(19 DANMARK (10 DK/EP 3242949 T3
(12) Overseettelse af
europaeisk patentskrift
Patent- og
Varemeaerkestyrelsen
(51) Int.Cl.: C 12N 15/90 (2006.01)
(45) Overseettelsen bekendtgjort den: 2022-01-24
(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2021-11-03
(86) Europaeisk ansggning nr.: 16700158.5
(86) Europaeisk indleveringsdag: 2016-01-06
(87) Den europeeiske ansggnings publiceringsdag: 2017-11-15
(86) International ansggning nr.: EP2016050136
(87) Internationalt publikationsnr.: WO2016110512
(30) Prioritet: 2015-01-06 EP 15150134 2015-01-06 EP 15150148
2015-03-16 US 201562177497 P
(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT Ll LT LU LV
MC MK MT NL NO PL PT RO RS SE Sl SK SM TR
(73) Patenthaver: DSM IP Assets B.V., Het Overloon 1, 6411 TE Heerlen, Holland
(72) Opfinder: VERWAAL, René, , 6100 AA Echt, Holland
MEIJRINK, Bernard, , 6100 AA Echt, Holland
WIESSENHAAN, Nathalie, , 6100 AA Echt, Holland
VONK, Brenda, , 6100 AA Echt, Holland
ROUBOS, Johannes Andries, , 6100 AA Echt, Holland
(74) Fuldmaegtig i Danmark: RWS Group, Europa House, Chiltern Park, Chiltern Hill, Chalfont St Peter, Bucks SL9
9FG, Storbritannien
(54) Benaevnelse: CRISPR-CAS-SYSTEM TIL EN GAERVAERTSCELLE
(56) Fremdragne publikationer:

WO-A1-2015/017866

WO-A1-2015/095804

WO-A2-2015/004241

OWEN W RYAN ET AL: "Selection of chromosomal DNA libraries using a multiplex CRISPR system", ELIFE,
vol. 3, 19 August 2014 (2014-08-19), XP055175718, DOI: 10.7554/eLife.03703 cited in the application

JAKE Z. JACOBS ET AL: "Implementation of the CRISPR-Cas9 system in fission yeast", NATURE
COMMUNICATIONS, vol. 5, 29 October 2014 (2014-10-29), page 5344, XP055175731, DOI: 10.1038/ncomms6344
cited in the application

YANGBIN GAO ET AL: "Self-processing of ribozyme-flanked RNAs into guide RNAs in vitro and in vivo for
CRISPR-mediated genome editing”, JOURNAL OF INTEGRATIVE PLANT BIOLOGY, vol. 56, no. 4, 6 April 2014
(2014-04-06), pages 343-349, XP055175728, ISSN: 1672-9072, DOI: 10.1111/jipb.12152 cited in the application
ZEHUA BAO ET AL: "Homology-Integrated CRISPR-Cas (HI-CRISPR) System for One-Step Multigene Disruption
in Saccharomyces cerevisiae”, ACS SYNTHETIC BIOLOGY, 10 September 2014 (2014-09-10), XP055175736,

Fortseettes ...



DK/EP 3242949 T3

ISSN: 2161-5063, DOI: 10.1021/sb500255k

GUO-CHANG ZHANGA ET AL: "Construction of a Quadruple Auxotrophic Mutant of an Industrial Polyploid
Saccharomyces cerevisiae Strain by Using BNA-Guided Cas9 Nuclease"”, APPLIED AND ENVIRONMENTAL
MICROBIOLOGY, AMERICAN SOCIETY FOR MICROBIOLOGY, US, vol. 80, no. 24, 3 October 2014 (2014-10-03),
pages 7694-7701, XP009183141, ISSN: 0099-2240, DOI: 10.1128/AEM.02310-14 cited in the application

OWEN W RYAN* ET AL: "Multiplex Engineering of Industrial Yeast Genomes Using CRISPRm", THE USE OF
CRISPR CAS9, ZFNS, TALENS IN GENERATING SITE SPECIFIC GENOME ALTERATIONS,, vol. 546, 1 January
2014 (2014-01-01), pages 473-489, XP009183140,

KUN XU ET AL: "Efficient genome engineering in eukaryotes using Cas9 from Streptococcus thermophilus”,
CELLULAR AND MOLECULAR LIFE SCIENCES, vol. 72, no. 2, 20 July 2014 (2014-07-20), pages 383-399,
XP055175733, ISSN: 1420-682X, DOI: 10.1007/s00018-014-1679-z

REGINA CENCIC ET AL: "Protospacer Adjacent Motif (PAM)-Distal Sequences Engage CRISPR Cas9 DNA
Target Cleavage", PLOS ONE, vol. 9, no. 10, 2 October 2014 (2014-10-02), page 109213, XP055175713, DOI:
10.1371/journal.pone.0109213

J. E. DICARLO ET AL: "Genome engineering in Saccharomyces cerevisiae using CRISPR-Cas systems",
NUCLEIC ACIDS RESEARCH, vol. 41, no. 7, 4 March 2013 (2013-03-04), pages 4336-4343, XP055086617, ISSN:
0305-1048, DOI: 10.1093/nar/gkt135 cited in the application

ALEKSENKO A ET AL: "Autonomous plasmid replication in Aspergillus nidulans: AMA1 and MATE elements",
FUNGAL GENETICS AND BIOLOGY, SAN DIEGO, CA, US, vol. 21, 1 January 1997 (1997-01-01), pages 373-387,
XP002105231, ISSN: 1087-1845, DOI: 10.1006/FGBI.1997.0980 cited in the application

TETSUSHI SAKUMA ET AL: "Multiplex genome engineering in human cells using all-in-one CRISPR/Cas9
vector system”, SCIENTIFIC REPORTS, vol. 4, 23 June 2014 (2014-06-23), XP055196391, DOI:
10.1038/srep05400

ANDREW A. HORWITZ ET AL: "Efficient Multiplexed Integration of Synergistic Alleles and Metabolic Pathways
in Yeasts via CRISPR-Cas"”, CELL SYSTEMS, vol. 1, no. 1, 1 July 2015 (2015-07-01), pages 88-96, XP055230552,
US ISSN: 2405-4712, DOI: 10.1016/j.cels.2015.02.001



DK/EP 3242949 T3

DESCRIPTION

Field of the invention

[0001] The present invention relates to the field of molecular biology and cell biology. More specifically, the present invention
relates to a CRISPR-CAS system for a yeast host cell.

Background to the invention

[0002] Recent advances in genomics techniques and analysis methods have significantly accelerated the ability to e.g. catalog
and map genetic factors associated with a diverse range of biological functions and diseases. Precise genome engineering
technologies are needed to enable systematic reverse engineering of causal genetic variations by allowing selective
perturbation of individual genetic elements, as well as to advance synthetic biology, biotechnological, and medical applications.
Although genome-editing techniques such as designer zinc fingers, transcription activator-like effectors nucleases (TALENSs), or
homing meganucleases are available for producing targeted genome perturbations, there remains a need for new genome
engineering technologies that are affordable, easy to set up, scalable, and amenable to targeting multiple positions within a
genome. The engineering of meganucleases has been challenging for most academic researchers because the DNA
recognition and cleavage functions of these enzymes are intertwined in a single domain. Robust construction of engineered
zinc finger arrays has also proven to be difficult for many laboratories because of the need to account for context-dependent
effects between individual finger domains in an array. There thus exists a pressing need for alternative and robust techniques
for targeting of specific sequences within a host cell with a wide array of applications.

[0003] Horwitz et al. Cell Systems (2015) 1 (1):88-89 discloses a method of introducing gRNA cassettes: into a plasmid

Summary of the invention

[0004] The present inventionaddressing above described need is set out in the appended set of claims. The present invention
is based on the CRISPR-Cas system, which does not require the generation of customized proteins to target-specific
sequences but rather a single Cas enzyme that can be programmed by at least two distinctguide-polynucleotides to recognize
a specific polynucleotide target; in other words, the Cas enzyme can be recruited to a specific polynucleotide target using said
at least two distinct guide-polynucleotide molecules. Adding the CRISPR-Cas system to the repertoire of genomics techniques
and analysis methods may significantly simplify existing methodologies in the field of molecular biology.

[0005] The present invention provides a non-naturally occurring or engineered composition comprising a source of a CRISPR-
Cas system as set out in claim 1

[0006] The present invention further relates to a method of modulating expression of a polynucleotide in a host cell selected
from a Saccharomyces and a Kluyveromyces, comprising contacting the host cell with the composition according to the present
invention, as set out in claims 1 to 4, wherein the guide-polynucleotides direct binding of the Cas protein at the target-
polynucleotide in the host cell to form a CRISPR-Cas complex.

[0007] The present invention further relates to a host cell comprising a composition according to the present invention.

[0008] The present invention further relates to a method of producing a host cell selected from a Saccharomyces and a
Kluyveromyces, comprising contacting a host cell with the composition according to the present invention as set out in claims 1
to 4, wherein the guide-polynucleotides direct binding of the Cas protein at the target-polynucleotide in the host cell to form a
CRISPR-Cas complex.

Brief description of the drawings

[0009]

Figure 1 depicts a vector map of pCSNO30 expressing CAS9 human CO (SEQ ID NO: 9) and ADE2.Y guide-RNA, a KanMX
marker is present on the all-in-one vector.
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Figure 2 depicts a vector map of pCSN031 expressing CAS9 human CO (SEQ ID NO: 9) and ADE2.Y guide-RNA, a NatMX
marker is present on the all-in-one vector.

Figure 3 depicts a vector map of pCSN032 expressing CAS9 codon pair optimized for expression in S. cerevisiae (SEQ ID NO:
11) and ADE2.Y guide-RNA, a KanMX marker is present on the all-in-one vector.

Figure 4 depicts a vector map of pCSN033 expressing CAS9 codon pair optimized for expression in S. cerevisiae (SEQ ID NO:
11) and ADE2.Y guide-RNA, a NatMX marker is present on the all-in-one vector.

Figure 5 depicts a vector map of pCSN034 expressing CAS9 codon pair optimized for expression in S. cerevisiae (SEQ ID NO:
12) and ADE2.Y guide-RNA, a KanMX marker is present on the all-in-one vector.

Figure 6 depicts a vector map of pCSN035 expressing CAS9 codon pair optimized for expression in S. cerevisiae (SEQ ID NO:
12) and ADE2.Y guide-RNA, a NatMX marker is present on the all-in-one vector.

Figure 7 depicts the introduction of the ade2-101 mutation into the genomic DNA of strain CEN.PK 113-7D by transformation of
one of the all-in-one vectors pSCN030 to pSCNO035 together with the double strand (DS) oligonucleotide sequence. The
genomic target sequence present in the genomic DNA is underlined. The G to T mutation is present on the DS oligo (indicated
in bold). A silent mutation of the PAM (C to A mutation, indicated in bold) is present on the DS oligo, in order to prevent the
gRNA to target the CAS9 protein to the DS oligo and to prevent cleavage of the DS oligo. After correct integration of the DS
oligo into the genomic DNA, G at nucleotide position 190 is mutated to T (introduction of stop codon) and C at position 236 is
mutated to A (mutation of PAM sequence).

Figure 8 depicts a vector map of pCSN049 expressing CAS9 human CO (SEQ ID NO: 9), a KanMX marker is present on the
vector.

Figure 9 depicts a graphical representation of in vivo recombination of the ADE2.Y PCR fragment into plasmid pCSN049.

Figure 10 depicts a vector map of pCSN028 expressing CAS9 and HXT2 guide-RNA, a selection marker to confer resistance
against G418 and an ampicillin resistance marker are present on the all-in-one vector. The sequence of this vector is set out in
SEQ ID NO: 24.

Figure 11 depicts the introduction of the N361T mutation into the Hxt2 protein. All-in-one vectors pSCN028 to pSCN035 were
transformed into S. cerevisiae together with the double strand (DS) oligonucleotide sequence. The genomic target sequence
present in the genomic DNA is underlined. The A1082C and C1083A mutations to be introduced into genomic DNA are present
on the DS oligo (indicated in bold and in lower case). A silent mutation of the PAM C1104A, indicated in bold and in lower case
is present on the DS oligo, in order to prevent the gRNA to target the CAS9 protein to the DS oligo and to prevent cleavage of
the DS oligo. After correct integration of the DS oligo into the genomic DNA, the mutated HXT2 gene encodes a Threonine (T)
instead of an Asparagine (N) on amino acid position 361 and in addition a silent mutation of PAM sequence is introduced
(C1104A).

Figure 12 depicts an example of sequence read results demonstrating introduction of the A1082C (1) and C1083A (2)
mutations in one or both alleles of the HXT2 gene in the diploid S. cerevisiae strain CEN.PK2. The dashed line boxed results
indicate the situation in which one allele is mutated. The solid line boxed results indicate the situation in which two alleles are
mutated. Mutation of the PAM (C1104A) is indicated by an asterisk.

Figure 13 depicts a graphical representation of the strategy for deletion of up to 10 kb of genomic DNA around the INT1A
locus.

Figure 14 depicts a vector map of pCSN021 expressing CAS9 and two guide-RNA sequences being INT1A (SEQ ID NO:65)
and ADE2 (which is ADE2.Y as shown in SEQ ID NO:58). The two guide-RNA sequences are positioned in opposite
orientations. A selection marker to confer resistance against G418 and an ampicillin resistance marker are present on the all-
in-one vector. The sequence of vector pCSN021 is set out in SEQ ID NO: 50.

Figure 15: A) Representation of the Cas9 protein interacting with CRISPR gRNA to direct endonuclease activity proximal to the
PAM sequence. (B) Design of the Cas9 and gRNA constructs. As an example, the Cas9 expression cassette contains a SV40
nuclear localization signal fused to Cas9, and expression is controlled by a TEF1 constitutive promoter and CYC1 terminator.
The gRNA is expressed under the snoRNA SNR52 promoter and contained a terminator from the 3' region of the yeast SUP4
gene. This figure is adapted from DiCarlo et al., 2013.

Figure 16 depicts a schematic representation for introduction of mutations in the ADEZ2 locus. Together with plasmid pCSN049
(expressing CAS9), the ADE2.Y guide-RNA is transformed as PCR fragment fused to the donor DNA. The ADE2.Y guide-RNA
sequence may be directly fused to the donor DNA or it can be separated by a PAM sequence and the 20 bp ADE2.Y guide-
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sequence. The donor DNA that integrates into the ADEZ2 locus in order to introduce the desired point mutations (G to T
mutation at nucleotide position 190, and an additional C to A mutation at position 236) integrates into the genomic DNA by
double cross over.

Figure 17 depicts examples of typical guide-polynucleotides. Both guide-polynucleotide are guide-RNA's comprising a guide-
sequence (crRNA) and a guide-polynucleotide structural component. In the upper figure, the guide-polynucleotide structural
component is comprised of two separate molecules hybridized to each other; the individual components may be referred to as
a tracr sequence and a tracr-mate sequence. In the lower figure, the guide-polynucleotide structural component is comprised
of a single molecule with internal hybridization. This figure is adapted from Sander and Joung, 2014 and Mali et al., 2013.

Figure 18 depicts a graphical representation of the strategy for deletion of up to 10 kb of genomic DNA around the INT1 locus.
Using this approach, one guide RNA was targeted to the INT1 locus where CAS9 made a double stranded break in the
genomic DNA of the cell. The donor DNA consisted of 3 PCR fragments: 1) 5' flank sequence-connector 5 sequence. 2)
connector 5 sequence-promoter- red fluorescent protein (RFP) ORF-terminator-terminator-connector 3 sequence. 3)
connector 3 sequence-3' flank sequence. The presence of the connector sequences allow in vivo recombination and
integration of the three PCR products into genomic DNA (W0O2013144257A1), where the flank sequences enable repair of the
double strand break. As explained in the example, by choosing different positions of the flank sequences (approximately 500
bp, approximately 1500 bp or approximately 5000 positioned at the 5' or 3' end of the INT1 integration site), respectively 1 kb,
3 kb or 10 kb deletion of genomic DNA was achieved. By choosing the positions of the flank sequence immediately at the 5' or
3" end of the INT1 integration site, integration of the RFP expression cassette at the INT1 integration site was achieved.

Figure 19 depicts the design of the primers for the PCR to confirm the integration of RFP in to the genome and deletion of up to
10 kb genomic DNA surrounding the INT1 locus.

Figure 20 depicts the results of the PCR experiment confirming deletion of 3 kb and 10 kb genomic DNA and integration of RFP
atthe INT1 locus.

Figure 21 depicts the results of the PCR experiments to confirm the correct integration of the RFP expression cassettes at the
desired loci to obtain 3 or 10 kb deletion of genomic DNA at the INT1 locus. WT (genomic DNA isolated from strain
CEN.PK113-7D) and MQ (milliQ) represent negative controls in the PCR reactions. The + denotes a red colored transformant in
which deletion of the 3 kb or 10 kb fragment of genomic DNA was confirmed (results shown in Figure 20).

Figure 22 depicts the vector map of single copy (CEN/ARS) vector pCSN061 expressing CAS9 codon pair optimized for
expression in S. cerevisiae (SEQ ID NO: 11). A KanMX marker is present on the vector.

Figure 23 depicts the vector map of multicopy (2 micron) vector pRN1120. A NatMX marker is present on the vector.

Figure 24 depicts the donor DNA singleplex approach; representation of transformed DNA sequences and integration into
genomic DNA by in vivo recombination in yeast using connector sequences and overlap with genomic DNA. The singleplex
transformation approach is further depicted in Figure 25.

Figure 25 depicts the singleplex transformation approach. Step 1: Transform cells with pSCN061 (CAS9 plasmid). Step 2:
Transform cells pre-expressing CAS9 with pRN1120 digested with Xhol, EcoRI, guide RNA and donor DNA.

Figure 26 depicts a schematic representation of the donor DNA sequences used in the multiplex approach. The donor DNA
sequences (carotenoid gene expression cassettes) contain approximately 50 bp flanks sequences (INT 5" and INT 3'), that
have homology with the intended integration sites (INT1, INT2 or INT3). Upon transformation, the donor DNA sequences
integrate into genomic intended integration sites. The multiplex transformation approach is further depicted in Figure 27.

Figure 27 depicts multiplex transformation approaches 1 and 2 using approximately 50 bp flanks with homology to genomic
DNA present in donor DNA sequences. In approach 1, each of the guide RNA expression cassettes contain overlapping
sequences with the linearized vector pRN1120, enabling each of the guide RNA expression cassettes to recombine into the
linearized vector. In approach 2, the first and third guide RNA expression cassettes contain overlapping sequences with the
linearized vector pRN1120, and the second guide RNA expression cassette contains overlapping sequences with the first and
second guide RNA expression cassettes. As such, the three guide RNA expression cassettes sequences are recombined into
the vector pRN1120 as one stretch of DNA, as depicted.

Figure 28 depicts the details of flank_DNA-gRNA gBlock_1 and the strategy to obtain the left flank and right integration flanks
and a guide RNA cassette after restriction of the flank_DNA-gRNA PCR fragment with Bsal.

Figure 29 depicts the details of flank_DNA-gRNA gBlock_2 and the strategy to obtain the left flank and right integration flanks
and a guide RNA cassette after restriction of the flank_DNA-gRNA PCR fragment with Bsal.

Figure 30 depicts the singleplex transformation approach using a guide RNA expression cassette containing 50 bp homology at
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the 5" and 3' end of the nucleotide sequence with linearized vector pRN1120. Step 1: Transform cells with pSCN061 (CAS9
plasmid). Step 2: Transform cells pre-expressing CAS9 with pRN1120 digested with Xhol, EcoRI, guide RNA and donor
DNA.The right flank, left flank and guide RNA expression cassette originate from a gBlock as depicted in Figure 28 and Figure
29. Integration of the donor DNA into genomic DNA is depicted in Figure 24.

Figure 31 depicts the vector map of multi-copy (2 micron) vector pRN1120+. The vector contains the SNR52p RNA polymerase
Il promoter, the 20 nucleotide INT1 genome target (INT1 GT) flanked by EcoRI and Xhol restriction enzyme sequences, the
gRNA structural component and the SUP4 3’ flanking region.

Figure 32 depicts the singleplex transformation approach, where the genomic target sequence has homology with vector
PRN1120+ and is able to recombine in vivo in yeast into linearized vector pRN1120+ by gap repair (Orr-Weaver et al., 1983).
Integration of the donor DNA into genomic DNA is depicted in Figure 24.

Figure 33 depicts the DNA fragments used in the approach to delete up to 10 kb of genomic DNA by including multiple flank
sequences in the transformation using CRISPR/CAS9.

Figure 34 depicts the transformation approach to delete up to 10 kb of genomic DNA by including multiple flank sequences in
the transformation using CRISPR/CAS9. Step 1: Transform cells with pSCN061 (CAS9 plasmid). Step 2: Transform cells pre-
expressing CAS9 with pRN1120 digested with Xhol, EcoRlI, guide RNA and donor DNA.

Figure 35 depicts possible integration combinations and possible deletion sizes of genomic DNA when three different left flank
and three different right flank PCR fragments, containing connector sequences, are transformed together with a RFP
expression cassette, containing connector sequences. GT INT1 is the genomic target of the INT1 locus.

Figure 36 depicts the PCR and sequencing approach to identify which flank sequences are integrated in order to determine
which parts of genomic DNA is deleted.

Description of the sequence listing

[0010]
SEQ ID NO: 1 - 4 empty.

SEQ ID NO: 5 sets out the genome of Saccharomyces cerevisiae CEN.PK113-7D.
SEQ ID NO: 6 sets out the genome of Kluyveromyces lactis NRRL Y-1140.

SEQ ID NO: 7 empty.

SEQ ID NO: 8 sets out a preferred termination sequence in yeast.

Sequences in examples 1 -13

[0011]

SEQ ID NO: 9 sets out the nucleotide sequence of CAS9 including a C-terminal SV40 nuclear localization signal codon
optimized for expression in human cells. The sequence includes TEF7 promoter and CYC7 terminator sequences from
Saccharomyces cerevisiae.

SEQ ID NO: 10 sets out the nucleotide sequence of CAS9 including a C-terminal SV40 nuclear localization signal codon pair
optimized for expression in Saccharomyces cerevisiae. The sequence includes TEF7 promoter and GNDZ2 terminator
sequences from Saccharomyces cerevisiae.

SEQ ID NO: 11 sets out the nucleotide sequence of CAS9 including a C-terminal 8V40 nuclear localization signal codon pair
optimized for expression in Saccharomyces cerevisiae. The sequence includes Ki77 promoter from Kluyveromyces lactis and
GND2 terminator sequence from Saccharomyces cerevisiae.

SEQ ID NO: 12 sets out the nucleotide sequence of CAS9 including a C-terminal SV40 nuclear localization signal codon pair
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optimized for expression in Saccharomyces cerevisiae. The sequence includes TDH3 promoter and GND2 terminator
sequences from Saccharomyces cerevisiae.

SEQ ID NO: 13 sets out the nucleotide sequence of the kanamycin (KanMX) marker functional in Saccharomyces cerevisiae.
The sequence includes Notl restriction sites.

SEQ ID NO: 14 sets out the nucleotide sequence of the nourseothricin (NatMX) marker functional in Saccharomyces
cerevisiae. The sequence includes Notl restriction sites.

SEQ ID NO: 15 sets out the nucleotide sequence of the synthetic ADE2.Y gRNA cassette. The guide-RNA consists of the
SNR52p RNA polymerase Il promoter, the ADE2.Y guide-sequence (ACTTGAAGATTCTTTAGTGT; SEQ ID NO: 67), the gRNA
structural component and the SUP4 3' flanking region. The sequence contains Sacl restriction sites and homology to vector
pRS426.

SEQ ID NO: 16 sets out the single stranded oligo nucleotide coding strand sequence (5' to 3' sequence) used to introduce a G
to T mutation at nucleotide position 190 and a C to A mutation at position 236 in the ADEZ2 gene.

SEQ ID NO: 17 sets out the single stranded oligo nucleotide non-coding strand sequence (5' to 3' sequence) used to introduce
a G to T mutation at nucleotide position 190 and a C to A mutation at position 236 in the ADE2 gene.

SEQ ID NO: 18 sets out the forward oligonucleotide primer sequences used to amplify the ADE2 gene from genomic DNA for
DNA sequencing. This primer was also used as forward primer in the sequencing reaction.

SEQ ID NO: 19 sets out the reverse oligonucleotide primer sequences used to amplify the ADE2 gene from genomic DNA for
DNA sequencing. This primer was also used as reverse primer in the sequencing reaction.

SEQ ID NO: 20 sets out the nucleotide sequence of the forward primer used to amplify the ADE2.Y gRNA cassette from SEQ ID
NO: 7. The primer sequence contains overlap with the DNA of plasmid pCSNC (Table 1).

SEQ ID NO: 21 sets out the nucleotide sequence of the reverse primer used to amplify the ADE2.Y gRNA cassette from SEQ ID
NO: 7. The primer sequence contains overlap with the DNA of plasmid pCSNC (Table 1).

SEQ ID NO: 22 sets out the nucleotide sequence of plasmid pR8426 in which the two Sapl restriction sites were removed.
SEQ ID NO: 23 sets out the nucleotide sequence of the S. cerevisiae ADE2 gene (YOR128C).

SEQ ID NO: 24 sets out the nucleotide sequence of vector pCSN028.

SEQ ID NO: 25 sets out the nucleotide sequence of the S. cerevisiae HXT2 gene (YMR0O11W)

SEQ ID NO: 26 sets out the single stranded oligo nucleotide coding strand sequence (5' to 3' sequence) used to introduce
A1082C, C1083A and C1104A mutations in the HXT2 gene.

SEQ ID NO: 27 sets out the single stranded oligo nucleotide non-coding strand sequence (5' to 3' sequence) used to introduce
A1082C, C1083A and C1104A mutations in the HXT2 gene.

SEQ ID NO: 28 sets out the forward oligonucleotide primer sequences used to amplify the HX7T2 gene from genomic DNA for
DNA sequencing. This primer was also used as forward primer in the sequencing reaction.

SEQ ID NO: 29 sets out the reverse oligonucleotide primer sequences used to amplify the HX7T2 gene from genomic DNA for
DNA sequencing. This primer was also used as reverse primer in the sequencing reaction.

SEQ ID NO: 30 sets out the nucleotide sequence of the synthetic INT1A gRNA cassette. The guide-RNA consists of the
SNR52p RNA polymerase |1l promoter, the INT1A guide-sequence (TATTAGAACCAGGGAGGTCC; SEQ ID NO: 68), the gRNA
structural component and the SUP4 3' flanking region. The sequence contains Sacll restriction sites and homology to vector
pRS426.

SEQ ID NO: 31 sets out the forward oligonucleotide primer sequence used to amplify the 5'flank A from genomic DNA from
strain CEN.PK113-7D. It also sets out the nucleotide sequence of forward primer F3, used to confirm the deletion at the INT1
locus (control) of genomic DNA.

SEQ ID NO: 32 sets out the reverse oligonucleotide primer sequence used to amplify the 5'flank A from genomic DNA from
strain CEN.PK113-7D, and contains an overhang with connector 5 that is present in the RFP (or GFP) PCR fragment.

SEQ ID NO: 33 sets out the forward oligonucleotide primer sequence used to amplify the 3'flank A from genomic DNA from
strain CEN.PK113-7D, and contains an overhang with connector 3 that is present in the RFP (or GFP) PCR fragment.
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SEQ ID NO: 34 sets out the reverse oligonucleotide primer sequence used to amplify the 3'flank A from genomic DNA from
strain CEN.PK113-7D. It also sets out the nucleotide sequence of reverse primer R3, used to confirm the deletion at the INT1
locus (control) of genomic DNA.

SEQ ID NO: 35 sets out the forward oligonucleotide primer sequence used to amplify the 5'flank B from genomic DNA from
strain CEN.PK113-7D. It also sets out the nucleotide sequence of forward primer F3, used to confirm deletion of 1 kB of
genomic DNA.

SEQ ID NO: 36 sets out the reverse oligonucleotide primer sequence used to amplify the 5'flank B from genomic DNA from
strain CEN.PK113-7D, and contains an overhang with connector 5 that is present in the RFP PCR fragment.

SEQ ID NO: 37 sets out the forward oligonucleotide primer sequence used to amplify the 3'flank B from genomic DNA from
strain CEN.PK113-7D, and contains an overhang with connector 3 that is present in the RFP PCR fragment.

SEQ ID NO: 38 sets out the reverse oligonucleotide primer sequence used to amplify the 3'flank B from genomic DNA from
strain CEN.PK113-7D. It also sets out the nucleotide sequence of reverse primer R3, used to confirm deletion of 1 kB of
genomic DNA.

SEQ ID NO: 39 sets out the forward oligonucleotide primer sequence used to amplify the 5'flank C from genomic DNA from
strain CEN.PK113-7D. It also sets out the nucleotide sequence of forward primer F3, used to confirm deletion of 3 kB of
genomic DNA.

SEQ ID NO: 40 sets out the reverse oligonucleotide primer sequence used to amplify the 5'flank C from genomic DNA from
strain CEN.PK113-7D, and contains an overhang with connector 5 that is present in the RFP PCR fragment.

SEQ ID NO: 41 sets out the forward oligonucleotide primer sequence used to amplify the 3'flank C from genomic DNA from
strain CEN.PK113-7D, and contains an overhang with connector 3 that is present in the RFP PCR fragment.

SEQ ID NO: 42 sets out the reverse oligonucleotide primer sequence used to amplify the 3'flank C from genomic DNA from
strain CEN.PK113-7D. It also sets out the nucleotide sequence of reverse primer R3, used to confirm deletion of 3 kB of
genomic DNA.

SEQ ID NO: 43 sets out the forward oligonucleotide primer sequence used to amplify the 5'flank D from genomic DNA from
strain CEN.PK113-7D. It also sets out the nucleotide sequence of forward primer F3, used to confirm deletion of 10 kB of
genomic DNA.

SEQ ID NO: 44 sets out the reverse oligonucleotide primer sequence used to amplify the 5'flank D from genomic DNA from
strain CEN.PK113-7D, and contains an overhang with connector 5 that is present in the RFP PCR fragment.

SEQ ID NO: 45 sets out the forward oligonucleotide primer sequence used to amplify the 3'flank D from genomic DNA from
strain CEN.PK113-7D, and contains an overhang with connector 3 that is present in the RFP PCR fragment.

SEQ ID NO: 46 sets out the reverse oligonucleotide primer sequence used to amplify the 3'flank D from genomic DNA from
strain CEN.PK113-7D. It also sets out the nucleotide sequence of reverse primer R3, used to confirm deletion of 10 kB of
genomic DNA.

SEQ ID NO: 47 sets out the forward oligonucleotide primer sequence used to amplify the RFP cassette (set out in SEQ ID NO:
41) and contains an overhang comprising the connector 5 sequence.

SEQ ID NO: 48 sets out the reverse oligonucleotide primer sequence used to amplify the RFP cassette (set out in SEQ ID NO:
49) and contains an overhang comprising the connector 3 sequence.

SEQ ID NO: 49 sets out the nucleotide sequence of the TPI1p-RFP-ENO01t.
SEQ ID NO: 50 sets out the nucleotide sequence of vector pCSN021.
SEQ ID NO: 51 sets out the nucleotide sequence of ACT1p-GFP-ADH1t.

SEQ ID NO: 52 sets out the forward oligonucleotide primer sequence used to amplify the GFP cassette (set out in SEQ ID NO:
51) and contains an overhang comprising the connector 5 sequence.

SEQ ID NO: 53 sets out the reverse oligonucleotide primer sequence used to amplify the GFP cassette (set out in SEQ ID NO:
43) and contains an overhang comprising the connector 3 sequence.

SEQ ID NO: 54 sets out the nucleotide sequence of the forward primer used to amplify the ADE2.Y gRNA cassette from SEQ ID
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NO: 15.

SEQ ID NO: 55 empty

SEQ ID NO: 56 sets out the nucleotide sequence of the INT1B 5' guide-sequence

SEQ ID NO: 57 sets out the nucleotide sequence of the INT1B 3' guide-sequence

SEQ ID NO: 58 sets out the nucleotide sequence of the INT1C 5' guide-sequence

SEQ ID NO: 59 sets out the nucleotide sequence of the INT1C 3' guide-sequence

SEQ ID NO: 60 sets out the nucleotide sequence of the INT1 D 5' guide-sequence

SEQ ID NO: 61 sets out the nucleotide sequence of the INT1D 3' guide-sequence

SEQ ID NO: 62 sets out the nucleotide sequence of the ADE2.Y guide-RNA-ADE2.Y gBlock

SEQ ID NO: 63 sets out the nucleotide sequence of the reverse primer to amplify the ADE2.Y guide-RNA-ADE2.Y donor DNA
or DE2.Y guide-RNA-PAM-ADE2.Y guide-sequence ADE2.Y PCR fragment

SEQ ID NO: 64 sets out the nucleotide sequence of the ADE2.Y guide-RNA- PAM-ADE2.Y guide sequence ADE2.Y gBlock

SEQ ID NO: 65 sets out the nucleotide sequence of the synthetic ADE2.Y gRNA cassette. The guide-RNA consists of the
SNR52p RNA polymerase Il promoter, the ADE2.Y guide-sequence, the gRNA structural component and the SUP4 3' flanking
region. This sequence is present in amongst others present in plasmid pCSN021.

SEQ ID NO: 66 sets out the nucleotide sequence of the synthetic INT1A gRNA cassette. The guide-RNA consists of the
SNR52p RNA polymerase Ill promoter, the INT1A guide-sequence, the gRNA structural component and the SUP4 3’ flanking
region. This sequence is present in amongst others present in plasmid pCSN021.

SEQ ID NO: 67 sets out the ADE2.Y guide-sequence within the ADE2.Y gRNA depicted in SEQ ID NO: 15.
SEQ ID NO: 68 sets out the INT1A guide-sequence within the INT1A gRNA depicted in SEQ ID NO: 30.
SEQ ID NO: 69 - 124 empty.

SEQ ID NO: 125 sets out the nucleotide sequence of forward primer F1, used to confirm correct integration of the RFP
expression cassette in order obtain 10 kb deletion of genomic DNA.

SEQ ID NO: 126 sets out the nucleotide sequence of reverse primer R2, used to confirm correct integration of the RFP
expression cassette in order obtain 10 kb deletion of genomic DNA.

SEQ ID NO: 127 sets out the nucleotide sequence of forward primer F1, used to confirm correct integration of the RFP
expression cassette in order obtain 3 kb deletion of genomic DNA.

SEQ ID NO: 128 sets out the nucleotide sequence of reverse primer R2, used to confirm correct integration of the RFP
expression cassette in order obtain 3 kb deletion of genomic DNA.

SEQ ID NO: 129 sets out the nucleotide sequence of forward primer F1, used to confirm correct integration of the RFP
expression cassette in order obtain 1 kb deletion of genomic DNA.

SEQ ID NO: 130 sets out the nucleotide sequence of reverse primer R2, used to confirm correct integration of the RFP
expression cassette in order obtain 1 kb deletion of genomic DNA.

SEQ ID NO: 131 sets out the nucleotide sequence of forward primer F1, used to confirm correct integration of the RFP
expression cassette at the INT1 locus (control) of genomic DNA.

SEQ ID NO: 132 sets out the nucleotide sequence of reverse primer R2, used to confirm correct integration of the RFP
expression cassette at the INT1 locus (control) of genomic DNA.

SEQ ID NO: 133 sets out the nucleotide sequence of reverse primer R1, used to confirm correct integration of the RFP
expression cassette in order obtain 10, 3 or 1 kb deletion of genomic DNA or to confirm correct integration of the RFP
expression cassette at the INT1 locus (control) of genomic DNA.

SEQ ID NO: 134 sets out the nucleotide sequence of forward primer F2, used to confirm correct integration of the RFP
expression cassette in order obtain 10, 3 or 1 kb deletion of genomic DNA or to confirm correct integration of the RFP
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cassette at the INT1 locus (control) of genomic DNA.
1 135 sets out the nucleotide sequence of vector pCSN061.

1 136 sets out the nucleotide sequence of vector pRN1120.

SEQ ID NO: 137 sets out the nucleotide sequence of con5 - Low strength promoter (KITDH2p) - crtE - ScTDH3t - conA. Con
denotes connector sequence.

SEQ ID NO

SEQ ID NO

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

con3).

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

1 138 sets out the nucleotide sequence of con5 - Medium strength promoter (KIPGK1 p) - crtE - ScTDH3t - conA.
1 139 sets out the nucleotide sequence of con5 - Strong promoter (ScFBAIp) - crtE - ScTDH3t - conA.

140 sets out the nucleotide sequence of conA - Low strength promoter (KIYDRp) - crtYB - ScPDC1t - conB.
141 sets out the nucleotide sequence of conA - Medium strength promoter (KITEF2p) - crtYB - ScPDC1t - conB.
142 sets out the nucleotide sequence of conA - Strong promoter (SCTEF1p) - crtYB - ScPDC1t - conB.

143 sets out the nucleotide sequence of conB - Low strength promoter (ScPRE3p) - crtl - ScTAL1t- conC.

144 sets out the nucleotide sequence of conB - Medium strength promoter (SCACT1p) - crtl - SCTAL1t - conC.
145 sets out the nucleotide sequence of conB - Strong promoter (KIENO1p) - crtl - SCTAL1t - conC.

146 sets out the nucleotide sequence of conB - Low strength promoter (ScPRE3p) - crtl - ScTAL1t - con3.
147 sets out the nucleotide sequence of conB - Medium strength promoter (SCACT1p) - crtl - SCTAL1t - con3.
148 sets out the nucleotide sequence of conB - Strong promoter (KIENO1p) - crtl - ScTAL1t - con3.

149 sets out the nucleotide sequence of INT1 Left Flank (LF) - con5. Con denotes connector sequence.

150 sets out the nucleotide sequence of INT59 LF - con5.

151 sets out the nucleotide sequence of YPRCtau3 LF - con5.

152 sets out the nucleotide sequence of con3 - INT1 Right Flank (RF).

153 sets out the nucleotide sequence of con3 - INT59 RF.

154 sets out the nucleotide sequence of con3 - YPRCtau3 RF.

155 sets out the nucleotide sequence of primer con5 forward (FW).

156 sets out the nucleotide sequence of primer conA reverse (REV).

157 sets out the nucleotide sequence of primer conA FW.

158 sets out the nucleotide sequence of primer conB REV.

159 sets out the nucleotide sequence of primer conB FW.

160 sets out the nucleotide sequence of primer ScTAL1t rev with con3 flank (REV primer used to change conC to

161 sets out the nucleotide sequence of primer INT1 5' FW.

162 sets out the nucleotide sequence of primer INT1 5" REV with con5 flank.

163 sets out the nucleotide sequence of primer INT59 5' FW.

164 sets out the nucleotide sequence of primer INT59 5" REV with con5 flank.
165 sets out the nucleotide sequence of primer YPRCtau3 5' FW.

166 sets out the nucleotide sequence of primer YPRCtau3 5' REV with con5 flank.

167 sets out the nucleotide sequence of primer con 3 flank - INT1 3' FW.
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1 168 sets out the nucleotide sequence of primer INT1 3' REV.

1 169 sets out the nucleotide sequence of primer con 3 flank - INT59 3' FW.

1 170 sets out the nucleotide sequence of primer INT59 3' REV.

1 171 sets out the nucleotide sequence of primer con 3 flank - YPRCtau3 3' FW.

1 172 sets out the nucleotide sequence of primerYPRCtau3 3' REV.

1 173 sets out the nucleotide sequence of gBlock INT1 guide RNA singleplex.

1 174 sets out the nucleotide sequence of gBlock INT59 guide RNA singleplex.

1 175 sets out the nucleotide sequence of gBlock YPRCtau3 guide RNA singleplex.

1 176 sets out the nucleotide sequence of genomic target INT1.

1 177 sets out the nucleotide sequence of genomic target INT59 (INT2).

1 178 sets out the nucleotide sequence of genomic target YPRCtau3 (INT3).

1 179 sets out the nucleotide sequence of FW primer guide RNA cassette with pRN1120 overlap.
: 180 sets out the nucleotide sequence of REV primer guide RNA cassette with pRN1120 overlap.

1 181 sets out the nucleotide sequence of homology to INT1 - Low strength promoter (KITDH2p) - crtE - ScTDH3t -

homology to INT1.

SEQ ID NO: 182 sets out the nucleotide sequence of homology to INT1 - Medium strength promoter (KIPGK1p) - crtE -
ScTDH3t - homology to INT1.

SEQ ID NO: 183 sets out the nucleotide sequence of homology to INT1 - Strong promoter (ScFBAIp) - crtE - ScTDH3t -
homology to INT1.

SEQ ID NO

: 184 sets out the nucleotide sequence of homology to INT2 - Low strength promoter (KIYDR1p) - crtYB - ScPDC1t -

homology to INT2.

SEQ ID NO: 185 sets out the nucleotide sequence of homology to INT2 - Medium strength promoter (KITEF2p) - crtYB -
ScPDC1t - homology to INT2.

SEQ ID NO: 186 sets out the nucleotide sequence of homology to INT2 - Strong promoter (ScTEFIp) - crtYB - ScPDC1t -
homology to INT2.

SEQ ID NO: 187 sets out the nucleotide sequence of homology to INT3 - Low strength promoter (ScPRE3p) - crtl - ScTAL1t -
homology to INT3.

