 

2. Add small amount of E. coli colony biomass (it is enough to touch the 
colony with a tip) to each PCR tube. 

3. Run the following PCR program: 
94°C for 3 min 
35 cycles of 
   [94°C for 20 seconds 
    50°C for 30 seconds (or another suitable annealing temperature) 
    68°C for 1 min per 1 kb of the PCR product] 
68°C for 5 min 
10°C pause 

4. Analyze the PCR reactions on 1% agarose gel or on LabChip GXII (Caliper). 
5. Expected sizes of PCR bands if vectors are correctly assembled: 

If one gRNA expression cassette was cloned: 1573 bp 
If two gRNA expression cassette were cloned: 1902 bp  
If three gRNA expression cassette was cloned: 2231 bp 
 

Note: The sequences of the primer used are  
- PR-10593: agcaggctUGGAGGCGACGTGGCAG 
- PR-10594: catgGCGGCCGCGAATGC 

 

Plasmid purification 
and sequencing 

1. Inoculate the E. coli clones containing correct vectors into 3-5 ml of liquid 
LB medium with ampicillin and cultivate overnight at 37°C. 

2. Preserve the E. coli for future use: mix 500 l of overnight E. coli culture 

with 500 l of 50% v/v sterile glycerol solution. Store in cryotubes at -80°C. 
3. Use the rest of the overnight culture to purify the vectors (e.g. NucleoSpin 

kit from Macherey-Nagel). 
4. Sequence the cloned inserts. 
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Cloning of markerfree EasyClone_Y.l. vectors for gene expression and 

linearization for CRISPR/Cas9 mediated integration 

The cloning and linearization procedure of markerfree EasyCloneYALI. vectors is 
identical to the EasyCloneYALI with markers. Please follow the instructions in 
“EasyCloneYALI” manual from “Preparation of vectors for USER cloning” to 
“Linearization of expression vector”. 
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Preparation of CRISPR/Cas9 mediated gene knockout 

Concept of gene 
knockout via 
CRISPR/Cas9 

Gene knockouts with this CRISPR/Cas9 technology are achieved by supplying the 
cells with a DNA repair template for homologous recombination which will delete 
the gene or introduce a STOP codon and a frameshift. This method describes how 
to design and order a DNA repair template for gene knockout.  
 
In general, the DNA repair template is a 90 bp long double-stranded DNA. This can 
e.g. be ordered from IDT technologies as “Duplex” primer.  
One can also use a PCR-amplified Biobrick as repair template (is not explained in 
this manual). 

Delete the entire 
open reading frame 
of a gene 

To delete the entire open reading of a gene, the DNA repair template should 
encode at least 45 bp upstream of the genes start “ATG” fused to 45 bp 
downstream of the genes stop codon. 

Introduce a STOP 
codon and 
frameshift mutation 

One of the codons next to the double strand break (DSB is marked in red) should 
be exchanged with a STOP codon and additionally a frame shift mutation should be 
introduced. It is easiest if the PAM site (NGG; green)) is mutated to a STOP codon 
and a neighbor codon is mutated to a frame shift. 
 
Random Open Reading Frame: 
ATG GTA TCA GCT TTG AAT CCC AGA ACT ACA GAG TTT GAA TTT 

GGT GGG CTG ATT GGT GCC TTA GGC ATC AGC ATA GGG CTG CCT 

GTT TTC ACT ATC ATC TTG AAT CAA ATG ATA AGG CCC GAT TAT 

TTT ATT AAG GGA TTT TTC CAG AAT TTC GAT…NNN…TAA 

 

Example DNA repair template: 
GC ATC AGC ATA GGG CTG CCT GTT TTC ACT ATC ATC TTG AAT 

CAA ATG ATA TGA CC GAT TAT TTT ATT AAG GGA TTT TTC CAG 

AAT TTC G 
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Transformation of yeast 

CRISPR/Cas9 
concept 

To perform a genome edit in the Cas9 expressing Y. lipolytica strain (prepared in 
“Integration of Cas9 expression cassette into Y. lipolytica parent strain”) the strain 
has to be transformed with a gRNA vector (guiding Cas9 to the right spot in the 
genome) and DNA double strand break repair template, which in case of a gene 
knockout is a 90bp-double-stranded primer/500-bp biobrick or in case of 
integration of a gene expression construct (e.g. markerfree EasyClone vector), a 
linearized vector. 

Preparation of 
competent 
Y.lipolytica cells 
 

1. Prepare an agar plate with the parent strain grown for 24 h at 30°C; for 1-2 
transformations: restreak the strain the an inoculation needle onto a fresh 
plate; for ≥3 transformation reactions: resuspend some cells in 100 µl 
sterile H2O and plate the suspension using sterile glass beads. 

2. For each strain to transform prepare a sterile reaction tube with 1 ml of 
sterile H2O and scrape the cells of the plate from step one e.g. using an 
inoculation needle. Resuspend the cells by slowly pipetting up and down. 

