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Materials and Methods

Metagenomic assemblies, genome curation, and CRISPR-Cas® detection

Metagenomic sequencing data was assembled using previously described methods (4). Coding
sequences (CDS) were predicted from sequence assemblies using prodigal with genetic code 11 (-m -g 11
-p single) and (-m -g 11 -p meta) and preliminary annotations and phage genome curations were performed
as previously described (4). Bowtie2 v2.3.4.1 was used to map reads to the de novo assembled sequences,
and we retained unplaced mate pairs of mapped reads with shrinksam (github.com/bcthomas/shrinksam).
N-filled gaps and local misassemblies were identified and corrected, and unplaced or incorrectly placed
paired reads allowed extension of contig ends. Local assembly changes and extensions were verified with
further read mapping. A database of Cas® sequences from (4) was generated using MAFFT v7.407 and
hmmbuild. CDS from new assemblies were searched against the HMM database using hmmsearch with e-

value < 1 x 10 and added to the database upon verification.

Phylogenetic analysis of type V systems

Cas protein sequences were collected from (4, /13-16, 24) and representatives from the TnpB
superfamily were collected from (24) and top BLAST hits from RefSeq. The resulting set was clustered at
90% amino acid identity to reduce redundancy. A new alignment of Cas® with the resulting sequence set
was generated using MAFFT LINSI with 1000 iterations and filtered to remove columns composed of gaps
in 95% of sequences. Poorly aligned sequences were removed and the resulting set was realigned. The

phylogenetic tree was inferred using IQTREE v1.6.6 using automatic model selection and 1000 bootstraps.

crRNA sequence analysis

CRISPR-RNA (crRNA) repeats from Phage-encoded CRISPR loci were identified using MinCED
(github.com/ctSkennerton/minced) and CRISPRDetect. The repeats were compared by generating pairwise

similarity scores using the Needleman-Wunsch algorithm followed by EMBOSS Needle. A heatmap was
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built using the similarity score matrix and hierarchical clustering produced dendrograms that were overlaid

onto the heatmap to delineate different clusters of repeats.

Generation of plasmids

Cas® loci, including an additional E. coli RBS upstream of cas®, were ordered as G-blocks from
Integrated DNA Technologies (IDT) and cloned using Golden Gate assembly (GG) under the control of a
tetracycline-inducible promoter for RNA seq and PAM depletion plasmid interference experiments. Perfect
repeat-spacer units of the by metagenomics identified CRISPR-arrays were reduced to a single repeat-
spacer-repeat unit, amenable to stuffer-spacer exchange by GG-assembly (Aarl-restriction sites).
Subsequently, Cas® gene sequences were subcloned by GG-assembly into pRSFDuet-1 (Novagen) within
MCSI without tags for efficiency of transformation plasmid interference assays, or fused to a C-terminal
hexa-histidine tag for protein purification. For plasmid interference assays, mini-CRISPR arrays (repeat-
spacer-repeat, or repeat-spacer-HDV ribozyme) amenable to stuffer-spacer exchange by GG-assembly
(Aarl-restriction sites) were cloned into MCS II of pRSFDuet. For genome editing experiments in human
cells, cas® genes were ordered as G-blocks from IDT encoding codon optimized genes for expression in
human cells. G-blocks were cloned via GG-assembly into the vector backbone of pBLO62.5, downstream
fused to two SV40 NLSs via a GSG linker encoding sequence. The guide encoding sequence of pBL0O62.5
was exchanged to encode for a single CRISPR-repeat of the respective homologue, followed by a 20 bp
stuffer spacer sequence amenable to GG-assembly exchange using the restriction enzyme Sapl. For
production of NLS tagged Cas® for in planta genome editing, E. coli codon optimized cas® was cloned
using GG assembly into MCSI of pRSFDuet-1 (Novagen) downstream fused to two SV40 NLS sequences
and a hexa-histidine tag. A list of plasmids and a brief description is given in table S1. Plasmid sequences
and maps will be made available on addgene. To reprogram the Cas® vectors to target different loci, stuffer-
spacer were exchanged via GG-assembly to encode the guide for the selected target site (guide spacer
sequences are listed in table S2). Mutations in the cas® genes were introduced by GG-assembly to create

dcas® genes.



PAM depletion DNA interference assay

PAM depletion assays were performed with both, Cas® plasmids that either carried the whole
Cas® locus as derived from metagenomics (pPP049, pPP056 and pPP062), or with plasmids that contained
only the cas® gene and a mini CRISPR (pPP097, pPP102 and pPP107). Assays were performed as three
individual biological replicates. Plasmids containing cas® and mini CRISPRs were transformed into E. coli
BL21(DE3) (NEB) and constructs containing Cas® genomic loci were transformed into E. coli DH5a
(QB3-Macrolab, UC Berkeley). Subsequently, electrocompetent cells were prepared by ice cold H,0 and
10 % glycerol washing. A plasmid library was constructed with 8 randomized nucleotides upstream (5’)
end of the target sequence (kind gift of Hannah Spinner). Competent cells were transformed in triplicate by
electroporation with 200 ng library plasmids (0.1 mm electroporation cuvettes (Bio-Rad) on a Micropulser
electroporator (Bio-Rad)). After a two-hour recovery period, cells were plated on selective media and
colony forming units were determined to ensure appropriate coverage of all possible combinations of the
randomized 5° PAM region. Strains were grown at 25 °C for 48 hours on media containing appropriate
antibiotics (either 100 p#g/mL carbenicillin and 34 pg/mL chloramphenicol, or 100 pg/mL carbenicillin and
50 pg/mL kanamycin) and 0.05 mM isopropyl-f3-D-thiogalactopyranoside (IPTG), or 200 nM
anhydrotetracycline (aTc), depending on the vector to ensure propagation of plasmids and Cas® effector

production. Subsequently, propagated plasmids were isolated using a QIAprep Spin Miniprep Kit (Qiagen).