SEQ ID NO
- homology

1 188 sets out the nucleotide sequence of homology to INT3 - Medium strength promoter (ScACT1p) - crtl - ScTAL1t
to INTS3.

SEQ ID NO: 189 sets out the nucleotide sequence of homology to INT3 - Strong promoter (KIENO1p) - crtl - ScTAL1t -
homology to INT3.

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

190 sets out the nucleotide sequence of the FW primer to obtain SEQ ID NO: 181.
191 sets out the nucleotide sequence of the REV primer to obtain SEQ ID NO: 181, 182, 183.
192 sets out the nucleotide sequence of the FW primer to obtain SEQ ID NO: 182.
193 sets out the nucleotide sequence of the FW primer to obtain SEQ ID NO: 183.
194 sets out the nucleotide sequence of the FW primer to obtain SEQ ID NO: 184.
195 sets out the nucleotide sequence of the REV primer to obtain SEQ ID NO: 184, 185, 186.
196 sets out the nucleotide sequence of the FW primer to obtain SEQ ID NO: 185.

197 sets out the nucleotide sequence of the FW primer to obtain SEQ ID NO: 186.
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SEQ ID NO: 198 sets out the nucleotide sequence of the FW primer to obtain SEQ ID NO: 187.

SEQ ID NO: 199 sets out the nucleotide sequence of the REV primer to obtain SEQ ID NO: 187, 188, 189.

SEQ ID NO: 200 sets out the nucleotide sequence of the FW primer to obtain SEQ ID NO: 188.

SEQ ID NO: 201 sets out the nucleotide sequence of the FW primer to obtain SEQ ID NO: 189.

SEQ ID NO: 202 sets out the nucleotide sequence of gBlock INT1 guide RNA cassette multiplex approach 2.

SEQ ID NO: 203 sets out the nucleotide sequence of gBlock INT2 (INT59) guide RNA cassette multiplex approach 2.
SEQ ID NO: 204 sets out the nucleotide sequence of gBlock INT3 (YPRCtau3) guide RNA cassette multiplex approach 2.

SEQ ID NO: 205 sets out the nucleotide sequence of the REV primer to obtain the gRNA INT1 multiplex approach 2 PCR
fragment.

SEQ ID NO: 206 sets out the nucleotide sequence of the FW primer to obtain the gRNA INT1 multiplex approach 2 PCR
fragment.

SEQ ID NO: 207 sets out the nucleotide sequence of the REV primer to obtain the gRNA INT1 multiplex approach 2 PCR
fragment.

SEQ ID NO: 208 sets out the nucleotide sequence of the FW primer to obtain the gRNA INT1 multiplex approach 2 PCR
fragment.

SEQ ID NO: 209 sets out the nucleotide sequence of the left flank (LF) INT1-con5 part of flank_DNA-gRNA gBlock_1 and
flank_DNA-gRNA gBlock_2.

SEQ ID NO: 210 sets out the nucleotide sequence of the con3-right flank (RF) INT1 part of flank_DNA-gRNA gBlock_1 and
flank_DNA-gRNA gBlock_2.

SEQ ID NO: 211 sets out the nucleotide sequence of the forward primer used to amplify the flank_DNA-gRNA gBlock_1 and
flank_DNA-gRNA gBlock_2 sequences.

SEQ ID NO: 212 sets out the nucleotide sequence of the reverse primer used to amplify the flank_DNA-gRNA gBlock_1 and
flank_DNA-gRNA gBlock_2 sequences.

SEQ ID NO: 213 sets out the nucleotide sequence of the guide RNA expression cassette, with an INT1 genomic target
sequence, containing 50 bp overlap with vector pRN1120 at the 5' and 3' ends of the sequence. The guide RNA expression
cassette is part of the flank_DNA-gRNA gBlock_1 and flank_DNA-gRNA gBlock_2 sequences.

SEQ ID NO: 214 sets out the nucleotide sequence of flank_DNA-gRNA gBlock_1.
SEQ ID NO: 215 sets out the nucleotide sequence of flank_DNA-gRNA gBlock_2.

SEQ ID NO: 216 sets out the nucleotide sequence of guide RNA expression cassette with 100 bp overlap with vector pRN1120
atthe 5" and 3' ends of the sequence, the genomic target is surrounded by an EcoRI and a Xhol restriction site.

SEQ ID NO: 217 sets out the nucleotide sequence of vector pRN1120+, obtained after in vivo recombination by gap repair of
SEQ ID NO: 216 into linearized pRN1120 in yeast (Orr-Weaver et al., 1983).

SEQ ID NO: 218 sets out the nucleotide sequence of flank_DNA-gRNA gBlock_3.
SEQ ID NO: 219 sets out the nucleotide sequence of flank_DNA-gRNA gBlock_4.

SEQ ID NO: 220 sets out the nucleotide sequence of the 50 bp homology with linearized pRN1120+ (part of SNR52p), INT1
genomic target 20 bp), 50 bp homology with linearized pRN1120 + (part of guide RNA structural component).

SEQ ID NO: 221 sets out the nucleotide sequence of gBlockINT1-100-0-BAR-2.

SEQ ID NO: 222 sets out the nucleotide sequence of gBlockINT1-100-1500-BAR-2.

SEQ ID NO: 223 sets out the nucleotide sequence of gBlockINT1-100-5000-BAR-2.

SEQ ID NO: 224 sets out the nucleotide sequence of forward primer E to confirm integration of the RFP expression cassette.

SEQ ID NO: 225 sets out the nucleotide sequence of reverse primer F to confirm integration of the RFP expression cassette.
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SEQ ID NO: 226 sets out the nucleotide sequence forward primer A to obtain a PCR product for sequencing the barcode
present in the left flank sequence integrated in genomic DNA (see Figure 36).

SEQ ID NO: 227 sets out the nucleotide sequence of reverse primer B to obtain a PCR product for sequencing the barcode
present in the left flank sequence integrated in genomic DNA (see Figure 36). This is also a sequencing primer to be used in
the sequencing reaction.

SEQ ID NO: 228 sets out the nucleotide sequence of forward primer C to obtain a PCR product for sequencing the barcode
present in the right flank sequence integrated in genomic DNA (see Figure 36). This is also a sequencing primer to be used in
the sequencing reaction.

SEQ ID NO: 229 sets out the nucleotide sequence of reverse primer D to obtain a PCR product for sequencing the barcode
present in the right flank sequence integrated in genomic DNA (see Figure 36).

Detailed description of the invention

[0012] In a first aspect, the present invention provides a non-naturally occurring or engineered composition comprising:

« a vector comprising a selectable marker, and a source of a CRISPR-Cas system comprising a Cas protein and at least
two distinct polynucleotides each encoding a respective distinct guide-polynucleotide,

wherein the guide-polynucleotides comprise a guide-sequence that essentially is the reverse complement of a target-
polynucleotide in a host cell and the guide-polynucleotides can direct binding of the Cas protein at the target-polynucleotide in
the host cell to form a CRISPR-Cas complex,

wherein the guide-sequence is essentially the reverse complement of the (N)y part of a 5'-(N)yPAM-3' polynucleotide sequence
target in the genome of the host cell, wherein y is an integer of 8-30, wherein PAM is a protospacer adjacent motif,

wherein the host cell is a eukaryote, which eukaryote is a yeast selected from a Saccharomyces or a Kluyveromyces,

wherein PAM is preferably a sequence selected from the group consisting of 5'-XGG-3', 5'-XGGXG-3', 5'-XXAGAAW-3', 5'-
XXXXGATT-3', 5'-XXAGAA-3', 5'-XAAAAC-3', wherein X can be any nucleotide or analog thereof, preferably X can be any
nucleotide; and Wis Aor T,

wherein the at least two distinct polynucleotides each encoding a respective distinct guide-polynucleotide have regions of
sequence identity with the vector such that homologous recombination of said polynucleotides and the vector is facilitated,

wherein the vector is preferably linear,

and wherein the at least two distinct polynucleotides each encoding a respective distinct guide-polynucleotide additionally
comprise sequence identity with each other such that recombination of said polynucleotides with each other and with said
vector is facilitated, wherein the recombination is in vivo recombination in the host cell.

[0013] Preferred genomes of Saccharomyces and Kluyveromyces are the genomes represented by SEQ ID NO's: 5 and 6
respectively. Unknown or ambiguous nucleotides in a genome (such as a nucleotide depicted with "n") are preferably excluded
as polynucleotide sequence target.

[0014] The composition, source, CRISPR-Cas system, guide-polynucleotide, Cas protein, target-polynucleotide, host cell and
CRISPR-Cas complex are herein referred to as a composition, source, CRISPR-Cas system, guide-polynucleotide, Cas protein,
target-polynucleotide, host cell and CRISPR-Cas complex according to the present invention.

[0016] For the sake of completeness, since "a" is defined elsewhere herein as "at least one", a composition according to the
present invention comprises a source of at least two i.e. two, three or more guide-polynucleotides and/or at least two, i.e. two,
three or more Cas proteins. Accordingly, the present disclosure conveniently provides for a multiplex CRISPR-Cas system.
Such multiplex CRISPR-Cas system can conveniently be used for introduction of a donor polynucleotide, deletion of a
polynucleotide and polynucleotide library insertion into the genome of a host cell. Herein, a multiplex CRISPR-Cas system may
refer to the use of one of more Cas proteins, one of more guide-polynucleotides and/or one or more donor polynucleotides.
Herein, when a combination of a single guide-polynucleotide and multiple donor polynucleotides is used wherein the donor
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polynucleotides are configured such that they will be introduced into a single target locus, the term "singleplex" is used. Such is
exemplified, but not limited to, the procedure depicted in Figures 24 and 25.

[0016] The terms "CRISPR system", "CRISPR-Cas system" and "CRISPR enzyme system" are used interchangeably herein
and refer in the context of all embodiments of the present invention to a collection of elements required to form, together with a
target-polynucleotide, a CRISPR-Cas complex; these elements comprise but are not limited to a Cas protein and a guide-
polynucleotide.

[0017] The term "CRISPR-Cas complex" refers in the context of all embodiments of the present invention to a complex
comprising a guide-polynucleotide hybridized to a target-polynucleotide and complexed with a Cas protein. In the most
straightforward form, where a non-mutated Cas protein is used such as but not limited to the Cas9 protein of Streptococcus
pyogenes, the formation of the CRISPR-Cas complex results in cleavage of one or both polynucleotide strands in or near (e.g.
within 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 20, 50, or more base pairs from) the target-polynucleotide. Typically, a target-polynucleotide
(defined below herein) is associated with a PAM sequence (defined below herein) and the PAM sequence is preferably
immediately downstream (3') of the target-polynucleotide; the formation of the CRISPR-Cas complex typically results in
cleavage of one or both polynucleotide strands 3 base pairs upstream (5) of the PAM sequence.

[0018] The term "non-naturally occurring composition" refers in the context of all embodiments of the present invention to a
composition that in its form used in the present invention does not occur in nature. The individual elements may e.g. occur as
such or in combinations with other elements in nature, but the non-naturally occurring composition comprises e.g. at least one
element more or less than a naturally occurring composition.

[0019] The term "engineered composition" refers in the context of all embodiments of the present invention to a composition
wherein at least one of the elements has been engineered, i.e. modified by man, in such a way that resulting element does not
occur in nature. It follows that by virtue of comprising at least one engineered element, an engineered composition does not
occur in nature.

[0020] The terms "polynucleotide”, "nucleotide sequence" and "nucleic acid" are used interchangeably herein and refer in the
context of all embodiments of the present invention to a polymeric form of nucleotides of any length, either
deoxyribonucleotides or ribonucleotides, or mixes or analogs thereof. Polynucleotides may have any three dimensional
structure, and may perform any function, known or unknown. The following are non-limiting examples of polynucleotides:
coding or non-coding regions of a gene or gene fragment, loci (locus) defined from linkage analysis, exons, introns, messenger
RNA (mRNA), transfer RNA (tRNA), ribosomal RNA (rRNA), short interfering RNA (siRNA), short-hairpin RNA (ShRNA), micro-
RNA (miRNA), ribozymes, cDNA, recombinant polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of
any sequence, isolated RNA of any sequence, nucleic acid probes, oligonucleotides and primers. A polynucleotide may
comprise one or more modified nucleotides, such as a methylated nucleotide and a nucleotide analogue or nucleotide
equivalent wherein a nucleotide analogue or equivalent is defined as a residue having a modified base, and/or a modified
backbone, and/or a non-natural internucleoside linkage, or a combination of these modifications. Preferred nucleotide
analogues and equivalents are described in the section "General definitions". As desired, modifications to the nucleotide
structure may be introduced before or after assembly of the polynucleotide. A polynucleotide may be further modified after
polymerization, such as by conjugation with a labeling compound.

[0021] A guide-polynucleotide comprises at least a guide-sequence that is able to hybridize with the target-polynucleotide and
is able to direct sequence-specific binding of the CRISPR-Cas system to the target-polynucleotide to form a CRISPR-Cas
complex. In order to enable formation of an active CRISPR-Cas complex, the guide-polynucleotide preferably also comprises a
sequence that has a specific secondary structure and allows binding of the Cas protein to the guide-polynucleotide. Such
sequence is known in the art as tracrRNA, tracr sequence, tracr scaffold or guide-polynucleotide structural component, these
terms are used interchangeably herein; wherein the tracr is the abbreviation for transactivating CRISPR; tracrRNA thus means
transactivating CRISPR RNA. The tracrRNA in the original CRISPR-Cas system is the endogenous bacterial RNA that links the
crRNA (guide-sequence) to the Cas nuclease, being able to bind any crRNA. A guide-polynucleotide structural component may
be comprised of a single polynucleotide molecule or may be comprised of two or more molecules hybridized to each other;
such hybridizing components of a guide-polynucleotide structural component may be referred to as a tracr sequence and a
tracr-mate sequence.

[0022] Accordingly, the guide-polynucleotide preferably also comprises a tracr sequence and/or a tracr-mate sequence. The
guide-polynucleotide is a polynucleotide according to the general definition of a polynucleotide set out here above; a preferred
guide-polynucleotide comprises ribonucleotides, a more preferred guide-polynucleotide is a RNA (guide-RNA). Two examples
of typical guide-polynucleotide structures are depicted in Figure 17.
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[0023] In the context of the present invention, a guide-sequence is referred to as essentially the reverse complement of a
target-sequence or of a target-polynucleotide if the subject sequence is able to hybridize with the target-sequence or target-
polynucleotide, preferably under physiological conditions as in a host cell. The degree of complementarity between a guide-
sequence and its corresponding target-sequence, when optimally aligned using a suitable alignment algorithm, is preferably
higher than 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99% sequence identity. Optimal alignment may be determined
using any suitable algorithm for aligning sequences, preferably an algorithm as defined herein under "Sequence identity".
When the target-polynucleotide is a double stranded polynucleotide, the subject sequence, such as a guide-sequence, may be
able to hybridize with either strand of the target-polynucleotide e.g. a coding strand or a non-coding strand. Preferably, a guide-
sequence as disclosed herein targets a target-sequence that is unique in the target. Preferably, a guide-sequence has 100%
sequence identity with the 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20, more preferably 8, 9, 10, 11 or 12 nucleotides in the
target-polynucleotide immediately adjacent to a PAM sequence.

[0024] A guide-sequence preferably is 8-30, more preferably 10-30, more preferably 15-30, more preferably 17-27, more
preferably 17-20, more preferably 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, or 27 nucleotides in length. The ability of a guide-
sequence to direct sequence-specific binding of a CRISPR-Cas system to a target-sequence to form a CRISPR-Cas complex
may be assessed by any suitable assay. For example, the components of a CRISPR system sufficient to form a CRISPR-Cas
complex, including the guide-sequence to be tested, may be provided to a host cell having the corresponding target-sequence,
such, as by transfection with vectors encoding the components of the CRISPR-Cas system, followed by an assessment of
preferential cleavage within the target-sequence, such as by the Surveyor assay (Surveyor® Mutation Detection Kits distributed
by Integrated DNA Technologies, Leuven, Belgium) or another sequence analysis assay such as sequencing. Cleavage of a
target-polynucleotide may be evaluated in a test tube by providing the target-polynucleotide, components of a CRISPR-Cas
system, including the guide-sequence to be tested and a control guide-sequence different from the test guide-sequence, and
comparing binding or rate of cleavage at the target-sequence between the test and control guide-sequence reactions. Other
assays are possible, and are known to a person skilled in the art.

[0025] A guide-polynucleotide structural component is believed to be necessary for formation of an active CRISPR-Cas
complex. The guide-polynucleotide structural component is believed not necessarily to be operably linked to the guide-
sequence; however, a guide-polynucleotide structural component may be operably linked to a guide-sequence within a guide-
polynucleotide. A guide-polynucleotide structural component, which may comprise or consist of all or a portion of a wild-type
guide-polynucleotide structural component (e.g. about or more than about 20, 26, 32, 45, 48, 54, 63, 67, 85, or more
nucleotides of a wild-type tracr-sequence) forms part of a CRISPR-Cas complex; e.g. by hybridization of at least a portion of a
tracr-sequence to all or a portion of a tracr-mate sequence and preferably operably linked to a guide-sequence. A tracr-
sequence has sufficient complementarity to a tracr-mate sequence to hybridize, preferably under physiological condition as in a
host cell, and facilitate formation of a CRISPR-Cas complex. As with the target-sequence, it is believed that complete
complementarity is not needed, provided there is sufficient complementarity to be functional. Preferably, the tracr-sequence
has at least 50%, 60%, 70%, 80%, 90%, 95% or 99% sequence identity along the length of the tracr-mate sequence when
optimally aligned. Optimal alignment may be determined using any suitable algorithm for aligning sequences, preferably an
algorithm as defined herein under "Sequence identity".

[0026] In general, a tracr mate sequence includes any sequence that has sufficient complementarity with a tracr sequence to
promote formation of a CRISPR-Cas complex at a target-sequence, wherein the CRISPR-Cas complex comprises the tracr
mate sequence hybridized to the tracr sequence. The degree of complementarity of the tracr sequence and the tracr mate
sequence is preferably defined with respect to optimal alignment of the tracr mate sequence and tracr sequence along the
length of the shorter of the two sequences. Optimal alignment may be determined using any suitable algorithm for aligning
sequences, preferably an algorithm as defined herein under "Sequence identity".

[0027] Preferably, with respect to a tracr mate sequence and a tracr sequence, secondary structures are taken into account,
such as self-complementarity within either the tracr sequence or tracr mate sequence. Preferably, the degree of
complementarity between the tracr sequence and tracr mate sequence along the length of the shorter of the two sequences
when optimally aligned is higher than 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99% sequence identity. Preferably, the
tracr mate sequence is 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, or more nucleotides in length.
Preferably, the tracer sequence is 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, or more nucleotides in
length. Preferably, the tracr sequence and tracr mate sequence, ie. the guide-polynucleotide structural component are
comprised within a single transcript, such that hybridization between the two produces a hybridization complex comprising a
secondary structure, such as a hairpin. Such hybridization complex may also be formed when the tracr sequence and the tracr
mate sequence are not comprised in a single transcript. Preferred loop forming sequences in a tracr sequence and/or a tracr
mate sequence and/or guide-polynucleotide structural component for formation of hairpin structures are four nucleotides in
length, and most preferably have the sequence GAAA; longer or shorter loop sequences may be used, as may alternative
sequences. The loop sequences preferably include a nucleotide triplet (for example, AAA), and an additional nucleotide (for
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example C or G). Examples of loop forming sequences include CAAA and AAAG. Preferably, a tracr sequence n and/or tracr
mate sequence or hybridization complex thereof and/or guide-polynucleotide structural component comprises or is able to form
at least two or more hairpins. More preferably, a tracr sequence and/or tracr mate sequence or hybridization complex thereof
and/or guide-polynucleotide structural component comprises or is able to form two, three, four or five hairpins. Preferably, a
tracr sequence and/or tracr mate sequence or hybridization complex thereof and/or guide-polynucleotide structural component
comprises or is able to form at most five hairpins. Preferably, the single transcript of a tracr sequence and a tracr-mate
sequence or hybridization complex of a tracr sequence and a tracr mate sequence and/or guide-polynucleotide structural
component further comprises a transcription termination sequence; preferably this is a polyT sequence, for example six T
nucleotides or, preferred for yeast, TTTTTTTGTTTTTTATGTCT (SEQ ID NO: 8). As said, guide-polynucleotide structural
components are known to the person skilled in the art; background information can e.g. be found in Gaj et al, 2013.

[0028] In the context of all embodiments according to the present invention, the term "target-polynucleotide” refers to a target-
sequence to which a guide-sequence is designed to have complementarity, where hybridization between a target-sequence
and a guide-sequence promotes the formation of a CRISPR-Cas complex. Full complementarity is not necessarily required,
provided there is sufficient complementarity to cause hybridization and promote formation of a CRISPR-Cas complex.
Preferably, a guide-sequence targets a target-sequence that is unique in the target. Preferably, a guide-sequence has 100%
sequence identity with the 8, 9, 10, 11, 12, 13, 14,15, 16, 17, 18, 19 or 20, more preferably 8, 9, 10, 11 or 12 nucleotides in the
target-polynucleotide immediately adjacent to a PAM sequence. A target-polynucleotide may comprise any polynucleotide, such
as DNA or RNA polynucleotides and may be single or double stranded. When the target-polynucleotide is a double strand
polynucleotide, a guide-sequence, may be able to hybridize with either strand of the target-polynucleotide e.g. a coding strand
or a non-coding strand.

[0029] A target-polynucleotide may be located in the nucleus or cytoplasm of a cell. A target-polynucleotide may be located in
an organelle of a host cell, for example in a mitochondrion or chloroplast. A target-polynucleotide may be comprised in a
genome, may be comprised in a chromosome or may be extra-chromosomal, may be comprised in an artificial chromosome
such a Yeast Artificial Chromosome (YAC), may be present in any chromosomal entity or extra-chromosomal entity such as an
autosomal replicating entity such as an episomal plasmid or vector. A target-polynucleotide may be native or foreign to the host
cell.

[0030] Atarget-polynucleotide is preferably associated with a protospacer adjacent motif (PAM), which is a short polynucleotide
recognized by the CRISPR-Cas complex. Preferably, the target-polynucleotide and PAM are linked wherein the PAM is
preferably immediately downstream (3') of the target-polynucleotide. The exact sequence and length of the PAM may vary, e.g.
different Cas proteins may require different PAM's. A preferred PAM is a polynucleotide of 2 to 8 nucleotides in length. A
preferred PAM is selected from the group consisting of 5-XGG-3', 5'-XGGXG-3', 5-XXAGAAW-3', 5-XXXXGATT-3', 5'-
XXAGAA-3', 5-XAAAAC-3', wherein X can be any nucleotide or analog thereof, preferably any nucleotide; and Wis Aor T. A
more preferred PAM is 5-XGG-3'. The PAM is preferably matched with the Cas protein. The most widely used CAS/CRISPR
system is derived from S. pyogenes and the matching PAM sequence 5'-XGG-3' is located immediately downstream (3') of the
target-sequence. A preferred PAM for a Neisseria meningitidis Cas protein is 5-XXXXGATT-3"; a preferred PAM for a
Streptococcus thermophilus Cas protein is 5'-XXAGAA-3'; a preferred PAM for a Treponema denticola is 5-XAAAAC-3'. A
preferred PAM matches the Cas protein used. A Cas protein may be engineered to match a different PAM than the native PAM
matching the wild-type Cas protein. As such, the CRISPR-Cas system according to the present disclosure may be used for
customized specific targeting.

[0031] The term "hybridization" refers to a reaction in which one or more polynucleotides react to form a complex that is
stabilized via hydrogen bonding between the bases of the nucleotide residues. The hydrogen bonding may occur by Watson
Crick base pairing, Hoogstein binding, or in any other sequence-specific manner. The complex may comprise two strands
forming a duplex structure, three or more strands forming a multi stranded complex, a single self-hybridizing strand, or any
combination of these. A hybridization reaction may constitute a step in a more extensive process, such as the cleavage of a
polynucleotide by an enzyme. Preferred hybridization conditions are physiological conditions as within a host cell according to
the present invention.

[0032] The term "source" in the context of all embodiments of the present invention refers to any source of a CRISPR-Cas
system comprising at least two distinct guide-polynucleotides and a Cas protein. The at least two distinct guide-polynucleotide
and Cas protein may be present in separate sources. In such case, the composition according to the present invention
comprises a CRISPR-Cas system comprising a source of at least two distinct guide-polynucleotides and a source of a Cas-
protein. Any source means that the guide-polynucleotides and Cas protein may be present as such in a form that they can
function within a CRISPR-Cas system. The guide-polynucleotides and/or the Cas-protein may be provided in its active forms
and may e.g. be provided from an inactive form or from another entity. The guide-polynucleotides are encoded by a
polynucleotide that is transcribed to provide for the actual guide-polynucleotide. The Cas protein may be encoded by a
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polynucleotide (e.g. DNA or mRNA) that is transcribed and/or translated to provide the actual Cas protein. An encoding
polynucleotide may be present in a nucleic acid construct as defined herein and/or in a vector as defined herein. Such nucleic
acid construct and vector are herein referred to as a nucleic acid construct according to the present invention and a vector
according to the present invention.

[0033] Preferably, in the composition according to the present disclosure, the Cas protein is encoded by a polynucleotide
and/or the guide-polynucleotide is encoded by or present on a polynucleotide.

[0034] In the composition according to the present disclosure, the Cas protein is encoded by a polynucleotide and/or the guide-
polynucleotide is encoded by or present on another polynucleotide and the polynucleotide or polynucleotides are comprised in
a vector.

[0036] In a composition according to the disclosure not part of the invention, the guide-polynucleotide is encoded by a
polynucleotide that is transcribed to provide for the actual guide-polynucleotide. Accordingly, , in the composition, the guide
polynucleotide is present in the form of a polynucleotide encoding for said guide-polynucleotide and the guide-polynucleotide is
obtained upon transcription of said polynucleotide in the host cell. In a composition according to the disclosure, not part of the
invention, the polynucleotide encoding a guide-polynucleotide has sequence identity with a vector such that recombination of
the polynucleotide encoding the guide-polynucleotide and said vector is facilitated, wherein the recombination preferably is in
vivo recombination in the host cell and wherein the vector is preferably linear. Accordingly, , in the composition according to the
disclosure, not part of the invention, preferably, a polynucleotide encoding a guide-polynucleotide has one or more regions of
sequence identity with a first vector to allow homologous recombination between the polynucleotide encoding the guide-
polynucleotide and said first vector to yield a second vector comprising the polynucleotide encoding the guide polynucleotide,
wherein the recombination preferably is in vivo recombination in the host cell and wherein the first vector is preferably a linear
vector. The person skilled in the art knows how to provide a linear vector; it can e.g. be synthesized as such or can be provided
by restriction enzyme digestion of a circular vector. This embodiment is exemplified, but not limited to, Figure 25. It allows the
design of several distinct polynucleotides encoding a guide-polynucleotide that have homology with the vector without having to
clone each polynucleotide encoding a guide-polynucleotide into the vector.

[0036] Preferably, such composition according to the invention comprises at least two distinct polynucleotides each encoding a
respective distinct guide-polynucleotide, wherein said at least two polynucleotides additionally comprise sequence identity with
each other such that recombination of the polynucleotides encoding the distinct guide-polynucleotides and said vector is
facilitated, wherein the recombination preferably is in vivo recombination in the host cell and wherein the vector is preferably a
linear vector. Accordingly, in an embodiment, the composition according to the invention preferably comprises at least two
distinct polynucleotides each encoding a respective distinct guide-polynucleotide, wherein said at least two polynucleotides
additionally comprise sequence identity with each other to allow homologous recombination of the polynucleotides encoding the
distinct guide-polynucleotides with each other and with said (first) vector to yield a second vector comprising said at least two
polynucleotides encoding each a guide-polynucleotide, wherein the recombination preferably is in vivo recombination in the
host cell and wherein the (first) vector is preferably a linear vector. The embodiment is exemplified, but not limited to, Figure
27, Approach 2. In an embodiment, the guide-polynucleotides are preferably distinct in their sequence identity with the target-
polynucleotide.

[0037] In a variant embodiment, not part of the invention, the polynucleotide encoding a guide-polynucleotide does not have
sequence identity with a vector or another polynucleotide encoding a guide-polynucleotide itself, but an additional
polynucleotide is present in the composition according to the invention that facilitates assembly of the polynucleotide encoding
a guide-polynucleotide into the vector and/or assembly of a complex of two distinct polynucleotides each encoding a respective
distinct guide-polynucleotide. Accordingly, there is provided a compositionaccording to the disclosure, not part of the invention,
wherein an additional set of polynucleotides is present that has sequence identity with a polynucleotide encoding a guide-
polynucleotide and with a vector such that recombination of the polynucleotide encoding the guide-polynucleotide and said
vector is facilitated, wherein the recombination preferably is in vivo recombination in the host cell and wherein the vector is
preferably linear. In addition, there is provided a composition according to thedisclosure, not part of the invention, wherein a
further polynucleotide is present that has sequence identity with a polynucleotide encoding the guide-polynucleotide and with a
further and distinct polynucleotide encoding a further and distinct guide-polynucleotide such that recombination of the
polynucleotides encoding the guide-polynucleotides and said vector is facilitated, wherein the recombination preferably is in
vivo recombination in the host cell and wherein the vector is preferably linear.

[0038] In the composition according to the presentdisclosure, the Cas protein is encoded by a polynucleotide and the guide-
polynucleotide is encoded by or present on another polynucleotide and the polynucleotides are comprised in one vector.

[0039] In the composition according to the present disclosure, the Cas protein is encoded by a polynucleotide comprised in a
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vector and the guide-polynucleotide is encoded by or present on another polynucleotide comprised in another vector.
Preferably, the vector encoding the Cas protein is a low copy vector and the vector encoding the guide-polynucleotide is a high
copy vector. This allows differential expression of the Cas protein and the guide-polynucleotide; the Cas protein may e.g. be
expressed in lower level than the guide-polynucleotide. Preferably herein, a low copy vector is a vector that is present in an
amount of at most 10, 9, 8, 7, 6, 5, 4, 3, 2 or most preferably 1 copy per host cell. Preferably herein, a high copy vector is a
vector that is present in an amount of more than 10, at least 15, at least 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, 80, 90, or at
least 100 copies per host cell. Examples of low copy vectors are yeast replicating plasmids or yeast centromeric plasmids. An
example of a high copy vector is a yeast episomal plasmid comprising the 2y (also known as 2mu or 2 micron) origin of
replication.

[0040] The invention thus provides for the possibilities that the guide-polynucleotide and the Cas protein are provided as such,
or that they are encoded on or present on a vector. In the latter case, the encoding polynucleotides may each be on a separate
vector or may both be on a single vector. The present disclosure, as depicted elsewhere herein, also provides for an
exogenous polynucleotide, also referred to as a donor polynucleotide, a donor DNA when the polynucleotide is a DNA, or repair
template, that upon cleavage of the target-polynucleotide by the CRISPR-Cas complex recombines with the target-
polynucleotide, resulting in a modified target-polynucleotide. Such exogenous polynucleotide is herein referred to as an
exogenous polynucleotide and may be single-stranded or double-stranded. Accordingly, a composition according to the present
disclosusre may further comprise an exogenous polynucleotide according to the present invention; a composition according to
the disclosure may comprise one or more distinct exogenous polynucleotides. Such one or more distinct exogenous
polynucleotides may encode different expression products or may encode identical expression products while a part of the
exogenous polynucleotide has sequence identity to a part of the target-polynucleotide. In an embodiment, the composition
according to the disclosure comprises one or more distinct exogenous polynucleotides, said exogenous polynucleotide
comprise one or more regions of sequence identity to the target polynucleotide to allow, upon cleavage of the target-
polynucleotide by the CRISPR-Cas complex, homologous recombination with the cleaved target-polynucleotide, resulting in a
modified target-polynucleotide. Such compositions allow for a multiplex CRISPR-CAS system as referred to elsewhere herein.
In an embodiment, in a composition according to the invention where at least two distinct exogenous polynucleotides are
present that upon cleavage of the target-polynucleotide by the CRISPR-Cas complex recombine with the target-
polynucleotides, resulting in a modified target-polynucleotide, said at least two distinct exogenous polynucleotides may
comprise sequence identity with each other such that recombination of said distinct exogenous polynucleotides is facilitated,
wherein the recombination preferably is in vivo recombination in the host cell. In an embodiment, in the composition according
to the disclosure comprising at least two distinct exogenous polynucleotides, each of said at least two distinct exogenous
polynucleotides comprise at least one region of sequence identity with another exogenous polynucleotide and optionally with
the target polynucleotide, to allow upon cleavage of the target-polynucleotide by the CRISPR-Cas complex, homologous
recombination of said at least two distinct exogenous polynucleotides with one another and with the cleaved target-
polynucleotide, resulting in a modified target-polynucleotide, wherein the recombination preferably is in vivo recombination in
the host cell. Such compositions according to the disclosureallow for a singleplex CRISPR-Cas system as described elsewhere
herein and is exemplified, but not limited to, the procedure depicted in Figures 24 and 25. In a variant embodiment, an
additional polynucleotide is present that has sequence identity with the exogenous and distinct polynucleotides such that
recombination of the exogenous and distinct polynucleotides is facilitated, and wherein the recombination preferably is in vivo
recombination in the host cell. In this variant embodiment, the additional polynucleotide or polynucleotides may have sequence
identity with only the exogenous polynucleotides such that a complex of these can be formed. Alternatively, or in combination,
an additional polynucleotide or polynucleotides may have sequence identity with an exogenous polynucleotide as well as
sequence identity to a part of the target-polynucleotide such that the exogenous polynucleotide or complex of exogenous
polynucleotides can be introduced into the target polynucleotide. Such is exemplified, but not limited to, the procedure depicted
in Figure 30.

[0041] The exogenous polynucleotide may be present on a vector or may be present as such, may be encoded by another
polynucleotide or may be operably linked to the guide-polynucleotide and may have sequence identity to a part of the target-
polynucleotide upstream of the PAM associated with the guide-sequence (i.e. on the 5' side of the PAM) or may have sequence
identity to a part of the target-polynucleotide downstream of the PAM associated with the guide-sequence (i.e. on the 5' side of
the PAM). The vector may be a separate vector for the exogenous polynucleotide. A vector carrying an exogenous
polynucleotide may be any vector described herein below. The exogenous polynucleotide may be present on a vector that
comprises a polynucleotide encoding a Cas protein and/or comprising a guide-polynucleotide or a polynucleotide encoding a
guide-polynucleotide. Accordingly, , the present disclsoure provides for a composition wherein a polynucleotide encoding a Cas
protein, a guide-polynucleotide or a polynucleotide encoding a guide-polynucleotide are present on a single vector, which may
further comprise any elements necessary for expressing the encoded products such as promoter and terminator elements.
Such single (all-in-one) vector has the advantage that all components necessary for a CRISPR-Cas system are present
together; in addition, a single transformation event, optionally in combination with a donor polynucleotide, suffices to introduce
the components into a host cell. A preferred example of an all-in-one vector is depicted in examples 1-7 and Figures 1-6, 10
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and 14 herein. There is provided a composition according to the present disclosure wherein a Cas protein is encoded by a
polynucleotide which is present on a vector and a guide-polynucleotide is present as such (e.g. as a PCR fragment, a
restriction fragment or a synthetic fragment), the guide-polynucleotide may be operably linked to an exogenous polynucleotide,
wherein the guide-polynucleotide and/or the operably linked exogenous polynucleotide has sequence identity with the vector
such that it allows in vivo (homologous) recombination in the host cell of the guide-polynucleotide and/or the operably linked
exogenous polynucleotide with the vector. Preferably, the in vivo recombination yields a second vector comprising the guide-
polynucleotide and/or the operably linked exogenous polynucleotide. In case a guide-polynucleotide and an exogenous
polynucleotide are operably linked and the guide-polynucleotide has sequence identity with the vector such as described here
above, the exogenous polynucleotide is liberated when the guide-polynucleotide recombined with the vector. For the purposes
described here above, the vector may be digested with a proper restriction enzyme (such as Sapl) such that in vivo
recombination is facilitated between the digested vector and the guide-polynucleotide and/or the operably linked exogenous
polynucleotide. This embodiment enhances efficiency since it obviates the need for a vector-insert assembly step. These
embodiments envisage that multiple distinct guide-polynucleotides can be used, or multiple distinct guide-polynucleotides
operably linked to multiple distinct exogenous polynucleotides can be used, i.e. a library of guide-polynucleotides or guide-
polynucleotides operably linked to multiple distinct exogenous polynucleotides. Such multiplex CRISPR-Cas system can
conveniently be used for introduction of a donor polynucleotide sequence, deletion of a polynucleotide and polynucleotide
library insertion into the genome of a host cell.

[0042] In the context of all embodiments of the present invention, a vector may be any vector (e.g., a plasmid or virus), which
can conveniently be subjected to recombinant DNA procedures and can mediate expression of a polynucleotide. The choice of
the vector will typically depend on the compatibility of the vector with the host cell into which the vector is to be introduced.
Preferred vectors are the vectors used in the examples herein. A vector may be a linear polynucleotide or a linear or closed
circular plasmid. A vector may be an autonomously replicating vector, i.e., a vector, which exists as an extra-chromosomal
entity, the replication of which is independent of chromosomal replication, e.g., a plasmid, an extra-chromosomal element, a
mini-chromosome, or an artificial chromosome.

[0043] In the composition according to the present disclosure, at least one vector is an autonomously replicating vector, or any
autonomously replicating vector suitable to be used in a yeast host cell.

[0044] A vector may be one which, when introduced into the host cell, becomes integrated into the genome and replicated
together with the chromosome(s) into which it has been integrated. An integrative vector may integrate at random or at a
predetermined target locus in a chromosome of the host cell. A preferred integrative vector comprises a DNA fragment, which
is homologous to a DNA sequence in a predetermined target locus in the genome of the host cell for targeting the integration of
the vector to this predetermined locus. In order to promote targeted integration, a vector is preferably linearized prior to
transformation of the cell. Linearization is preferably performed such that at least one but preferably either end of the vector is
flanked by sequences homologous to the target locus. The length of the homologous sequences flanking the target locus is
preferably at least 30 bp, preferably at least 50 bp, preferably at least 0.1 kb, even preferably at least 0.2 kb, more preferably
at least 0.5 kb, even more preferably at least 1 kb, most preferably at least 2 kb. Preferably, the efficiency of targeted
integration into the genome of the host cell, ie. integration in a predetermined target locus, is increased by augmented
homologous recombination abilities of the host cell.

[0045] The homologous flanking DNA sequences in the vector (which are homologous to the target locus) may be derived from
a highly expressed locus, meaning that they are derived from a gene, which is capable of high expression level in the host cell.
A gene capable of high expression level, i.e. a highly expressed gene, is herein defined as a gene whose mRNA can make up
at least 0.5% (w/w) of the total cellular mRNA, e.g. under induced conditions, or alternatively, a gene whose gene product can
make up at least 1% (w/w) of the total cellular protein, or, in case of a secreted gene product, can be secreted to a level of at
least 0.1 g/l (e.g. as described in EP 357 127 B1).

[0046] More than one copy of a polynucleotide may be inserted into the microbial host cell to mediate production of the product
encoded by said polynucleotide. This can be done, preferably by integrating multiple copies of the polynucleotide into the
genome of the host cell, more preferably by targeting the integration of the polynucleotide at one of the highly expressed loci
defined in the former paragraph. Alternatively, integration of multiple copies can be achieved by including an amplifiable
selectable marker gene with a polynucleotide, such that cells containing amplified copies of the selectable marker gene (and
thereby additional copies of the nucleic acid sequence) can be selected for by cultivating the cells in the presence of the
appropriate selectable agent. To increase the number of copies of a polynucleotide even more, the technique of gene
conversion as described in WO98/46772 may be used. When a polynucleotide encoding a Cas protein and/or a guide-
polynucleotide is integrated into the genome of the host cell, it may be desirable to excise the polynucleotide from the genome,
e.g. when the desired genome editing has taken place. The excision of a polynucleotide can be performed by any means
known to the person skilled in art; one preferred means is using Amds as a selection marker and counter-selecting with e.g.
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fluoroacetamide to excise the polynucleotide from the genome such as described in EP0635574. Another means for excision
would be to use the well-known Cre/lox system; the polynucleotide sequence encoding the Cas-protein may e.g. be flanked by
lox66/71 or loxP/loxP. A further means for excision would be to the use the CRISPR-Cas system, such as e.g. depicted in
example 5 herein.

[0047] A vector may be a single vector or plasmid or a vector system comprising two or more vectors or plasmids, which
together contain the polynucleotides to be introduced into the host cell host cell.

[0048] A vector may contain one or more selectable markers, which permit easy selection of transformed cells. In an
embodiment, in a composition according to the invention, one or more or all vectors comprise a selectable marker, preferably
each vector comprising a distinct selectable marker. A selectable marker is a gene the product of which provides for biocide or
viral resistance, resistance to heavy metals, prototrophy to auxotrophs, and the like. The selectable marker may be introduced
into the cell on the vector as an expression cassette or may be introduced on a separate vector.