3. Centrifuge the suspension for 5 min at 3000 xg at room temperature. 
4. Discard the supernatant and resuspend the cells in 1 ml of sterile H2O to 

wash the cells 
5. Centrifuge the suspension for 5 min at 3000 xg at room temperature. 
6. Discard the supernatant and resuspend the cells in 1 ml of sterile H2O to 

wash the cells 
7. For one transformation reaction 5x107 cells should be used. For Yarrowia 

lipolytica GB20 5x107 cells equal an optical density (OD600) of 9.2. 
Example: To measure the optical density (OD600) the yeast culture was 
diluted, measured and determined to be undiluted OD = 40/1000 µl. In this 
case, 230 µl of the cell suspension equals an OD600 of 9.2 (calculation: 
1000 µl/40*9.2 = 230 µl) and should be used for one transformation 
reaction.  

8. The volume of cell suspension needed is transferred to a sterile reaction 
tube and centrifuge for 5 min at 3000 xg at room temperature (1 tube for 
each strain to be made) 

9. The supernatant is discarded (or aspirated with a pipette) and the cell 
pellet is used for yeast transformation 

 
Proceed to yeast transformation. 

Yeast 
transformation and 
selection 
(based on [2]) 

1. A) gene knockout: add 500 ng of gRNA vector and 2 µl of 1 nmol/µl 90 bp 
double stranded primer for each target gene 
B) integration of gene expression construct: add 500 ng of gRNA vector and 
500 ng of each linearized integration vector 

2. Resuspend the cell pellet in the following Transformation mix by flicking: 

  
mix for 1x 
transformation 

mix for 10x 
transformations 

PEG (Stock 50%; sterile-filtrated; end 43.8%) 87.5 µl 875 µl 

LiAc (Stock 2M; sterile-filtrated; end 0.1 M) 5.0 µl 50 µl 

ssDNA* (Stock 10 mg/ml; end 0.25 g/l) 2.5 µl 25 µl 
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DTT (stock 2M; sterile-filtrated; end 100 mM) 5.0 µl 50 µl 

3. Incubate the tubes at 39°C for 60 min. 
4. Spin down the cells at 3000 xg for 5 min at room temperature 
5. Aspirate and discard the supernatant 
6. Resuspend the cell pellet in 500 µl YPD medium and perform a recovery 

incubation at 30°C for 2 hours shaking. 
7. Spin down the cells at 3000 xg for 5 min at room temperature 
8. Aspirate and discard the supernatant 
9. Resuspend the cell pellet in 100 µl sterile H2O and plate the cells on YPD 

plates supplemented with nourseothricin (see Media recipes p. 20). 
10. Check the transformation plates after 2-5 days of growth at 30°C. 
 

 
Proceed to verification of correct genome edit in the yeast genome. 
 
Note: ssDNA: boiled single stranded DNA from salmon testes 

Verification of gene 
knockouts 

If the entire open reading was deleted a colonyPCR screen can be performed. If a 
STOP codon and frameshift were introduced the targeted genomic region has to be 
PCR amplified and sequenced.  

Verification of 
correct integration 
of overexpression 
constructs 

Select suitable primers from the table below for verification of a correct insertion 
of your construct. 
 
 

Integration site Test integration genotype 
  
  

Test for WT genotype 
  
  

  Fw primer Rev primer Expected size Fw primer Rev primer Expected 
size 

IntB PR-11697 PR-8859 1042 bp PR-11697 PR-11699 1263 bp 

IntE_2 PR-14831 PR-8859 930 bp PR-14831 PR-14560 1141 bp 

IntD_1 PR-14832 PR-8859 927 bp PR-14832 PR-14564 1145 bp 

IntC_1 PR-14833 PR-8859 947 bp PR-14833 PR-14568 1154 bp 

IntC_2 PR-14834 PR-8859 933 bp PR-14834 PR-14572 1140 bp 

IntE_3 PR-14835 PR-8859 957 bp PR-14835 PR-14576 1177 bp 

IntF_2 PR-14836 PR-8859 933 bp PR-14836 PR-14580 1140 bp 

IntF_3 PR-14837 PR-8859 973 bp PR-14837 PR-14584 1175 bp 

IntC_3 PR-14838 PR-8859 915 bp PR-14838 PR-14588 1106 bp 

IntE_4 PR-20880 PR-8859 950 bp PR-20880 PR-14592 1184 bp 

IntA_1 PR-14840 PR-8859 823 bp PR-14840 PR-14596 1159 bp 

IntE_1 PR-14442 PR-8859 891 bp PR-14442 PR-14398 1066 bp 
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ku70 PR-17134 PR-16703 2463 bp PR-17134 PR-18008 3959 bp 

   
1. Pick several clones and streak on selective plate. 
2. Take small amount of fresh biomass and transfer to a PCR tube  
3. Microwave the PCR tube for 1 min on the highest setting  
4. Resuspend the pellet in 20 μl of H2O. 
5. Centrifuge for 10 sec in mini-bench top centrifuge 
6. Mix the following in a PCR tube (for 10 reactions): 

