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Supplementary Methods
Plasmid Maps

Supplementary Figures S1 — S3 show the plasmid maps of plasmids pBSY3S1K_intAOX1_CalB, pPpT4_pHTX-
pHHF-PARS1-pILV5-hsCAS9 and plasmid pPpT4_pHTX-pHHF-PARS1-pTEF1-hsCAS9 respectively.

pBSY3S1K_intAOX1_cCalB

5641 bp

Supplementary Figure S1: Plasmid Map of plasmid pBSY3S1K _intAOX1_CalB for targeted integration of a CalB expression cassette
under the control of the Pcar; promoter into the AOX1 locus.
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pPpT4_pHTX1-pHHF-PARS1-pILV5-hsCas9
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Supplementary Figure S2: Plasmid Map of the self-replicating plasmid pPpT4_pHTX-pHHF-PARS1-pILV5-hsCAS9 for multiplexed

engineering of two targets. One gRNA expressed under Purx; promoter the other one under the Puue promoter. Zeocin resistance
under the control of the control of the P;ys promoter.

pPPpPT4_pHTX1-pHHF-PARS1-pTEF1-hsCas9

8547 bp

Supplementary Figure S3: Plasmid Map of the self-replicating plasmid pPpT4_pHTX-pHHF-PARS1-pTEF1-hsCAS9 for multiplexed

engineering of two targets. One gRNA expressed under Pyrx1 promoter the other one under the Puyr promoter. Zeocin resistance
under the control of the control of the Pree1 promoter.
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Variant filtering

All called variants, including single nucleotide variants (SNVs) and small insertions and deletions (InDels)
as well as structural variants (SVs) were filtered in R. VCF files were read and modified, using the R
package VariantAnnotation v1.38.0 (1) and StructuralVariantAnnotation v1.8.2 (2). First, variants already
called in the base strain were filtered. In order to avoid counting variants twice, InDels showing more than
50 deleted or inserted bases were excluded from the InDel calls and SVs with less than or equal 50 inserted
bases were also excluded. Furthermore, all variants were filtered based on low complexity and repeat
regions. Telomeres, centromeres and rDNA regions were manually masked. Low complexity regions were
called with dustmasker function from the NCBI blast+ (3) and extended for 10 bases up and downstream to
account for inaccuracies in variant calling. Repeat regions were called with either RepeatMasker
vopen-4.0.7 (4) using Pichia pastoris as species and RepBase version 20181026 or with the function
DetectRepeats from the R package Decipher v2.20.0 (5, 6) (http://www2.decipher.codes/). SNV and
InDels were filtered if they overlapped any of the defined regions, SVs were only filtered if the start or
the end of the SV lay within one of the defined regions. The remaining variants were called complex
variants. SNVs and InDels were filtered according to the GATK best practices (7) and based on multiple
quality measures (Supplementary Table $10). SVs were filtered if they had the “LOW_QUALITY” (QUAL <
1000) or “NO_ASSEMBLY” (SV is not supported by any assembly) tag. All complex variants, including filtered
and unfiltered ones, were visually inspected in IGV and cluster regions were defined to exclude all variants
which appeared in clusters of filtered and unfiltered variants, since those are most likely caused by
systematic errors in library prep or sequencing. Furthermore, one SNV was excluded that appeared in more
than 10 different sequencing runs, which included colonies transformed with different gRNAs but always
based on strain K. phaffii BSYBG10_3S1K-CalB.

Supplementary Table S10: Filter setting for SNVs and InDels. Variants, for which the stated condition is true, were filtered.

Type SNV InDel
QUAL <30 <30
SOR >3 -

FS > 60 > 60
MQ <40.0 -
MQRankSum <-12.5 <-20.0
ReadPosRankSum <-8.0 -

Summarizing variants

The estimated number of total variants per clone was calculated using the variant allele fraction (VAF), since
sequencing multiple haploid clones resembles sequencing of a polyploid organism. The VAF for small variants
and structural variants was calculated based on information provided in the GATK (8) and GRIDSS (9) VCF
files, respectively. For InDels and SNVs, the VAF was calculated as the fraction of reads supporting the variant,
divided by total number of reads mapped at the locus (Equation 1). For SVs, the VAF was calculated by
dividing the sum of fragments supporting a breakend or a breakpoint, by the sum of all fragments (Equation
2).

Equation 1: Variant allele fraction for small variants, based on measures provided by the GATK VCF output. With AD; ... # reads
Ssupporting genotype i.
AD;

VAF, = —L
T ST AD

Equation 2: Variant allele fraction for structural variants based on measures provided by GRIDSS. With VF ... # fragments supporting
variant, BVF ... # fragments supporting a breakend, REF + REFPAIR ... # of all fragments supporting the reference
VF + BVF

var = VF + BVF + REF + REFPAIR
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Supplementary Results
Sequencing of YPK1 locus

The analysis of the on-target mutations in sequencing run YPK1_6-10, containing reads of a mixed culture of
5 single colonies, transformed with a CRISPR/Cas plasmid targeting the YPK1 locus, showed a considerable
amount of reads which had a deletion of a single base. Since a frameshift mutation would most probably
render the gene non-functional, we tried to confirm this mutation with Sanger sequencing of the YPK1 locus
by Microsynth (Microsynth AG, Balgach, Switzerland). The sequencing of the 5 colonies in question revealed
either a deletion of 3 bases or the wildtype sequence for 3 of the colonies. The sequence of the other 2
colonies, namely 2D and 2G stopped before the CRISPR target (Supplementary Figure S4A). Those two
colonies were again split into multiple single colonies, by streaking them out on non-selective media.
Subsequently 5 colonies were picked per plate and the YPK1 locus was Sanger sequenced from both sides by
Microsynth. None of the 10 colonies showed the deletion of a single base, but still for two of the colonies the
sequence stopped at the CRISPR target, indicating a mixture of different mutations at this locus
(Supplementary Figure S4B & C).
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Supplementary Figure S4: SnapGene alignments of Sanger sequences of the YPK1 locus of colonies sequenced within sequencing run
YPK1_6-10. A) Forward Sanger sequences of all 5 colonies within sequencing run YPK1_6-10, showing the premature stop of the
Sanger sequences for colonies 2D and 2G. B) Forward and reverse sequences of 5 single colonies derives from colony 2D, showing a
premature stop of the sequences in both directions exactly at the CRISPR target, for 3 of the 5 colonies. B) Forward and reverse
sequences of 5 single colonies derives from colony 2G showing mostly wildtype sequences or deletions of 3 bases.
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