[0049] A selectable marker for use in a yeast host cell may be selected from the group including, but not limited to, amdS
(acetamidase), argB (ornithine carbamoyltransferase), bar (phosphinothricinacetyltransferase), bleA (phleomycin binding),
hygB (hygromycinphosphotransferase), niaD (nitrate reductase), pyrG (orotidine-5'-phosphate decarboxylase), sC (sulfate
adenyltransferase), NAT or NTC (Nourseothricin) and trpC (anthranilate synthase), KanMX (resistance to G418/geneticin; the
selection marker kanMX is a hybrid gene consisting of a bacterial aminoglycoside phosphotransferase (kanr from transposon
Tn803) under control of the strong TEF promoter from Ashbya gossypii; mammalian cells, yeast, and other eukaryotes acquire
resistance to geneticin (= G418, an aminoglycoside antibiotic similar to kanamycin) when transformed with a kanMX marker; in
yeast, the kanMX marker avoids the requirement of auxotrophic markers; in addition, the kanMX marker renders E. coli
resistant to kanamycin.) as well as equivalents from other species.

[0050] Markers which can be used in a prokaryotic host cell include ATP synthetase, subunit 9 (oliC), orotidine-5'-
phosphatedecarboxylase (pvrA), the ampicillin resistance gene (E. coli), resistance genes for neomycin, kanamycin,
tetracycline, spectinomycin, erythromycin, chloramphenicol, phleomycin (Bacillus) and the E. coli uidA gene, coding for (-
glucuronidase (GUS). Vectors may be used in vitro, for example for the in vifro production of RNA in an in vitro transcription
system or used to transfect or transform a host cell.

[0051] Versatile marker genes that can be used for transformation of most yeasts such as acetamidase genes or cDNAs (the
amdS, niaD, facA genes or cDNAs from A. nidulans, A. oryzae or A. niger), or genes providing resistance to antibiotics like
G418, hygromycin, bleomycin, kanamycin, methotrexate, phleomycin orbenomyl resistance (benA). Alternatively, specific
selection markers can be used such as auxotrophic markers which require corresponding mutant host strains: e. g. D-alanine
racemase (from Bacillus), URA3 (from S. cerevisiae or analogous genes from other yeasts), pyrG or pyrA (from A. nidulans or
A. niger), argB (from A. nidulans or A. niger) or &rpC. In a preferred embodiment the selection marker is deleted from the
transformed host cell after introduction of the expression construct so as to obtain transformed host cells capable of producing
the polypeptide which are free of selection marker genes.

[0052] The procedures used to ligate elements described above to construct a vector are well known to one skilled in the art
(see, e.g. Sambrook & Russell, Molecular Cloning: A Laboratory Manual, 3rd Ed., CSHL Press, Cold Spring Harbor, NY, 2001 ;
and Ausubel et a/., Current Protocols in Molecular Biology, Wiley InterScience, NY, 1995).

[0053] A Cas protein in the context of all embodiments of the present invention refers to any Cas protein suitable for the
purpose of the invention. A Cas protein may comprise enzymatic activity or may not comprise enzymatic activity. Non-limiting
examples of Cas proteins include Casl, Casl B, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8, Cas9 (also known as Csnl and
Csxl2), CaslO, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Csc2, Csa5, Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4,
cmr5, Cmr6, Csbl, Csb2, Csb3, Csxl7, Csxl4, CsxIO, Csxl6, CsaX, Csx3, Csxl, CsxIS, Csfl, Csf2, Csf3, Csf4, homologs thereof
or modified versions thereof. These Cas proteins are known to the person skilled in the art; for example, the amino acid
sequence of S. pyogenes Cas9 protein may be found in the SwissProt database under accession number Q99ZW2. Preferably,
an unmodified Cas protein has DNA cleavage activity, such as e.g. Cas9. Preferably, a Cas protein is Cas9, and may be Cas9
from S. pyogenes or S. pneumoniae. Preferably, a Cas protein directs cleavage of one or both polynucleotide strands at the
location of the target-polynucleotide, such as within the target-polynucleotide and/or within the reverse complement of the
target-polynucleotide. At the location of the target-polynucleotide is herein defined as within about 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
15, 20, 25, 50, 100, 200, 500, or more nucleotides from the first or last nucleotide of a target-polynucleotide; more preferably,
within 1,2, 3, 4,5,6,7,8,9, 10, 15, 20, 25, 50, 100, 200, 500, or more nucleotides from the first or last nucleotide of a target-
polynucleotide; even more preferably, within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 50 nucleotides from the first or last
nucleotide of a target-polynucleotide. Accordingly, a Cas protein preferably directs cleavage of one or both polynucleotide
strands within about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 50, 100, 200, 500, or more nucleotides from the first or last
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nucleotide of a target-polynucleotide; more preferably, within 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 15, 20, 25, 50, 100, 200, 500, or more
nucleotides from the first or last nucleotide of a target-polynucleotide; even more preferably, within 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
15, 20, 25, 50 nucleotides from the first or last nucleotide of a target-polynucleotide. Typically, a target-polynucleotide is
associated with a PAM sequence (defined elsewhere herein) and the PAM sequence is preferably immediately downstream (3')
of the target-sequence; the formation of the CRISPR-Cas complex typically results in cleavage of one or both polynucleotide
strands 3 base pairs upstream (5) of the PAM sequence.

[0054] Preferably, a Cas protein in a composition according to the present invention has activity for directing cleavage of both
polynucleotide strands at the location of the target-polynucleotide. Cas nuclease activity is typically performed by two separate
catalytic domains, namely RuvC and HNH. Each domain cuts one polynucleotide strand each domain can be inactivated by a
single point mutation. A Cas protein may thus conveniently be mutated with respect to a corresponding wild-type Cas protein
such that the mutated Cas protein has altered nuclease activity and lacks the ability to cleave one or both strands of a target-
polynucleotide. In the embodiment of the invention, altered nuclease activity of a Cas protein according to the invention is
preferably determined in view of the wild-type Cas protein and is preferably determined under identical or substantially identical
conditions; the person skilled in the art knows how to determine nuclease activity of a Cas protein. For example, an aspartate-
to-alanine substitution (D10A) in the RuvC | catalytic domain of Cas9 from S. pyogenes converts Cas9 from a nuclease that
cleaves both strands to a nickase, which is herein defined as a Cas protein that cleaves a single strand of a target-
polynucleotide. Other examples of mutations that render Cas9 into a nickase include, but are not limited to H840A, N854A, and
N863A. In the context of the present invention, a Cas protein having nickase activity may be used for genome editing via
homologous recombination, preferably the double nicking technique according to Ran et al., 2013. Accordingly, a preferred Cas
protein according to the present invention comprises at least one mutation, such that the protein has altered nuclease activity
compared to the corresponding wild-type Cas protein, preferably having activity to direct cleavage of a single polynucleotide
strand at the location of the target-sequence. Such so-called nickase mutant can conveniently be used in duplex set-up, i.e. in
a composition according to the present disclosure comprising a Cas protein nickase mutant with RuvC mutated and a Cas
protein nickase mutant wherein NHN is mutated, such that the one Cas protein mutant nicks one strand of the polynucleotide
target and the other Cas protein mutant nicks the other strand of the polynucleotide target. Depending on the two guide-
polynucleotides used, the two different CRISPR-Cas complexes will effectively result in two single-strand nicks in the
polynucleotide target; these nicks may be several nucleotides up to 5, 10, 20, 30 or more apart. Such double nicking method
greatly enhances specificity of NEJH. Background information on double nicking can be found in e.g. Ran et al, 2013.

[0055] A Cas protein may comprise two or more mutated catalytic domains of Cas9, such as RuvC I, RuvC Il and/or RuvC Il to
result in a mutated Cas9 substantially lacking all DNA cleavage activity. In some embodiments, a D10A mutation is combined
with one or more of H840A, N854A, or N863A mutations to produce a Cas9 enzyme substantially lacking all DNA cleavage
activity. Preferably, a Cas protein is considered to substantially lack all DNA cleavage activity when the DNA cleavage activity of
the mutated enzyme is less than about 25%, 10%, 5%, 1%, 0.1%, 0.01%, or lower with respect to its non-mutated form. A Cas
protein lacking substantially all enzyme activity can conveniently be used for gene silencing or down regulation of expression
since the CRISPR-CAS complex will hamper transcription from the target-polynucleotide. Other mutations may be useful; where
the Cas9 or other Cas protein is from a species other than S. pyogenes, mutations in corresponding amino acids may be made
to achieve similar effects; the person skilled in the art knows how to identify these corresponding amino acids.

[0056] A Cas protein may be a fusion protein and comprise at least one heterologous functional domain, such domain
preferably is a domain comprising Fokl activity such as described by Aggarwal et al (Aggarwal, A. K.; Wah, D. A.; Hirsch, J. A,;
Dorner, L. F.; Schildkraut, 1. (1997). "Structure of the multimodular endonuclease Fokl bound to DNA". Nature 388 (6637): 97-
100). The enzyme Fokl is naturally found in Flavobacterium okeanokoites and is a bacterial type IS restriction endonuclease
consisting of an N-terminal DNA-binding domain and a non-specific DNA cleavage domain at the C-terminal (Durai et al.,
2005). When the Fokl protein is bound to double stranded DNA via its DNA-binding domain at the 5-GGATG-3":3'-CATCC-5'
recognition site, the DNA cleavage domain is activated and cleaves, without further sequence specificity, the first strand 9
nucleotides downstream and the second strand 13 nucleotides upstream of the nearest nucleotide of the recognition site (Wah
et al., 1998. Cas9-Fokl fusions have been described inter alia in Guilinger et al., 2014; and in Tsai et al., 2014.

[0057] A Cas fusion protein may comprise 1, 2, 3,4, 5,6, 7, 8, 9, 10, or more domains in addition to the Cas protein. Examples
of protein domains that may be fused to a Cas protein include, but are not limited to, epitope tags, reporter gene sequences,
and protein domains having one or more of the following activities: methylase activity, demethylase activity, transcription
activation activity, transcription repression activity, transcription release factor activity, historic modification activity, RNA
cleavage activity and nucleic acid binding activity. Non-limiting examples of epitope tags include histidine (His) tags, V5 tags,
FLAG tags, influenza hemagglutinin (HA) tags, Myc tags, VSV-G tags, and thioredoxin (Trx) tags. Examples of reporter genes
include, but are not limited to, glutathione-S-transferase (GST), horseradish peroxidase (HRP), chloramphenicol
acetyltransferase (CAT) beta-galactosidase, beta-glucuronidase, luciferase, green fluorescent protein (GFP), HcRed, DsRed,
cyan fluorescent protein (CFP), yellow fluorescent protein (YFP), and autofluorescent proteins including blue fluorescent



DK/EP 3242949 T3

protein (BFP). A Cas protein may be fused to a gene sequence encoding a protein or a fragment of a protein that bind DNA
molecules or bind other cellular molecules, including but not limited to, maltose binding protein (MBP), S-tag, Lex A DNA
binding domain (DBD) fusions, GAL4 DNA binding domain fusions, and herpes simplex virus (HSV) BP 16 protein fusions.
Additional domains that may form part of a fusion protein comprising a CRISPR enzyme are described in US20110059502. A
tagged Cas protein may be used to identify the location of a target-polynucleotide. A preferred Cas fusion protein comprises a
Fokl domain as defined here above.

[0058] A preferred Cas protein comprises a nuclear localization sequence, preferably a heterologous nuclear localization
sequence. Such nuclear localization sequence is also referred as a nuclear localization signal. Preferably, such nuclear
localization signal confers to the CRISPR-Cas complex sufficient strength to drive accumulation of said CRISPR-Cas complex in
a detectable amount in the nucleus of a host cell. Without wishing to be bound by theory, it is believed that a nuclear
localization sequence is not necessary for CRISPR-Cas activity in a host cell, but that including such sequences enhances
activity of the system, especially as to targeting nucleic acid molecules into the nucleus. Such nuclear localization sequence is
preferably present in the Cas protein, but may also be present anywhere else such that targeting of the CRISPR-Cas system to
the nucleus is facilitated. A preferred nuclear localization sequence is the SV40 nuclear localization sequence.

[0059] In a composition and in any other embodiment according to the present invention a Cas protein encoding polynucleotide
is preferably codon optimized for the host cell it is to be expressed in, more preferably the Cas protein encoding polynucleotide
is codon pair optimized. In general, codon optimization refers to a process of modifying a nucleic acid sequence for enhanced
expression in a host cell of interest by replacing at least one codon (e.g. more than 1, 2, 3, 4, 5, 10, 15, 20, 25, 50, or more
codons) of a native sequence with codons that are more frequently or most frequently used in the genes of that host cell while
maintaining the native amino acid sequence. Various species exhibit particular bias for certain codons of a particular amino
acid. Codon bias (differences in codon usage between organisms) often correlates with the efficiency of translation of
messenger RNA (mRNA), which is in turn believed to be dependent on, among other things, the properties of the codons being
translated and the availability of particular transfer RNA (tRNA) molecules. The predominance of selected tRNAs in a cell is
generally a reflection of the codons used most frequently in peptide synthesis. Accordingly, genes can be tailored for optimal
gene expression in a given organism based on codon optimization. Codon usage tables are readily available, for example, at
the "Codon Usage Database", and these tables can be adapted in a number of ways. See e.g. Nakamura, Y., et al., 2000.
Computer algorithms for codon optimizing a particular sequence for expression in a particular host cell are also available, such
as Gene Forge (Aptagen; Jacobus, PA), are also available. Preferably, one or more codons (e.g. 1, 2, 3, 4, 5, 10, 15, 20, 25,
50, or more, or all codons) in a sequence encoding a Cas protein correspond to the most frequently used codon for a particular
amino acid. Preferred methods for codon optimization are described in WO2006/077258 and WO2008/000632).
WO2008/000632 addresses codon-pair optimization. Codon-pair optimization is a method wherein the nucleotide sequences
encoding a polypeptide have been modified with respect to their codon-usage, in particular the codon-pairs that are used, to
obtain improved expression of the nucleotide sequence encoding the polypeptide and/or improved production of the encoded
polypeptide. Codon pairs are defined as a set of two subsequent triplets (codons) in a coding sequence. The amount of Cas
protein in a source in a composition according to the present invention may vary and may be optimized for optimal
performance. It may be convenient to avoid too high levels of Cas protein in a host cell since high levels of Cas protein may be
toxic to the host cell, even without a guide-polynucleotide present (see e.g. Ryan et al 2014 and Jacobs et al., 2014). A person
skilled in the art knows how to regulate expression levels, such as by choosing a weaker promoter, repressible promoter or
inducible promoter for expression of a Cas protein. Examples of promoters suitable for expression of a protein are depicted
elsewhere herein.

[0060] In a composition according to the present invention wherein a guide-polynucleotide is encoded by a polynucleotide,
expression of the guide-polynucleotide may be facilitated by a promoter operably linked to the encoding polynucleotide. Such
promoter may be any suitable promoter known to the person skilled in the art. Several types of promoters can be used. It may
be convenient to use an RNA polymerase |l promoter or an RNA polymerase Il promoter. Background information on RNA
polymerase Il and its promoters can be found e.g. in Marck et al., 2006. In some cases, such as in S. cerevisiae, S. pombe,
RNA polymerase Ill promoters include promoter elements in the transcribed region. Accordingly, it may be convenient to use an
RNA polymerase Il promoter; these are known to the person skilled in the art and reviewed in e.g. Kornberg 1999. However,
transcripts from an RNA Il polymerase often have complex transcription terminators and transcripts are polyadenylated; this
may hamper with the requirements of the guide-polynucleotide because both its 5’ and 3' ends need to be precisely defined in
order to achieve the required secondary structure to produce a functional CRISPR-Cas system. These drawbacks can however
be circumvented. In case an RNA polymerase Il promoter is used, the polynucleotide encoding the guide-polynucleotide may
also encode self-processing ribozymes and may be operably linked to an RNA polymerase Il promoter; as such the
polynucleotide encodes a pre-guide-polynucleotide comprising the guide-polynucleotide and self-processing ribozymes,
wherein, when transcribed, the guide-polynucleotide is released by the self-processing ribozymes from the pre-guide-
polynucleotide transcript. Background information on such constructs can be found in e.g. Gao et al, 2014 et al. Preferably, in a
composition according to the present invention wherein the guide-polynucleotide is encoded by a polynucleotide, said
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polynucleotide is operably linked to an H1 RNA polymerase Ill promoter, preferably a human H1 RNA polymerase Il promoter.
Preferably, in a composition according to the present invention wherein the guide-polynucleotide is encoded by a
polynucleotide, said polynucleotide is operably linked to a U6 RNA polymerase Ill promoter, preferably a human U6 RNA
polymerase Il promoter. Preferably, in a composition according to the present invention wherein the guide-polynucleotide is
encoded by a polynucleotide, said polynucleotide is operably linked to an SNR52p RNA polymerase |ll promoter, preferably a
yeast SNR52p RNA polymerase Ill promoter. Such promoter is preferably used when the host is a yeast host cell, such as a
Saccharomyces or a Kluyveromyces.

[0061] Preferably, in a composition according to the present invention wherein the guide-polynucleotide is encoded by a
polynucleotide, said polynucleotide is operably linked to an RNA polymerase Il promoter and encodes a pre-guide-
polynucleotide comprising the guide-polynucleotide and self-processing ribozymes, wherein, when transcribed, the guide-
polynucleotide is released by the self-processing ribozymes from the pre-guide-polynucleotide transcript. Conveniently, multiple
pre-guide-polynucleotides and multiple self-processing ribozymes may be encoded by a single polynucleotide, operably linked
to one or more RNA polymerase |l promoters.

[0062] The composition according to the first aspect of the present invention can conveniently be used to modulate expression
of a polynucleotide in a host cell. Accordingly, in a second aspect, the present invention provides a method of modulating
expression of a polynucleotide in a host cell, comprising contacting a host cell with the composition according to the first aspect
of the invention, wherein the guide-polynucleotide directs binding of the Cas protein at the target-polynucleotide in the host cell
to form a CRISPR-Cas complex.

[0063] The term "expression” in the context of the present invention is herein defined as the process by which a polynucleotide
is transcribed from a polynucleotide template (e.g. a DNA template polynucleotide is transcribed into an mRNA polynucleotide
transcript or other RNA transcript) and/or the process by which an mRNA transcript is subsequently translated into peptides,
polypeptides, or proteins. Transcripts and encoded polypeptides may be collectively referred to as "gene product". If the
polynucleotide transcript is derived from a genomic template DNA, expression may include splicing of the mRNA transcript in a
host cell. The term "modulating expression” refers herein to increased or reduced expression compared to a parent host cell
wherein expressing is not modulated when assayed using the same conditions. Reduced expression may be a reduced amount
of transcript such as mRNA and/or a reduced amount of translation product such as a polypeptide. It follows that increased
expression may be an enhanced amount of transcript such as mRNA and/or an enhanced amount of translation product such
as a polypeptide. Preferably, the CRISPR-Cas complex cleaves one or both polynucleotide strands at the location of the target-
polynucleotide, resulting in modulated expression of the gene product. The CRISPR-Cas complex may also have altered
nuclease activity and substantially lack the ability to cleave one or both strands of a target-polynucleotide; in such case,
expression is modulated by the binding of the complex to the target-polynucleotide. A Cas protein lacking substantially all
enzyme activity can conveniently be used for gene silencing or down regulation of expression since the CRISPR-Cas complex
will hamper transcription from the target-polynucleotide. Alternatively, a Cas protein can be modified into a transcription factor
for programmable transcriptional activation or silencing of a gene of interest (Larson, et al., 2013).

[0064] A composition according to the first aspect of the present invention can conveniently be used for the deletion of
polynucleotide. In an embodiment, when the composition according to the first aspect of the present invention comprises a
source of at least two guide-polynucleotides and/or a source of at least at least one Cas protein, at least one CRISPR-Cas
complex or two different CRISPR-Cas complexes are formed that cleave one or both polynucleotide strands at one location or
at different locations of the target-polynucleotide, resulting in deletion of a polynucleotide fragment from the target-
polynucleotide. Preferably, such composition according to the present invention comprising at least two guide-polynucleotides
and a source of at least one Cas protein, additionally comprises an exogenous polynucleotide as defined herein below that is at
least partly complementary to the at least two target-polynucleotides targeted by the guide-polynucleotide(s). Such
polynucleotide fragment to be deleted or deleted fragment may be several nucleotides in length up to a few thousand
nucleotides in length, an entire gene may be deleted or a cluster of genes may be deleted. Accordingly, the present
disclosureprovides for a method of modulating expression of a polynucleotide in a host cell, wherein a polynucleotide fragment
is deleted from a target-polynucleotide. A preferred method is depicted in example 5 herein.

[0065] In an embodiment, the method of modulating expression comprises cleavage of one or both polynucleotide strands at at
least one location of the target-polynucleotide followed by modification of the target-polynucleotide by homologous
recombination with an exogenous polynucleotide. In such case, the composition according to the first aspect of the present
invention preferably further comprises such exogenous polynucleotide. Such modification may result in insertion, deletion or
substitution of at least one nucleotide in the target-polynucleotide, wherein the insertion or substitution nucleotide may originate
from the exogenous polynucleotide. A modification can also be made when the exogenous polynucleotide is a non-integrating
entity such as described in Dong et al., and Beetham et al.; in this case the target-polynucleotide is modified but no nucleotide
of the exogenous polynucleotide is introduced into the target-polynucleotide. Consequently, the resulting host is a non-
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recombinant host cell when the Cas-protein according to the invention is transformed as a protein. The exogenous
polynucleotide may be any polynucleotide of interest such as a polynucleotide encoding a compound of interest as defined
herein below, or a part of such polynucleotide or a variant thereof. Such exogenous polynucleotide is herein referred to as an
exogenous polynucleotide and may single-stranded or double-stranded.

[0066] Various applications can be considered by the person skilled in the art for the compositions and methods according to
the present invention. A polynucleotide (or gene) in a genome may be modified, edited or disrupted using compositions and
methods according to the present invention. E.g. when a fully active Cas protein is used that cuts in both strands of the target-
polynucleotide and when no exogenous polynucleotide is present as a suitable repair template, the double strand break is
repaired by non-homologous end joining repair (NHEJ). During NHEJ insertions and/or deletions (which may be construed as
substitution in some cases) of one or several nucleotides may occur, these are randomly inserted or deleted at the repair site;
this is characteristic for NHEJ. Such insertions and/or deletions may impact the reading frame of the coding sequence, resulting
amino acid changes in the gene product or even a truncated protein in case of genesis of a (premature) stop codon or
alteration of a splice site.

[0067] A polynucleotide (or gene) in a genome may be modified, edited or disrupted using compositions and methods
according to the present invention using homologous end joining repair (HEJ), also known as homology-directed repair (HDR),
when an exogenous polynucleotide is present as repair template. E.g. when an exogenous polynucleotide having sequence
identity to the target-polynucleotide (i.e. upstream (5 and downstream (3') of the double strand break) is present together with
a CRISPR-Cas system according to the presentdisclosure, HDR will introduce (or actually reproduce) the corresponding
nucleotides of the exogenous polynucleotide at the double strand break in the target-polynucleotide. Preferably, an exogenous
polynucleotide does not contain the target sequence itself followed by a functional PAM sequence to avoid the risk of the
exogenous polynucleotide itself or the modified target-polynucleotide being (re)cut by the CRISPR-CAS system.

[0068] When a CRISPR-Cas system comprises an exogenous polynucleotide (donor polynucleotide, donor DNA, repair
template), the CRISPR-Cas system preferably comprises two or more guide-polynucleotides encoded by or present on one or
more separate polynucleotides or vectors, and two or more exogenous polynucleotides are provided together with said
CRISPR-Cas system enabling the formation of two or more CRISPR-CAS complexes.Such CRISPR-Cas systems can
conveniently be used to modulate expression at two or more target-polynucleotides, i.e. a method to target multiple target sites.
Such CRISPR-Cas system will by chance form one, two or more CRISPR-CAS complexes at one or more target-
polynucleotides. Such method can be used to generate one or more insertions, deletions, substitutions, optionally in
combination with the one or more exogenous polynucleotides, in the genome of the host cell, or to modulate expression of
genes via the formed CRISPR-CAS complexes.

[0069] When a CRISPR-Cas system comprises an exogenous polynucleotide (donor polynucleotide, repair template), the
exogenous polynucleotide and the guide-polynucleotide may be encoded by or present on a single polynucleotide. This
enables synthesis of two or more of such combination polynucleotides and even library synthesis of such combination
polynucleotides. Such library can be provided as a pool and be used to make a library of vectors and/or polynucleotides where
the guide-polynucleotide and the exogenous polynucleotide are together encoded by or present on one polynucleotide. Such
pool enables the use of a CRISPR-Cas system in a library-like multiplex system. In such CRISPR-Cas system, the exogenous
polynucleotide and the guide-polynucleotide may be directly connected or may be separated by a linker polynucleotide.

[0070] The guide-polynucleotide and the exogenous polynucleotide may be connected by a linker polynucleotide that encodes
for or represents the right flank of the guide-polynucleotide encoding or representing the gRNA 3' sequence and terminator, or
a linker polynucleotide that encodes for or represents the left flank of the guide-polynucleotide encoding or representing the
gRNA 5' sequence and promoter. This enables synthesis of two or more of such combination polynucleotides and even library
synthesis of such combination polynucleotides. Such combination polynucleotides can be further processed to form a
combination polynucleotide with one or more functional guide-polynucleotide(s) (containing a promoter and terminator).

[0071] In an embodiment, the guide-polynucleotide and the exogenous polynucleotide are connected by a linker polynucleotide
that encodes for or represents the right flank of the guide-polynucleotide encoding or representing the gRNA 3' sequence and
terminator and the polynucleotide target for said guide-polynucleotide, or a linker polynucleotide that encodes for or represents
the polynucleotide target for said guide-polynucleotide and the left flank of the guide-polynucleotide encoding or representing
the gRNA 5' sequence and promoter, where in vivo a CRISPR-Cas system can be formed at the combination polynucleotide to
cleave the combination polynucleotide.

[0072] In an embodiment, one or more combination polynucleotides can be recombined (e.g. via direct cloning or in vivo
recombination) with one or more vectors encoding Cas protein. One or more of such recombined vectors enable the formation
of one or more CRISPR-CAS complexes.
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[0073] The host cell according to the disclosure may be any host cell as defined herein. A preferred host cell is a modified host
cell wherein expression of a component associated with non-homologous end joining (NHEJ) is altered compared to the
corresponding wild-type host cell; preferably expression of the component associated with NHEJ is lowered. Preferred
components associated with NHEJ are the yeast Ku70 and Ku80 and their respective orthologs in preferred non-mammalian
host cells according to the present invention. Another preferred component associated with NHEJ is the yeast LIG4 and its
respective orthologs in preferred non-mammalian host cells according to the present invention.

[0074] In a method as disclosed herein, not part of the invention, a preferred host cell comprises a polynucleotide encoding a
compound of interest as defined elsewhere herein.

[0075] In a method as disclosed herein not part of the invention, the host cell may be a recombinant host cell or may be a non-
recombinant host cell.

[0076] A method of modulating expression of a polynucleotide in a host cell as disclosed herein, results in a modified host cell
that preferably comprises components of the composition according to the first aspect of the present invention. Accordingly, in
a third aspect the present invention provides for a host cell selected from a Saccharomyces and a Kluyveromyces comprising a
composition according to the first aspect of the present invention. Such host cell may be any host cell as defined herein and
may further comprise a polynucleotide encoding a compound of interest as defined elsewhere herein.

[0077] In a fourth aspect, the present invention provides a method of producing a host cell selected from a Saccharomyces
and a Kluyveromyces, comprising contacting a host cell with the composition according to the first aspect of the present
invention, wherein the guide-polynucleotides direct binding of the Cas protein at the target-polynucleotide in the host cell to
form a CRISPR-Cas complex.The contacting with the composition according to the first aspect of the invention may be
performed in two steps, wherein the host cell is first contacted with a source of a Cas protein according to the invention and
subsequently the host cell is contacted with a source of a guide-polynucleotide and optionally an exogenous polynucleotide. A
host cell in this embodiment of the present invention may be any type of host cell as defined herein and may comprise a
polynucleotide encoding a compound of interest as defined elsewhere herein. A preferred method of producing a host cell
according to the present disclosure comprises a step to produce an offspring host cell, wherein in said offspring host cell no
components of a CRISPR-Cas system are present anymore. A further preferred host cell is a modified host cell wherein
expression of a component associated with NHEJ as depicted here above is altered compared to the corresponding wild-type
host cell; preferably expression of the component associated with NHEJ is lowered.

[0078] The composition according to the first aspect of the present invention may be any such composition as defined herein.
Contacting a host cell with a composition according to the present invention may be performed by any means known to the
person skilled in the art. A host cell according to the present invention may simply be brought into a solution comprising a
composition according to the present invention. Specific means of delivering a composition according to the present invention
into a host cell may be used. The person skilled in the art is aware of such methods (see e.g. Sambrook & Russell; Ausubel,
supra)., which include but are not limited to electroporation methods, particle bombardment or microprojectile bombardment,
protoplast methods and Agrobacterium mediated transformation (AMT Yeast may be transformed using any method known in
the art such as the procedures described by Becker and Guarente, In Abelson, J. N. and Simon, 1983; Hinnen et al., 1978, and
Gietz RD, Woods RA. 2002.

[0079] Preferably, the CRISPR-Cas complex cleaves one or both polynucleotide strands at the location of the target-
polynucleotide, resulting in modulated expression of the gene product. The CRISPR-Cas complex may also have altered
nuclease activity and lack the ability to cleave one or both strands of a target-polynucleotide; in such case, expression is
modulated by the binding of the complex to the target-polynucleotide.

[0080] When the composition according to the first aspect of the present invention comprises a source of at least two guide-
polynucleotides and/or a source of at least one Cas protein, at least one CRISPR-Cas complex or two different CRISPR-CAS
complexes are formed that cleave both polynucleotide strands at one location or at different locations of the target-
polynucleotide, resulting in deletion of a polynucleotide fragment from the target-polynucleotide. Preferably, such composition
according to the present invention comprising at least two guide-polynucleotides and/or a source of at least at least one Cas
protein, additionally comprises an exogenous polynucleotide as defined herein below that is at least partly complementary to
the at least one or two target-polynucleotides targeted by the guide-polynucleotide(s). Such polynucleotide fragment to be
deleted or deleted fragment may be from several nucleotides in length up to a few thousand nucleotides in length, an entire
gene may be deleted or a cluster of genes may be deleted. Accordingly, the present disclosure provides for a method of
modulating expression of a polynucleotide in a host cell, wherein a polynucleotide fragment is deleted from a target-
polynucleotide. A method of modulating expression of a polynucleotide in a host cell, wherein a polynucleotide fragments is
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deleted from a target-polynucleotide, comprises contacting a host cell with a composition as described herein, wherein the
guide-polynucleotide directs binding of the Cas protein at the target-polynucleotide in the host cell to form a CRISPR-Cas
complex. Preferably a method of modulating expression of a polynucleotide in a host cell, wherein a polynucleotide fragments
is deleted from a target-polynucleotide, comprises contacting a host cell with a composition as described herein, wherein the
guide-polynucleotide directs binding of the Cas protein at the target-polynucleotide in the host cell to form a CRISPR-Cas
complex, wherein the host cell is a modified host cell deficient in a component associated with NHEJ. In another preferred
embodiment a method of modulating expression of a polynucleotide in a host cell, wherein a polynucleotide fragments is
deleted from a target-polynucleotide, comprises contacting a host cell with a composition as described herein, wherein the
guide-polynucleotide directs binding of the Cas protein at the target-polynucleotide in the host cell to form a CRISPR-Cas
complex, wherein the host cell is a modified host cell deficient in a component associated with NHEJ, wherein the composition
as described herein does not comprise an exogenous or donor polynucleotide. In one preferred embodiment the component
associated with NHEJ is a yeast Ku70 or a yeast Ku80 or a yeast LIG4 or its respective ortholog in the host cells according to
the present disclosure.

[0081] Therefore the disclosure, not part of the invention, relates in one embodiment to a method of modulating expression of
a polynucleotide in a cell, wherein a polynucleotide fragment is deleted from a target-polynucleotide, comprising contacting a
host cell with the composition as described herein but preferably not comprising a donor polynucleotide as defined herein,
wherein the guide-polynucleotide directs binding of the Cas protein at the target-polynucleotide in the host cell to form a
CRISPR-Cas complex, wherein the host cell is deficient in a component associated with NHEJ, preferably a yeast Ku70 or yeast
Ku80 or a yeast LIG4 or its respective ortholog in the host cells.

[0082] Surprisingly it has been found that in a host cell deficient in a gene involved in NHEJ it is possible to obtain deletions in
the host cell genome in a controlled way by using the CRISPR/CAS9 system when regions of homology are present at both
sites of the intended cleavage site and wherein the composition as described herein does not comprise a donor DNA, in a
method of modulating expression of a polynucleotide in a cell, wherein a polynucleotide fragment is deleted from a target-
polynucleotide, as described herein. Therefore in one embodiment the disclosure, not part of the invention relates to a method
of modulating expression of a polynucleotide in a cell, wherein a polynucleotide fragment is deleted from a target-
polynucleotide, comprising contacting a host cell with a non-naturally occurring or engineered composition comprising a source
of a CRISPR-Cas system comprising a guide-polynucleotide and a Cas protein, wherein the guide-polynucleotide comprises a
guide-sequence that essentially is the reverse complement of a target-polynucleotide in a host cell and the guide-
polynucleotide can direct binding of the Cas protein at the target-polynucleotide in the host cell to form a CRISPR-Cas complex,
wherein the guide-sequence is essentially the reverse complement of the (N)y part of a 5'-(N)yPAM-3' polynucleotide sequence
target in the genome of the host cell, wherein y is an integer of 8-30, wherein PAM is a protospacer adjacent motif, wherein the
host cell is a eukaryote, which eukaryote is a yeast, preferably a Saccharomyces or a Kluyveromyces and wherein PAM is
preferably a sequence selected from the group consisting of 5-XGG-3', 5-XGGXG-3', 5-XXAGAAW-3', 5-XXXXGATT-3', 5'-
XXAGAA-3', 5'-XAAAAC-3', wherein X can be any nucleotide or analog thereof, preferably X can be any nucleotide; and Wis A
or T herein but preferably not comprising a donor polynucleotide as defined herein, wherein the guide-polynucleotide directs
binding of the Cas protein at the target-polynucleotide in the host cell to form a CRISPR-Cas complex, wherein the host cell is
deficient in a component associated with NHEJ, preferably a yeast Ku70 or yeast Ku80 or a yeast LIG4 or its respective
ortholog in the host cells, wherein the Cas protein has activity for directing cleavage of both polynucleotide strands at the
location of the target-sequence and wherein the cleavage occurs in a region of the genome comprised between two
homologous regions which upon cleavage by the Cas protein recombine with each other resulting in the deletion of a
polynucleotide comprised between said regions.

[0083] Preferably the degree of homology between the two homologous regions is such to allow homologous recombination.
Preferably the two homologous regions have at least 60%, 70%, 80%, 90%, 99% or 100% sequence identity over the whole
length of the homologous regions. It has been surprisingly found that the Iength of homologous region can be very short even
in filamentous fungi, wherein usually a length of at least 1 or several kb is necessary to allow homologous recombination.
Therefore in a preferred embodiment the length of the homologous regions is preferably at most 1 kb, at most 0,5 kb, at most
100 bp, at most 50 bp, at most 40 bp, at most 30 bp, at most 20 bp, at most 10 bp.

[0084] Preferably the distance between the two homologous regions is at most 10 kb, at most 9, at most 8 kb, at most 7 kb, at
most 6 kb, at most 5 kb, at most 4 kb, at most 3 kb, at most 2 kb, at most 1 kb, at most 0,5 kb, at most 100bp, at most 50bp, at
most 40bp, at most 30, 20, 10kb.

[0086] Disclosed herein is a software algorithms able to identify PAM sites in the genome comprised between homology
regions of about 7-20 bp in a neighbourhood of the PAM site to design a method to target one or more PAM sites and create
deletion of polynucleotides without use of a donor DNA.
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[0086] The above method can be used for efficient removal of polynucleotide sequences in a designed way. For example upon
introducing a Cas9 expression cassette at the genomic DNA and after several rounds of modifications mediated by the
CRISPR/CAS9 system, one can remove the CAS9 from the genome by the introduction of a gRNA targeting a site in the Cas9
expression cassette and wherein the Cas9 expression cassette is comprised between two homologous regions as defined
above, preferably 100-bp long, more preferably 20-bp, 15-bp long or shorter and cleave out the Cas9 open reading frame or a
large part of the expression cassette.

[0087] The above method can also be used for transient inactivation of a gene. E.g. one could for example make a gene, e.g.
a Ku70 polynucleotide non-functional by inserting a polynucleotide sequence in the ORF of the Ku70 gene, comprising two
homologous regions at its 5'-end and 3'-end respectively, wherein preferably the homologous regions are 100-bp, more
preferably 20-bp, 15-bp long or shorter. The Ku70 gene can be made functional again using a CRISPR-Cas9 system without
donor DNA as described above. In an embodiment, the method of modulating expression comprises cleavage of one or both
polynucleotide strands at at least one location of the target-polynucleotide followed by modification of the target-polynucleotide
by homologous recombination with an exogenous polynucleotide. In such case, the composition according to the first aspect of
the present invention preferably further comprises such exogenous polynucleotide. Such modification may result in insertion,
deletion or substitution of at least one nucleotide in the target-polynucleotide, wherein the insertion or substitution nucleotide
may or may not originate from the exogenous polynucleotide. In one embodiment the exogenous polynucleotide comprises
regions of homology with the target-polynucleotide. Preferably the degree of homology between these homologous regions is
such to allow homologous recombination. Preferably the homologous regions have at least 60%, 70%, 80%, 90%, 99% or
100% sequence identity over the whole length of the homologous regions. In one embodiment, wherein the host cell is deficient
in a component involve in NHEJ as defined herewith, the homologous regions are preferably at most 1 kb, at most 0,5 kb, at
most 100 bp, at most 50 bp, at most 40 bp, at most 30 bp, at most 20 bp, at most 10 bp.. A modification can also be made
when the exogenous polynucleotide is a non-integrating entity; in this case the target-polynucleotide is modified but no
nucleotide of the exogenous polynucleotide is introduced into the target-polynucleotide. Consequently, the resulting host is a
non-recombinant host when the Cas-protein is transformed as a protein. In a methodas disclosed herein, the host cell may thus
be a recombinant host cell or may be a non-recombinant host cell. The exogenous polynucleotide may be any polynucleotide
of interest such as a polynucleotide encoding a compound of interest as defined herein, or a part of such polynucleotide or a
variant thereof.

[0088] The disclosure, not part of the invention, provides for a method for the production of a compound of interest, comprising
culturing under conditions conducive to the compound of interest a host cell according to the third aspect of the present
invention or a host cell obtained by a method according to the second aspect of the present invention, or a host cell obtainable
by a method according to the fourth aspect of the present invention and optionally purifying or isolating the compound of
interest.

[0089] A compound of interest in the context of all embodiments of the present invention may be any biological compound. The
biological compound may be biomass or a biopolymer or a metabolite. The biological compound may be encoded by a single
polynucleotide or a series of polynucleotides composing a biosynthetic or metabolic pathway or may be the direct result of the
product of a single polynucleotide or products of a series of polynucleotides, the polynucleotide may be a gene, the series of
polynucleotide may be a gene cluster. In all embodiments of the present invention, the single polynucleotide or series of
polynucleotides encoding the biological compound of interest or the biosynthetic or metabolic pathway associated with the
biological compound of interest, are preferred targets for the compositions and methodsdisclosed herein. The biological
compound may be native to the host cell or heterologous to the host cell.

[0090] The term "heterologous biological compound" is defined herein as a biological compound which is not native to the cell;
or a native biological compound in which structural modifications have been made to alter the native biological compound.

[0091] The term "biopolymer" is defined herein as a chain (or polymer) of identical, similar, or dissimilar subunits (monomers).
The biopolymer may be any biopolymer. The biopolymer may for example be, but is not limited to, a nucleic acid, polyamine,
polyol, polypeptide (or polyamide), or polysaccharide.