50 μl 2xOneTaq Master Mix (New England Biolabs) 
2.5 μl 10 μM primer 1  
2.5 μl 10 μM primer 2  
35 μl water 

7. Add 0.5 μl of the denatured biomass to each tube containing 9.5 μl of 
the PCR premix. 

8. Run the following PCR program: 
94°C for 1 min 
35 cycles of  
   [94°C for 20 seconds 
    52°C for 30 seconds 
    68°C for 1 min/kb of the PCR product] 
68°C for 7 min 
10°C pause 

Analyze the samples on 1% agarose gel or on LabChip GXII (Caliper) (for 
corresponding PCR product size see the Table above). 
Note: Step 1-4 can be adopted to your “cell-lysis”-method of choice. 
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APPENDIX 

Media recipes 

YPD 
(+antibiotics) 

Yeast Extract Peptone Dextrose Medium (1 liter) 
1% yeast extract 
2% peptone 
2% dextrose (glucose or galactose) 
± antibiotics for selection in the following concentrations: 
   50 mg/l Hygromycin B* (hphMX selection marker) and/or 
   250 mg/l Nourseothricin (natMX selection marker) 
   ± 2% agar 
 

1. Dissolve the following in 900 ml of water: 
10 g yeast extract 
20 g of peptone 
(for plates) add 20 g of agar 

2. Autoclave for 20 min at 120°C. 
3. Cool solution to ~60°C and add 100 ml of 20% glucose.  
4. For YPD agar, add antibiotics, if desired, and pour the plates. 

 
Liquid YPD can be stored at room temperature. Antibiotics are added immediately 
prior to use.  
YPD plates are stored at 4°C in the dark for up to one month.  
*The hygromycin concentration might need to be increased when other Yarrowia 
lipolytica wild type strains are used. 

YNB + D-serine 0.17 % yeast nitrogen base (without aminoacids and ammonium sulfate), 6.6 g/l of 
potassium sulfate and 2 g/l D-serine; add 20 g of agar 

LB-amp Luria-Bertani Broth Medium (1 liter) 
1% tryptone                        
0.5% yeast extract                    
1% NaCl   
1.5% agar for LB agar  

1. Dissolve the following in 1 liter of water: 
10 g tryptone 
5 g yeast extract 
10 g NaCl 
for LB agar add 15 g agar  

2. Autoclave for 20 min at 120°C. 
3. Cool solution to ~60°C and add 100 mg/l ampicillin.  
4. Poor the plates in case of LB agar medium.          

 
The liquid as well as solid medium containing ampicillin should be stored at 4°C.             

SOC Super Optimal Broth (250 ml) 
0.5 % yeast extract 
2 % tryptone 
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10 mM NaCl 
2.5 mM KCl 
10 mM MgCl2 
10 mM MgSO4 
20 mM glucose 
 
To make 250 mL of media:  

1. Dissolve the following in 231 ml of water:  
    1.25 g yeast extract 
    5 g tryptone 
    0.15 g NaCl 
    0.005 g KCl 
    0.51 g MgCl2 

2. Adjust pH to 7 by adding sodium hydroxide. 
3. Autoclave the solution at 120°C for 20 min.  
4. Let the solution cool and then add 10 ml of 20% glucose and 2.5 ml of 1M 

MgSO4 
 

Medium can be stored at room temperature. 

 

Primer sequences 

Primer ID Sequence (5’->3’) 

PR-11697 caagagccacgagtcaccag 

PR-11699 tccttggctagacgaatggg 

PR-14398 cacgcgaugttagaagcaattggagaag 

PR-14442 agttgtgaccaagacaaatg 

PR-14560 cacgcgaugaaatacgccaggtttgtag 

PR-14564 cacgcgauccggccaggggtaagag 

PR-14568 cacgcgauccttgagacgttaccagagc 

PR-14572 cgtgcgauttagacgaagataggaatc 

PR-14576 cacgcgautgaaggaaatgcctaaaacc 

PR-14580 cacgcgauttccctgattactatg 

PR-14584 cacgcgautttggtcgtcgcccaacaag 

PR-14588 acgcgauaattattgcacaggacacac 

PR-14592 acgcgauttaacactggaccgtactgc 

PR-14596 acgcgaucagacctctcacacggcatc 
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PR-14831 tatatgaaatgacatcatcg 

PR-14832 actggtggctacaaatgaag 

PR-14833 atggctgtcctgatgagacg 

PR-14834 aaagtccaacagatttcagc 

PR-14835 cacgcacgccattctataag 

PR-14836 catcaccgtaacaacaatag 

PR-14837 acatgctcgcgcctcgatag 

PR-14838 aaacctgtcgtatgagctac 

PR-14840 acgcttttacaacggatatg 

PR-16703 agctgttcuaagtgtggatggggaagtgag 

PR-17134 acactctgggacagactctg 

PR-18008 gcatcattcatcaacctcc 

PR-20880 attgctaagcgaccatagac 

PR-8859 aagtgtggatggggaagtgag 
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