[0092] The biopolymer may be a polypeptide. The polypeptide may be any polypeptide having a biological activity of interest.
The term "polypeptide” is not meant herein to refer to a specific length of the encoded product and, therefore, encompasses
peptides, oligopeptides, and proteins. The term polypeptide refers to polymers of amino acids of any length. The polymer may
he linear or branched, it may comprise modified amino acids, and it may be interrupted by non amino acids. The terms also
encompass an amino acid polymer that has been modified; for example, disulfide bond formation, glycosylation, lipidation,
acetylation, phosphorylation, or any other manipulation, such as conjugation with a labeling component. As used herein the
term "amino acid" includes natural and/or unnatural or synthetic amino acids, including glycine and both the D or L optical
isomers, and amino acid analogs and peptidomimetics. Polypeptides further include naturally occurring allelic and engineered
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variations of the above- mentioned polypeptides and hybrid polypeptides. The polypeptide may be native or may be
heterologous to the host cell. The polypeptide may be a collagen or gelatine, or a variant or hybrid thereof. The polypeptide
may be an antibody or parts thereof, an antigen, a clotting factor, an enzyme, a hormone or a hormone variant, a receptor or
parts thereof, a regulatory protein, a structural protein, a reporter, or a transport protein, protein involved in secretion process,
protein involved in folding process, chaperone, peptide amino acid transporter, glycosylation factor, transcription factor,
synthetic peptide or oligopeptide, intracellular protein. The intracellular protein may be an enzyme such as, a protease,
ceramidases, epoxide hydrolase, aminopeptidase, acylases, aldolase, hydroxylase, aminopeptidase, lipase. The polypeptide
may also be an enzyme secreted extracellularly. Such enzymes may belong to the groups of oxidoreductase, transferase,
hydrolase, lyase, isomerase, ligase, catalase, cellulase, chitinase, cutinase, deoxyribonuclease, dextranase, esterase. The
enzyme may be a carbohydrase, e.g. cellulases such as endoglucanases, f3-glucanases, cellobiohydrolases or -glucosidases,
hemicellulases or pectinolytic enzymes such as xylanases, xylosidases, mannanases, galactanases, galactosidases, pectin
methyl esterases, pectin lyases, pectate lyases, endo polygalacturonases, exopolygalacturonases rhamnogalacturonases,
arabanases, arabinofuranosidases, arabinoxylan hydrolases, galacturonases, lyases, or amylolytic enzymes; hydrolase,
isomerase, or ligase, phosphatases such as phytases, esterases such as lipases, proteolytic enzymes, oxidoreductases such
as oxidases, transferases, or isomerases. The enzyme may be a phytase. The enzyme may be an aminopeptidase,
asparaginase, amylase, a maltogenic amylase, carbohydrase, carboxypeptidase, endo-protease, metallo-protease, serine-
protease catalase, chitinase, cutinase, cyclodextrin glycosyltransferase, deoxyribonuclease, esterase, alpha-galactosidase,
beta-galactosidase, glucoamylase, alpha-glucosidase, beta-glucosidase, haloperoxidase, protein deaminase, invertase,
laccase, lipase, mannosidase, mutanase, oxidase, pectinolytic enzyme, peroxidase, phospholipase, galactolipase,
chlorophyllase, polyphenoloxidase, ribonuclease, transglutaminase, or glucose oxidase, hexose oxidase, monooxygenase.

[0093] A compound of interest can be a polypeptide or enzyme with improved secretion features as described in
WO02010/102982.A compound of interest can be a fused or hybrid polypeptide to which another polypeptide is fused at the N-
terminus or the C-terminus of the polypeptide or fragment thereof. A fused polypeptide is produced by fusing a nucleic acid
sequence (or a portion thereof) encoding one polypeptide to a nucleic acid sequence (or a portion thereof) encoding another
polypeptide.

[0094] Techniques for producing fusion polypeptides are known in the art, and include, ligating the coding sequences encoding
the polypeptides so that they are in frame and expression of the fused polypeptide is under control of the same promoter(s)
and terminator. The hybrid polypeptides may comprise a combination of partial or complete polypeptide sequences obtained
from at least two different polypeptides wherein one or more may be heterologous to the host cell. Example of fusion
polypeptides and signal sequence fusions are for example as described in W02010/121933.

[0096] The biopolymer may be a polysaccharide. The polysaccharide may be any polysaccharide, including, but not limited to,
a mucopolysaccharide (e. g., heparin and hyaluronic acid) and nitrogen-containing polysaccharide (e.g., chitin). In a preferred
option, the polysaccharide is hyaluronic acid.

[0096] A polynucleotide coding for the compound of interest or coding for a compound involved in the production of the
compound of interest may encode an enzyme involved in the synthesis of a primary or secondary metabolite, such as organic
acids, carotenoids, (beta-lactam) antibiotics, and vitamins. Such metabolite may be considered as a biological compound. The
term "metabolite” encompasses both primary and secondary metabolites; the metabolite may be any metabolite. Preferred
metabolites are citric acid, gluconic acid, adipic acid, fumaric acid, itaconic acid and succinic acid.

[0097] A metabolite may be encoded by one or more genes, such as in a biosynthetic or metabolic pathway. Primary
metabolites are products of primary or general metabolism of a cell, which are concerned with energy metabolism, growth, and
structure. Secondary metabolites are products of secondary metabolism (see, for example, R. B. Herbert, The Biosynthesis of
Secondary Metabolites, Chapman and Hall, New York, 1981).

[0098] A primary metabolite may be, but is not limited to, an amino acid, fatty acid, nucleoside, nucleotide, sugar, triglyceride,
or vitamin.

[0099] A secondary metabolite may be, but is not limited to, an alkaloid, coumarin, flavonoid, polyketide, quinine, steroid,
peptide, or terpene. The secondary metabolite may be an antibiotic, antifeedant, attractant, bacteriocide, fungicide, hormone,
insecticide, or rodenticide. Preferred antibiotics are cephalosporins and beta-lactams. Other preferred metabolites are exo-
metabolites. Examples of exo-metabolites are Aurasperone B, Funalenone, Kotanin, Nigragillin, Orlandin, Other naphtho-y-
pyrones, Pyranonigrin A, Tensidol B, Fumonisin B2 and Ochratoxin A.

[0100] The biological compound may also be the product of a selectable marker. A selectable marker is a product of a
polynucleotide of interest which product provides for biocide or viral resistance, resistance to heavy metals, prototrophy to
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auxotrophs, and the like. Selectable markers include, but are not Ilimited to, amdS (acetamidase), argB
(ornithinecarbamoyltransferase), bar (phosphinothricinacetyltransferase), hygB (hygromycin phosphotransferase), niaD (nitrate
reductase), pyrG (orotidine-5'-phosphate decarboxylase), sC (sulfate adenyltransferase), trpC (anthranilate synthase), ble
(phleomycin resistance protein), hyg (hygromycin), NAT or NTC (Nourseothricin) as well as equivalents thereof.

[0101] A compound of interest is preferably a polypeptide as described in the list of compounds of interest.
[0102] A compound of interest is preferably a metabolite.

[0103] The host cell according to the present invention may already be capable of producing the compound of interest. The
mutant microbial host cell may also be provided with a homologous or heterologous nucleic acid construct that encodes a
polypeptide wherein the polypeptide may be the compound of interest or a polypeptide involved in the production of the
compound of interest. The person skilled in the art knows how to modify a microbial host cell such that it is capable of
producing the compound of interest

General definitions

[0104] Throughout the present specification and the accompanying claims, the words "comprise”, "include" and "having" and
variations such as "comprises", "comprising", "includes" and "including" are to be interpreted inclusively. That is, these words
are intended to convey the possible inclusion of other elements or integers not specifically recited, where the context allows.

[0106] The terms "a" and "an" are used herein to refer to one or to more than one (i.e. to one or at least one) of the
grammatical object of the article. By way of example, "an element" may mean one element or more than one element.

[0106] The word "about" or "approximately" when used in association with a numerical value (e.g. about 10) preferably means
that the value may be the given value (of 10) more or less 1% of the value.

[0107] A preferred nucleotide analogue or equivalent comprises a modified backbone. Examples of such backbones are
provided by morpholino backbones, carbamate backbones, siloxane backbones, sulfide, sulfoxide and sulfone backbones,
formacetyl and thioformacetyl backbones, methyleneformacetyl backbones, riboacetyl backbones, alkene containing
backbones, sulfamate, sulfonate and sulfonamide backbones, methyleneimino and methylenehydrazino backbones, and amide
backbones. It is further preferred that the linkage between a residue in a backbone does not include a phosphorus atom, such
as a linkage that is formed by short chain alkyl or cycloalkyl internucleoside linkages, mixed heteroatom and alkyl or cycloalkyl
internucleoside linkages, or one or more short chain heteroatomic or heterocyclic internucleoside linkages.

[0108] A preferred nucleotide analogue or equivalent comprises a Peptide Nucleic Acid (PNA), having a modified polyamide
backbone (Nielsen, et al. (1991) Science 254, 1497-1500). PNA-based molecules are true mimics of DNA molecules in terms of
base-pair recognition. The backbone of the PNA is composed of N-(2-aminoethyl)-glycine units linked by peptide bonds,
wherein the nucleobases are linked to the backbone by methylene carbonyl bonds. An alternative backbone comprises a one-
carbon extended pyrrolidine PNA monomer (Govindaraju and Kumar (2005) Chem. Commun, 495-497). Since the backbone of
a PNA molecule contains no charged phosphate groups, PNA-RNA hybrids are usually more stable than RNA-RNA or RNA-
DNA hybrids, respectively (Egholm et al (1993) Nature 365, 566-568).

[0109] A further preferred backbone comprises a morpholino nucleotide analog or equivalent, in which the ribose or
deoxyribose sugar is replaced by a 6-membered morpholino ring. A most preferred nucleotide analog or equivalent comprises
a phosphorodiamidate morpholino oligomer (PMO)}), in which the ribose or deoxyribose sugar is replaced by a 6-membered
morpholino ring, and the anionic phosphodiester linkage between adjacent morpholino rings is replaced by a non-ionic
phosphorodiamidate linkage.

[0110] A further preferred nucleotide analogue or equivalent comprises a substitution of at least one of the non-bridging
oxygens in the phosphodiester linkage. This modification slightly destabilizes base-pairing but adds significant resistance to
nuclease degradation. A preferred nucleotide analogue or equivalent comprises phosphorothioate, chiral phosphorothioate,
phosphorodithioate, phosphotriester, aminoalkylphosphotriester, H-phosphonate, methyl and other alkyl phosphonate including
3'-alkylene phosphonate, 5'-alkylene phosphonate and chiral phosphonate, phosphinate, phosphoramidate including 3'-amino
phosphoramidate and aminoalkylphosphoramidate, thionophosphoramidate, thionoalkylphosphonate,
thionoalkylphosphotriester, selenophosphate or boranophosphate. A further preferred nucleotide analogue or equivalent
comprises one or more sugar moieties that are mono- or disubstituted at the 2', 3' and/or 5' position such as a -OH; -F;
substituted or unsubstituted, linear or branched lower (C1-C10) alkyl, alkenyl, alkynyl, alkaryl, allyl, aryl, or aralkyl, that may be
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interrupted by one or more heteroatoms; O-, S-, or N-alkyl; O-, S-, or N-alkenyl; O-, S-or N-alkynyl; O-, S-, or N-allyl; O-alkyl-O-
alkyl, -methoxy, -aminopropoxy; aminoxy, methoxyethoxy; -dimethylaminooxyethoxy; and -dimethylaminoethoxyethoxy. The
sugar moiety can be a pyranose or derivative thereof, or a deoxypyranose or derivative thereof, preferably a ribose or a
derivative thereof, or deoxyribose or derivative thereof. Such preferred derivatized sugar moieties comprise Locked Nucleic
Acid (LNA), in which the 2'-carbon atom is linked to the 3' or 4' carbon atom of the sugar ring thereby forming a bicyclic sugar
moiety. A preferred LNA comprises 2'-O,4'-C-ethylene-bridged nucleic acid (Morita et al. 2001. Nucleic Acid Res Supplement
No. 1: 241-242). These substitutions render the nucleotide analogue or equivalent RNase H and nuclease resistant and
increase the affinity for the target.

[0111] "Sequence identity" or "identity" in the context of the present invention of an amino acid- or nucleic acid-sequence is
herein defined as a relationship between two or more amino acid (peptide, polypeptide, or protein) sequences or two or more
nucleic acid (nucleotide, oligonucleotide, polynucleotide) sequences, as determined by comparing the sequences. In the art,
"identity" also means the degree of sequence relatedness between amino acid or nucleotide sequences, as the case may be,
as determined by the match between strings of such sequences. Within the present invention, sequence identity with a
particular sequence preferably means sequence identity over the entire length of said particular polypeptide or polynucleotide
sequence.

[0112] "Similarity" between two amino acid sequences is determined by comparing the amino acid sequence and its conserved
amino acid substitutes of one peptide or polypeptide to the sequence of a second peptide or polypeptide. Identity or similarity is
calculated over the whole sequence (SEQ ID NO:) as identified herein. "ldentity" and "similarity" can be readily calculated by
known methods, including but not limited to those described in Computational Molecular Biology, Lesk, A. M., ed., Oxford
University Press, New York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D. W.,, ed., Academic Press, New
York, 1993; Computer Analysis of Sequence Data, Part |, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New Jersey,
1994; Sequence Analysis in Molecular Biology, von Heine, G., Academic Press, 1987 ; and Sequence Analysis Primer, Gribskov,
M. and Devereux, J., eds., M Stockton Press, New York, 1991; and Carillo, H., and Lipman, D., SIAM J. Applied Math., 48:1073
(1988).

[0113] Preferred methods to determine identity are designed to give the largest match between the sequences tested.
Methods to determine identity and similarity are codified in publicly available computer programs. Preferred computer program
methods to determine identity and similarity between two sequences include e.g. the GCG program package (Devereux, J., et
al., Nucleic Acids Research 12 (1): 387 (1984)), BestFit, BLASTP, BLASTN, and FASTA (Altschul, S. F. et al., J. Mol. Biol.
215:403-410 (1990). The BLAST X program is publicly available from NCBI and other sources (BLAST Manual, Altschul, S., et
al., NCBI NLM NIH Bethesda, MD 20894; Altschul, S., et al., J. Mol. Biol. 215:403-410 (1990). The well-known Smith Waterman
algorithm may also be used to determine identity. Preferred parameters for polypeptide sequence comparison include the
following: Algorithm: Needleman and Wunsch, J. Mol. Biol. 48:443-453 (1970); Comparison matrix. BLOSSUM®62 from Hentikoff
and Hentikoff, Proc. Natl. Acad. Sci. USA. 89:10915-10919 (1992); Gap Penalty: 12; and Gap Length Penalty: 4. A program
useful with these parameters is publicly available as the "Ogap" program from Genetics Computer Group, located in Madison,
WI. The aforementioned parameters are the default parameters for amino acid comparisons (along with no penalty for end
gaps).

[0114] Preferred parameters for nucleic acid comparison include the following: Algorithm: Needleman and Wunsch, J. Mol. Biol.
48:443-453 (1970); Comparison matrix: matches=+10, mismatch=0; Gap Penalty: 50; Gap Length Penalty: 3. Available as the
Gap program from Genetics Computer Group, located in Madison, Wis. Given above are the default parameters for nucleic
acid comparisons.

[0115] Optionally, in determining the degree of amino acid similarity, the skilled person may also take into account so-called
"conservative" amino acid substitutions, as will be clear to the skilled person. Conservative amino acid substitutions refer to the
interchangeability of residues having similar side chains. For example, a group of amino acids having aliphatic side chains is
glycine, alanine, valine, leucine, and isoleucine; a group of amino acids having aliphatic-hydroxyl side chains is serine and
threonine; a group of amino acids having amide-containing side chains is asparagine and glutamine; a group of amino acids
having aromatic side chains is phenylalanine, tyrosine, and tryptophan; a group of amino acids having basic side chains is
lysine, arginine, and histidine; and a group of amino acids having sulphur-containing side chains is cysteine and methionine.
Preferred conservative amino acids substitution groups are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine,
alanine-valine, and asparagine-glutamine. Substitutional variants of the amino acid sequence disclosed herein are those in
which at least one residue in the disclosed sequences has been removed and a different residue inserted in its place.
Preferably, the amino acid change is conservative. Preferred conservative substitutions for each of the naturally occurring
amino acids are as follows: Ala to ser; Arg to lys; Asn to gin or his; Asp to glu; Cys to ser or ala; Gln to asn; Glu to asp; Gly to
pro; His to asn or gin; lle to leu or val; Leu to ile or val; Lys to arg; gin or glu; Met to leu or ile; Phe to met, leu or tyr; Ser to thr;
Thr to ser; Trp to tyr; Tyr to trp or phe; and, Val to ile or leu.
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[0116] A polynucleotide is represented by a nucleotide sequence. A polypeptide is represented by an amino acid sequence. A
nucleic acid construct is defined as a polynucleotide which is isolated from a naturally occurring gene or which has been
modified to contain segments of polynucleotides which are combined or juxtaposed in a manner which would not otherwise
exist in nature. Optionally, a polynucleotide present in a nucleic acid construct is operably linked to one or more control
sequences, which direct the production or expression of the encoded product in a host cell or in a cell-free system.

[0117] The sequence information as provided herein should not be so narrowly construed as to require inclusion of erroneously
identified bases. The skilled person is capable of identifying such erroneously identified bases and knows how to correct for
such errors.

[0118] All embodiments of the present invention, i.e. a composition according to the present invention, a method of modulating
expression, a host cell comprising a composition according to the present invention, and a method of producing a host cell
according to the present invention, preferably refer to host cell, not to a cell-free in vitro system; in other words, the CRISPR-
Cas systems are preferably host cell systems, not cell-free in vitro systems.

[0119] In all embodiments of the present invention, e.g. a composition according to the present invention, a method of
modulating expression, a host cell comprising a composition according to the present invention, and a method of producing a
host cell according to the present invention, the host cell may be a haploid, diploid or polyploid host cell.

[0120] The host cell according to the present invention is a yeast host cell, selected from a Saccharomyces and a
Kluyveromyces. Another yeast host cell disclosed herein is from a genus selected from the group consisting of Candida,
Hansenula, Issatchenkia, Pichia, Schizosaccharomyces, Yarrowia orZygosaccharomyces, more preferably a yeast host cell is
selected from the group consisting of Kluyveromyces lactis, Kluyveromyces lactis NRRL Y-1140, Kluyveromyces marxianus,
Kluyveromyces. thermotfolerans, Candida krusei, Candida sonorensis, Candida glabrata, Saccharomyces cerevisiae,
Saccharomyces cerevisiae CEN.PK113-7D, Schizosaccharomyces pombe, Hansenula polymorpha, Issafchenkia orientalis,
Yarrowia lipolytica, Yarrowia lipolytica CLIB122, Pichia stipidis and Pichia pastoris.

[0121] Preferably, a host cell according to the present invention further comprises one or more modifications in its genome
such that the host cell is deficient in the production of at least one product selected from glucoamylase (glaA), acid stable
alpha-amylase (amyA), neutral alpha-amylase (amyBl and amyBIll), oxalic acid hydrolase (0ahA), a toxin, preferably ochratoxin
and/or fumonisin, a protease transcriptional regulator prtT, PepA, a product encoded by the gene hdfA and/or hdfB, a non-
ribosomal peptide synthase npsE if compared to a parent host cell and measured under the same conditions.

[0122] Preferably, the efficiency of targeted integration of a polynucleotide to a pre-determined site into the genome of a host
cell according to the invention is increased by rendering the cell deficient in a component in NHEJ (non-homologous
recombination). Preferably, a host cell according to the invention comprises a polynucleotide encoding an NHEJ component
comprising a modification, wherein said host cell is deficient in the production of said NHEJ component compared to a parent
cell it originates from when cultivated under the same conditions.

[0123] The NHEJ component to be modified can be any NHEJ component known to the person skilled in the art. Preferred
NHEJ components to be modified are selected from the group of yeast KU70, KU80, MRE11, RAD50, RAD51, RAD52, XRS2,
SIR4, LIG4. Methods to obtain such host cell deficient in a component involved in NHEJ are known to the skilled person and
are extensively described in WO2005/095624

[0124] The deficiency in the production of at least one product selected from glucoamylase (glaA), acid stable alpha-amylase
(amyA), neutral alpha-amylase (amyBl and amyBIl), oxalic acid hydrolase (oahA), a toxin, preferably ochratoxin and/or
fumonisin, a protease transcriptional regulator prtT, PepA, a product encoded by the gene hdfA and/or hdfB, a non-ribosomal
peptide synthase npsE, amylase amyC if compared to a parent host cell and measured under the same conditions may already
be present in a parent host cell from which a host cell according to the present invention that is deficient in a further product
selected from the group consisting of glucoamylase (glaA), acid stable alpha-amylase (amyA), neutral alpha-amylase (amyBI
and amyBll), oxalic acid hydrolase (oahA), a toxin, preferably ochratoxin and/or fumonisin, a protease transcriptional regulator
prtT, PepA, a product encoded by the gene hdfA and/or hdfB, a non-ribosomal peptide synthase npsk, amylase amyC is
derived.

[0125] A modification, preferably in the genome, is construed herein as one or more modifications. A modification, preferably in
the genome of a host cell according to the present invention, can either be effected by

1. a) subjecting a parent host cell to recombinant genetic manipulation techniques; and/or
2. b) subjecting a parent host cell to (classical) mutagenesis; and/or
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3. ¢) subjecting a parent host cell to an inhibiting compound or composition. Modification of a genome of a host cell is
herein defined as any event resulting in a change in a polynucleotide sequence in the genome of the host cell.

[0126] Preferably, a host cell according to the present invention has a modification, preferably in its genome which results in a
reduced or no production of an undesired compound as defined herein if compared to the parent host cell that has not been
modified, when analysed under the same conditions.

[0127] A modification can be introduced by any means known to the person skilled in the art, such as but not limited to classical
strain improvement, random mutagenesis followed by selection. Modification can also be introduced by site-directed
mutagenesis. Modification may be accomplished by the introduction (insertion), substitution (replacement) or removal (deletion)
of one or more nucleotides in a polynucleotide sequence. A full or partial deletion of a polynucleotide coding for an undesired
compound such as a polypeptide may be achieved. An undesired compound may be any undesired compound listed
elsewhere herein; it may also be a protein and/or enzyme in a biological pathway of the synthesis of an undesired compound
such as a metabolite. Alternatively, a polynucleotide coding for said undesired compound may be partially or fully replaced with
a polynucleotide sequence which does not code for said undesired compound or that codes for a partially or fully inactive form
of said undesired compound. In another alternative, one or more nucleotides can be inserted into the polynucleotide encoding
said undesired compound resulting in the disruption of said polynucleotide and consequent partial or full inactivation of said
undesired compound encoded by the disrupted polynucleotide.

[0128] In one embodiment the mutant microbial host cell as disclosed herein, not part of the inventioncomprises a modification
in its genome selected from

1. a) a full or partial deletion of a polynucleotide encoding an undesired compound,

2. b) a full or partial replacement of a polynucleotide encoding an undesired compound with a polynucleotide sequence
which does not code for said undesired compound or that codes for a partially or fully inactive form of said undesired
compound.

3. ¢) a disruption of a polynucleotide encoding an undesired compound by the insertion of one or more nucleotides in the
polynucleotide sequence and consequent partial or full inactivation of said undesired compound by the disrupted
polynucleotide.

[0129] This modification may for example be in a coding sequence or a regulatory element required for the transcription or
translation of said undesired compound. For example, nucleotides may be inserted or removed so as to result in the
introduction of a stop codon, the removal of a start codon or a change or a frame-shift of the open reading frame of a coding
sequence. The modification of a coding sequence or a regulatory element thereof may be accomplished by site-directed or
random mutagenesis, DNA shuffling methods, DNA reassembly methods, gene synthesis (see for example Young and Dong,
(2004), Nucleic Acids Research 32, (7) electronic access http:linar.oupjournals.orglcgilreprinti32/7/€59 or Gupta et al. (1968),
Proc. Natl. Acad. Sci USA, 60: 1338-1344; Scarpulla et al. (1982), Anal. Biochem. 121: 356-365; Stemmer et al. (1995), Gene
164: 49-53), or PCR generated mutagenesis in accordance with methods known in the art. Examples of random mutagenesis
procedures are well known in the art, such as for example chemical (NTG for example) mutagenesis or physical (UV for
example) mutagenesis. Examples of site-directed mutagenesis procedures are the QuickChange ™ site-directed mutagenesis
kit (Stratagene Cloning Systems, La Jolla, CA), the 'The Altered Sites® Il in vitro Mutagenesis Systems' (Promega Corporation)
or by overlap extension using PCR as described in Gene. 1989 Apr 15;77(1):51-9. (Ho SN, Hunt HD, Horton RM, Pullen JK,
Pease LR "Site-directed mutagenesis by overlap extension using the polymerase chain reaction™) or using PCR as described in
Molecular Biology: Current Innovations and Future Trends. (Eds. A.M. Griffin and H.G.Griffin. ISBN 1-898486-01-8;1995
Horizon Scientific Press, PO Box 1, Wymondham, Norfolk, U.K.).

[0130] Preferred methods of modification are based on recombinant genetic manipulation techniques such as partial or
complete gene replacement or partial or complete gene deletion.

[0131] For example, in case of replacement of a polynucleotide, nucleic acid construct or expression cassette, an appropriate
DNA sequence may be introduced at the target locus to be replaced. The appropriate DNA sequence is preferably present on a
cloning vector. Preferred integrative cloning vectors comprise a DNA fragment, which is homologous to the polynucleotide and /
or has homology to the polynucleotides flanking the locus to be replaced for targeting the integration of the cloning vector to
this pre-determined locus. In order to promote targeted integration, the cloning vector is preferably linearized prior to
transformation of the cell. Preferably, linearization is performed such that at least one but preferably either end of the cloning
vector is flanked by sequences homologous to the DNA sequence (or flanking sequences) to be replaced. This process is
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called homologous recombination and this technique may also be used in order to achieve (partial) gene deletion.

[0132] For example a polynucleotide corresponding to the endogenous polynucleotide may be replaced by a defective
polynucleotide, that is a polynucleotide that fails to produce a (fully functional) polypeptide. By homologous recombination, the
defective polynucleotide replaces the endogenous polynucleotide. It may be desirable that the defective polynucleotide also
encodes a marker, which may be used for selection of transformants in which the nucleic acid sequence has been modified.

[0133] Alternatively or in combination with other mentioned techniques, a technique based on in vivo recombination of cosmids
in E. coli can be used, as described in: A rapid method for efficient gene replacement in the filamentous fungus Aspergillus
nidulans (2000) Chaveroche, M-K., Ghico, J-M. and d'Enfert C; Nucleic acids Research, vol 28, no 22. Alternatively,
modification, wherein said host cell produces less of or no protein such as the polypeptide having amylase activity, preferably a-
amylase activity as described herein and encoded by a polynucleotide as described herein, may be performed by established
anti-sense techniques using a nucleotide sequence complementary to the nucleic acid sequence of the polynucleotide. More
specifically, expression of the polynucleotide by a host cell may be reduced or eliminated by introducing a nucleotide sequence
complementary to the nucleic acid sequence of the polynucleotide, which may be transcribed in the cell and is capable of
hybridizing to the mRNA produced in the cell. Under conditions allowing the complementary anti-sense nucleotide sequence to
hybridize to the mRNA, the amount of protein translated is thus reduced or eliminated. An example of expressing an antisense-
RNA is shown in Appl. Environ. Microbiol. 2000 Feb; 66(2):775-82. (Characterization of a foldase, protein disulfide isomerase
A, in the protein secretory pathway of Aspergillus niger. Ngiam C, Jeenes DJ, Punt PJ, Van Den Hondel CA, Archer DB) or
(ZrennerR, Willmitzer L, Sonnewald U. Analysis of the expression of potato uridinediphosphate-glucose pyrophosphorylase and
its inhibition by antisense RNA. Planta. (1993); 190(2):247-52.).

[0134] A modification resulting in reduced or no production of undesired compound is preferably due to a reduced production
of the mRNA encoding said undesired compound if compared with a parent microbial host cell which has not been modified
and when measured under the same conditions.

[0135] A modification which results in a reduced amount of the mRNA transcribed from the polynucleotide encoding the
undesired compound may be obtained via the RNA interference (RNAi) technique (Mouyna et al., 2004). In this method
identical sense and antisense parts of the nucleotide sequence, which expression is to be affected, are cloned behind each
other with a nucleotide spacer in between, and inserted into an expression vector. After such a molecule is transcribed,
formation of small nucleotide fragments will lead to a targeted degradation of the mRNA, which is to be affected. The
elimination of the specific MRNA can be to various extents. The RNA interference techniques described in W0O2008/053019,
WO2005/05672A1, WO2005/026356A1, Oliveira et al.,; Crook et al., 2014; and/or Barnes et al., may be used at this purpose.

[0136] A modification which results in decreased or no production of an undesired compound can be obtained by different
methods, for example by an antibody directed against such undesired compound or a chemical inhibitor or a protein inhibitor or
a physical inhibitor (Tour O. et al, (2003) Nat. Biotech: Genetically targeted chromophore-assisted light inactivation. Vol.21. no.
12:1505-1508) or peptide inhibitor or an anti-sense molecule or RNAiI molecule (R.S. Kamath_et al, (2003) Nature: Systematic
functional analysis of the Caenorhabditis elegans genome using RNAi.vol. 421, 231-237).

[0137] In addition of the above-mentioned techniques or as an alternative, it is also possible to inhibiting the activity of an
undesired compound, or to re-localize the undesired compound such as a protein by means of alternative signal sequences
(Ramon de Lucas, J., Martinez O, Perez P., Isabel Lopez, M., Valenciano, S. and Laborda, F. The Aspergillus nidulans carnitine
carrier encoded by the acuH gene is exclusively located in the mitochondria. FEMS Microbiol Lett. 2001 Jul 24;201(2):193-8.)
or retention signals (Derkx, P. M. and Madrid, S. M. The foldase CYPB is a component of the secretory pathway of Aspergillus
niger and contains the endoplasmic reticulum retention signal HEEL. Mol. Genet. Genomics. 2001 Dec;266(4):537-545), or by
targeting an undesired compound such as a polypeptide to a peroxisome which is capable of fusing with a membrane-structure
of the cell involved in the secretory pathway of the cell, leading to secretion outside the cell of the polypeptide (e.g. as
described in WO2006/040340).

[0138] Alternatively or in combination with above-mentioned techniques, decreased or no production of an undesired
compound can also be obtained, e.g. by UV or chemical mutagenesis (Mattern, |.E., van Noort J.M., van den Berg, P., Archer,
D. B., Roberts, I.N. and van den Hondel, C. A, Isolation and characterization of mutants of Aspergillus niger deficient in
extracellular proteases. Mol Gen Genet. 1992 Aug;234(2):332-6.) or by the use of inhibitors inhibiting enzymatic activity of an
undesired polypeptide as described herein (e.g. nojirimycin, which function as inhibitor for B-glucosidases (Carrel F.L.Y. and
Canevascini G. Canadian Journal of Microbiology (1991) 37(6): 459-464; Reese E.T., Parrish FW. and Ettlinger M.
Carbohydrate Research (1971) 381-388)).

[0139] The modification in the genome of the host cell disclosed herein is a modification in at least one position of a
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polynucleotide encoding an undesired compound.

[0140] A deficiency of a cell in the production of a compound, for example of an undesired compound such as an undesired
polypeptide and/or enzyme is herein defined as a mutant microbial host cell which has been modified, preferably in its genome,
to result in a phenotypic feature wherein the cell: a) produces less of the undesired compound or produces substantially none
of the undesired compound and/or b) produces the undesired compound having a decreased activity or decreased specific
activity or the undesired compound having no activity or no specific activity and combinations of one or more of these
possibilities as compared to the parent host cell that has not been modified, when analysed under the same conditions.

[0141] Preferably, a modified host cell disclosed herein produces 1% less of the un-desired compound if compared with the
parent host cell which has not been modified and measured under the same conditions, at least 5% less of the un-desired
compound, at least 10% less of the un-desired compound, at least 20% less of the un-desired compound, at least 30% less of
the un-desired compound, at least 40% less of the un-desired compound, at least 50% less of the un-desired compound, at
least 60% less of the un-desired compound, at least 70% less of the un-desired compound, at least 80% less of the un-desired
compound, at least 90% less of the un-desired compound, at least 91% less of the un-desired compound, at least 92% less of
the un-desired compound, at least 93% less of the un-desired compound, at least 94% less of the un-desired compound, at
least 95% less of the un-desired compound, at least 96% less of the un-desired compound, at least 97% less of the un-desired
compound, at least 98% less of the un-desired compound, at least 99% less of the un-desired compound, at least 99.9% less
of the un-desired compound, or most preferably100% less of the un-desired compound.

[0142] A reference herein to a patent document or other matter which is given as prior art is not to be taken as an admission
that that document or matter was known or that the information it contains was part of the common general knowledge as at
the priority date of any of the claims.

The sequence information as provided herein should not be so narrowly construed as to require inclusion of erroneously
identified bases. The skilled person is capable of identifying such erroneously identified bases and knows how to correct for
such errors.

[0143] The examples 1-5, 7-9 and 11 and 12 are not according to the invention and are present for illustrative purposes only.

EXAMPLES

[0144] To enable genome precision engineering in the yeast Saccharomyces cerevisiae using the RNA-guided CRISPR/CAS9
system, the essential components being the CAS9 protein and the crRNA-tracrRNA fusion transcript (referred as guide-RNA or
gRNA), should be expressed at the same time within the yeast cell. It was shown that the CAS9 protein can be expressed from
a single copy vector using a centromeric episomal vector (pRS414, TRP1 selection marker or pRS415, Leu2 selection marker;
Sikorski and Hieter, 1989) together with a 2 mu vector (pRS426, URAS3 selection marker Christianson et al., 1992) expressing
the guide-RNA and introducing donor DNA in the transformation, resulting in cells with near 100% donor DNA recombination
frequency as shown by introduction of a desired mutation (DiCarlo et al., 2013). The drawback of this approach is that CAS9
and the guide-RNA have to be expressed from two different expression vectors and that the yeast cells to which the
PRS414/pRS415 and pRS426 vectors have to be transformed need to be auxotrophic for tryptophan or leucine in combination
with an auxotrophy for uracil. Auxotrophies may be common for laboratory yeasts, but not for wildtype of industrial yeast, which
make this two vector system with autotrophic markers inappropriate to work with for the mentioned yeasts. In a recent study,
PRS414 containing a human codon optimized CAS9 expression cassette as described within the DiCarlo ef al., 2013 paper was
equipped with a NAT1 selection marker, allowing selection on nourseothricin (Zhang et al., 2014), thus selection on an
auxotrophic marker is no longer required. The guide-RNA was expressed from a 2 mu vector containing a hygromycin marker
(Zhang et al.,, 2014). The disadvantage of this approach is that two vectors need to be transformed and selection on two
antibiotics is required for a functional CRISPR/CASS system.

Example 1: Construction of "all-in-one" yeast expression vectors

[0145] In order to construct a yeast expression vector containing CAS9, guide-RNA and an antibiotic resistance marker, the
following approach was taken. First, two Sapl restriction sites present in vector pRS426 (Christianson et al., 1992) were
mutated in order to remove the two Sapl restriction sites, resulting in the vector sequence as set out in SEQ ID NO: 22. The
resulting vector was named pRS426-Sapl.

[0146] The CASS9 nucleotide sequence, which is codon optimized for expression in human cells, was taken from the
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supplemental data of DiCarlo ef al. This sequence encodes a CAS9 protein from Streptococcus pyogenes with an additional C-
terminal fusion with a SV40 nuclear localization signal (Figure 15 and Mali et al., 2013). Expression of the human codon
optimized CAS9 gene is controlled by the TEF7 promoter and the CYC7 terminator and these are sequences derived from
Saccharomyces cerevisiae (Figure 15). The synthetic promoter-gene-terminator sequence including Kpnl and Nofl restriction
sites and sequences homologous to vector pRS414 was synthesized by DNA2.0 (Menlo Park, CA, USA) and is set out in SEQ
ID NO: 9. The sequences homologous to vector pRS414 were included to allow in vivo recombination in yeast of SEQ ID NO: 9
as backup option for KpnliNotl cloning. Alternatively, the CAS9 protein sequence from Strepfococcus pyogenes including the
additional C-terminal fusion with a 8V40 nuclear localization signal was codon pair optimized for expression in S. cerevisiae as
described in WO2008/000632. Expression of the codon pair optimized CAS9 gene is controlled by the TEFT promoter and the
GND2 terminator and these are sequences derived from Saccharomyces cerevisiae. The synthetic promoter-gene-terminator
sequence including Kpnl and Notl restriction sites was synthesized by DNA2.0 (Menlo Park, CA, USA) and is set out in SEQ ID
NO: 10. Alternatively, the CAS9 protein sequence from Strepfococcus pyogenes including the additional C-terminal fusion with
a 8V40 nuclear localization signal was codon pair optimized for expression in 8. cerevisiae as described in W0O2008/000632.
Expression of the codon pair optimized CAS9 gene is controlled by the Ki77 promoter and the GND2 terminator. The KI77
promoter sequence is derived from Kluyveromyces lactis and the GND2 terminator sequence is derived from Saccharomyces
cerevisiae. The synthetic promoter (including removal of the Kpnl restriction site present in the native KI77 promoter
sequence)-gene-terminator sequence including Kpnl and Nofl restriction sites was synthesized by DNA2.0 (Menlo Park, CA,
USA) and is set out in SEQ ID NO: 11. Alternatively, the CAS9 protein sequence from Strepfococcus pyogenes including the
additional C-terminal fusion with a 8V40 nuclear localization signal was codon pair optimized for expression in S. cerevisiae as
described in WO2008/000632.Expression of the codon pair optimized CAS9 gene is controlled by the TDH3 promoter and the
GND2 terminator and these are sequences derived from Saccharomyces cerevisiae. The synthetic promoter-gene-terminator
sequence including Kpnl and Notl restriction sites was synthesized by DNA2.0 (Menlo Park, CA, USA) and is set out in SEQ ID
NO: 12. SEQ ID NO: 9 to 12 were delivered in DNA2.0 cloning vectors.

[0147] SEQ ID NO: 9, 10, 11 and 12 were digested from the DNAZ2.0 cloning vectors using Kpn/ and Nofl and Kpnl/Nofl ligated
into vector pRS426-Sapl. The ligation mix was used for transformation of E. coli NEB 10-beta competent cells (High Efficiency,
New England Biolabs, distributed by Bioké, the Netherlands) resulting in three intermediate vectors. Unfortunately, construction
of the vector containing the S. cerevisiae codon pair optimized CAS9 variant expressed using a TEF1 promoter (SEQ ID NO:
10) failed. Subsequently, a functional expression cassette conferring G418 resistance (see http://www.euroscarf.de and
Guldener et al., 1996) of which the nucleotide sequence is set out in SEQ ID NO: 13, was Nofl digested from vector pUG7-
KanMX and ligated into the 4 intermediate vectors containing the different CAS9 expression cassettes (SEQ ID NO: 9, 10, 11,
12). Alternatively, a functional expression cassette conferring nourseothricin resistance (see Goldstein and McCusker 1999 and
http://www.euroscarf.de) was Notl digested from pUG7-NatMX and ligated into the four intermediate vectors containing the
different CAS9 expression cassettes. The ligation mix was used for transformation of E. coli NEB 10-beta competent cells (High
Efficiency, New England Biolabs, distributed by Bioké, the Netherlands). This resulted in construction of six different vectors that
are depicted in Table 1.

Table 1: constructed vectors containing different CAS9 expression cassettes and a dominant marker.

Vector Promoter CAS9 variant Marker
pCSN047 TEF1 Human codon optimized KanMX
pCSN048 TEF1 Human codon optimized NatMX
pCSN049 KI11 S. cerevisiae codon pair optimized {KanMX
pCSNO050 KI11 S. cerevisiae codon pair optimized {NatMX
pPCSNO051 TDH3 S. cerevisiae codon pair optimized {KanMX
pCSN052 TDH3 S. cerevisiae codon pair optimized {NatMX

[0148] Subsequently, a guide-RNA sequence that directs the CAS9 protein to the ADE2.Y locus (DiCarlo et al., 2013) was
cloned into the six expression vectors pCSN047 to pCSN052 (Table 1) using Sacll. For this purpose, a synthetic cassette as set
out in SEQ ID NO:15 consisting of the 8SNR52p RNA polymerase Il promoter, the ADE2.Y guide-sequence
(ACTTGAAGATTCTTTAGTGT, SEQ ID NO: 67), the gRNA structural component and the SUP4 3' flanking region, two Sacll
restriction sites and sequences homologous to vector pRS426 was synthesized by DNA2.0 (Menlo Park, CA, USA). The
sequences homologous to vector pRS426 were included to allow in vivo recombination in yeast of SEQ ID NO: 9 as backup
option for Sacll cloning. This resulted in construction of six "all-in-one" expression vectors consisting of a CAS9 variant, a
dominant marker and a guide-RNA cassette (Table 2).

Table 2: constructed all-in-one vectors containing different CAS9 expression cassettes, ADE2.Y guide-RNA and a dominant
marker. All expression cassettes are located in the same orientation (head to tail) on the expression vectors.
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Vector Promoter CAS9 variant Marker gRNA Figure

pCSNO030 TEF1 Human codon KanMX ADE2Y Figure 1
optimized

pPCSNO031 TEF1 Human codon NatMX ADE2Y Figure 2
optimized

pCSN032 K11 S. cerevisiae codon KanMX ADE2Y Figure 3
pair optimized

pCSNO033 K11 S. cerevisiae codon NatMX ADE2Y Figure 4
pair optimized

pCSNO034 TDH3 S. cerevisiae codon KanMX ADE2Y Figure 5
pair optimized

pCSNO035 TDH3 S. cerevisiae codon NatMX ADE2Y Figure 6
pair optimized

Example 2: Use of "all-in-one" yeast expression vectors to mutate the ADE2 gene in S. cerevisiae

[0149] To show functionality of the all-in-one vectors, it was aimed to introduce a point mutation into the ADE2 gene in
Saccharomyces cerevisiae (SEQ ID NO: 23) by introducing a G to T mutation at nucleotide 190, changing codon 64 from a Glu
into a Stop-codon (ade2-101 mutation, resulting in red colored yeast colonies, see
http://wiki.yeastgenome.org/index.php/Commonly_used_auxotrophic_markers). For this purpose, a double stranded (DS)
oligonucleotide was designed to introduce the G to T mutation at nucleotide position 190, and an additional C to A mutation at
position 236 (Figure 7). The C to A mutation at position 236 was included on the DS oligo to avoid the CAS9 protein from
cleaving the DS oligonucleotide donor sequence. Two single stranded (88) oligonucleotide sequences were synthesized: SEQ
ID NO: 16 and SEQ ID NO: 17. A double-stranded oligonucleotide was generated as follows: 20 pl of 100 uM of single stranded
oligonucleotide 1 (SEQ ID NO: 16) and 20 ul of 100 uM of single stranded oligonucleotide 1 (SEQ ID NO: 17) were mixed with
10 ul 5xT4 ligase buffer (New England Biolabs, Whitby, Canada). The mixture was kept at 100 degrees Celsius for 5 minutes to
denature the oligonucleotides. Subsequently, the temperature was decreased to 25 degrees by a gradual decrease of 1 degree
Celsius for 30 seconds in 75 cycles (which is an approximate decrease of 0.0333 degrees per second), allowing the SS
oligonucleotides to anneal with each other. The mixture was kept at 10 degrees Celsius if required. The DS oligonucleotide was
cleaned and concentrated using the DNA Clean & Concentrator™-5 kit (distributed by Baseclear Lab Products, Leiden, the
Netherlands), according to manufacturer's instructions.

[0150] Saccharomyces cerevisiae strain CEN.PK113-7D (MATa URA3 HIS3 LEU2 TRP1 MAL2-8 SUCZ2) was transformed using
the LiAc/SS carrier DNA/PEG method (Gietz and Woods, 2002). In the transformation mixture 250 nanogram of either vector
PCNS030 or pSUC032 or pSUC034 was transformed together with 250 nanogram of the double stranded oligonucleotide donor
(see Figure 7). Transformation mixtures were plated on YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of
peptone, 20 grams per litre of dextrose, 20 grams per litre of agar) containing 200 ug G418 (Sigma Aldrich) per ml. After two to
four days of growth at 30°C, red colored colonies appeared on the plates. In another transformation mixture, 250 nanograms of
either vector pCNS031 or pSUCO033 or pSUC035 was transformed together with 250 nanograms of the double stranded (DS)
oligonucleotide donor (see Figure 7). Transformation mixtures were plated on YPD-agar (10 grams per litre of yeast extract, 20
grams per litre of peptone, 20 grams per litre of dextrose, 20 grams per litre of agar) containing 200 ug nourseothricin (NatiXx,
Jena Bioscience, Germany) per ml. After two to four days of growth at 30°C, red colored colonies appeared on the plates.

[0151] Next, a PCR and subsequently sequencing was performed to identify the introduced mutations in the transformants.
Genomic gDNA (gDNA) was isolated from the yeast colonies using the lithium acetate SDS method (Ldoke et al, 2011). As
template for the PCR, 5 yl from the gDNA suspension was used. In the PCR, a forward (SEQ ID NO: 18) and reverse (SEQ ID
NO: 19) primer were used to amplify DNA by a method known by the person skilled in the art. The resulting PCR fragments
were cleaned and concentrated using the DNA Clean & Concentrator™-5kit (distributed by Baseclear Lab Products, Leiden, the
Netherlands), according to manufacturer's instructions. Using the forward (SEQ ID NO: 18) primer a sequencing reaction was
performed and data was analyzed using methods known by the person skilled in the art. When the all-in-one vectors pCSN030
or pCSNO031, which express a human codon pair optimized CAS9 gene from the S. cerevisiae TEF1 promoter, or when the all-
in-one vectors pCSN032 or pCSNO033, which express a S. cerevisiae codon pair optimized CAS9 gene promoter from the K
lactis 11 promoter, or when the all-in-one vectors pCSN034 or pCSN035, which express a S. cerevisiae codon pair optimized
CAS9 gene promoter from the TDH3 promoter, were transformed together with the DS oligonucleotide donor (Figure 7),
sequences were found in which the expected mutations in genomic DNA were introduced: the G to T mutation at position 190
(introduction of stop codon) in combination with the C to A mutation (mutation of PAM sequence) at position 236. These
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transformants displayed a red color when grown on YEPD agar plates (10 grams per litre of yeast extract, 20 grams per litre of
peptone, 10 grams per litre of dextrose, 20 grams per litre of agar), supplemented with either kanamycin or nourseothricin. The
red color of the transformants remained when the red transformants were re-streaked on YEPD agar plates (10 grams per litre
of yeast extract, 20 grams per litre of peptone, 10 grams per litre of dextrose, 20 grams per litre of agar). Mutation frequencies
are depicted in Table 3. The results indicate that the highest percentage of introduction of a double mutation (G190T mutation,
C236A mutation) can be reached using vector pCSN032 (Table 1), containing yeast codon optimized CAS9 expressed from the
KI11 promoter, containing a KanMX marker on the vector. In addition, sequencing results indicated that the majority of
transformants were found in which only the PAM was mutated (C236A mutation). Similar PAM mutation frequencies were found
for PCSN030 and pCSN32. In addition, similar PAM mutation frequencies were found for pSCN031 and pCSNO033.

Table 3: Mutation frequencies using CAS9 all-in-one expression vectors. Double mutation frequencies indicate the G190T
mutation (introduction stop codon) and C236A mutation (mutation PAM). PAM mutation frequency indicates only the C236A
mutation.

CAS9 Promoter Double mutation PAM mutation Double mutation { PAM mutation

variant frequency KanMX § frequency KanMX | frequency NatMX frequency
NatMX

Human TEF1p 5% 100% 1% 66%

codon

optimized

S. Kit1p 31% 96% 12% 79%

cerevisiae

CPO

S. TDH3p No red colonies 67% 21% 1%

cerevisiae

CPO

Example 3: Increased yeast transformation frequency by in vivo recombination of the guide-RNA into a pre-digested
2 micron vector containing a CAS9 expression cassette and a dominant marker cassette

[0152] Vector pCSN049 (Figure 8) was digested with Sfil. The digested vector was cleaned and concentrated using the DNA
Clean & Concentrator™-5kit (distributed by Baseclear Lab Products, Leiden, the Netherlands). The ADE2.Y guide-RNA
sequence (present in SEQ ID NO: 15) was amplified using a forward primer (SEQ ID NO: 20) and a reverse primer (SEQ ID
NO: 21). The resulting PCR product contained between 56 and 58 bp overhang with the digested vector pCSN049, as such
that it allows in vivo recombination of the PCR fragment and the Sfil digested pCSN049 vector upon transformation of the PCR
fragment and the digested vector to yeast (Figure 9). The single stranded oligonucleotides set forward in SEQ ID NO: 16 and
SEQ ID NO: 17 were used to generate a double-stranded oligonucleotide as described in the previous example. 100
nanograms of the PCR fragment, 100 nanograms of the Sfil digested pCSN049 vector and 100 nanograms of the double
stranded oligonucleotide donor were transformed to Saccharomyces cerevisiae strain CEN.PK113-7D. Transformation was
performed using the LiAc/SS carrier DNA/PEG method (Gietz and Woods, 2002). Surprisingly, the number of transformants
increased from 20 when vector all-in-one vector pCSN032 was transformed (Figure 7), to approximately 400 when the Sfil
digested pCSN049 vector and the gRNA PCR fragment with homology flanks were transformed, together with the DS
oligonucleotide donor. Sequencing of a number of transformants showed that the double mutation frequency, ie. G to T
mutation at position 190 in combination with the C to A mutation at position 236 of the ADE2 gene, slightly decreased, whereas
mutation frequencies of the PAM were unaffected (Table 4).

Table 4: Mutation frequencies using CAS9 all-in-one expression vectors. Double mutation frequencies indicate the G190T
mutation (introduction stop codon) and C236A mutation (mutation PAM). PAM mutation frequency indicates only the C236A
mutation.

CAS9 variant Promoter Double mutation PAM mutation frequency
frequency KanMX KanMX

S. cerevisiae CPO all in KiM1p 31% 96%

one

S. cerevisiae CPO (Sfil), {Kl1p 20% 95%

separate gRNA

[0153] To demonstrate that the guide-RNA PCR fragment was introduced into the Sfil digested vector pCSN049 by in vivo
recombination in yeast, a plasmid DNA isolation was performed on a yeast culture (YEPD, 10 grams per litre of yeast extract,
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20 grams per litre of peptone, 20 grams per litre of dextrose), overnight 30 degrees Celsius, 250 rpm) of two red colored
colonies using the NucleoSpin plasmid kit (Machery Nagel, distributed by Bioké, Leiden, the Netherlands). To efficiently open
the yeast cells during the plasmid isolation procedure zymolyase (0.2 U/ul, per cell pellet 50 Units were used, Zymo Research,
distributed by Baseclear Lab Products, Leiden, the Netherlands) was added to resuspension buffer A1, the cells were
incubated with zymolyase for 30 minutes at 37 degrees Celsius. After zymolyase treatment, the plasmid isolation procedure
was continued as described in the supplier's manual. Subsequently 2 pl of the isolated plasmid DNA was used for
transformation of E. coli NEB 10-beta competent cells (High Efficiency, New England Biolabs, distributed by Bioké, Leiden, the
Netherlands). The heatshock, 30 seconds at 42 degrees Celsius, was followed by recovery of the cells in 250 yl SOC medium
(supplied with the competent cells by New England Biolabs, distributed by Bioké, Leiden, the Netherlands) and the
transformation mixture was plated on 2xTY agar plates (16 grams per litre tryptone peptone, 10 grams per litre yeast extract, 5
grams per litre NaCl, 15 grams per litre granulated agar) supplemented with 100 ug/ml ampicillin (Sigma-Aldrich, Zwijndrecht,
the Netherlands). Plates were incubated overnight at 37 degrees Celsius. The resulting E. coli transformants were grown in 2x
TY (16 grams per litre tryptone peptone, 10 grams per litre yeast extract, 5 grams per litre NaCl) + 100 ug/ml ampicillin (Sigma-
Aldrich, Zwijndrecht, the Netherlands) overnight at 37 degrees Celsius 250 rpm and subsequently cells were used for plasmid
isolation using the NucleoSpin plasmid kit (Machery Nagel, distributed by Bioké, Leiden, the Netherlands) according to
supplier's manual. Resulting plasmid DNA was digested using Sacll to excise the inserted ADE2.Y gRNA sequence of 394 bp
from the plasmid. Analysis of the fragments on a 0.8% agarose gel showed that the correct band sizes were identified,
indicating that the guide-RNA PCR fragment was introduced in the Sfil digested plasmid pCSN049 by in vivo recombination in
yeast.

Example 4: Use of all-in-one vector to introduce mutations in one or two alleles in a diploid yeast strain.

[0154] Vector pCSN028 (Figure 10, SEQ ID NO: 24) was constructed by DNA2.0 (Menlo Park, CA, USA). This 2y vector
expresses CAS9 from Streptococcus pyogenes with an additional C-terminal fusion with a SV40 nuclear localization signal (Mali
et al, 2013), it contains a selection marker to confer resistance against G418 and a guide-RNA cassette to target CAS9 to the
HXT2 gene of Saccharomyces cerevisiae (SEQ ID NO: 25). In order to introduce an amino acid mutation in the HXT2 protein
(N361T), the following mutations were introduced into the genomic DNA, being A1082C, C1083A and in addition a silent point
mutation in the PAM was introduced (C1104A), in order to avoid the CAS9 protein from cleaving the DS oligonucleotide donor
sequence. To introduce the desired mutations in the HXT2 gene of S. cerevisiae, a DS oligonucleotide was designed (Figure
11). The single stranded oligonucleotide sequences of SEQ ID NO: 26 and SEQ ID NO: 27 were used to generate a double-
stranded oligonucleotide as described in a previous example. The haploid Saccharomyces cerevisiae strain CEN.PK113-7D
(MATa URA3 HIS3 LEU2 TRP1 MAL2-8 SUC2) was transformed using the LiAc/SS carrier DNA/PEG method (Gietz and
Woods, 2002). In the transformation mixture 250 nanograms vector pCNS028 were transformed together with 250 nanograms
of the double stranded oligonucleotide donor (see Figure 11). Transformation mixtures were plated on YPD-agar (10 grams per
litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 20 grams per litre of agar) containing 200 ug
G418 (Sigma Aldrich) per ml. After two to four days of growth at 30°C, colonies appeared on the plates.

[0155] Next, a PCR and subsequent sequencing were performed to identify the introduced mutations in the transformants.
Genomic gDNA (gDNA) was isolated from the yeast colonies using the lithium acetate SDS method (Looke et al., 2011). As
template for the PCR 5 pl from this gDNA suspension was used. In the PCR, a forward (SEQ ID NO: 28) and reverse (SEQ ID
NO: 29) primer were used to amplify DNA by a method known by the person skilled in the art. The resulting PCR fragments
were cleaned and concentrated using the DNA Clean & Concentrator™-5kit (distributed by Baseclear Lab Products, Leiden, the
Netherlands), according to manufacturer's instructions. Using the forward (SEQ ID NO: 28) primer a sequencing reaction was
performed and data was analyzed using methods known by the person skilled in the art.

CAS9 variant {Promoter PAM One HXT2 allelle mutated (in Two HXT2 allelles mutated
mutation combination with PAM (in combination with PAM
mutation) mutation)
S. cerevisiae KiM1p 67% 17% 17%
CPO

[0156] Sequencing results (Table 5) indicated that 57% of the transformants contained the desired mutation in the HXT2 gene
(A1082C, C1083A for N361T amino acid change) in combination with the silent PAM mutation (C1104A). These results indicate
that an all-in-one vector, containing both CAS9 and guide-RNA, can be used for introduction of point mutations in order to
achieve one, or more, amino acid changes.

Table 5: Mutation frequencies using a CAS9 all-in-one expression vector in order introduce point mutations (A1082C, C1083A)
in genomic DNA of haploid S. cerevisiae strain CEN.PK113-7D, resulting in an amino acid change (N361T) in the Hxt2 protein
of strain. In addition a silent mutation in the PAM sequence (C1104A) was introduced in order to avoid the CAS9 protein from
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cleaving the DS oligonucleotide donor sequence.

CAS9 variant Promoter PAM mutation HXT2 mutation (in combination
with PAM mutation)
S. cerevisiae CPO KiM1p 100% 57%

[01567] The diploid Saccharomyces cerevisiae strain CEN.PK2 (MATa/a ura3-52/ura3-52 trp1-289/trp1-289 leu2-3_112/leu2-
3_112 his3 A1/his3 A1 MAL2-8C/MAL2-8C SUC2/SUC2) was transformed using the LiAc/SS carrier DNA/PEG method (Gietz
and Woods, 2002). Transformation and subsequent analysis was performed as described previously herein. Table 6 depicts
the mutation frequency results in the diploid CEN.PK2 strain. In 67% of the transformants analyzed by sequencing, it was found
that the mutation in the PAM sequence (C1104A) was introduced. In 17% of the transformants, one HXT2 allele was mutated
(A1082C, C1083A) in combination with the PAM mutation (C1104A). In 17% of the transformants, two HXT72 alleles were
mutated (A1082C, C1083A) in combination with the PAM mutation (C1104A). A graphic representation of the sequencing
results is given in Figure 12, which can be used to distinguish between mutations in one or two alleles of the HX72 gene of the
diploid CEN.PK2 strain. These results indicate that an all-in-one vector, containing both CAS9 and guide-RNA, can be used for
introduction of point mutations in order to achieve one, or more, amino acid changes. In addition, this type of vector can be
used to introduce the desired point mutations in one or two alleles of a diploid strain.

[0158] Table 6: Mutation frequencies using a CAS9 all-in-one expression vector in order introduce point mutations (A1082C,
C1083A) in genomic DNA of diploid S. cerevisiae strain CEN.PK2, resulting in an amino acid change (N361T) in the Hxt2
protein of strain. In addition a silent mutation in the PAM sequence (C1104A) was introduced in order to avoid the CAS9 protein
from cleaving the DS oligonucleotide donor sequence. Mutation frequencies of the HXT2 gene of one or two alleles present in
the diploid strain are indicated.

Example §: Deletion of up to 10 kb of genomic DNA using CRISPR/CAS9

[0159] An INT1A guide-RNA sequence that directs the CAS9 protein to the INT1A integration site was cloned into vector
pCSN049 (Table 1) using Sacll. For this purpose, a synthetic cassette as set out in SEQ ID NO: 30 consisting of the SNR52p
RNA polymerase Ill promoter, the INT1A guide-sequence (TATTAGAACCAGGGAGGTCC; SEQ ID NO: 68), the gRNA
structural component and the SUP4 3' flanking region, two Sacll restriction sites and sequences homologous to vector pRS426
was synthesized by DNA2.0 (Menlo Park, CA, USA). This resulted in construction of all-in-one CAS9 + guide-RNA expression
vector pCSN038 (containing a KanMX marker). When this vector is transformed to S. cerevisiae, the CAS9 protein is directed to
the so called INT1A locus, which is located in a non-coding region of yeast genomic DNA of S. cerevisiae stain CEN.PK113-7D
between the open reading frames NRT7 (YORO071c) and GYP7 (YORO070c), located at 659 bp downstream of the stop codon of
NRT1 and 997 bp upstream of the start codon of GYP1 on chromosome XV.

[0160] To achieve deletion up to approximately 10000 bases (10 kb) from genomic DNA of 8. cerevisiae strain CEN.PK113-7D
around the INT1A locus, plasmid pCSNO038 is transformed together with donor DNA sequences, as schematically depicted in
Figure 13. Transformations are performed using the LiAc/SS carrier DNA/PEG method (Gietz and Woods, 2002). Deletion of 10
kb of genomic DNA around the INT1A integration site (5 kb upstream, 5 kb downstream) is expected to result in viable
transformants, because no essential genes are fully or partially removed from the genomic DNA (source Saccharomyces
genome database, http://www.yeastgenome.org/). Deletion of a 1 kb fragment is exemplified below, but this procedure can be
used as well for the 3 kb, 10 kb and control deletions (see Table 7 for primer combinations). PCR fragment 1, containing 500
bp homology with genomic DNA (5'flank B}, is generated using the oligonucleotide sequences as set out in SEQ ID NO: 35 and
SEQ ID NO: 36 using genomic DNA isolated from S. cerevisiae strain CEN.PK113-7D as template (genomic DNA is isolated
according to the method described by Ldoke et al). PCR fragment 2, containing the RFP expression cassette, is generated
using the oligonucleotide sequences as set out in SEQ ID NO: 47 and SEQ ID NO: 48, using SEQ ID NO:49 as template (a
synthetic DNA cassette synthesized by DNA 2.0, Menlo Park, CA, USA). PCR fragment 3, containing 500 bp homology with
genomic DNA (3'flank B}, is generated using the oligonucleotide sequences as set out in SEQ ID NO: 37 and SEQ ID NO: 38
using genomic DNA isolated from S. cerevisiae strain CEN.PK113-7D as template (genomic DNA is isolated according to the
method described by Looke ef aly. Due to the presence of connector sequences, the 3' part of PCR fragment 1 has homology
with the 5' part of PCR fragment 2, and the 5' part of PCR fragment 3 has homology with the 3' part of fragment 2, which allows
homologous recombination in the yeast Saccharomyces cerevisiae as is described in WO2013144257A1. Because CAS9 is
targeted to the INT1A sequence present in the genomic DNA, a double strand break is introduced. The presence of
homologous sequences will promote homologous recombination, and thus repair of the double stranded break.

[0161] Transformation of fragment 1 (5'flank A), 2 (RFP) and 3 (3'flank A) results in the introduction of RFP at the INT1A
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integration site. Transformation of fragment 1 (5'flank B), 2 (RFP) and 3 (3'flank B) results in the introduction of RFP and
deletion of approximately 1 kb of the genomic DNA sequence. Transformation of fragment 1 (5'flank C), 2 (RFP) and 3 (3'flank
C) results in the introduction of RFP and deletion of approximately 3 kb of the genomic DNA sequence. Transformation of
fragment 1 (5'flank D), 2 (RFP) and 3 (3'flank D) results in the introduction of RFP and deletion of approximately 10 kb of the
genomic DNA sequence. Correct integration of the PCR fragments and desired deletion of the parts of genomic DNA is
determined by sequencing or PCR.

[0162] The above mentioned transformation are performed in Saccharomyces cerevisiae strain CEN.PK113-7D.
Transformation was performed using the LiAc/SS carrier DNA/PEG method (Gietz and Woods, 2002). Transformation mixtures
were plated on YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 20
grams per litre of agar) containing 200 uyg G418 (Sigma Aldrich) per ml. After two to four days of growth at 30°C, red colored
colonies appeared on the plates.

Table 7: Overview of PCR primers used to generate the PCR fragments used to delete up to 10 kb of genomic DNA
surrounding the INT1A integration site (see Figure 13).

Deletion Flanks Fragment 1 (5'flank) jFragment 2 (RFP) Fragment 3 (3'flank)

Control* A SEQ ID NO: 31 SEQ ID NO: 47 SEQ ID NO: 33
SEQ ID NO: 32 SEQ ID NO: 48 SEQ ID NO: 34

1 kb B SEQ ID NO: 35 SEQ ID NO: 47 SEQ ID NO: 37
SEQ ID NO: 36 SEQ ID NO: 48 SEQ ID NO: 38

3 kb c SEQ ID NO: 39 SEQ ID NO: 47 SEQ ID NO: 41
SEQ ID NO: 40 SEQ ID NO: 48 SEQ ID NO: 42

10 kb D SEQ ID NO: 43 SEQ ID NO: 47 SEQ ID NO: 45
SEQ ID NO: 44 SEQ ID NO: 48 SEQ ID NO: 48

* In the control, flanks A are used, which recombine just at the 5' and 3' of the double-strand break introduced.

[0163] These results indicate that up to 10 kb of genomic DNA can be removed using CRISPR/CAS9 to introduce one double
strand break and by marker-free introduction of an RFP cassette using a homologous recombination approach as described in
WO02013144257A1, by using flank sequences that are located up to 5 kb 5’ and 3' relatively to the INT1A site.

[0164] Alternatively, another approach is used, as described below and illustrated in Figure 13. Instead of using one guide-RNA
cassette, that targets one genomic target (INT1A GT), two different guide-RNA cassettes are expressed from an all-in-one
plasmid, as is illustrated in Figure 14. The guide-RNA cassettes consist of a SNR52p, followed by a guide-sequence, followed
by a gRNA structural component, followed by a SUP4 3' flanking region. The two guide-RNA cassettes, with different guide-
sequences, are positioned in opposite orientations on the all-in-one plasmid, in order to prevent potential out-recombination of
DNA due to the presence of homologous sequences. Transformation of such a plasmid in yeast results in different pairs of
double strand breaks that are introduced by expression of 2 different guide-RNA's in combination with expression of CAS9, as
illustrated in Figure 13.

[0165] To achieve deletion of approximately 1000 bases (1 kb) from genomic DNA of S. cerevisiae strain CEN.PK113-7D
around the INT1A locus, the plasmid containing 2 guide-RNA cassettes is transformed together with donor DNA PCR
fragments, as schematically depicted in Figure 13. GT INT1B 5' (SEQ ID NO: 56) targets CAS9 to approximately 500 bp
upstream of INT1A and INT1B 3' (SEQ ID NO: 57) targets CAS9 to approximately 500 bp downstream of INT1A, which in
combination with fragments 1, 2 and 3 with flanks B (Table 7) results in DNA deletion of approximately 3 kB from genomic DNA
of CEN.PK113-7D.

[0166] To achieve deletion of approximately 3000 bases (3 kb) from genomic DNA of S. cerevisiae strain CEN.PK113-7D
around the INT1A locus, the plasmid containing 2 guide-RNA cassettes is transformed together with donor DNA PCR
fragments, as schematically depicted in Figure 13. GT INT1C 5' (SEQ ID NO: 58) targets CAS9 to approximately 1500 bp
upstream of INT1A and INT1C 3' (SEQ ID NO:59) targets CAS9 to approximately 1500 bp upstream of INT1A, which in
combination with fragments 1, 2 and 3 with flanks C (Table 7) results in DNA deletion of approximately 3 kB fragment from
genomic DNA of CEN.PK113-7D.

[0167] To achieve deletion of approximately 10000 bases (10 kb) from genomic DNA of S. cerevisiae strain CEN.PK113-7D
around the INT1A locus, the plasmid containing 2 guide-RNA cassettes is transformed together with donor DNA PCR
fragments, as schematically depicted in Figure 13. GT INT1D 5' (SEQ ID NO: 60) targets CAS9 to approximately 5000 bp
upstream of INT1A and INT1D 3' (SEQ ID NO: 59) targets CAS9 to approximately 5000 bp upstream of INT1A, which in
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combination with fragments 1, 2 and 3 with flanks D (Table 7) results in DNA deletion of approximately 10 kB fragment from
genomic DNA of CEN.PK113-7D.

[0168] The above mentioned transformation are performed in Saccharomyces cerevisiae strain CEN.PK113-7D.
Transformation was performed using the LiAc/SS carrier DNA/PEG method (Gietz and Woods, 2002). Transformation mixtures
were plated on YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 20
grams per litre of agar) containing 200 uyg G418 (Sigma Aldrich) per ml. After two to four days of growth at 30°C, red colored
colonies appeared on the plates.

[0169] These results indicate that up to 10 kb of genomic DNA can be removed using CRISPR/CAS9 to introduce two double
strand break and by marker-free introduction of an RFP cassette using a homologous recombination approach as described in
WO02013144257A1, by using flank sequences that are located up to 5 kb 5’ and 3' relatively to the INT1A site.

Example 6: Multiplex use of an all in one vector containing two guide sequences (guide-sequences for INT1A and
ADE2 locus)

[0170] In order to introduce two simultaneous modifications, i.e. introducing a point mutation at the ADE2 locus and marker-
free introduction of a Green Fluorescent Protein (GFP) cassette, the following approach is taken. An all-in-one expression
vector named pCSNO021 is constructed by DNA 2.0 (Menlo Park, CA, USA) that contains a CAS9 expression cassette, two
guide-RNA cassettes containing the ADE2.Y (SEQ ID NO: 65) and the INT1A (SEQ ID NO: 66 guide-RNA cassettes. Plasmid
pCNS021 is illustrated in Figure 14 and set out in SEQ ID NO: 50. The two guide-RNA cassettes, with different guide-
sequences, are positioned in opposite orientations on the plasmid, in order to prevent potential out-recombination of DNA due
to the presence of homologous sequences in case the two guide-RNA cassettes are positioned in the same orientation in the
all-in-one plasmid. Plasmid pSCNO021 is transformed together with the ADE2.Y double stranded donor DNA to introduce point
mutations resulting in red colored colonies (http://wiki.yeastgenome.org/index.php/Commonly_used_auxotrophic_markers) and
three PCR fragments to introduce a GFP cassette at the INT1A locus as described below. To introduce the G to T mutation at
nucleotide position 190 and an additional C to A mutation at position 236 (Figure 7) in the ADE2 gene, the ADE2.Y double
stranded donor DNA, consisting of SEQ ID NO: 16 and SEQ ID NO: 17, is obtained as described in example 2. To introduce a
GFP cassette at the INT1A locus, a first PCR fragment (1), containing 500 bp homology with genomic DNA (5'flank A), is
generated using the oligonucleotide sequences as set out in SEQ ID NO: 32 and SEQ ID NO: 33 using genomic DNA isolated
from S. cerevisiae strain CEN.PK113-7D as template (genomic DNA is isolated according to the method described by Ldoke et
al). A second PCR fragment (2), containing the GFP cassette, is generated using the oligonucleotide sequences as set out in
SEQ ID NO: 52 and SEQ ID NO: 53 , using SEQ ID NO: 51 as template (a synthetic DNA cassette synthesized by DNA 2.0,
Menlo Park, CA, USA). A third PCR fragment (3), containing 500 bp homology with genomic DNA (3'flank B), is generated using
the oligonucleotide sequences as set out in SEQ ID NO: 34 and SEQ ID NO: 35 using genomic DNA isolated from S. cerevisiae
strain CEN.PK113-7D as template (genomic DNA is isolated by a method according to the method described by Looke ef al).
Due to the presence of connector sequences, the 3' part of PCR fragment 1 has homology with the 5' part of PCR fragment 2,
and the 5' part of PCR fragment 3 has homology with the 3' part of fragment 2, which allows homologous recombination in the
yeast Saccharomyces cerevisiae as is described in WO2013144257A1.

[0171] The above mentioned transformation are performed in Saccharomyces cerevisiae strain CEN.PK113-7D.
Transformation was performed using the LiAc/SS carrier DNA/PEG method (Gietz and Woods, 2002). Transformation mixtures
were plated on YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 20
grams per litre of agar) containing 200 uyg G418 (Sigma Aldrich) per ml. After two to four days of growth at 30°C, red colored
colonies appeared on the plates. In addition, the red colored colonies also display a green color when examined under a
fluorescence microscope (using a method known by the person skilled in the art). Introduction of the desired point mutations in
the ade2 locus is confirmed by sequencing. Correct integration of the PCR fragments and desired deletion of the parts of
genomic DNA is determined by sequencing or PCR.

Example 7: Expression of CAS9 from a plasmid, guide-RNA as PCR fragment and DNA donor sequences being part of
the guide-RNA PCR fragment

[0172] In example 2, a double strands (DS) oligonucleotide was designed to introduce the G to T mutation at nucleotide
position 190, and an additional C to A mutation at position 236 (Figure 7) at the ADE2 of CEN.PK113-7D when transformed
together with plasmid pPCSN049 (Figure 8) resulting in red colored colonies
(http://wiki.yeastgenome.org/index.php/Commonly_used_auxotrophic_markers). In this example plasmid pCSN049 (expressing
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CAS9, presence of a KanMX marker) was transformed together with the ADE2.Y guide-RNA cassette that was fused to the
donor DNA sequence as illustrated in Figure 16. The donor DNA sequence is depicted in Figure 7. The ADE2.Y guide-RNA
cassette consists of SNR52p RNA polymerase Il promoter, the ADE2.Y guide-sequence (ACTTGAAGATTCTTTAGTGT, SEQ
ID NO: 67), the gRNA structural component and the SUP4 3' flanking region. The ADE2.Y guide-RNA sequence may be directly
fused to the donor DNA sequence or it can be separated by the 20 bp ADE2.Y guide sequence and a PAM sequence. The
latter approach should result in cleaving off the donor DNA sequence from the ADE2.Y guide-RNA sequence. The donor DNA
that integrates into the ADEZ2 locus in order to introduce the desired point mutations (G to T mutation at nucleotide position 190,
and an additional C to A mutation at position 236) integrates into the genomic DNA by double cross over (Figure 16).

[0173] To transform ADE2.Y guide-RNA-donor DNA as PCR fragment, a gBlock of which the sequence is set out in SEQ ID NO:
62 was synthesized (Integrated DNA Technologies, Leuven, Belgium). In order to obtain a PCR fragment with sufficient DNA for
transformation, primers as set out in SEQ ID NO: 54 and SEQ ID NO: 63 were used in a PCR, using SEQ ID NO: 62 as
template. The PCR reaction was performed by using a method known by a person skilled in the art.

[0174] To transform ADEZ2.Y guide-RNA-PAM-ADE2 GT-donor DNA as PCR fragment, a gBlock of which the sequence is set
out in SEQ ID NO: 64 was synthesized (Integrated DNA Technologies, Leuven, Belgium). In order to obtain a PCR fragment
with sufficient DNA for transformation, primers as set out in SEQ ID NO: 54 and SEQ ID NO: 63 were used in a PCR, using SEQ
ID NO: 64 as template. The PCR reaction was performed by using a method known by a person skilled in the art.

[0176] Transformation of plasmid pCSN049 and guide-RNA-donor sequences fusions and further selection of correct
transformants was performed as described above in Example 2. Red coloured colonies were found on the transformation
plates using the approach where the guide-RNA was directly fused to the donor DNA (transformation of a PCR fragment
containing SEQ ID NO: 62), as well as using the approach where the guide-RNA and donor DNA was separated by a PAM and
ADE2.Y guide-sequence (transformation of a PCR fragment containing SEQ ID NO: 64), which is illustrated in Figure 16. The
results demonstrated that the guide-RNA was functional, when transformed as a PCR fragment and directly fused to the DNA
donor sequence, or separated by a PAM and genomic target sequence. Genomic DNA was isolated from a red colored colony,
a sequencing reaction was performed to confirm the intended mutations, G to T mutation at nucleotide position 190, and an
additional C to A mutation at position 236) in the ADE2 gene (data not shown). The sequencing results demonstrated that the
donor DNA integrated into genomic DNA using both approaches as described above and depicted in Figure 16.

Example 8: Deletion of up to 10 kb of genomic DNA using CRISPR/CASS by targeting CAS9 to one genomic target

[0176] An INT1 guide-RNA sequence that directs the CAS9 protein to the INT1 integration site was cloned into vector pCSN049
(Table 1) using Sacll. For this purpose, a synthetic cassette as set out in SEQ ID NO: 30 consisting of the SNR52p RNA
polymerase 11l promoter, the INT1 guide-sequence (TATTAGAACCAGGGAGGTCC; SEQ ID NO: 68), the gRNA structural
component and the SUP4 3' flanking region, two Sacll restriction sites and sequences homologous to vector pRS426 was
synthesized by DNA2.0 (Menlo Park, CA, USA). This resulted in construction of all-in-one CAS9 + guide-RNA expression vector
PCSNO038 (containing a KanMX marker). When this vector is transformed to S. cerevisiae, the CAS9 protein is directed to the so
called INT1 locus, which is located in a non-coding region of yeast genomic DNA of S. cerevisiae strain CEN.PK113-7D
between the open reading frames NRT7 (YORO071c) and GYP7 (YORO070c), located at 659 bp downstream of the stop codon of
NRT1 and 997 bp upstream of the start codon of GYP1 on chromosome XV.

[0177] To achieve deletion up to approximately 10000 bases (10 kb) from genomic DNA of 8. cerevisiae strain CEN.PK113-7D
around the INT1 locus, plasmid pCSNO038 was transformed together with donor DNA sequences, as schematically depicted in
Figure 18.

[0178] Transformations were performed using the LiAc/SS carrier DNA/PEG method (Gietz and Woods, 2002). Deletion of 10
kb of genomic DNA around the INT1 integration site (5 kb upstream, 5 kb downstream) was expected to result in viable
transformants, because no essential genes were fully or partially removed from the genomic DNA (source Saccharomyces
genome database, http://www.yeastgenome.org/). Deletion of a 3 kb or 10 kb fragment is exemplified below, but this procedure
can be used as well for the 1 kb and control (integration at the INT1 integration site) deletions (see Table 8 for primer
combinations). PCR fragment 1, containing 500 bp homology with genomic DNA (5'flank C), was generated using the
oligonucleotide sequences as set out in SEQ ID NO: 39 and SEQ ID NO: 40 using genomic DNA isolated from 8. cerevisiae
strain CEN.PK113-7D as template (genomic DNA is isolated according to the method described by Ldoke et aly. PCR fragment
2, containing the red fluorescent protein (RFP) expression cassette, was generated using the oligonucleotide sequences as set
out in SEQ ID NO: 47 and SEQ ID NO: 48, using SEQ ID NO: 49 as template (a synthetic DNA cassette synthesized by DNA
2.0, Menlo Park, CA, USA). PCR fragment 3, containing 500 bp homology with genomic DNA (3'flank C), was generated using
the oligonucleotide sequences as set out in SEQ ID NO: 41 and SEQ ID NO: 42 using genomic DNA isolated from S. cerevisiae
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strain CEN.PK113-7D as template (genomic DNA is isolated according to the method described by Looke et al). PCR reactions
were performed by methods known by the person skilled in the art. Due to the presence of connector sequences, the 3' part of
PCR fragment 1 has homology with the 5' part of PCR fragment 2, and the 5' part of PCR fragment 3 has homology with the 3’
part of fragment 2, which allows homologous recombination into the genome of the yeast Saccharomyces cerevisiae as is
described in WO2013144257A1. Because CAS9 was targeted to the INT1 sequence present in the genomic DNA, a double
strand break is introduced. The presence of homologous sequences will promote homologous recombination, and thus repair
of the double stranded break.

[0179] Transformations were performed in Saccharomyces cerevisiae strain CEN.PK113-7D. Transformation was performed
using the LiAc/SS carrier DNA/PEG method (Gietz and Woods, 2002). Transformation mixtures were plated on YPD-agar (10
grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 20 grams per litre of agar)
containing 200 ug G418 (Sigma Aldrich) per ml. After two to four days of growth at 30°C, colonies (red colored and some white
colored) appeared on the plates.

[0180] Transformation of fragment 1 (5'flank A), 2 (RFP) and 3 (3'flank A) resulted in the introduction of RFP at the INT1
integration site (data not shown). Transformation of fragment 1 (5'flank B), 2 (RFP) and 3 (3'flank B) resulted in the introduction
of RFP and deletion of approximately 1 kb of the genomic DNA sequence (data not shown). Transformation of fragment 1
(5'flank C), 2 (RFP) and 3 (3'flank C) resulted in the introduction of RFP and deletion of approximately 3 kb of the genomic DNA
sequence (see below). Transformation of fragment 1 (5'flank D), 2 (RFP) and 3 (3'flank D) resulted in the introduction of RFP
and deletion of approximately 10 kb of the genomic DNA sequence (see below). Correct integration of the PCR fragments and
desired deletion of the parts of genomic DNA is determined by sequencing (data not shown) and PCR (data shown below).
Table 8: Overview of PCR primers used to generate the PCR fragments used to delete up to 10 kb of genomic DNA
surrounding the INT1 integration site (see Figure 13).

Deletion Flanks Fragment 1 (5'flank) §Fragment 2 (RFP) Fragment 3 (3'flank)
Control* A SEQ ID NO: 31 SEQ ID NO: 47 SEQ ID NO: 33
SEQ ID NO: 32 SEQ ID NO: 48 SEQ ID NO: 34
1 kb B SEQ ID NO: 35 SEQ ID NO: 47 SEQ ID NO: 37
SEQ ID NO: 36 SEQ ID NO: 48 SEQ ID NO: 38
3 kb c SEQ ID NO: 39 SEQ ID NO: 47 SEQ ID NO: 41
SEQ ID NO: 40 SEQ ID NO: 48 SEQ ID NO: 42
10 kb D SEQ ID NO: 43 SEQ ID NO: 47 SEQ ID NO: 45
SEQ ID NO: 44 SEQ ID NO: 48 SEQ ID NO: 46
* In the control, flanks A are used, which recombine just at the 5' and 3' of the double-strand break introduced,
to integrate the RFP expression cassette at the INT1 locus.

[0181] By UV light (Qpix 450 Colony Picker - Molecular devices LLC) a discrimination was made between red fluorescent
colonies, indicating RFP integration, and white colonies, indicating no RFP integration, that appeared on the plates. For each
transformation a set of white and red colonies was selected and checked by PCR for presence of RFP (red) and the deleted
part of the genomic DNA as is intended. Genomic DNA is isolated according to the method described by Ldoke et al and is
used as template in a PCR reaction. The design of the primers for the PCR to confirm the integration of RFP in to the genome
and deletion of genomic DNA surrounding the INT locus is schematically depicted in Figure 19. The SEQ ID NO's od of the
primers used are depicted in Table 9. Primerset F1-R1 and F2-R2 was used to confirm the integration of the RFP expression
unit at the correct location in the genome and primerset F3-R3 was used to confirm the deletion.

Table 9: Primers used to confirm correct integration of the RFP into the INT1 locus and to confirm deletion of 1, 3 or 10 kb of
genomic DNA.

Primers F1-R1 (confirm correct F2-R2 (confirm correct F3-R3 (confirm
integration at 5' end) integration at 3' end) deletion)
Control (integration {SEQ ID NO: 131 SEQ ID NO: 134 SEQ ID NO: 31
RFP at INT1 locus)  f5EQ 1D NO: 133 SEQ ID NO: 132 SEQ ID NO: 34
1 kb deletion SEQ ID NO: 129 SEQ ID NO: 134 SEQ ID NO: 35
SEQ ID NO: 133 SEQ ID NO: 130 SEQ ID NO: 38
3 kb deletion SEQ ID NO: 127 SEQ ID NO: 134 SEQ ID NO: 39
SEQ ID NO: 133 SEQ ID NO: 128 SEQ ID NO: 42
10 kb deletion SEQ ID NO: 125 SEQ ID NO: 134 SEQ ID NO: 43
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Primers F1-R1 (confirm correct F2-R2 (confirm correct F3-R3 (confirm
integration at 5' end) integration at 3' end) deletion)
SEQ ID NO: 133 SEQ ID NO: 126 SEQ ID NO: 46

[0182] The results of the PCR confirming deletion of 3 kb genomic DNA and integration of RFP at the INT1 locus is displayed in
Figure 20 and is representative for the control, 1kb and 10 kb deletion. In lanes 2-5 the PCR the presence of the RFP gene
(oligoset F3R3, 2800 bp fragment) in red fluorescent colonies is depicted. Replacement (deletion) of 3 kB of the genomic DNA
was confirmed by sequencing (data not showy). In lanes 6-9 the absence of the RFP gene in the white colonies (oligoset F3R3,
4211 bp, lanes 6-9) is confirmed. In the white colored colonies, no gene editing by integration of RFP occurred. As a negative
control genomic DNA of S. cerevisiae strain CEN-PK113.7D was included to demonstrate amplification of the PCR fragment
when no insertion and deletion of the 3 kb fragment of genomic DNA has occurred (lane 1, oligoset F3R3, 4211 bp fragment).
For PCR fragment size estimation the 1kb+ marker (ThermoFisher Catno. 10787-018 (M)) was used. The integration of the
RFP gene (primerset F3R3, 4211 bp) in red colonies and thereby deletion of 10kb genomic DNA is displayed in lanes 10-12 of
Figure 20.

[0183] The results of the PCR experiments to confirm the correct integration of the RFP expression cassettes at the desired
loci to obtain 3 or 10 kb deletion of genomic DNA is shown in Figure 21. In these experiments, 2 independent red fluorescent
transformants were further examined using the same genomic DNA as used to confirm deletion of 3 kb and 10 kb genomic
DNA (as shown in Figure 20). In lane 3-4 (5' integration check, oligoset F1R1, 870bp) and 7-8 (3' integration check, oligoset
F2R2, 865 bp) the integration of the RFP gene at the correct location in the genome is demonstrated. The negative milliQ (MQ)
and WT (genomic DNA isolated from strain S. cerevisiae CEN.PK113-7D) controls are presented in lanes 2, 6 and 1, 5
respectively. The correct integration of the RFP gene in the genome was also confirmed for deletion of the 10 kb fragment. In
lane 11-12 (5" integration, oligoset F1R1, 887 bp) and 15-16 (3' integration, oligoset F2R2, 891 bp) the integration of the RFP
gene at the correct location in the genome is displayed. The milliQ (MQ) and WT control (S. cerevisiae CEN.PK113-7D) are
presented in lanes 10,14 and 9, 13 respectively.

[0184] The results indicate that up to 10 kb of genomic DNA can be removed using CRISPR/CASS to introduce one double
strand break and by marker-free introduction of an RFP cassette using a homologous recombination approach as described in
WO2013144257A1, by using flank sequences that are located up to 5 kb 5’ and 3' relatively to the INT1 site. In this example,
up to approximately 10 kb was removed from the genomic DNA. The approach chosen in this example (Figure 18) would also
allow for deletion of larger parts from genomic DNA, by adapting the choice for flank sequences, eventually in combination with
another guide RNA.

[0185] The presence of a connector 5 sequence at the 5' end of the FRP expression cassette and the presence of a connector
3 sequence at the 3' end of the RFP expression cassette allows for flexibility in choosing the desired integration locus. Any
integration site can be targeted by changing the genomic target sequence (that is part of the guide RNA expression cassette)
to a desired integration site, while including a specific 5' flank (integration site) - con5 and a specific con3 - 3' flank (integration
site) PCR fragment in the transformation mixture together with the RFP expression cassette, the guide RNA expression
cassette present on vector also expression CAS9. Alternatively, the guide RNA expression cassette is present on a separate
vector as the CAS9 expression cassette, preferably the guide RNA cassette being present on a multi copy yeast expression
vector and the CAS9 expression cassette being present on a single copy yeast expression vector.

Background information about the genes used to produced beta-carotene in S. cerevisiae.

[0186] When performing precision genome editing experiments, an easy readout of successful expression or expression levels
of genes that were modified or introduced, for example based on a color change of the organisms in which such experiments
are performed, is beneficial. When three genes, crtE, crtYB and crtl from Xanthophyllomyces dendrorhous are introduced and
overexpressed in Saccharomyces cerevisiae, the transformants will produce carotenoids which are colored compounds and
consequently result in yellow, orange or red colored transformants (Verwaal et al., 2007). Coloring of the cells is a result of
carotenoid production and can be achieved either by expressing crtE, crtYB and crtl from a vector, or by integration of the
genes into genomic DNA, using promoters and terminators functional in S. cerevisiae to express these genes (Verwaal ef al.,
2007). Examples 9 and 10 demonstrate that by using the CRISPR/CAS9 system as disclosed hereinhe, the three
carotenogenic expression cassettes can be transformed into one locus (singleplex) or up to 3 different loci (multiplex) in the
genomic DNA of S. cerevisiae, resulting in colored transformants, reflecting correctly edited cells.

Example 9: Engineering of one genomic target site (singleplex)
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[0187] In this singleplex engineering example the integration of three functional carotenoid gene expression cassettes into one
genomic DNA locus of a host organism using CRISPR/CAS9 is demonstrated. The integration of the three functional carotenoid
gene expression cassettes being a combination of crfE, crtYB and crtl, enables carotenoid production in the host organism (as
illustrated in Figure 24 and Figure 25).

PCSNO061 vector construction (single copy vector. KI11p-CAS9CPO, KanMX marker)

[0188] Yeast vector pCSNO061 is a single copy vector (CEN/ARS) that contains a CAS9 expression cassette consisting of a
CAS9 codon optimized variant expressed from the KI77 promoter (K. /actis promoter of KLLAOF20031g) and the S. cerevisiae
GND2 terminator, and a functional KanMX marker cassette conferring resistance against G418. The sequence of the CAS9
expression cassette is set out in SEQ ID NO: 11) The CAS9 expression cassette was Kpnl/Notl ligated into pRS414 (Sikorski
and Hieter, 1989), resulting in intermediate vector pCSN004. Subsequently, a functional expression cassette conferring G418
resistance (see http://www.euroscarf.de; the KanMX nucleotide sequence is set out in SEQ ID NO: 13) was Nofl restricted from
vector pUG7-KanMX and Notl ligated into pCSN004, resulting in vector pC8N061 that is depicted in Figure 22 and the
sequence is set outin SEQ ID NO: 135.

pRN1120 vector construction (multi-copy guide RNA expression vector. NatMX marker)

[0189] Yeast vector pRN1120 is a multi-copy vector (2 micron) that contains a functional NatMX marker cassette conferring
resistance against nourseothricin. The backbone of this vector is based on pRS305 (Sikorski and Hieter, 1989), including a
functional 2 micron ORI sequence and a functional NatMX marker cassette (see http://www.euroscarf.de). The NatMX
nucleotide sequence is set out in SEQ ID NO: 14. Vector pRN1120 is depicted in Figure 23 and the sequence is set out in SEQ
ID NO: 136. Vector pRN1120 can be equipped with a guide RNA cassettes as explained in this example. Prior to
transformation, vector pRN1120 (Figure 23) was restricted with the restriction enzymes EcoRI and Xhol. Next, the linearized
vector was purified using the NucleoSpin Gel and PCR Clean-up kit (Machery-Nagel, distributed by Bioké, Leiden, the
Netherlands) according to manufacturer's instructions.

Donor DNA

[0190] PCR fragments were used as donor DNA in the singleplex genome engineering experiments. Singleplex engineering in
this example means the integration of a set of up to 3 functional carotenoid gene expression cassettes, being a combination of
crtE, crtYB and crtl in order to enable carotenoid production, into one locus of S. cerevisiae genomic DNA using CRISPR/CASS.
The donor DNA sequences were derived from various sources, as indicated in Table 10. Donor DNA sequences can be
expression cassettes (i.e. carotenoid gene expression cassettes) or donor DNA flank sequences (i.e. sequences used to allow
integration of the carotenoid gene expression cassettes into the desired locus within the genomic DNA). A description of the
different genomic integration sites used is given later in this example.

Table 10: Overview of different donor DNA sequences used in the singleplex experiment. Under description, the following
elements are indicated: Connector (Con) sequences are 50 bp DNA sequences that are required for in vivo recombination as
described in WO2013144257A1. The promoter including the relative expected expression strengths (Low p = low strength
promoter, Med p = medium strength promoter, Strong p = high strength promoter). Promoters originated from S. cerevisiae or
K. lactis. The K. lactis promoter KiYdrip originated from KLLAOF20031g. The ORF name, crtE, crtYB or crtl, and the terminator
sequence (all terminators originate from S. cerevisiae). This table includes the SEQ ID NO's of the primers used to obtain the
donor DNA sequences by amplification by PCR. N.a. not applicable.

SEQ ID NO: of jDescription Template for PCR Forward primer Reverse primer
donor DNA

SEQ ID NO: con5 - Low p (KITDH2p) - {SEQID NO: 137 SEQ ID NO: 155 SEQ ID NO: 156
137 crtE - ScTDH3t - conA

SEQ ID NO: con5 - Med p (KIPGK1p) - {SEQID NO: 138 SEQ ID NO: 155 SEQ ID NO: 156
138 crtE - ScTDH3t - conA

SEQ ID NO: con5 - Strong p (ScFBA1p) {SEQ ID NO: 139 SEQ ID NO: 155 SEQ ID NO: 156
139 - crE - SCTDH3t - conA

SEQ ID NO: conA - Low p (KIYDR1p) - {SEQID NO: 140 SEQ ID NO: 157 SEQ ID NO: 158
140 crtYB - ScPDC1t - conB
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SEQ ID NO: of jDescription Template for PCR Forward primer Reverse primer
donor DNA

SEQ ID NO: conA - Med p (KITEF2p) - {SEQID NO: 141 SEQ ID NO: 157 SEQ ID NO: 158
141 crtYB - ScPDC1t - conB

SEQ ID NO: ConA - Strong p (SCTEF1p) {SEQ ID NO: 142 SEQ ID NO: 157 SEQ ID NO: 158
142 - crtYB - ScPDC1t - conB

SEQ ID NO: conB - Low p (SCPRE3p) - {n.a. n.a. n.a.

143 crtl - ScTAL1t - conC

SEQ ID NO: conB - Med p (SCACT1p) - {n.a. n.a. n.a.

144 crtl - ScTAL1t - conC

SEQ ID NO: conB - Strong p (KIENO1p) {n.a. n.a. n.a.

145 - crtl - ScTAL1t - conC

SEQ ID NO: conB - Low p (SCPRE3p) - {SEQID NO: 143 SEQ ID NO: 159 SEQ ID NO: 160
146 crtl - ScTAL1t - con3

SEQ ID NO: conB - Med p (SCACT1p) - {SEQID NO: 144 SEQ ID NO: 159 SEQ ID NO: 160
147 crtl - ScTAL1t - con3

SEQ ID NO: conB - Strong p (KIENO1p) {SEQ ID NO: 145 SEQ ID NO: 159 SEQ ID NO: 160
148 - crtl - ScTAL1t - con3

SEQ ID NO: Flank: 5' INT1 - con3 CEN.PK113-7D SEQ ID NO: 161 SEQ ID NO: 162
149 genomic DNA

SEQ ID NO: Flank: 5' INT59 - con5 CEN.PK113-7D SEQ ID NO: 163 SEQ ID NO: 164
150 genomic DNA

SEQ ID NO: Flank: 5' YPRCtau3 - con5 {CEN.PK113-7D SEQ ID NO: 165 SEQ ID NO: 166
151 genomic DNA

SEQ ID NO: Flank: con3 - 3' INT1 CEN.PK113-7D SEQ ID NO: 167 SEQ ID NO: 168
152 genomic DNA

SEQ ID NO: Flank: con3 - 3' INT59 CEN.PK113-7D SEQ ID NO: 169 SEQ ID NO: 170
153 genomic DNA

SEQ ID NO: Flank: con3 - 3' YPRCtau3 {CEN.PK113-7D SEQ ID NO: 171 SEQ ID NO: 172
154 genomic DNA

[0191] The carotenoid gene expression cassettes which were part of the donor DNA sequences were ordered at DNA 2.0
(Menlo Park, CA, USA). The sequences are set out in SEQ ID NO: 137 to SEQ ID NO: 145, and were used as template for PCR
reactions of which the products were used as donor DNA expression cassettes that were integrated into genomic DNA using
the approach described in this example (Vide infra). In this example, a carotenoid gene expression cassette was composed of
the following elements:

1. (i) at the 5" and 3' positions of the DNA sequence 50 basepair connector sequences are present. The presence of
connector sequences allowed in vivo homologous recombination between highly homologous connector sequences that
are part of other donor DNA expression cassettes or donor DNA flank sequences as is described in WO2013144257A1.
As a result, multiple donor DNA fragments were assembled into the genomic DNA at a desired location and in a desired
order, as is depicted in Figure 24.

2. (i) A promoter sequence, which can be homologous (i.e. from S. cerevisiae) or heterologous (e.g. from Kluyveromyces
lactis) and a terminator sequence derived from S. cerevisiae, were used to control the expression of the carotenogenic
genes criE, crtYB or cril. As described in Table 10, the promoters are expected to have different expression strengths,
resulting in low, medium or high expression levels of crtE, crtYB or crtl. In other experiments, the relative expression
strengths of the promoters used to express crtE, crtYB and crtl were determined (data not shown).

3. (iii) The crtE, crtYB and crfl nucleotide sequences were codon pair optimized for expression in S. cerevisiae as described
in WO2008/000632.

[0192] PCR fragments for the donor DNA expression cassette sequences were generated using Phusion DNA polymerase
(New England Biolabs, USA) according to manufacturer's instructions. In case of the expression cassettes of the carotenogenic
genes, the synthetic DNA provided by DNA2.0 was used as a template in the PCR reactions, using the specific forward and
reverse primer combinations depicted in Table 10. For example, in order to obtain the PCR fragment set out in SEQ ID NO:
137, the synthetic DNA construct provided by DNA2.0 was used as a template, using primer sequences set out in SEQ ID NO:
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155 and SEQ ID NO: 156. In total, nine different donor DNA sequences containing the carotenoid gene expression cassettes
were generated by PCR, as set outin SEQ ID NO: 137; 138; 139; 140; 141; 142; 146; 147 and 148.

[0193] Genomic gDNA (gDNA) was isolated from the yeast strain CEN.PK113-7D (MATa URA3 HIS3 LEU2 TRP1 MAL2-8
SUC2) using the lithium acetate SDS method (Ldoke et al., 2011). Strain CEN.PK113-7D is available from the EUROSCARF
collection (http://www.euroscarf.de, Frankfurt, Germany) or from the Centraal Bureau voor Schimmelcultures (Utrecht, the
Netherlands, entry number CBS 8340). The origin of the CEN.PK family of strains is described by van Dijken et al., 2000.

[0194] This genomic DNA was used as a template to obtain the PCR fragments that were used as donor for DNA flanking
sequences (comprising the overlap with the genomic DNA for genomic integration), using the specific forward and reverse
primer combinations depicted in Table 10. For example, in order to obtain the PCR fragment set out in SEQ ID NO: 149,
genomic DNA isolated from strain CEN.PK113-7D was used as a template, using primer sequences set out in SEQ ID NO: 161
and SEQ ID NO: 162. In total, six different donor DNA flank sequences were generated by PCR, as set out in SEQ ID NO: 149;
150; 151; 152; 153; 154. The donor DNA flank sequences contained 50 basepair connector sequences at the 5' or 3' position.
The presence of connector sequences allowed in vivo homologous recombination between highly homologous connector
sequences that are part of the donor DNA expression cassettes as is described in WO2013144257A1.

[0196] All donor DNA PCR fragments were purified using the NuceloSpin Gel and PCR Clean-up kit (Machery-Nagel,
distributed by Bioké, Leiden, the Netherlands) according to manufacturer's instructions.

Guide RNA expression cassettes and genomic target sequences

[0196] Guide RNA expression cassettes were ordered as synthetic DNA cassettes (gBlocks) at Integrated DNA Technologies,
Leuven, Belgium (for an overview see Table 11). The synthetic guide RNA expression cassettes, of which the sequences are
set out in SEQ ID NO: 173, 174 and 175, consisted of the SNR52p RNA polymerase Ill promoter, a genomic target sequence
(SEQ ID NO: 176; 177; 178), the gRNA structural component and the SUP4 3' flanking region as described in DiCarlo et al.,
2013. The guide RNA gBlocks contained at their 5’ end 78 basepairs homology and at their 3' end 87 bp homology with vector
PRN1120 (after restriction of the vector with EcoRI and Xhol). The presence of homologous DNA sequences at the 5' and 3’
end of the guide RNA cassette will promote reconstitution of a circular vector in vivo by homologous recombination (gap repair)
(Orr-Weaver et al., 1983).

[0197] The gBlocks were individually ligated into the pCR-Bluntl-TOPO vector (Zero Blunt TOPO PCR Cloning Kit, Life
Technologies, Grand Island, NY, USA) according to manufacturer's instructions. Using the TOPO vector containing the gBlock
as template, Phusion DNA polymerase (New England Biolabs, USA), and the primers as set out in SEQ ID NO: 179 and 180,
guide RNA expression cassette PCR fragments were generated according to manufacturer's instructions. All guide RNA
expression cassette PCR fragments were purified using the NuceloSpin Gel and PCR Clean-up kit (Machery-Nagel, distributed
by Bioké, Leiden, the Netherlands) according to manufacturer's instructions.

Table 11: Overview of genomic target and guide RNA sequences used in the singleplex experiment. The guide RNA expression
cassettes were used as a template for PCR using the primers indicated in this table in order to obtain guide RNA expression
PCR fragments used in the transformation experiments.

Target Genomic target SEQ ID Guide RNA expression {Primers used to amplify
NO: cassette guide RNA cassette

INT1 locus SEQ ID NO: 176 SEQ ID NO: 173 SEQ ID NO: 179

SEQ ID NO: 180
INT59 locus SEQ ID NO: 177 SEQ ID NO: 174 SEQ ID NO: 179

SEQ ID NO: 180
YPRCtau3 locus SEQ ID NO: 178 SEQ ID NO: 175 SEQ ID NO: 179

SEQ ID NO: 180

Integration sites

[0198] The INT1 integration site is located at the non-coding region between NTR1 (YORO071c) and GYP1 (YORO070c) located
on chromosome XV. The INT59 integration site is a non-coding region between SRP40 (YKR092C) and PTR2 (YKR093W)
located on chromosome XI. The YPRCtau3 integration site is a Ty4 long terminal repeat, located on chromosome XVI, and has
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been described by Bai Flagfeldt ef al. (2009).

Transformation and singleplex engineering

[0199] The procedure for the singleplex engineering experiments is depicted in Figure 24 and Figure 25. Singleplex
engineering in this example means the integration of a set of 3 functional carotenoid gene expression cassettes, being a
combination of crtE, crtYB and crtl in order to enable carotenoid production, into one locus of genomic DNA using
CRISPR/CASS9. Prior to transformation, DNA concentrations of the donor DNA's, guide RNA expression cassettes and vectors
were measured using the NanoDrop (ND-1000 Spectrophotometer, Thermo Scientific).

[0200] Vector pSCNO61 expressing CAS9 was first transformed to S. cerevisiae strain CEN.PK113-7D (MATa URA3 HIS3 LEU2
TRP1 MAL2-8 SUC2) using the LiAc/salmon sperm (S8) carrier DNA/PEG method (Gietz and Woods, 2002). In the
transformation mixture 1 microgram of vector pCNS061 (Figure 22) was used. The transformation mixture was plated on YPD-
agar (10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 20 grams per litre of
agar) containing 200 microgram (ug) G418 (Sigma Aldrich, Zwijndrecht, the Netherlands) per ml. After two to four days of
growth at 30°C colonies appeared on the transformation plate.

[0201] A yeast colony conferring resistance to G418 on the plate, now referred as strain CSN001, was inoculated on YPD-
G418 medium (10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 200 ug G418
(Sigma Aldrich, Zwijndrecht, the Netherlands) per ml). Subsequently, strain CSN001 was transformed with the following DNA
fragments using the LiAc/SS carrier DNA/PEG method (Gietz and Woods, 2002):

1. a) Purified linearized vector pRN1120 (1/10 of the molar mass relative to the guide RNA PCR fragment),

2. b) a guide RNA expression cassette (PCR fragment) containing homology at the 5" and 3' end with vector pRN1120 (1
equivalent of a molar mass),

3. c) two donor DNA flank sequences with homology to the integration sites (1/10 of the molar mass relative to the guide
RNA PCR fragment),

4. d) three donor DNA gene expression (1/5 of the molar mass relative to the guide RNA PCR fragment).

[0202] As explained earlier in this example and in WO2013144257A1, because of the presence of highly homologous 50 bp
connector DNA sequences, the donor DNA expression cassettes and donor DNA flank sequences will assemble to one stretch
of DNA at the desired location and in the desired order into the genomic DNA as visualized in Figure 24. The guide RNA
expression cassette, which contains 78 bp homology at the 5" and 87 bp homology at the 3' end with vector pRN1120, will
assemble into the linearized vector pRN1120 to form a functional circular vector (Figure 25) by in vivo homologous
recombination (gap repair, Orr-Weaver et al., 1983), which allows selection of transformants on nourseothricin.

[0203] As shown in Table 12, different transformation experiments were performed to determine the effect of introduction of
different carotenoid gene expression cassettes and different genomic integration sites on the efficiency of singleplex
CRISPR/CAS9 mediated genome engineering in S. cerevisiae. For example in singleplex experiment #01, strain CSN0O01 was
transformed with:

1. a) Purified linearized vector pRN1120 (1/10 of the molar mass relative to the guide RNA PCR fragment),

2.b) a guide RNA expression cassette (PCR fragment, SEQ ID NO: 173) containing homology at the 5" and 3’ end with
vector pRN1120 (1 equivalent of a molar mass),

3. c) two donor DNA flank sequences (SEQ ID NO: 149 and 152) with homology to the integration sites (1/10 of the molar
mass relative to the guide RNA PCR fragment),

4.d) three donor DNA gene expression cassettes (SEQ ID NO: 137; 140 and 146, 1/5 of the molar mass relative to the
guide RNA PCR fragment).

[0204] In this experiment, CAS9 was targeted to the INT1 locus, and criE, crtYB and crtl expressed from low strength
promoters were targeted to the INT1 locus, where the double stranded break that was introduced by CAS9 was repaired by the
transformed donor DNA PCR fragments (Figure 24).

[0206] The transformation mixtures were plated on YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of
peptone, 20 grams per litre of dextrose, 20 grams per litre of agar) containing 200 ug nourseothricin (NatMX, Jena Bioscience,
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Germany) and 200 ug G418 (Sigma Aldrich, Zwijndrecht, the Netherlands) per ml. Alternatively, transformation mixtures were
plated on YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 20 grams
per litre of agar) containing only 200 pg nourseothricin (NatMX, Jena Bioscience, Germany) per ml. After two to four days of
growth at 30°C, colonies appeared on the transformation plates.

Table 12: Overview of transformation experiments performed in the singleplex experiment. In a first transformation vector
pCSN061 was transformed. In a second transformation vector pRN1120, restricted with EcoRI and Xhol, was transformed

together with 5 donor DNA expression fragments.

Experiment Description experiment Vectors guide RNA Donor DNA Donor DNA
expression flanks
cassettes

#01 singleplex {crt cassettes with low pSCNO061 SEQ ID NG: SEQ ID NG: SEQ ID NG:

strength promoters to INT1 173 137
pRN1120 SEQ ID NG: 149
140
(restricted SEQ ID NG: SEQ ID NG:
with EcoRI 146 152
and Xhol)
#02 singleplex crt cassettes with medium pSCNO061 SEQ ID NG: SEQ ID NG: SEQ ID NG:
strength promoters to INT1 173 138 149
pRN1120 SEQ ID NG:
141
(restricted SEQ ID NG: SEQ ID NG:
with EcoRI 147 152
and Xhol)
#03 singleplex {crt cassettes with high pSCNO061 SEQ ID NG: SEQ ID NG: SEQ ID NG:
strength promoters to INT1 173 139 149
pRN1120 SEQ ID NG:
142
(restricted SEQ ID NG: SEQ ID NG:
with EcoRI 148 152
and Xhol)
#04 singleplex {crt cassettes with low pSCNO061 SEQ ID NG: SEQ ID NG: SEQ ID NG:
strength promoters to INT59 174 137 150
pRN1120 SEQ ID NG:
140
(restricted SEQ ID NG: SEQ ID NG:
with EcoRI 146 153
and Xhol)
#05 singleplex jcrt cassettes with medium pSCNO061 SEQ ID NG: SEQ ID NG: SEQ ID NG:
strength promoters to INT59 174 138 150
pRN1120 SEQ ID NG:
141
(restricted SEQ ID NG: SEQ ID NG:
with EcoRI 147 153
and Xhol)
#06 singleplex crt cassettes with high pSCNO061 SEQ ID NG: SEQ ID NG: SEQ ID NG:
strength promoters to INT59 174 139 150
pRN1120 SEQ ID NG:
142
(restricted SEQ ID NG: SEQ ID NG:
with EcoRI 148 153
and Xhol)
#07 singleplex {crt cassettes with low pSCNO061 SEQ ID NG: SEQ ID NG: SEQ ID NG:
strength promoters to 175 137 151
YPRCtau3 PRN1120 SEQ ID NO:
140
(restricted SEQ ID NG: SEQ ID NG:
with EcoRI 146 154
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Experiment Description experiment Vectors guide RNA Donor DNA Donor DNA
expression flanks
cassettes

and Xhol)
#08 singleplex {crt cassettes with medium pSCNO061 SEQ ID NG: SEQ ID NG: SEQ ID NG:
strength promoters to 175 138 151
YPRCtau3 PRN1120 SEQ ID NO:
141
(restricted SEQ ID NO: SEQ ID NG:
with EcoRI 147 154
and Xhol)
#09 singleplex {crt cassettes with high pSCNO061 SEQ ID NG: SEQ ID NG: SEQ ID NG:
strength promoters to 175 139 151
YPRCtau3 PRN1120 SEQ ID NO:
142
(restricted SEQ ID NO: SEQ ID NG:
with EcoRI 148 154
and Xhol)
#10 singleplex {Control transformation, pSCNO061 No guide RNA {SEQ ID NO: SEQ ID NG:
pRN1120 (as circular vector), PCR fragment {137 149
no guide RNA added PRN1120 added SEQ ID NO:
140
SEQ ID NG: SEQ ID NO:
146 152
#11 singleplex {Control transformation, pSCNO061 No guide RNA {SEQ ID NO: SEQ ID NG:
pRN1120 (as linearized PCR fragment {137 149
vector), no guide RNA added ORN1120 added SEQ ID NO:
140
(restricted SEQ ID NO: SEQ ID NG:
with EcoRI 146 152
and Xhol)

[0206] The presence of a connector 5 sequence at the crtE expression cassette and the presence of a connector 3 sequence
at the crtl expression cassette allows for flexibility in choosing the desired integration locus. Any integration site can be targeted
by changing the genomic target sequence (that is part of the guide RNA expression cassette) to a desired integration site, while
including a 5' flank (integration site) - con5 and a con3 - 3' flank (integration site) PCR fragment in the transformation mixture
together with the three donor DNA expression cassettes, the guide RNA expression cassette and the linearized vector
PRN1120, as illustrated in Figure 25.

Singleplex integration efficiencies

[0207] Transformation of crtE, crtYB and cril expression cassettes resulted in colored transformants, by the integration of the
three donor DNA expression cassettes and donor DNA flank sequences that are used to enable targeting to the desired locus
into genomic DNA. After transformation, the total number of colonies on a transformation plate were counted. The
transformants were colored and / or non-colored. In case of colored transformants, the crtE, crtYB and crfl expression
cassettes were successfully integrated into the genomic DNA of the yeast cells. In case of non-colored transformants, crtE,
crtYB and crtl expression cassettes were not successfully integrated into the genomic DNA of the yeast cells. The percentage
of successfully engineered cells, i.e. transformants that have integrated the crtE, crtYB and crfl expression cassettes into
genomic DNA, was calculated by dividing the number of colored transformants by the number of total transformants. The
results are indicated in Table 13.

Table 13. Percentage colored cells obtained in the different singleplex transformation experiments plated on YPD (2%) + G418
+ NatMX agar plates (double selection) to allow selection on both the CAS9 and guide RNA containing vectors or plated on
YPD (2%) + NatMX agar plates (single selection) to allow selection on only the guide RNA containing vector.
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Experiment

Description
experiment

% Colored
cells (double
selection)

Number of
transformants
obtained (double
selection)

% Colored
cells (single
selection)

Number of
transformants
obtained (single
selection)

#01 singleplex

crt cassettes with low

85%

92

77%

79

strength promoters to
INT1

crt cassettes with
medium strength
promoters to INT1

#02 singleplex 88% 44 51% 39

#03 singleplex {crt cassettes with high {52% 11 16% 6
strength promoters to

INT1

crt cassettes with low
strength promoters to
INT59

crt cassettes with
medium strength
promoters to INT59

#04 singleplex 90% 76 61% 52

#05 singleplex 93% 57 70% 48

#06 singleplex jcrt cassettes with high §90% 27 43% 20
strength promoters to

INTS9

crt cassettes with low
strength promoters to
YPRCtau3

crt cassettes with
medium strength
promoters to
YPRCtau3

crt cassettes with high
strength promoters to
YPRCtau3

Control transformation,
transformed pRN1120
(as circular vector), no
guide RNA added

Control transformation,
transformed pRN1120
(as linearized vector),
no guide RNA added

#07 singleplex 92% 59 63% 59

#08 singleplex 93% 70 53% 55

#09 singleplex 75% 24 39% 24

#10 singleplex 0% 37 0% 33

#11 singleplex 0% 0 0% 0

[0208] The results in Table 13 demonstrated that three carotenogenic genes can be functionally introduced into the genomic
DNA of a host by the method described above and as depicted in Figure 24 and Figure 25. Independently of the promoters
used (low, medium or high strength promoters) or the used integration site (INT1, INT59 or YPRCtau3), colored transformants
were obtained indicating the transformants had integrated the donor DNA sequences in the genomic DNA. A number of these
transformants were checked for the presence of donor DNA cassettes by PCR using a method known by a person skilled in the
art. Integration of the donor DNA cassettes at the desired locus and correct assembly of the donor DNA cassettes as depicted
in Figure 24 was confirmed (data not shown).

[0209] Omission of the guide RNA expression cassette in the transformation mixture resulted in transformants that were all
white, thus reflecting non-engineered transformants (#10 singleplex transformation). A number of these transformants were
checked for the absence of carotenogenic genes by PCR using a method known by a person skilled in the art. Absence of
donor DNA cassettes was confirmed (data not shown).

[0210] After plating out the transformation mixtures, maintaining a double selection on both the presence of the single copy
vector with a KanMX marker containing the CAS9 expression cassette and the multi copy vector with a NatMX marker
containing the guide RNA expression cassette, resulted in a higher number of colored, thus engineered colonies compared to
selecting only for the vector containing the guide RNA expression cassette (Table 13). It is thus advantageous to maintain the
presence of both vectors containing CAS9 and the guide RNA after plating out the transformation mixtures in order to increase
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the number of colored, thus successfully engineered, transformants. As compared to the method for singleplex genome
engineering described by Horwitz et al. 2015, the method we have used in this example offers a clear advantage: In the
singleplex approach explained in this example we reached genome engineering efficiencies up to 93% colored, thus
successfully engineered, transformants (Table 13), whereas Horwitz et al. 2015 only reported genome engineering efficiencies
of maximally 65% for deletion of one gene.

[0211] The results demonstrated that in all singleplex experiments in which low (#01, #04, #07) and medium (#02, #05, #08)
strength promoters were used, a higher number of transformants were obtained and also higher genome editing efficiencies (%
colored cells) were reached, compared to singleplex experiments in which high strength promoters were used (#03, #06, #09).
It is expected that a higher strength promoter resulted in higher expression of the crtE, crtYB and crtl proteins and thus higher
carotenoid production levels, which is indeed confirmed later in this example (see Table 15). The lower number of
transformants and the lower percentage of colored transformants when using high strength promoters might be explained by
toxicity of the carotenoids produced, as a specific drug resistance response has been observed previously for S. cerevisiae
cells producing higher levels of carotenoid compared to S. cerevisiae cells producing lower levels of carotenoids (Verwaal ef al.,
2010).

[0212] No transformants were obtained in experiment #11 singleplex transformation. These results demonstrated that only
when a functional (circular) pRN1120 vector was formed, nourseothricin-resistant transformants were obtained.

Carotenoid production

[0213] To demonstrate that the colored transformants were producing carotenoids, transformants were inoculated in a shake
flask in Verduyn medium comprising 5 milliliter 2% glucose (Verduyn ef al., 1992) and cultivated for 48 hrs at 30 degrees
Celsius while stirred at 250 rpm. Subsequently, 1 ml of the culture was transferred to a shake flask containing Verduyn medium
comprising 50 milliliter 2% glucose (Verduyn et al., 1992) and cultivated for 72 hrs at 30 degrees Celsius while stirred at 250
rpm.

[0214] Carotenoids were extracted using a PRECELLYS® 24 high-throughput tissue homogenizer. Briefly, 1 ml with an
equivalent of 20 OD600 units of culture was pelleted in a PRECELLYS tube and the pellet was extracted with 1 ml
tetrahydrofuran (containing 0.01% butylhydroxytoluene (BHT)) by homogenization for 3 x 15 sec at 6500 rpm. Following
centrifugation for 5 min at 4°C, 800 microliters were then transferred to a glass vial. Extracts were dried down and resuspended
in 80 microliters dichloromethane followed by 720 microliters of a 50:50 (v/v) mixture of heptane and ethyl acetate (containing
0.01% BHT). HPLC analysis of carotenoids was performed essentially as described (US7851199B2).

[0216] In total, 87 independent colored transformants expressing the three carotenoid genes from a low, medium or high
strength promoter, integrated at the INT1, INT59 or the YPRCtau3 locus, were analyzed for carotenoid production. Production
of the carotenoids phytoene, lycopene and beta-carotene were measured (Table 14). As positive controls, strain CAR-001 (the
integrative YB/I/E transformant as constructed by Verwaal ef al., 2007, and also known as strain Orange02 (Verwaal ef al.,
2010)), was inoculated 8 times and analyzed for carotenoid production. As negative control, strain CEN.PK 113-7D was
inoculated 8 times and analyzed for carotenoid production. Introduction of carotenogenic crtE, crtYB and crtl expression
cassettes results in production of, amongst others, the carotenoids phytoene, lycopene and beta-carotene in S. cerevisiae
(Verwaal et al., 2007; Verwaal et al, 2010; Mitchel ef al, 2015). Phytoene is colorless (Meléndez-Martinez et al, 2015),
lycopene is red (Shi and Le Maguer, 2000) and beta-carotene is yellow to orange (Eldahshan and Singab, 2013).

[0216] The individual data per transformant is depicted in Table 14. The average and standard deviation of phytoene,
lycopene, beta-carotene and total carotenoids levels of similar groups of transformants (carotenogenic genes expressed from
low, medium or high strength (strong) promoters are depicted in Table 15. On average, transformants expressing crtE, crtYB
and cril using low strength promoters accumulate low levels of phytoene, even lower levels of beta-carotene, no or below
quantification levels of lycopene and these transformants produced on average 0.12 ug/OD with a standard deviation of 0.07
ug/OD total carotenoids. On average, transformants expressing criE, crtYB and crfl using medium strength promoters
accumulate low levels of phytoene, similar low levels of beta-carotene, no or below quantification levels of lycopene and these
transformants produced on average 0.23 + 0.08 pg/OD total carotenoids. Thus, the use of medium strength promoters
increases the flux through the introduced carotenogenic pathway, resulting in higher beta-carotene and total carotenoids
production levels. On average, transformants expressing crtE, crtYB and crti using high strength (strong) promoters
accumulate the highest levels of phytoene of all transformants, the highest levels of beta-carotene were measured, which were
even higher than phytoene. Thus, the use of high strength promoters for expression of the carotenogenic genes criE, crtYB
and crtl results in the highest levels of accumulation of beta-carotene, the final product of the introduced pathway. The average
total carotenoid produced in the "strong promoter" transformants in which below quantification levels of lycopene were
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measured was 1.00 + 0.08 ug/OD. The average total carotenoid produced in the "strong promoter" transformants in which
lycopene could be quantified was 4.09 £ 0.92 ug/OD. On average, the control strain CAR-001 produced the lowest levels of
phytoene, lycopene, beta-carotene and total carotenoids. No phytoene, lycopene and beta-carotene was accumulated in the
control strain CEN.PK-113-7D.

Table 14. Production of different carotenoids, phytoene, lycopene and beta-carotene, in different strains grown in shake flask.
The strains include the positive control CAR-001 and the negative control CEN.PK113-7D. For some transformants, white
colored (non-engineered) transformants were included in the analysis. < denotes a carotenoid peak was detected but below
level of quantification, i.e. the peak could not be quantified. n.a. denotes the carotenoid peak was not detected. Carotenoid
levels are calculated in microgram per OD600.

Strain  {Promotor strength Integra {Colored Phytoene {Lycope Beta- Total
carotenoid genes tion site {transfor [1g/OD] ne carotene carotenoi ds
(crtE-crtYB-crtl) mant [ug/OD] {[ug/OD] [ng/OD]

1 L-L-L INT1 Yes 0.17 < < 0.17

2 L-L-L INT1 Yes 0.17 < < 0.17

3 L-L-L INT1 Yes 0.19 < 0.02 0.21

4 L-L-L INT1 Yes 0.16 < < 0.16

5 L-L-L INT1 Yes 0.19 < 0.02 0.21

6 L-L-L INT1 Yes 0.18 < 0.01 0.20

7 L-L-L INT1 No n.a. n.a n.a. 0.00

8 L-L-L INT1 No n.a. n.a n.a. 0.00

9 M-M-M INT1 Yes 0.15 < 0.15 0.30

10 M-M-M INT1 Yes 0.15 < 0.16 0.31

1 M-M-M INT1 Yes 0.15 < 0.18 0.33

12 M-M-M INT1 Yes 0.17 < 0.20 0.37

13 M-M-M INT1 Yes 0.13 < 0.10 0.23

14 M-M-M INT1 Yes 0.15 < 0.15 0.29

15 M-M-M INT1 No n.a. n.a. n.a. 0.00

16 M-M-M INT1 No n.a. n.a. n.a. 0.00

17 $-S-8 INT1 Yes 0.56 3.05 1.61 521

18 $-S-8 INT1 Yes 0.56 2.92 1.71 519

19 $-S-8 INT1 Yes 0.23 < 0.53 0.76

20 $-S-8 INT1 Yes 0.39 < 0.96 1.35

21 $-S-8 INT1 Yes 0.38 < 0.93 1.31

22 $-S-8 INT1 Yes 0.16 < 0.27 0.43

23 $-S-8 INT1 Yes 0.25 < 0.44 0.68

24 $-S-8 INT1 Yes 0.50 217 0.97 363

25 $-S-8 INT1 Yes 0.50 2.56 1.04 4.10

26 S-S-S INT1 No n.a. n.a. n.a. 0.00

27 S-S-S INT1 No n.a. n.a. n.a. 0.00

28 L-L-L INT59 Yes < < 0.02 0.02

29 L-L-L INT59 Yes < n.a. 0.02 0.02

30 L-L-L INT59 Yes < < 0.03 0.03

31 L-L-L INT59 Yes < < 0.03 0.03

32 L-L-L INT59 Yes < < 0.03 0.03

33 L-L-L INT59 No n.a. n.a. n.a. 0.00

34 L-L-L INT59 No 0.15 n.a. n.a. 0.15

35 M-M-M INT59 Yes 0.11 < 0.06 0.16

36 M-M-M INT59 Yes 0.12 < 0.10 0.23

37 M-M-M INT59 Yes 0.12 < 0.09 0.21

38 M-M-M INT59 Yes 0.13 < 0.10 0.24
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Strain  {Promotor strength Integra {Colored Phytoene iLycope Beta- Total
carotenoid genes tion site jtransfor [1g/OD] ne carotene carotenoi ds
(crtE-crtYB-crtl) mant [ug/OD] {[ug/OD] [ng/OD]

39 M-M-M INT59 Yes 0.10 < 0.04 0.14

40 M-M-M INT59 Yes 0.09 < 0.06 0.15

41 M-M-M INT59 No n.a. n.a. n.a. 0.00

42 M-M-M INT59 No n.a. n.a. n.a. 0.00

43 M-M-M INT59 No n.a. n.a. n.a. 0.00

44 M-M-M INT59 No 0.34 n.a. n.a. 0.34

45 S-8-S INT59 Yes 0.26 < 0.59 0.85

46 S-8-S INT59 Yes 0.32 < 0.62 0.93

47 S-8-S INT59 Yes 0.32 < 0.75 1.07

48 S-8-S INT59 Yes 0.28 < 0.71 0.98

49 S-8-S INT59 Yes 0.40 < 1.00 1.39

50 S-8-S INT59 Yes 0.35 < 0.86 1.21

51 S-8-S INT59 Yes 0.23 < 0.52 0.75

52 S-8-S INT59 Yes 0.19 < 043 0.62

53 S-8-S INT59 Yes 0.15 < 0.55 0.71

54 S-8-S INT59 Yes 0.30 2.17 0.80 3.27

55 S-8-S INT59 Yes 0.27 2.21 0.69 317

56 S-38-8 INT59 No n.a. n.a. n.a. 0.00

57 S-38-8 INT59 No n.a. n.a. n.a. 0.00

58 L-L-L YPRCt {Yes 0.18 < < 0.18

au3

59 L-L-L YPRCt {Yes 0.18 < < 0.18

au3

60 L-L-L YPRCt {Yes 0.08 n.a. n.a. 0.08

au3

61 L-L-L YPRCt {Yes 0.16 n.a. < 0.16

au3

62 L-L-L YPRCt {Yes 0.12 n.a. < 0.12

au3

63 L-L-L YPRCt {Yes 0.12 n.a. < 0.12

au3

64 L-L-L YPRCt No n.a. n.a. n.a. 0.00

au3

65 L-L-L YPRCt No n.a. n.a. n.a. 0.00

au3

66 M-M-M YPRCt {Yes 0.13 n.a. 0.10 0.23

au3

67 M-M-M YPRCt {Yes 0.1 n.a. 0.08 0.19

au3

68 M-M-M YPRCt {Yes 0.10 n.a. 0.06 0.16

au3

69 M-M-M YPRCt {Yes 0.09 n.a. 0.05 0.14

au3

70 M-M-M YPRCt {Yes 0.13 n.a. 0.09 0.22

au3

71 M-M-M YPRCt {Yes < n.a. 0.04 0.04

au3

72 M-M-M YPRCt No n.a. n.a. n.a. 0.00

au3

73 M-M-M YPRCt No n.a. n.a. n.a. 0.00
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Strain  {Promotor strength Integra {Colored Phytoene iLycope Beta- Total
carotenoid genes tion site {transfor [1g/OD] ne carotene carotenoi ds
(crtE-crtYB-crtl) mant [ug/OD] {[ug/OD] [ng/OD]

au3

74 S-8-S YPRCt {Yes n.a. < 0.06 0.06

au3

75 S-8-S YPRCt {Yes 0.35 < 0.81 1.16

au3

76 S-8-S YPRCt {Yes 0.48 < 0.87 1.36

au3

77 S-8-S YPRCt {Yes 0.52 < 1.06 1.58

au3

78 S-8-S YPRCt {Yes 043 < 0.89 1.32

au3

79 S-8-S YPRCt {Yes 0.25 < 0.65 0.90

au3

80 S-8-S YPRCt {Yes 017 < 0.56 0.73

au3

81 S-8-S YPRCt {Yes 0.58 < 1.30 1.88

au3

82 S-8-S YPRCt {Yes 0.38 < 0.88 1.25

au3

83 S-8-S YPRCt {Yes 0.25 n.a. 042 0.67

au3

84 S-8-S YPRCt {Yes 0.35 < 0.66 1.00

au3

85 S-8-S YPRCt {Yes 0.30 < 0.71 1.02

au3

86 S-38-8 YPRCt No n.a. n.a. n.a. 0.00

au3

87 S-38-8 YPRCt No n.a. n.a. n.a. 0.00

au3

88 CAR-001 Yes 0.06 < 0.05 0.1

89 CAR-001 Yes < < 0.02 0.02

90 CAR-001 Yes < < 0.04 0.04

91 CAR-001 Yes < < 0.02 0.02

92 CAR-001 Yes < n.a. 0.03 0.03

93 CAR-001 Yes 0.08 < 0.10 0.18

94 CAR-001 Yes 0.07 < 0.06 0.13

95 CAR-001 Yes 0.09 < 017 0.26

96 CEN.PK.113-7D No n.a. n.a. n.a. 0.00

97 CEN.PK.113-7D No n.a. n.a. n.a. 0.00

98 CEN.PK.113-7D No n.a. n.a. n.a. 0.00

99 CEN.PK.113-7D No n.a. n.a. n.a. 0.00

100 CEN.PK.113-7D No n.a. n.a. n.a. 0.00

101 CEN.PK.113-7D No n.a. n.a. n.a. 0.00

102 CEN.PK.113-7D No n.a. n.a. n.a. 0.00

103 CEN.PK.113-7D No n.a. n.a. n.a. 0.00

Table 15: Average and standard deviation of phytoene, lycopene, beta-carotene and total carotenoids levels of similar groups
of transformants (carotenogenic genes expressed from low, medium or high strength (strong) promoters. The effect of the
integration site was not included in the calculations. The average and standard deviation was calculated from the data depicted
in Table 14. * denotes that the average lycopene accumulation (and standard deviation) was calculated from only the
transformants in which a lycopene signal was measured (below quantification levels of lycopene were omitted from the
calculations). Carotenoid levels are calculated in microgram per OD600.
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Promotor strength Phytoene Lycopene Beta-carotene jTotal carotenoids [ug/OD]
carotenoid genes (criE - [Mg/OD] [ug/OD] [Mg/OD]
crtYB - crtl)
L-L-L 0.16 £0.03 0.02 +£0.01 0.12+£0.07
M-M-M 0.14 £0.06 0.10+£0.05 0.23£0.08
1.00+£0.39 {4.09+£0.92
(excluding §(including
S-8-S 0.34 £0.12 251+040* 0.78 £0.34 lycopene) ilycopene)
CAR-001 0.08 £0.01 0 0.06 £ 0.06 0.10 £ 0.09
CEN.PK113-7D 0 0 0 0

[0217] These results demonstrate that using the singleplex approach as set out in this example and graphically depicted in
Figure 24 and Figure 25, yeast strains producing different amounts of carotenoids can be constructed. As expected, low
strength promoters gave the lowest production levels of total carotenoids, medium strength promoters gave higher production
levels of total carotenoids and strong promoters gave the highest levels of total carotenoids. This example clearly shows that
the method disclosed herein allows efficient construction of strains containing multiple genes (pathways) in in a single locus.
The method disclosed herein may advantageously be used as well to optimize expression levels of pathways and/or fine-tune
pathways in a single locus in genomic DNA of a host strain to further optimize productivity of a strain for a product of interest.

Example 10: Engineering of three genomic target sites (multiplex) using 50 bp flank sequences present in donor
DNA.

[0218] In this multiplex engineering example the simultaneous integration of three functional carotenoid gene expression
cassettes into three different loci of genomic DNA of a host organism using CRISPR/CAS9Y is demonstrated. The integration of
said three functional carotenoid gene expression cassettes, being a combination of ¢riE, crtYB and crtl, enables carotenoid
production by the host organism (as illustrated in Figure 26 and Figure 27).

[0219] In this example, two different multiplex genome engineering approaches were applied. In approach 1, three different
guide RNA expression cassettes that each contain at their 5 and 3' ends a DNA sequence homologous to a linearized
multicopy yeast expression vector were transformed together with the required donor DNA sequences in order to allow
multiplex genome engineering. The three gRNA expression cassettes comprise three different genomic targets, thereby
targeting CAS9 to three different loci in the host genome to make a double stranded break at each locus. This method is
illustrated as approach 1 in Figure 27.

[0220] In approach 2, a different approach concerning the three different guide RNA expression cassettes was evaluated. The
first guide RNA expression cassette contains a DNA sequence at its 5' end that is homologous to the linearized multicopy yeast
expression vector and contains a DNA sequence at its 3' end that is homologous to a connector sequence present at the 5' end
of the second guide RNA expression cassette. The second guide RNA expression cassette contains a DNA sequence at its 5’
end that is homologous to a connector sequence present at the 3" end of the first guide RNA expression cassette and contains
a DNA sequence at its 3' end that is homologous to a connector sequence present at the 5' end of the third guide RNA
expression cassette. The third guide RNA expression cassette contains a DNA sequence at its 5' end that is homologous to a
connector sequence present at the 3' end of the second guide RNA expression cassette and contains a DNA sequence at its 3'
end that is homologous to the linearized multicopy yeast expression vector. The three gRNA expression cassettes comprise
three different genomic targets, allowing the CAS9 protein to target to different genomic DNA loci to make a double stranded
break. This method, which is illustrated as approach 2 in Figure 27, enabled in vivo assembly of the three guide RNA
expression cassettes into a multicopy vector. The resulting vector will contain three guide RNA expression cassettes and thus
expresses three guide RNA expression cassettes from one vector, thereby targeting CAS9 to three different loci in the host
genome to make a double stranded break at each locus. The guide RNA expression cassettes were transformed together with
the required donor DNA sequences in order to allow multiplex genome engineering.

Vectors

[0221] Vectors pCSN061 (SEQ ID NO: 135) and pRN1120 (SEQ ID NO: 136) were constructed as described in Example 9.
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Donor DNA

[0222] PCR fragments were used as donor DNA in the multiplex genome engineering experiments. The donor DNA sequences
were derived from various sources, as indicated in Table 16. Donor DNA sequences in the multiplex experiment are expression
cassettes (i.e. carotenoid gene expression cassettes) that can be integrated into the desired locus within the genomic DNA.

[0223] Table 16. Overview of different donor DNA sequences used in the multiplex experiment. Under description, the following
elements are indicated: The promoter including the relative expected expression strengths (Low p = low strength promoter,
Med p = medium strength promoter, Strong p = high strength promoter). The ORF name, crtE, crtYB or crtl, and the terminator
sequence. This table includes the SEQ ID NO's of the primers used to obtain the donor DNA sequences by amplification by
PCR. INT1: INT1 integration site. INT2: INT59 integration site. INT3: YPRCtau3 integration site.

Name {Promoter Description Targeting jTemplate for {Forward Reverse

strength to PCR primer primer
SEQ ID {L Homology to INT1 - Low p INT1 locus {SEQID NO: {SEQ ID SEQ ID
NO: (KITDH2p) - crtE - ScTDH3t - 137 NO: 190 NO: 191
181 Homology to INT1
SEQ ID {M Homology to INT1 - Med p INT1 locus {SEQID NO: {SEQ ID SEQ ID
NO: (KIPGK1p) - crtE - SCcTDH3t - 138 NO: 192 NO: 191
182 Homology to INT1
SEQ ID {S Homology to INT1 - Strong p  {INT1 locus {SEQ ID NO: {SEQID SEQ ID
NO: (ScFBA1p) - crtE - ScTDH3t - 139 NO: 193 NO: 191
183 Homology to INT1
SEQ ID {L Homology to INT2 - Low p INT2 locus {SEQID NO: {SEQ ID SEQ ID
NO: (KIYDR1p) - crtYB - ScPDC1t - 140 NO: 194 NO: 195
184 Homology to INT2
SEQ ID {M Homology to INT2 - Med p INT2 locus {SED ID NO: {SEQ ID SEQ ID
NO: (KITEF2p) - crtYB - ScPDC1t - 141 NO: 196 NO: 195
185 Homology to INT2
SEQID {S Homology to INT2 - Strong p  §{INT2 locus {SEQ ID NO: {SEQID SEQ ID
NO: (SCTEF1p) - crtYB - ScPDC1t - 142 NO: 197 NO: 195
186 Homology to INT2
SEQ ID {L Homology to INT3 - Low p INT3 locus {SEQID NO: {SED ID NO:{SEQ ID
NO: (ScPRE3p) - crtl - SCTAL1t - 143 198 NO: 199
187 Homology to INT3
SEQ ID {M Homology to INT3 - Med p INT3 locus §{SEQID NO: {SED ID NO:{SEQ ID
NO: (ScACT1p) - crtl - SCTAL1t - 144 200 NO: 199
188 Homology to INT3
SEQ ID {S Homology to INT3 - Strong p  {INT3 locus }SEQ ID NO: {SED ID NO:{SEQ ID
NO: (KIENO1p) - cril 145 201 NO: 199
189

- ScTAL1t - Homology to INT3

[0224] The carotenoid gene expression cassettes, of which the sequences are set out in SEQ ID NO: 181 to SEQ ID NO: 189,
were obtained by PCR and were used as donor DNA expression cassettes that were integrated into genomic DNA using the
approach described in this example. A carotenoid gene expression cassette was composed of the following elements: at the 5'
and 3' positions of the DNA sequence, approximately 50 basepair (bp) flank sequences were present that contain homology
with the desired genomic integration site (INT1, INT2 or INT3). In this example INT1 is the INT1 integration site, INT2 is the
INT59 integration site, INT3 is the YPRCtau3 integration site. The presence of flank sequences allowed introduced of
carotenoid expression cassettes into the genomic DNA. As a result, different donor DNA fragments assembled into the genomic
DNA at different desired location, as is depicted in Figure 26. A promoter sequence, which can be homologous (i.e. from S.
cerevisiae) or heterologous (e.g. from Kluyveromyces lactis) and a terminator sequences derived from S. cerevisiae, were used
to control the expression of the carotenogenic genes criE, crtYB or crtl. As described in Table 16 the promoters are expected to
have different expression strengths, resulting in low, medium or high expression levels of crtE, crtYB or crtl. As shown in
Example 9, low strength promoters gave the lowest production levels of total carotenoids, medium strength promoters gave
higher production levels of total carotenoids and strong promoters gave the highest levels of total carotenoids. The crfE, crtYB
and crtl nucleotide sequences were codon pair optimized for expression in 8. cerevisiae as described in WO2008/000632.
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[0225] PCR fragments of the donor DNA expression cassette sequences were generated by PCR using Phusion DNA
polymerase (New England Biolabs, USA) according to manufacturer's instructions. In case of the expression cassettes of the
carotenogenic genes, the synthetic DNA provided by DNA2.0 was used as a template in the PCR reaction, using the specific
forward and reverse primer combinations depicted in Table 16. For example, in order to obtain the PCR fragment set out in
SEQ ID NO: 181, the synthetic DNA construct SEQ ID NO: 137 provided by DNA2.0 was used as a template, using primer
sequences set out in SEQ ID NO: 190 and SEQ ID NO: 191. In total, nine different donor DNA sequences containing the
carotenoid gene expression cassettes were generated by PCR, as set out in SEQ ID NO: 181; 182; 183; 184; 185; 186, 187;
188 and 189. The expression cassettes (PCR fragments) containing a crtE ORF could be targeted to the INT1 locus, the
expression cassettes (PCR fragments) containing a crtYB ORF could be targeted to the INT2 locus, the expression cassettes
(PCR fragments) containing a crtl ORF could be targeted to the INT3 locus.

[0226] All donor DNA PCR fragments were purified using the NucleoSpin Gel and PCR Clean-up kit (Machery-Nagel,
distributed by Bioké, Leiden, the Netherlands) according to manufacturer's instructions.

Guide RNA expression cassettes and genomic target sequences

[0227] Guide RNA expression cassettes were ordered as synthetic DNA cassettes (gBlocks) at Integrated DNA Technologies,
Leuven, Belgium (for an overview see Table 17).

[0228] For multiplex approach 1, the synthetic guide RNA expression cassettes, of which the sequences are set out SEQ ID
NO: 173, 174 and 175, consisted of the SNR52p RNA polymerase Il promoter, a genomic target sequence (SEQ ID NO: 176;
177; 178), the gRNA structural component and the SUP4 3' flanking region as described in DiCarlo et al,, 2013. The guide RNA
expression gBlock contained at their 5' end 78 basepairs homology and at their 3' end 87 bp homology with vector pRN1120
(after restriction of the vector with EcoRI and Xhol). The presence of homologous DNA sequences at the 5" and 3' end of the
guide RNA cassettes will promote reconstitution of a circular vector in vivo by homologous recombination (gap repair) (Orr-
Weaver et al., 1983).

[0229] For multiplex approach 2, the synthetic guide RNA expression cassettes, of which the sequences are set out SEQ ID
NO: 202, 203 and 204, consisted of the SNR52p RNA polymerase Il promoter, a genomic target sequence (SEQ ID NO: 176;
177; 178), the gRNA structural component and the SUP4 3' flanking region as described in DiCarlo ef al, 2013. The first guide
RNA expression cassette (SEQ ID NO: 202) contains a 78 bp DNA sequence at its 5' end that is homologous to the linearized
multicopy yeast expression vector pRN1120 and contains a 50 bp con2A connector DNA sequence at its 3' end that is
homologous to a 50 bp con2A connector DNA sequence present at the 5' end of the second guide RNA expression cassette
(SEQ ID NO: 203). The second guide RNA expression cassette (SEQ ID NO: 203) contains a 50 bp con2A connector DNA
sequence at its 5' end that is homologous to a 50 bp con2A connector sequence present at the 3' end of the first guide RNA
expression cassette (SEQ ID NO: 202) and contains a 50 bp con2B connector DNA sequence at its 3' end that is homologous
to a 50 bp con2B connector DNA sequence present at the 5’ end of the third guide RNA expression cassette (SEQ ID NO: 204).
The third guide RNA expression cassette (SEQ ID NO: 204) contains a 50 bp con2B connector DNA sequence at its 5' end that
is homologous to a 50 bp con2B connector DNA sequence present at the 3' end of the second guide RNA expression cassette
(SEQ ID NO: 203) and contains a 87 bp DNA sequence at its 3' end that is homologous to the linearized multicopy yeast
expression vector pRN1120. This method, which is illustrated in Figure 27, enabled in vivo assembly of the guide RNA
expression cassettes into the multicopy pRN1120 vector that contains, in this case, three guide RNA expression cassettes,
resulting in a circular vector (Orr-Weaver ef al., 1983).

[0230] The gBlocks were individually ligated into the pCR-Bluntl-TOPO vector (Zero Blunt TOPO PCR Cloning Kit, Life
Technologies, Grand Island, NY, USA) according to manufacturer's instructions. Using the TOPO vector containing the gBlock
as template, Phusion DNA polymerase (New England Biolabs, USA), and the different primer combinations as shown in Table
17, guide RNA expression cassette PCR fragments for approach 1 (INT1, SEQ ID NO: 176; INT2, SEQ ID NO: 177; INT3 and
SEQ ID NO: 178) and for approach 2 (INT1, SEQ ID NO: 202; INT2, SEQ ID NO: 203 and INT3, SEQ ID NO: 204) were
generated. All guide RNA expression cassette PCR fragments were purified using the NuceloSpin Gel and PCR Clean-up kit
(Machery-Nagel, distributed by Bioké, Leiden, the Netherlands) according to manufacturer's instructions.

Table 17. Overview of genomic target and guide RNA sequences used in the approach 1 and approach 2 multiplex
experiments. The guide RNA expression cassettes were used as a template for PCR using the primers indicated in this table in
order to obtain guide RNA expression PCR fragments used in the transformation experiments.
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Target Genomic target Guide RNA Primers used to Multiplex approach
SEQID NO: expression cassette jamplify guide RNA

cassette

INT1 locus SEQ ID NO: 176 SEQ ID NO: 173 SEQ ID NO: 179 1
SEQ ID NO: 180

INT2 locus SEQ ID NO: 177 SEQ ID NO: 174 SEQ ID NO: 179 1
SEQ ID NO: 180

INT3 locus SEQ ID NO: 178 SEQ ID NO: 175 SEQ ID NO: 179 1
SEQ ID NO: 180

INT1 locus SEQ ID NO: 176 SEQ ID NO: 202 SEQ ID NO: 179 2
SEQ ID NO: 205

INT2 locus SEQ ID NO: 177 SEQ ID NO: 203 SEQ ID NO: 206 2
SEQ ID NO: 207

INT3 locus SEQ ID NO: 178 SEQ ID NO: 204 SEQ ID NO: 208 2
SEQ ID NO: 180

Integration sites:

[0231] The INT1 integration site is located at the non-coding region between NTR1 (YORO071c) and GYP1 (YORO070c) located
on chromosome XV. The INT2 or INT59 integration site is a non-coding region between SRP40 (YKR092C) and PTR2
(YKRO93W) located on chromosome XI. The INT3 or YPRCtau3 integration site is a Ty4 long terminal repeat, located on
chromosome XVI, and has been described by Bai Flagfeldt ef al. (2009).

Transformation and multiplex engineering

[0232] The procedure for the multiplex engineering experiments for approach 1 and 2 is depicted in Figure 26 and Figure 27.
Multiplex engineering in this example means the simultaneous integration of a set of three functional carotenoid gene
expression cassettes, being a combination of ¢riE, crtYB and crtl, in order to enable carotenoid production, into three different
loci of genomic DNA using CRISPR/CASS.

[0233] Prior to transformation, DNA concentrations of the donor DNA's, guide RNA expression cassettes and vectors were
measured using the NanoDrop (ND-1000 Spectrophotometer, Thermo Scientific).

[0234] Vector pSCNO61 expressing CAS9 was first transformed to S. cerevisiae strain CEN.PK113-7D (MATa URA3 HIS3 LEU2
TRP1 MAL2-8 SUC2) using the LiAc/salmon sperm (S8) carrier DNA/PEG method (Gietz and Woods, 2002). In the
transformation mixture 1 microgram (ug) of vector pCNS061 (Figure 22) was used. The transformation mixture was plated on
YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 20 grams per litre
of agar) containing 200 (ug) G418 (Sigma Aldrich, Zwijndrecht, the Netherlands) per ml. After two to four days of growth at
30°C colonies appeared on the transformation plate.

[0236] A yeast colony conferring resistance to G418 on the plate, now referred as strain CSN001, was inoculated on YPD-
G418 medium (10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 200 ug G418
(Sigma Aldrich, Zwijndrecht, the Netherlands) per ml). Subsequently, strain CSN001 was transformed with the following DNA
fragments using the LiAc/SS carrier DNA/PEG method (Gietz and Woods, 2002):

[0236] For approach 1, 1/10 of the molar mass relative to a guide RNA PCR fragment of purified linearized vector pRN1120, 1
equivalent of a molar mass of each of the three guide RNA expression cassettes (PCR fragment) containing homology at their
5"and 3' end with vector pRN1120, three donor DNA cassettes (PCR fragments) being 1/5 of the molar mass relative to a guide
RNA PCR fragment of the three carotenoid gene expression cassettes (donor DNA expression cassettes). Because of the
presence of similar DNA sequences of approximately 50 bp homologous to the integration site, the donor DNA expression
cassettes will integrate at the desired location into the genomic DNA as visualized in Figure 26. Any of the three guide RNA
expression cassettes, which contains 78 bp homology at the 5' and 87 bp homology at the 3' end with vector pRN1120, can



DK/EP 3242949 T3

assemble into the linearized vector pRN1120 to form a functional circular vector (Figure 27) by in vivo homologous
recombination (gap repair, Orr-Weaver et al., 1983), which allows selection of transformants on nourseothricin.

[0237] For approach 2, 1/10 of the molar mass relative to a guide RNA PCR fragment of purified linearized vector pRN1120, 1
equivalent of a molar mass of each of the three guide RNA expression cassettes (PCR fragment) containing different stretches
of homology as described about under "Guide RNA expression cassettes and genomic target sequences”, three donor DNA
cassettes (PCR fragments) being 1/5 of the molar mass relative to a guide RNA PCR fragment of the three carotenoid gene
expression cassettes (donor DNA expression cassettes). Because of the presence of similar DNA sequences of approximately
50 bp homologous to the integration site, the donor DNA expression cassettes will integrate at the desired location into the
genomic DNA as visualized in Figure 26. All three guide RNA expression cassettes will assemble into the linearized vector
PRN1120 to form a functional circular vector (Figure 27) by in vivo homologous recombination (gap repair, Orr-Weaver et al.,
1983), which allows selection of transformants on nourseothricin.

[0238] As shown in Table 18, different transformation experiments were performed to determine the effect of introduction of
different carotenoid gene expression cassettes at different genomic integration sites on the efficiency of multiplex
CRISPR/CAS9 mediated genome engineering in 8. cerevisiae. For example in multiplex experiment #01 (approach 1), strain
CSNO001 was transformed with 1/10 of the molar mass relative to a guide RNA PCR fragment of linearized pRN1120, 1
equivalent of a molar mass of each guide RNA (SEQ ID NO: 173, SEQ ID NO: 174 and SEQ ID NO: 175), and 1/5 of the molar
mass relative to a guide RNA PCR fragment of donor DNA expression cassettes (SEQ ID NO: 181; 184 and 187). In this
experiment, CAS9 was targeted to the INT1, INT2 and INT3 locus to create a double stranded break, the crfE expression
cassette was targeted to the INT1 locus, the crtYB expression cassette was targeted to the INT2 locus and the cril expression
cassette was targeted to the INT3 locus. In this transformation all carotenoid expression cassettes contained low strength
promoters. The double stranded breaks that were introduced by CAS9 were repaired by the transformed donor DNA PCR
fragments (Figure 26).

[0239] The transformation mixtures were plated on YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of
peptone, 20 grams per litre of dextrose, 20 grams per litre of agar) containing 200 ug nourseothricin (NatMX, Jena Bioscience,
Germany) and 200 ug G418 (Sigma Aldrich, Zwijndrecht, the Netherlands) per ml. After two to four days of growth at 30°C,
colonies appeared on the transformation plates.

Table 18. Overview of transformation experiments performed in the multiplex experiment. In a first transformation vector
pPCSN061 was transformed. In a second transformation vector pRN1120, restricted with EcoRI and Xhol, was transformed
together with 3 donor DNA expression fragments and three guide RNA expression cassettes.

Experiment Description experiment Vectors guide RNAs Donor DNA
expression
cassettes

#01 crt cassettes with low strength §pSCNO061 SEQ ID NG: SEQ ID NO: 181

multiplex approach lp’\rlc_}rgoters to INT1, INT2 and pRN1120 (restricted 173

with EcoRI and SEQ ID NO: SEQ ID NO: 184
Xhol) 174
SEQ ID NO: SEQ ID NO: 187
175
#02 crt cassettes with medium pSCNO061 SEQ ID NG: SEQ ID NO: 182
multiplex approach T;’Elr?ggthdp{’z?;ters to INT1, pRN1120 (restricted 173
an with EcoRI and SEQIDNO:  {SEQID NO: 185
Xhol) 174
SEQ ID NO: SEQ ID NO: 188
175

#03 crt cassettes with high pSCNO061 SEQ ID NO: SEQ ID NO: 183

multiplex approach T;’Elr?ggthdp{’z?;ters to INT1, pRN1120 (restricted 173

1 an with EcoRI and SEQIDNO:  {SEQ ID NO: 186

Xhol) 174
SEQ ID NO: SEQ ID NO: 189
175
#04 crt cassettes with low strength §pSCNO061 SEQ ID NG: SEQ ID NO: 181
multiplex approach lp’\rlc_}rgoters to INT1, INT2 and pRN1120 (restricted 202
with EcoRI and SEQ ID NO: SEQ ID NO: 184
Xhol) 203
SEQ ID NO: SEQ ID NO: 187
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Experiment Description experiment Vectors guide RNAs Donor DNA
expression
cassettes

204

#05 crt cassettes with medium pSCNO061 SEQ ID NO: SEQ ID NO: 182

multiplex approach T;’Elr_?ggthdplr’?”rr_l;ters to INT1, pRN1120 (restricted 202

2 an with EcoRlI and SEQIDNO:  {SEQ ID NO: 185

Xhol) 203
SEQ ID NO: SEQ ID NO: 188
204
#06 crt cassettes with high pSCNO061 SEQ ID NO: SEQ ID NO: 183
multiplex approach T;’Elr_?ggthdplr’?”rr_l;ters to INT1, pRN1120 (restricted 202
an with EcoRlI and SEQIDNO:  {SEQID NO: 186
Xhol) 203
SEQ ID NO: SEQ ID NO: 189
204

Multiplex integration efficiencies

[0240] Transformation of crtE, crtYB and crfl expression cassettes into different genomic loci (INT1, INT2 and INT3) resulted in
colored transformants, by the integration of the three donor DNA expression cassettes into the desired loci in genomic DNA.
Atfter transformation, the total number of colonies on a transformation plate were counted. The transformants were colored and
/ or non-colored. In case of colored transformants, the crtE, crtYB and crtl expression cassettes were successfully integrated
into the genomic DNA of the yeast cells. In case of non-colored transformants, crtE, crtYB and crfl expression cassettes were
not successfully integrated into the genomic DNA of the yeast cells. The percentage of successfully engineered cells, ie.
transformants that have integrated the crtE, crtYB and crfl expression cassettes into genomic DNA, was calculated by dividing
the number of colored transformants by the number of total transformants (Table 19).

[0241] The results in Table 19 demonstrated that three carotenogenic genes can be introduced into genomic DNA by the two
different multiplex approaches described above and as depicted in Figure 26 and Figure 27. Independent of the promoters
used (low, medium or high strength promoters) or the used integration site (INT1, INT59 (INT2) or YPRCtau3 (INT3)), colored
transformants were obtained indicating the donor DNA sequences had integrated into the genomic DNA of the transformants. A
number of these transformants were checked for the correct integration of ¢rfE at the INT1 locus, the correct integration of
crtYB at the INT2 locus and the correct integration of cr#/ at the INT3 locus by PCR using a method known by a person skilled in
the art, which confirmed correct targeting occurred (data not shown).

Table 19. Percentage colored cells obtained in the different multiplex transformation experiments plated on YPD (2%) + G418 +
NatMX agar plates (double selection) to allow selection on both the CAS9 and guide RNA containing vectors. N.a. not
applicable.

Experiment Description experiment % Colored cells Number of Fold improvement
transformants compared to
obtained approach 1
#01 crt cassettes with low 1% 27 n.a.
) strength promoters to
amp“;tr'g;ec’; ) INT1, INT2 and INT3
#02 crt cassettes with medium {4% 45 n.a.
: strength promoters to
amp“;tr'g;eo’; ) INT1, INT2 and INT3
#03 crt cassettes with high 5% 60 n.a.
; strength promoters to
amp“;tr'g;ec’; ) INT1, INT2 and INT3
#04 crt cassettes with low 83% 53 7-fold
. strength promoters to
amp“;tr'g;ec’; ) INT1, INT2 and INT3
#05 crt cassettes with medium {69% 13 16-fold
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Experiment Description experiment }{% Colored cells Number of Fold improvement
transformants compared to
obtained approach 1
: strength promoters to
amp“;tr'g;ec’; ) INT1, INT2 and INT3
#06 crt cassettes with high 53% 36 11-fold
; strength promoters to
amp“;tr'g;eo’; ) INT1, INT2 and INT3

[0242] As compared to the method for multiplex genome engineering described by Horwitz ef al. 2015 (in this example referred
as approach 1), multiplex approach 2 described in this example offers a clear advantage: /n vivo assembly of three guide RNA
expression cassettes into a single (in vivo assembled) vector as used in approach 2 offers a 7 to 16 fold improvement
compared to approach 1 in multiplex strain construction efficiency of strains that have integrated carotenoid expression
cassettes at three different loci in the genomic DNA. In all of the transformations performed, multiplex approach 2 always
shows a higher percentage of colored, thus engineered cells, as compared to multiplex approach 1.

[0243] This example clearly shows that the method of the invention allows efficient construction of strains containing multiple
genes (pathways) in various loci using multiple guide RNA expression cassettes which are encoded on a single vector
(obtained by in vivo recombination). The method of the invention may be used as well to screen for and optimize expression
levels of pathways and/or fine-tune pathways in various loci in genomic DNA of a host strain to further optimize productivity of a
strain for a product of interest.

Example 11: CRISPR/CASSY mediated introduction of three expression cassettes to enable carotenoid production by
using a flank_DNA-gRNA gBlock approach

[0244] In this example, crtE, crtl and crtYB expression cassettes were integrated into the genomic DNA of yeast strain
CEN.PK113-7D using CRISPR/CASS in order to enable carotenoid production. A vector containing a CAS9 expression cassette
was transformed first into the yeast cell. In a subsequent transformation, three crfE, crtl and crtYB donor DNA expression
cassettes were transformed together with 100 base pair (bp) flank sequences that target the expression cassettes to the
desired locations in vivo in genomic DNA. In the same transformation, a guide RNA expression cassette was included that
contains 50 bp overlap at the 5 and 3' end with a linearized multicopy yeast expression vector, which will promote
reconstitution of a circular vector in vivo by homologous recombination (gap repair) (Orr-Weaver et al., 1983). In this new
approach, the so-called "flank_DNA-gRNA gBlock" consisting of a 100 bp left flank (homology to genomic DNA), a 100 bp right
flank (homology to genomic DNA) and a guide RNA expression cassette are separated by one or two Bsal restriction sites as
explained below. Prior to the transformation, the "flank_DNA-gRNA gBlock" was restricted by Bsal to liberate the left flank, the
right flank and the guide RNA. The transformation and integration approach is explained below.

Vectors

[0245] Vectors pCSN061 (SEQ ID NO: 135) and pRN1120 (SEQ ID NO: 136) were constructed as described in Example 9.
Vector pRN1120 can be equipped with a guide RNA cassettes as explained in this example. Prior to transformation, vector
PRN1120 (Figure 23) was restricted with the restriction enzymes EcoRI and Xhol. Next, the linearized vector was purified using
the NucleoSpin Gel and PCR Clean-up kit (Machery-Nagel, distributed by Bioké, Leiden, the Netherlands) according to
manufacturer's instructions.

Donor DNA

[0246] PCR fragments were used as donor DNA in the genome engineering experiment described in this example. Donor DNA
sequences can be expression cassettes (i.e. carotenoid gene expression cassettes) or donor DNA flank sequences (ie.
sequences used to allow integration of the carotenoid gene expression cassettes into the desired so-called INT1 locus within
the genomic DNA). The INT1 integration site is non-coding region between NTR1 (YORO071c) and GYP1 (YORO070c) located on
chromosome XV of 8. cerevisiae. The donor DNA sequences were derived from various sources, as indicated in Table 20.

Table 20: Overview of different donor DNA sequences (expression cassettes and flank sequences) used in the singleplex
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experiment. Under description, the following elements are indicated: Connector (Con) sequences are 50 bp DNA sequences
that are required for in vivo recombination as described in WO2013144257A1. The promoter including the relative expected
expression strengths (Low p = low strength promoter, Med p = medium strength promoter, Strong p = high strength promoter).
Promoters originated from 8. cerevisiae or K. lactis. The K. lactis promoter KiYdrip originated from KLLAOF20031g. The ORF
name, crtE, crtYB or crtl, and the terminator sequence (all terminators originate from S. cerevisiae). This table includes the
SEQ ID NO's of the primers used to obtain the donor DNA sequences by amplification by PCR. N.a. not applicable.

SEQ ID NO: of {Description Template for Forward primer Reverse primer
donor DNA PCR

SEQ ID NO: con5 - Low p (KITDH2p) - citE - {SEQ ID NO: 137 {SEQ ID NO: 155 SEQ ID NO: 156
137 ScTDH3t - conA

SEQ ID NO: con5 - Med p (KIPGK1p) - ctE - {SEQ ID NO: 138 {SEQ ID NO: 155 SEQ ID NO: 156
138 ScTDH3t - conA

SEQ ID NO: con5 - Strong p (ScFBA1p) - criE {SEQ ID NO: 139 {SEQ ID NO: 155 SEQ ID NO: 156
139 - ScTDH3t - conA

SEQ ID NO: conA - Low p (KIYDR1p) - crtYB - {SEQ ID NO: 140 {SEQ ID NO: 157 SEQ ID NO: 158
140 ScPDC1t - conB

SEQ ID NO: conA - Med p (KITEF2p) - crtYB - {SEQ ID NO: 141 {SEQ ID NO: 157 SEQ ID NO: 158
141 ScPDC1t - conB

SEQ ID NO: conA - Strong p (SCTEF1p) - SEQ ID NO: 142 {SEQ ID NO: 157 SEQ ID NO: 158
142 crtYB - ScPDC1t - conB

SEQ ID NO: conB - Low p (SCPRE3p) - crtl - {SEQ ID NO: 143 j§n.a. n.a.

143 ScTAL1t- conC

SEQ ID NO: conB - Med p (SCACT1p) - crtl - {SEQ ID NO: 144 j§n.a. n.a.

144 ScTAL1t- conC

SEQ ID NO: conB - Strong p (KIENO1p) - crtl - }SEQ ID NO: 145 {n.a. n.a.

145 ScTAL1t- conC

SEQ ID NO: conB - Low p (SCPRE3p) - crtl - {SEQ ID NO: 143 {SEQ ID NO: 159 SEQ ID NO: 160
146 ScTAL1t- con3

SEQ ID NO: conB - Med p (SCACT1p) - crtl- {SEQ ID NO: 144 {SEQ ID NO: 159 SEQ ID NO: 160
147 ScTAL1t- con3

SEQ ID NO: conB - Strong p (KIENO1p) - crtl - }SEQ ID NO: 145 {SEQ ID NO: 159 SEQ ID NO: 160
148 ScTAL1t- con3

SEQ ID NO: Flank: 5' INT1 - con5. Part of n.a. n.a. n.a.

209 gBlock_1 and gBlock_2.

SEQ ID NO: Flank: con3 - 3' INT1. Part of n.a. n.a. n.a.

210 gBlock_1 and gBlock_2.

[0247] The carotenoid gene expression cassettes part of the donor DNA sequences were ordered at DNA 2.0 (Menlo Park, CA,
USA). The sequences are set out in SEQ ID NO: 137 to SEQ ID NO: 145, and were used as template for PCR reactions of
which the products were used as donor DNA expression cassettes that were integrated into genomic DNA using the approach
described in this example (Vide infra). In this example, a carotenoid gene expression cassette was composed of the following

elements:

1. (i) at the 5" and 3' positions of the DNA sequence 50 basepair connector sequences are present. The presence of
connector sequences allowed in vivo recombination between similar connector sequences that are part of other donor
DNA expression cassettes or donor DNA flank sequences as is described in WO2013144257A1. As a result, multiple
donor DNA fragments assembled into the genomic DNA at a desired location, as is depicted in Figure 24.

2. (i) A promoter sequence, which can be homologous (i.e. from 8. cerevisiae) or heterologous (e.g. from Kluyveromyces
lactis) and a terminator sequence derived from S. cerevisiae, were used to control the expression of the carotenogenic
genes criE, crtYB or cril. As described in Table 20, the promoters are expected to have different expression strengths,
resulting in low, medium or high expression levels of crtE, crtYB or crtl. In other experiments, the relative expression
strengths of the promoters used to express crtE, crtYB and crtl were determined (data not shown).

3. (iii) The crtE, crtYB and crfl nucleotide sequences were codon pair optimized for expression in S. cerevisiae as described
in WO2008/000632.
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[0248] PCR fragments of the donor DNA expression cassette sequences were generated by PCR using Phusion DNA
polymerase (New England Biolabs, USA) according to manufacturer's instructions. In case of the expression cassettes of the
carotenogenic genes, the synthetic DNA provided by DNA2.0 was used as a template in the PCR reaction, using the specific
forward and reverse primer combinations depicted in Table 20. For example, in order to obtain the PCR fragment set out in
SEQ ID NO: 137, the synthetic DNA construct provided by DNA2.0 was used as a template, using primer sequences set out in
SEQ ID NO: 155 and SEQ ID NO: 156. In total, nine different donor DNA sequences containing the carotenoid gene expression
cassettes were generated by PCR, as set out in SEQ ID NO: 137; 138; 139; 140; 141; 142; 146; 147 and 148.

Donor DNA flank sequences

[0249] The donor DNA flank sequences are part of the flank_DNA-gRNA gBlock sequences (SEQ ID NO: 214 and SEQ ID NO;
215, see also Table 21). The gBlock sequences were ordered at Integrated DNA Technologies, Leuven, Belgium. The
flank_DNA-gRNA gBlock sequences consisted of the following elements as depicted in Figure 28 (for SEQ ID NO: 214) and
Figure 29 (for SEQ ID NO: 215):

1. i) a 50 basepairs connector sequence,

2. i) a right flank sequence with 100 base pairs homology to the INT1 locus in genomic DNA,

3. i) one or two Bsal restrictions sites (with a specific orientation, in case of two Bsal restriction sites a 10 basepair DNA
sequence is included between the two restriction Bsal sites),

4. iv) a left flank sequence with 100 basepairs homology to the INT1 locus in genomic DNA,

5. v) a 50 basepair connector sequence,

6. vi) one or two Bsal restrictions sites (with a specific orientation, in case of two Bsal restriction sites a 10 basepair DNA
sequence is included between the two restriction Bsal sites),

7. viiy a sequence with 50 basepairs homology to vector pRN1120,

8. viii) a guide RNA expression cassette containing a genomic target sequence to target CAS9 to the INT1 locus,

9. ix) and a 50 basepair sequence with homology to vector pRN1120.

[0250] The presence of connector sequences allowed in vivo recombination between highly homologous connector sequences
that are part of donor DNA expression cassettes as is described in WO0O2013144257A1. The lengths of the different elements
described above are also shown in Figure 28 and Figure 29. The nucleotide flanks sequences were derived from yeast strain
CEN.PK113-7D (MATa URA3 HIS3 LEU2 TRP1 MAL2-8 SUC2). Strain CEN.PK113-7D is available from the EUROSCARF
collection (http://www.euroscarf.de, Frankfurt, Germany) or from the Centraal Bureau voor Schimmelcultures (Utrecht, the
Netherlands, entry number CBS 8340). The origin of the CEN.PK family of strains is described by van Dijken et al., 2000.

[0251] Two gBlock sequences were ordered (Table 21). The gBlock sequence containing two times one Bsal restriction site,
was named flank_DNA-gRNA gBlock_1 (SEQ ID NO: 214, Figure 28). The gBlock sequence containing two times two Bsal
restriction sites, was named flank_DNA-gRNA gBlock_2 (SEQ ID NO: 215, Figure 29).

Table 21. Overview of ordered flank_DNA-gRNA gBlock sequences. Using the indicated primers, the gBlocks can be amplified
by PCR.

Name of gBlock Description Template for Forward primer {Reverse primer
PCR

flank_DNA-gRNA SEQ ID NO: 214 {SEQ ID NO: 211 {SEQ ID NO: 212

gBlock_1 (SEQ ID NO: {Right flank-Bsal-Left flank-

214) Bsal-guide RNA

flank_DNA-gRNA SEQ ID NO: 215 {SEQ ID NO: 211 {SEQ ID NO: 212

gBlock_2 (SEQ ID NO: {Right flank-2x Bsal-Left flank-

215) 2x Bsal-guide RNA

[0252] The gBlocks were individually ligated into the pCR-Bluntl-TOPO vector (Zero Blunt TOPO PCR Cloning Kit, Life
Technologies, Grand Island, NY, USA) according to manufacturer's instructions.

Guide RNA expression cassette

[0253] As described above, the guide RNA expression cassettes were part of the flank_DNA-gRNA gBlock sequences. The
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guide RNA expression cassettes consisted of the SNR52p RNA polymerase [ll promoter, an INT1 genomic target sequence
(SEQ ID NO: 176), the gRNA structural component and the SUP4 3' flanking region as described in DiCarlo et al, 2013. The
guide RNA expression cassette, of which the sequence is set out in SEQ ID NO: 213, contained at its 5' end 50 basepairs
homology and at its 3' end 50 bp homology with vector pRN1120 (after restriction of the vector with EcoRI and Xhol). The
presence of homologous DNA sequences at the 5" and 3' end of the guide RNA cassette will promote assembly of a circular
vector in vivo by homologous recombination (gap repair) (Orr-Weaver ef al., 1983).

Obtaining PCR products and restriction with Bsal

[0254] To obtain flank_DNA-gRNA PCR fragments containing the right flank, left flank and guide RNA expression cassette,
separated by Bsal restriction sites, the following components were used: the pCR-Bluntll-TOPO vector containing the gBlock as
template, Phusion DNA polymerase (New England Biolabs, USA), and the primers as set out in SEQ ID NO: 211 and 212. The
PCR reaction was performed according to manufacturer's instructions. Both flank_DNA-gRNA PCR fragments (flank_DNA-
gRNA_1 derived from flank_DNA-gRNA gBlock_1 and flank_DNA-gRNA_2 derived from flank_DNA-gRNA gBlock_2) were
purified using the NuceloSpin Gel and PCR Clean-up kit (Machery-Nagel, distributed by Bioké, Leiden, the Netherlands)
according to manufacturer's instructions. After purification, the PCR fragments were restricted using the restriction enzyme Bsal
(New England Biolabs) according to manufacturer's instructions. The expected fragment sizes after restriction with Bsal were
as shown in Table 22. After restriction with Bsal, the DNA fragments were purified using the NuceloSpin Gel and PCR Clean-up
kit (Machery-Nagel, distributed by Bioké, Leiden, the Netherlands) according to manufacturer's instructions. The restricted PCR
fragments were also analysed using a 2% agarose gel to confirm correct restriction of the PCR fragments: The 499 and 487 bp
band could be seen on the gel, as well as the 145, 156 and 144 and 145 bp bands, although they could not be distinguished by
eye, the 40 bp band could not be seen on an agarose gel (data not shown).

Table 22. Sizes of the DNA fragments after restriction of the flanks_DNA-gRNA fragments with Bsal.

PCR fragment Band sizes after restriction (in bp)
flank_DNA-gRNA_1 PCR fragment 145, 156, 499
flank_DNA-gRNA_2 PCR fragment 40 (2x) 144, 145, 487

Transformation and singleplex engineering

[0255] After obtaining the three donor DNA fragments (crtE, crtYB and crtl expression cassettes), the two donor DNA flank
sequences and the guide RNA expression cassette (that were part of flank_DNA-gRNA_1 PCR fragment or flank_DNA-gRNA_2
PCR fragment), these DNA fragments were transformed to yeast to allow singleplex engineering as described below. The
procedure for the singleplex engineering experiments is depicted in Figure 24 and Figure 30. Singleplex engineering in this
example means the integration of a set of three functional carotenoid gene expression cassettes, being a combination of crtE,
crtYB and crtl in order to enable carotenoid production, into one locus of genomic DNA using CRISPR/CASS9.

[0256] Prior to transformation, DNA concentrations of the donor DNA's, guide RNA expression cassette and vectors were
measured using the NanoDrop (ND-1000 Spectrophotometer, Thermo Scientific).

[0257] Vector pSCNO61 containing a CAS9 expression cassette was first transformed to 8. cerevisiae strain CEN.PK113-7D
(MATa URA3 HIS3 LEU2 TRP1 MAL2-8 SUCZ2) using the LiAc/salmon sperm (S8) carrier DNA/PEG method (Gietz and Woods,
2002).

[0258] In the transformation mixture 1 microgram of vector pCNS061 (Figure 22) was used. The transformation mixture was
plated on YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 20 grams
per litre of agar) containing 200 microgram (ug) G418 (Sigma Aldrich, Zwijndrecht, the Netherlands) per ml. After two to four
days of growth at 30°C colonies appeared on the transformation plate. A yeast colony conferring resistance to G418 on the
plate, now referred as strain CSN001, was inoculated on YPD-G418 medium (10 grams per litre of yeast extract, 20 grams per
litre of peptone, 20 grams per litre of dextrose, 200 yg G418 (Sigma Aldrich, Zwijndrecht, the Netherlands) per ml).
Subsequently, strain CSN001 was transformed with the following DNA fragments using the LiAc/SS carrier DNA/PEG method
(Gietz and Woods, 2002):

e) Purified linearized vector pRN1120 (1/10 of the molar mass relative to the guide RNA PCR fragment and the two donor DNA
flank sequences after restriction with Bsal),
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f) a guide RNA expression cassette containing homology at the 5' and 3' end with vector pRN1120 and two flanks sequences (1
equivalent of a molar mass after restriction with Bsal),

g) three donor DNA gene expression cassettes (1/5 of the molar mass relative to the guide RNA PCR fragment and the two
donor DNA flank sequences after restriction with Bsal).

[0259] Note: The PCR fragment containing the right flank, left flank and guide RNA expression cassette was restricted with Bsal
and purified as described above. Next, the DNA concentration was measured. The concentration of the purified restricted PCR
fragment of flank_DNA-gRNA_1 and flank_DNA-gRNA_2 was set to 1, and the amounts indicated for the linearized vector
PRN1120 and donor DNA gene expression cassettes relative to the purified fragments were added in the transformation.

[0260] As explained in WO2013144257A1, because of the presence of highly homologous 50 bp connector DNA sequences,
the donor DNA expression cassettes and donor DNA flank sequences will assemble to one stretch of DNA at the desired
location into the genomic DNA as visualized in Figure 24. The guide RNA expression cassette, which contains 50 bp homology
at the 5" and 50 bp homology at the 3' end with vector pRN1120, will assemble into the linearized vector pRN1120 to form a
functional circular vector (depicted in Figure 30) by in vivo homologous recombination (gap repair, Orr-Weaver ef al., 1983),
which allows selection of transformants on nourseothricin.

[0261] As shown in Table 23, different transformation experiments were performed to determine the effect of introduction of
different carotenoid gene expression cassettes at the INT1 integration site on the efficiency of singleplex CRISPR/CAS9
mediated genome engineering in S. cerevisiae. For example in singleplex experiment #01, strain CSN001 was transformed
with 1/10 of the molar mass of linearized pRN1120 relative to the guide RNA and flank fragments, 1 equivalent of a molar mass
of the guide RNA and flank fragments (part of SEQ ID NO: 214 and 215), and 1/5 of the molar mass of donor DNA expression
cassettes (SEQ ID NO: 137; 140 and 146) relative to the guide RNA and flank fragments. In this experiment, CAS9 was
targeted to the INT1 locus to create a double stranded break. crfE, crtYB and crfl expressed from low strength promoters were
targeted to the INT1 locus, where the double stranded break that was introduced by CAS9 was repaired by the transformed
donor DNA PCR fragments consisting of donor DNA flanks and donor DNA expression cassettes (Figure 24).

[0262] The transformation mixtures were plated on YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of
peptone, 20 grams per litre of dextrose, 20 grams per litre of agar) containing 200 ug nourseothricin (NatMX, Jena Bioscience,
Germany) and 200 ug G418 (Sigma Aldrich, Zwijndrecht, the Netherlands) per ml. After two to four days of growth at 30°C,
colonies appeared on the transformation plates.

Table 23: Overview of transformation experiments performed in the singleplex experiment. In a first transformation vector
pPCSN061 was transformed. In a second transformation vector pRN1120, restricted with EcoRI and Xhol, was transformed
together with three donor DNA expression cassettes and the Bsal restricted PCR products of flank_DNA-gRNA_1 and
flank_DNA-gRNA_2 (see Table 22), which include a guide RNA cassette with overlap with vector pRN1120, and two donor DNA
flank sequences containing homology to the INT1 locus and containing connector sequences (see Figure 28 and Figure 29).

Experiment {Description experiment jVectors guide RNA {Donor DNA Donor DNA
expression left and right
cassettes flank

#01 crt cassettes with low pSCNO061 Part of SEQ {SEQ ID NO: 137 {Part of SEQ ID
singleplex strength promoters to ORN1120 ID NO: 214 NO: 214
INTA (restricted with SEQ ID NO: 140
EcoRI and Xhol) SEQ ID NO: 146
#02 crt cassettes with pSCNO061 Part of SEQ {SEQ ID NO: 138 jPart of SEQ ID
singleplex medlu[[n stt[enlg’]\}[|1_1 ORN1120 ID NO: 214 NO: 214
Promoters 1o (restricted with SEQ ID NO: 141
EcoRI and Xhol) SEQ ID NO: 147
#03 crt cassettes with high pSCNO061 Part of SEQ {SEQ ID NO: 139 jPart of SEQ ID
singleplex T;’Elr_?;]gth promoters to ORN1120 ID NO: 214 NO: 214
(restricted with SEQ ID NO: 142
EcoRI and Xhol) SEQ ID NO: 148
#04 crt cassettes with low pSCNO061 Part of SEQ {SEQ ID NO: 137 {Part of SEQ ID
singleplex T;’Elr_?;]gth promoters to ORN1120 ID NO: 215 NO: 215
(restricted with SEQ ID NO: 140
EcoRI and Xhol) SEQ ID NO: 146
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Experiment {Description experiment jVectors guide RNA {Donor DNA Donor DNA
expression left and right
cassettes flank

#05 crt cassettes with pSCNO061 Part of SEQ {SEQ ID NO: 138 jPart of SEQ ID
singleplex medlu[[n stt[enlg’]\}[|1_1 ORN1120 ID NO: 215 NO: 215
Promoters 1o (restricted with SEQ ID NO: 141
EcoRI and Xhol) SEQ ID NO: 147
#06 crt cassettes with high pSCNO061 Part of SEQ {SEQ ID NO: 139 jPart of SEQ ID
singleplex T;’Elr_?;]gth promoters to ORN1120 ID NO: 215 NO: 215
(restricted with SEQ ID NO: 142
EcoRI and Xhol) SEQ ID NO: 148

[0263] The presence of a connector 5 sequence at the crtE expression cassette and the presence of a connector 3 sequence
at the crtl expression cassette allows for flexibility in choosing the desired integration locus. Any integration site can be targeted
by changing the genomic target sequence (that is part of the guide RNA expression cassette) to a desired integration site, while
including a 5' flank (integration site) - con5 and a con3 - 3' flank (integration site) PCR fragment in the transformation mixture
together with the three donor DNA expression cassettes, the guide RNA expression cassette and the linearized vector
PRN1120, as illustrated in Figure 30.

Singleplex integration efficiencies

[0264] Transformation of crtE, crtYB and cril expression cassettes resulted in colored transformants, by the integration of the
three donor DNA expression cassettes and donor DNA flank sequences that are used to enable targeting to the desired locus
into genomic DNA. After transformation, the total number of colonies on a transformation plate were counted. The
transformants were colored and / or non-colored. In case of colored transformants, the crtE, crtYB and crfl expression
cassettes were successfully integrated into the genomic DNA of the yeast cells. In case of non-colored transformants, crtE,
crtYB and crtl expression cassettes were not successfully integrated into the genomic DNA of the yeast cells. The percentage
of successfully engineered cells, i.e. transformants that have integrated the crtE, crtYB and crfl expression cassettes into
genomic DNA, was calculated by dividing the number of colored transformants by the number of total transformants. The
results are indicated in Table 24.

Table 24. Percentage colored cells obtained in the different singleplex transformation experiments plated on YPD (2%) + G418
+ NatMX agar plates to allow selection on both the CAS9 and guide RNA containing vectors. For the position of the Bsal sites in
the gBlocks, see Figure 28 and Figure 29.

Experiment Description experiment No. of Bsal sites {% Colored cells {Number of
in the gBlock transformants

#01 singleplex crt cassettes with low strength {2x1 81% 118
promoters to INT1

#02 singleplex crt cassettes with medium 2x1 80% 114
strength promoters to INT1

#03 singleplex crt cassettes with high strength {2x1 69% 72
promoters to INT1

#04 singleplex crt cassettes with low strength {2x2 95% 84
promoters to INT1

#05 singleplex crt cassettes with medium 2x2 88% 75
strength promoters to INT1

#06 singleplex crt cassettes with high strength {2x2 87% 62
promoters to INT1

[0265] The results in Table 24 demonstrated that three carotenogenic genes can be introduced into genomic DNA by the
method described above and as depicted in Figure 24 and Figure 30. Independent of the promoters used (low, medium or high
strength promoters), colored transformants were obtained indicating the transformants had integrated the donor DNA
sequences in the genomic DNA. A number of these transformants were checked for the presence donor DNA cassettes by
PCR using a method known by a person skilled in the art. Integration of the donor DNA cassettes at the desired locus and
correct assembly of the donor DNA cassettes as depicted in Figure 24 was confirmed in a number of transformants that were
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checked (data not shown).

[0266] The results demonstrated that in all singleplex experiments in which low (#01, #04) and medium (#02, #05) strength
promoters were used, a higher number of transformants were obtained compared to singleplex experiments in which high
strength promoters were used (#03, #06). It is expected that a higher strength promoter resulted in higher expression of the
crtE, crtYB and crtl proteins and thus higher carotenoid production levels (Table 15 of Example 9). The lower number of
transformants in experiment #03 and #06 and the lower percentage of colored transformants in experiment #03 when using
high strength promoters might be explained by toxicity of the carotenoids produced, as a specific drug resistance response has
been observed previously for S. cerevisiae cells producing higher levels of carotenoid compared to S. cerevisiae cells
producing lower levels of carotenoids (Verwaal ef al., 2010).

[0267] Rather than using 100 bp flank sequences, the flank sequences can be shortened to for example approximately 50 bp
or increased to for example approximately 500 bp.

[0268] This example clearly shows that the method disclosed herein allows efficient construction of strains containing multiple
genes (pathways) in a single locus. The guide RNA expression cassette and two flank sequences, that determine the site of
integration of a pathway, are synthesized as one DNA fragment, in this case a gBlock (Integrated DNA Technologies, Leuven,
Belgium). The guide RNA expression cassette and the two flank sequences can be separated by including restriction sites to
the fragment, in this case Bsal. The flexibility in choosing a different genomic target, that is part of the guide RNA expression
cassette, and choosing the flank sequences, offers a great flexibility in the number of loci In genomic DNA to which the pathway
can be integrated.

Example 12: In vivo assembly of the genomic target sequence into a recipient vector

[0269] Examples 9 and 11 exemplify the approaches using CRISPR/CAS9 to introduce three donor DNA expression cassettes
together with two flank sequences into one genomic DNA locus. In the yeast transformation, a guide RNA expression cassette
with homology flanks to the recipient linearized multicopy yeast expression vector, pRN1120, was included. Adding homology
flanks to the guide RNA expression cassette will promote reconstitution of a circular vector by in vivo homologous
recombination (gap repair) (Orr-Weaver et al., 1983). In this example, a modification is described in which only the genomic
target sequence, flanked by sequences that are homologous to a recipient vector is transformed rather than a complete guide
RNA expression cassette (consisting of a SNR52p, genomic target, gRNA structural component and the SUP4 3' flanking
region, together with flanks sequences homologous to the linearized multicopy yeast expression vector pRN1120). The
recipient vector, named pRN1120+, contains "constant parts" of the guide RNA expression cassette, being the SNR52p RNA
polymerase Il promoter, the gRNA structural component and the SUP4 3' flanking region as described in DiCarlo et al., 2013.
The approach is further described below.

Obtaining vector pRN1120+

[0270] A gBlock consisting of the following components was ordered at Integrated DNA Technologies (Leuven, Belgium): 100
bp homology to vector pRN1120, SNR52p RNA polymerase Il promoter, EcoRI restriction site sequence, INT1 genomic target
sequence, Xhol restriction site sequence, gRNA structural component and the SUP4 3' flanking region, 100 bp homology to
vector pRN1120. The sequence of this gBlock is set out in SEQ ID NO: 216. The gBlock sequence can be ligated into the pCR-
Bluntll-TOPO vector (Zero Blunt TOPO PCR Cloning Kit, Life Technologies, Grand Island, NY, USA) according to
manufacturer's instructions. The resulting vector can be used as a template in a PCR reaction using appropriate primer to
obtain a PCR fragment of the gBlock.

[0271] Plasmid pRN1120 (SEQ ID NO: 136, Figure 23) is restricted using EcoRI and Xhol to obtain a linearized vector. The
linearized vector is transformed to yeast strain CEN.PK113-7D (MATa URA3 HIS3 LEU2 TRP1 MAL2-8 SUC2) together with the
PCR fragment of the gBlock (SEQ ID NO: 216), which can assemble into the linearized vector pRN1120 to form a functional
circular vector by in vivo homologous recombination (gap repair, Orr-Weaver et al., 1983), which allows selection of
transformants on nourseothricin, resulting in vector pRN1120+ (SEQ ID NO: 217, Figure 31). The transformation mixtures are
plated on YPD-agar (10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, 20 grams
per litre of agar) containing 200 ug nourseothricin (NatMX, Jena Bioscience, Germany) per ml. After two to four days of growth
at 30°C, colonies will appear on the transformation plates. Subsequently, vector pRN1120+ is rescued from a NatMX resistant
colony. The NatMX resistant yeast colony is grown overnight at 30 degrees Celsius, 250 rpm in liquid YEPD medium, containing
10 grams per litre of yeast extract, 20 grams per litre of peptone, 20 grams per litre of dextrose, supplemented with 200 pg per
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ml nourseothricin. Vector DNA isolation is performed on the yeast culture using the NucleoSpin plasmid kit (Machery Nagel,
distributed by Bioké, Leiden, the Netherlands). To efficiently open the yeast cells during the plasmid isolation procedure, 50
units zymolyase (0.2 U/ul, Zymo Research, distributed by Baseclear Lab Products, Leiden, the Netherlands) is added to
resuspension buffer A1, the cells are incubated with zymolyase for 30 minutes at 37 degrees Celsius. After zymolyase
treatment, the plasmid isolation procedure is continued as described in the supplier's manual. Subsequently 2 ul of the isolated
plasmid DNA is used for transformation of E. coli NEB 10-beta competent cells (High Efficiency, New England Biolabs,
distributed by Bioké, Leiden, the Netherlands). The heatshock, 30 seconds at 42 degrees Celsius, is followed by recovery of
the cells in 250 yl SOC medium (supplied with the competent cells by New England Biolabs, distributed by Bioké, Leiden, the
Netherlands) and the transformation mixture is plated on 2xTY agar plates (16 grams per litre tryptone peptone, 10 grams per
litre yeast extract, 5 grams per litre NaCl, 15 grams per litre granulated agar) supplemented with 100 ug/ml ampicillin (Sigma-
Aldrich, Zwijndrecht, the Netherlands). Plates are incubated overnight at 37 degrees Celsius.

[0272] The resulting E. coli transformants are grown in 2x TY (16 grams per litre tryptone peptone, 10 grams per litre yeast
extract, 5 grams per litre NaCl) + 100 ug/ml ampicillin (Sigma-Aldrich, Zwijndrecht, the Netherlands) overnight at 37 degrees
Celsius 250 rpm and subsequently cells are used for plasmid isolation using the NucleoSpin plasmid kit (Machery Nagel,
distributed by Bioké, Leiden, the Netherlands) according to supplier's manual. The resulting vector, named pRN1120+, is
depicted in Figure 31 and the sequence is set out in SEQ ID NO: 217.

Transformation approach

[0273] The transformation approach is depicted in Figure 32. As an example, transformation of three carotenogenic genes to
the INT1 locus (see Example 9 for a description of this locus), is described below. First, a vector containing CAS9 is
transformed to strain CEN.PK113-7D and a transformant expressing CAS9 is isolated as described in Example 9. Subsequently
the CAS9 expressing yeast transformant is transformed with the following components:

1. iy Two donor DNA flank sequences each containing connector sequences. The two flank sequences can either be:

1. a. PCR fragments as obtained using the approach described in Example 9, or,

2. b. fragments obtained after Bsal restriction of a gBlock consisting of a right flank sequence, left flank sequence and
genomic target sequence with homology to a recipient vector (as described below under iii b), which is a variant of
the flank_DNA-gRNA gBlocks described in Example 11. The sequence of these flank_DNA-gRNA gBlocks are set
out in SEQ ID NO: 218 (flank_DNA-gRNA gBlock_3, 2x1 Bsal site) or SEQ ID NO: 219 (flank_DNA-gRNA
gBlock_4, 2x2 Bsal sites).

2. iy Three donor DNA expression cassettes, being crtE, crtYB and crtl expression cassettes, that are described in Example
9.
3. i) An INT1 genomic target sequence with homology to vector pRN1120+. This sequence can either be:

1. a. APCR fragment of a gBlock, of which the sequence is set out in SEQ ID NO: 220, or,

2. b. fragments obtained after Bsal restriction of a gBlock consisting of a right flank sequence, left flank sequence
and genomic target sequence with homology to a recipient vector, which is a variant of the flank_DNA-gRNA
gBlocks described in Example 11. The sequence of these flank_DNA-gRNA gBlocks are set out in SEQ ID NO: 218
(flank_DNA-gRNA gBlock_3, 2x1 Bsal site) or SEQ ID NO: 219 (flank_DNA-gRNA gBlock_4, 2x2 Bsal sites).

4. iv) Linearized vector pRN1120+. Vector pRN1120+ is restricted with the restriction enzymes EcoRI and Xhol. Next, the
linearized vector is purified using the NucleoSpin Gel and PCR Clean-up kit (Machery-Nagel, distributed by Bioké,
Leiden, the Netherlands) according to manufacturer's instructions.

[0274] All PCR fragments or restricted PCR fragments are purified using the NucleoSpin Gel and PCR Clean-up kit (Machery-
Nagel, distributed by Bioké, Leiden, the Netherlands) according to manufacturer's instructions. Transformation procedures are
WO2013144257A1, because of the presence of highly homologous 50 bp connector DNA sequences, the donor DNA
expression cassettes and donor DNA flank sequences will assemble to one stretch of DNA at the desired location into the
genomic DNA as visualized in Figure 24. The INT1 genomic target, which contains 50 bp homology at the 5" and 50 bp
homology at the 3' end with vector pRN1120+, will assemble into the linearized vector pRN1120+ to form a functional circular
vector (Figure 32Error! Reference source not found.) by in vivo homologous recombination (gap repair, Orr-Weaver et al.,
1983), which allows selection of transformants on nourseothricin.

[0276] Colored transformants will appear on the transformation plates, which can be further analyzed by PCR for correct
integration of the donor DNA sequences in genomic DNA as explained in Example 9 and Example 11. Alternatively, the colored
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transformants are analyzed for carotenoid production as explained in Example 9.

[0276] The advantage of this approach is that rather than using a full guide RNA expression cassette including homology with
vector pRN1120, as for example provided in SEQ ID NO: 173, a much smaller fragment in which the guide RNA part just
consisting of the 20 bp genomic target sequence plus homology with vector pRN1120+, needs to be transformed. The
presence of a connector 5 sequence at the crtE expression cassette and the presence of a connector 3 sequence at the crfl
expression cassette allows for flexibility in choosing the desired integration locus. Any integration site can be targeted by
changing the genomic target sequence to a desired integration site, while including a 5' flank (integration site) - con5 and a
con3 - 3' flank (integration site) fragment in the transformation mixture together with the three donor DNA expression cassettes,
the genomic target sequence. and the linearized vector pRN1120+, as illustrated in Figure 32. Donor DNA sequence(s) can be
any DNA sequence of interest and is not restricted to carotenoid expression cassettes as described in this example. This
approach also allows for library approaches, by including multiple 20 bp genomic target sequences with homology to
PRN1120+ and corresponding flank DNA sequences including connector sequences in the transformation.

Example 13. Deletion of up to 10 kb of genomic DNA by including multiple flank sequences in the transformation
using CRISPR/CASS9.

[0277] As explained in Example 8, up to 10 kB of genomic DNA can be deleted using one genomic target. By including two
fixed flank sequences in each transformation, either 1 kb (1000 base pairs (bp), 3 kb or 10 kb of genomic DNA around the INT1
locus was deleted. The purpose of Example 12 is to delete parts of genomic DNA in a non-fixed manner by including multiple
flank sequences in the transformation, as such that different parts of genomic DNA can be deleted by the approach explained
below. This can be achieved by transformation of a pool of so called flank-guide RNA sequences that, after restriction with Bsal
to separate the donor DNA flank sequences and guide RNA expression cassette, integrate into genomic DNA together with a
Red Fluoresent Protein (RFP) expression cassette, in order to delete a part of genomic DNA. The DNA flank sequences
contain a unique barcode (10 basepair sequence) that can be identified by sequencing to determine which left and right flanks
are integrated and to determine which part of genomic DNA is deleted. The procedure to delete up to 10 kB of genomic DNA in
a non-fixed manner is as follows:

Step 1: Design and order flank-guide RNA gBlock sequences. The flank-guide RNA sequences are ordered as gBlocks
(Integrated DNA Technologies, Leuven, Belgium) and consist of the following components (in the order described below) as
depicted in Figure 33.

« 50 bp connector 3 sequence (part number 9),

« 10 bp unique "barcode" sequence (part number 8),

« 20 bp sequence for annealing a reverse primer (part number 7),

« 100 bp homology to a right flank, in this case INT1, integration site (part number 6),

* 22 bp sequence including two Bsal restriction sites (part number 5),

« 100 bp homology to a left flank, in this case INT1, integration site (part number 1),

« 20 bp sequence for annealing a forward primer (part number 2),

« 10 bp unique "barcode" sequence (part number 3),

» 50 bp connector 5 sequence (part number 4),

« 22 bp sequence including two Bsal restriction sites (part number 5),

» 488 bp sequence consisting of a 50 bp flank sequences homologous to the linearized multicopy yeast expression vector
PRN1120 (part number 10), guide RNA expression cassette consisting of SNR52p, INT1 genomic target, guide RNA
structural component and the SUP4 3’ flanking region (part number 11) and of a 50 bp flank sequences homologous to
the linearized multicopy yeast expression vector pRN1120 (part number 12).

Three flank-guide RNA gBlock sequences are ordered (Table 25). The gBlock sequences can be ligated into the pCR-Bluntll-
TOPO vector as described in Example 9.
Table 25: gBlocks ordered. Primers used for amplification by PCR are indicated.

Name of gBlock SEQID {Description Primers for PCR
NO: amplification
gBlockINT1-100-0-BAR-{SEQ ID {RF(+Barcode)-LF(+Barcode)-INT1 guide RNA, {SEQ ID NO: 211
2 NO: 221 {2x Bsa1, direct integration at INT1 SEQ ID NO: 212
gBlockINT1-100-1500- {SEQID {RF(+Barcode)-LF(+Barcode)-INT1 guide RNA, {SEQ ID NO: 211
BAR-2 NO: 222 {2x Bsa1, integration 1.5 kB up and downstream
of INT1 SEQ ID NO: 212

gBlockINT1-100-5000- §SEQID {RF(+Barcode)-LF(+Barcode)-INT1 guide RNA, {SEQ ID NO: 211
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Name of gBlock SEQID {Description Primers for PCR
NO: amplification
BAR-2 NO: 223 {2x Bsa1, integration 5 kB up and downstream of
INT1 SEQ ID NO: 212

Step 2: Obtaining flank-guide RNA PCR products as described in Example 11. The templates and primers indicated in Table 25
are included in the PCR reaction. After PCR ampilification, the sequences set out in SEQ ID NO: 221, SEQ ID NO: 222 and SEQ
ID NO: 223 are obtained and the PCR products are purified as described in Example 11. Subsequently, the PCR products are
restricted with Bsal as described in Example 11. The different fragments that are obtained after restriction are schematically
depicted in Figure 33.

PCR ampilification of the connector 5 - red fluorescence protein (RFP) - connector 3 PCR fragment is described in Example 8
(named fragment 2). The con5 - RFP - con3 PCR product is purified as described in Example 9.

Step 3: Yeast transformation is performed as follows and is depicted in Figure 34: Yeast strain CEN.PK113-7D is transformed
with plasmid pCN061, resulting in strain CSN001 expressing CAS9, as described in Example 9. Subsequently, strain CSN001 is
transformed with the following DNA fragments, as schematically depicted in Figure 34 and as described in Example 9 (selection
on G418 and nourseothricin plates after transformation). Appropriate amounts of DNA are included in the transformation in line
with described elsewhere herein.

a) Purified linearized vector pRN1120. Linearization (restriction of pRN 1120 by EcoRI and Xhol) and purification is described in
Example 9.

b) Purified connector 5 - RFP expression cassette - connector 3 PCR fragment.

c) A mix of purified flank sequences obtained after restriction of the flank-guide RNA PCR products. The DNA fragments shown
in Table 26 are present in the transformation.

Table 26: Description of the flank sequences that are included in the transformation. The transformation approach is
schematically depicted in Figure 34. The chromosomal location of the INT1 locus is described in Example 9. Con denotes 50
bp connector sequences. The barcode sequence is included for sequencing purposes as explained below.

Flank name Flank description Integrated at Barcode sequence (10 bp)
A LF_INT1-100-0 - con5 Directly at INT1 locus CAGTCAGTCA
B LF_INT1-100-1500 - con5 1500 bp upstream of INT1 {CAGTCAGTAC
o] LF_INT1-100-5000 - con5 5000 bp upstream of INT1 JCAGTCAGTAA
D RF_INT1-100-0 - con3 Directly at INT1 locus CAGTCAGTGG
E RF_INT1-100-1500 - con3 1500 bp downstream of CAGTCAGTGC
INT1
F RF_INT1-100-5000 - con3 f’ﬁ?? bp downstream of CAGTCAGTCC

d) The guide RNA expression cassette with homology to linearized pRN1120 (SEQ ID NO: 213), which is able to recombine into
the linearized pRN1120 vector by in vivo recombination by gap repair (Orr-Weaver ef al., 1983). The guide RNA will target the
CAS9 protein to the INT1 locus, that cleaves the genomic DNA. SEQ ID NO: 213 is part of SEQ ID NO: 221, SEQ ID NO: 222
and SEQ ID NO: 223.

Step 4: After two to four days of growth at 30°C, colonies (red colored and some white colored) appeared on the plates. By UV
light (Qpix 450 Colony Picker - Molecular devices LLC) a discrimination was made between red fluorescent colonies, indicating
RFP integration, and white colonies, indicating no RFP integration, that appeared on the plates.

ALF - Con5 fragment, the con5 - RFP - con3 fragment, and a con3 - RF fragment will integrate into genomic DNA at the INT1
locus with by the principle described in Example 8. In Example 8, in each transformation just two flank sequences were
included, allowing integration of the FRP expression cassette at the INT1 locus, or to delete 1000 bp, 3000 bp or 10000 bp of
genomic DNA around the INT1 genomic target (see Figure 18). Because in Example 13 all LF sequences present in the
transformation mixture contain a con5 sequence and all RF sequences present in the transformation mixture contain a con3
sequence, nine different combinations with the con5 - RFP - con3 fragment can be formed, in order to delete different lengths
of genomic DNA surrounding the INT1 locus (Table 27 and schematically depicted in Figure 35).

Table 27: Deletions possible after transformation of all LF - Con5 fragments, all con3 - RF fragments and the con5 - RFP -
con3d fragment in the approach depicted in Figure 35.

Combination of

Flank with flank Deletion achieved

A D 0 bp (direct integration at INT1)
A E 1500 bp

A F 5000 bp
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Combination of

Flank with flank Deletion achieved
1500 bp

3000 bp
6500 bp
5000 bp
6500 bp
10000 bp

OIO:0iWiW; W
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Step 5: To determine which flank sequences have integrated into genomic DNA, and to determine which part of genomic DNA
is deleted, chromosomal DNA of red fluorescent transformants was isolated as described in Example 8. The chromosomal DNA
is used as template in a PCR reaction. PCR reactions and analysis of the PCR products on an agarose gel were performed
according to a personal skilled in the art. The following primer sets are used (see Figure 36 for a depiction of the primer
annealing positions).

« A PCR fragment to confirm integration of the RFP cassette: primer E (SEQ ID NO: 224) and primer F (SEQ ID NO: 225).

* To obtain a PCR fragment 1 of the left flank including a barcode sequence (Table 26): primer A (SEQ ID NO: 226) and,
for example, primer B (SEQ ID NO: 227).

* To obtain a PCR fragment 2 of the right flank including a barcode sequence (Table 26): for example primer C (SEQ ID
NO: 228) and primer D (SEQ ID NO: 229).

[0278] Next, PCR fragment 1 and PCR fragment 2 are used in a sequencing reaction. The sequencing kit of Applied
Biosystems (supplied by Life Technologies, Bleiswijk, the Netherlands) is used according to the manual. To determine the
barcode present in the left flank (sequence 3 depicted in Figure 33 and Figure 36), for example primer B (SEQ ID NO: 227) is
included in the reaction and PCR fragment 1 is used as template. To determine the barcode present in the right flank
(sequence 3 depicted in Figure 33 and Figure 36), for example primer C (SEQ ID NO: 228} is included in the reaction and PCR
fragment 2 is used as template. The PCR fragment used for sequencing is cleaned by ethanol/EDTA precipitation according to
supplier's manual. The PCR fragments are pelleted in 10 pyl HiDi Formamide of Applied Biosystems supplied by Life
Technologies, Bleiswijk, the Netherlands) and the suspension used for sequence analysis with the 3500 Genetic Analyzer of
Applied Biosystems (Sanger sequencer).

[0279] Interpretation of the sequencing results will determine which flank sequences have integrated into genomic DNA, and
will demonstrate which part of genomic DNA is deleted. For example, when flank C (left flank) and flank D (right flank) (Table
27, Figure 35) integrate together with the RFP expression cassette, the sequencing results will demonstrate that barcode
sequence CAGTCAGTAA (Table 26) is present in PCR fragment 1 (flank C), and barcode sequence CAGTCAGTGG (Table 26)
is present in PCR fragment 2 (flank D}, indicating that approximately 5000 bp of genomic DNA is deleted. For example, when
flank B (left flank) and flank F (right flank) (Table 27, Figure 35) integrate together with the RFP expression cassette, the
sequencing results will demonstrate that barcode sequence CAGTCAGTAC (Table 26) is present in PCR fragment 1 (flank B},
and barcode sequence CAGTCAGTCC (Table 26) is present in PCR fragment 2 (flank F), indicating that approximately 6500
bp of genomic DNA is deleted. For example, when flank C (left flank) and flank F (right flank) (Table 27, Figure 35) integrate
together with the RFP expression cassette, the sequencing results will demonstrate that barcode sequence CAGTCAGTAA
(Table 26) is present in PCR fragment 1 (flank C), and barcode sequence CAGTCAGTCC (Table 26) is present in PCR
fragment 2 (flank F), indicating that approximately 10000 bp of genomic DNA is deleted.

[0280] The approach described in this example may not be limited by including three left flank and three right flank sequences
in the transformation as depicted in Figure 34: including more than three fragments, for example 10 or 100 or more, will result
even more options to delete parts of chromosomal DNA. Also, the approach described is not limited to deletion of maximally
approximately 10000 bp of chromosomal DNA, as larger parts can be deleted when flanks further more than approximately
5000 bp upstream or more than approximately 5000 bp downstream of the INT1 genomic target sequence are chosen.
Alternatively, other genomic target sequences, that are part of the guide RNA expression cassette (Figure 33, part of part 11),
can be used to increase the number of possible deletion combinations, once the correct genomic target and flank sequences
are chosen.

[0281] The approach described in this example may for example be used to screen for improved production of a compound of
interest by deletion of parts of genomic DNA in a randomized way. After an improved producer is identified, by using a PCR and
sequencing approach it can be determined which parts of DNA are deleted as described herein.
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Patentkrav

1. Ikke-naturligt forekommende eller konstrueret
sammensatning, som omfatter:

- en vektor, der omfatter en selekterbar marker og en kilde til
et CRISPR-Cas-system, der omfatter et Cas-protein og mindst to
distinkte polynukleotider, der hver koder for et respektivt
distinkt guide-polynukleotid,

hvor guide-polynukleotiderne omfatter en guide-sekvens, der 1
det vasentlige er det reverse komplement til et malpolynukleotid
i en vartscelle, og guide-polynukleotiderne direkte kan binde
Cas-proteinet i malpolynukleotidet i vaertscellen til
frembringelse af et CRISPR-Cas-kompleks,

hvor guide-sekvensen i1 det vasentlige er det reverse komplement
til (N)y-delen af et 5'-(N)yPAM-3'-polynukleotidsekvensmal i
genomet 1 vartscellen, hvor y er et helt tal pa 8-30, hvor PAM
er et protospacer tilstedende motiv,

hvor wvartscellen er en eukaryot, hvilken eukaryot er en g&r
valgt blandt en Saccharomyces eller en Kluyveromyces,

hvor PAM fortrinsvis er en sekvens valgt fra gruppen, der bestar
af 5'-XGG-3'", bL'-XGGXG-3', bLb'-XXAGAAW-3', bLb'-XXXXGATT-3', 5'-
XXAGAA-3', L5'-XAAAAC-3', hvor X kan vare et hvilket som helst
nukleotid eller en analog dertil, fortrinsvis X kan vare et
hvilket som helst nukleotid; og W er A eller T, hvor de mindst
to distinkte polynukleotider, der hver koder for et respektivt
distinkt guide-polynukleotid, har regioner med sekvensidentitet
med vektoren, saledes at homolog rekombination af
polynukleotiderne og vektoren lettes,

hvor vektoren fortrinsvis er linea&r,

0og hvor de mindst to distinkte polynukleotider, der hver koder
for et respektivt distinkt guide-polynukleotid, vyderligere
omfatter sekvensidentitet med hinanden, saledes at rekombination
af polynukleotiderne med hinanden og med vektoren lettes, hvor

rekombinationen er in vivo-rekombination 1 wvartscellen.

2. Ikke-naturligt forekommende eller konstrueret
sammensatning ifelge krav 1, hvor der er mindst to distinkte

exogene polynukleotider til stede, der ved spaltning af
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malpolynukleotidet ved hjelp aft CRISPR-Cas-komplekset
rekombinerer med malpolynukleotiderne, hvilket resulterer i et
modificeret malpolynukleotid, hvor de mindst to distinkte
exogene polynukleotider omfatter sekvensidentitet med hinanden,
saledes at rekombination af de distinkte exogene polynukleotider
lettes, hvor rekombinationen er in vivo-recombination 1

vartscellen.

3. Sammensatning ifelge et hvilket som helst af ovennavnte
krav, hvor Cas-proteinet omfatter mindst én mutation, saledes
at proteinet har &ndret nukleaseaktivitet sammenlignet med det
tilsvarende vildtype-Cas-protein, og fortrinsvis har aktivitet
til direkte spaltning af en enkelt polynukleotidstreng i

placeringen af malsekvensen.

4. Sammensatning ifelge et hvilket som helst af ovennavnte
krav, hvor guide-polynukleotiderne kodes af polynukleotider, der
er operabelt koblet til en RNA-polymerase-II-promotor,
fortrinsvis hvor polynukleotiderne, der er operabelt koblet til
en RNA-polymerase-II-promotor, koder for prae-guide-
polynukleotider, der omfatter guide-polynukleotiderne og
selvprocesserende ribozymer, hvor guide-polynukleotiderne, nar
de er transkriberet, frigeres ved hjalp af de selvprocesserende
ribozymer fra pra-guide-polynukleotidtranskripterne, eller hvor
guide-polynukleotiderne kodes af ©polynukleotider, der er
operabelt koblet til en RNA polymerase-III-promotor, fortrinsvis
til en human HI1-RNA-polymerase-III-promotor, en human U6-RNA-
polymerase-III-promotor eller en gaer-SNR52p-RNA-polymerase-III-

promotor.

5. Fremgangsmade til modulering af ekspressionen af et
polynukleotid i en vartscelle valgt blandt en Saccharomyces og
en Kluyveromyces, som omfatter etablering af kontakt mellem
vaertscellen og sammensatningen ifelge et hvilket som helst af
kravene 1-4, hvor guide-polynukleotiderne binder direkte til
Cas-proteinet i malpolynukleotidet i vaertscellen til

frembringelse af et CRISPR-Cas-kompleks, eventuelt hvor
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vaertscellen omfatter et polynukleotid, der koder for en

forbindelse af interesse.

6. Vertscelle valgt blandt en Saccharomyces og en
Kluyveromyces, som omfatter en sammensatning ifelge et hvilket

som helst af kravene 1-4.

7. Fremgangsmade til fremstilling af en vartscelle valgt
blandt en Saccharomyces og en Kluyveromyces, som omfatter
etablering af kontakt mellem wvertscellen og sammensztningen
ifeglge et hvilket som helst af kravene 1-4, hvor guide-
polynukleotiderne binder direkte til Cas-proteinet i
malpolynukleotidet i vartscellen til frembringelse af et CRISPR-
Cas-kompleks, eventuelt hvor vaertscellen omfatter et

polynukleotid, der koder for en forbindelse af interesse.
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