PAM depletion sequencing analysis

Amplicon sequencing of the targeted plasmid was used to identify PAM motifs that are
preferentially depleted. Sequencing reads were mapped to the respective plasmids and PAM randomized
regions were extracted. The abundance of each possible 8 nucleotide combination was counted from the
aligned reads and normalized to the total reads for each sample. Enriched PAMs were computed by
calculating the log ratio compared to the abundance in the control plasmids, and were used to produce

sequence logos.



RNA preparation for RNAseq

Plasmids containing Cas® loci were transformed into chemically competent E. coli DH50 (QB3-
Macrolab, UC Berkeley). Preparations were performed as three individual biological replicates. Single
colonies were picked to inoculate 5 mL starter cultures (LB, 34 pg/mL chloramphenicol) which were
incubated at 37 °C shaking vigorously overnight. The next morning, main cultures were inoculated 1:100
(LB, 34 pg/mL chloramphenicol) and locus expression was induced with 200 nM aTc for 24 h at 16 °C.
Cells were harvested by centrifugation, resuspended in lysis buffer (20 mM Hepes-Na pH 7.5 RT, 200 mM
NaCl) and lysed using glass beads (0.1 mm glass beads, 4x 30 s vortex at 4 °C, interspaced by 30 s cool-
down on ice). 200 uL cell lysis supernatant were transferred into Trizol for RNA extraction according to
the manufacturer's protocol (Ambion). 10 zg RNA were treated with 20 units of T4-PNK (NEB) for 6 h at
37 °C for 2'-3'-dephosphorylation. Subsequently, 1 mM ATP was added and the sample was incubated for
1 h at 37 °C for 5'-phosphorylation before heat inactivation at 65 °C for 20 min and subsequent Trizol

purification.

RNA analysis by RNAseq

cDNA libraries were prepared using the RealSeq-AC miRNA library kit illumina sequencing
(somagenics). cDNA libraries were subjected to Illumina MiSeq sequencing, and raw sequencing data was
processed to remove adapters and sequencing artifacts, and high-quality reads were maintained. The
resulting reads were mapped to their respective plasmids to determine the CRISPR locus expression and

crRNA processing, and coverage was calculated at each region.

Efficiency of transformation plasmid interference assay

Cas® vectors were transformed into chemically competent E. coli BL21(DE3) (NEB). Individual
colonies for biological replicates were picked to inoculate three 5 mL (LB, Kanamycin 50 p#g/mL) starter

cultures to prepare electrocompetent cells the following day. 50 mL (LB, Kanamycin 50 pgg/mL) main



cultures were inoculated 1:100 and grown vigorously shaking at 37 °C to an ODgy of 0.3. Subsequently,
the cultures were cooled to room temperature and cas® expression was induced with 0.2 mM IPTG.
Cultures were grown to an ODey of 0.6-0.7 at 25 °C, before preparation of electrocompetent cells by
repeated ice-cold H,0 and 10% glycerol washes. Cells were resuspended in 250 uL 10% glycerol. 90 L
aliquots were flash frozen in liquid nitrogen and stored at -80 °C. The next day, 80 uL. competent cells were
combined with 3.2 uL. plasmid (20 ng/uL. pUC19 target plasmid, or 20 ng/uL. pYTKOO1 control plasmid),
incubated for 30 min on ice and split into three individual 25 pL transformation reactions. After
electroporation in 0.1 mm electroporation cuvettes (Bio-Rad) on a Micropulser electroporator (Bio-Rad),
cells were recovered in 1 mL recovery medium (Lucigen) supplemented with 0.2 mM IPTG, shaking at 37
°C for one hour. Subsequently, 10-fold dilution series were prepared and 5 uL of the respective dilution
steps were spot-plated on LB-Agar containing the appropriate antibiotics. Plates were incubated overnight
at 37 °C and colonies were counted the following day to determine the transformation efficiency. To assess
the transformation efficiency, the mean and standard deviations were calculated from the cell forming units

per ng transformed plasmids for the electroporation triplicates.

Protein production and purification

Cas® overexpression vectors were transformed into chemically competent E. coli BL21(DE3)-Star
(QB3-Macrolab, UC Berkeley) and incubated overnight at 37 °C on LB-Kan agar plates (50 pg/mL
Kanamycin). Single colonies were picked to inoculate 80 mL (LB, Kanamycin 50 pg/mL) starter cultures
which were incubated at 37 °C shaking vigorously overnight. The next day, 1.5 L. TB-Kan medium (50
pg/mL Kanamycin) were inoculated with 40 mL starter culture and grown at 37 °C to an ODeg of 0.6,
cooled down on ice for 15 min and gene expression was subsequently induced with 0.5 mM IPTG followed
by incubation overnight at 16 °C. Cells were harvested by centrifugation and resuspended in wash buffer
(50 mM HEPES-Na pH 7.5 RT, 1 M NaCl, 20 mM imidazole, 5 % glycerol and 0.5 mM TCEP),
subsequently lysed by sonication, followed by lysate clarification by centrifugation. The soluble fraction

was loaded on a 5 mL Ni-NTA Superflow Cartridge (Qiagen) pre-equilibrated in wash buffer. Bound
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proteins were washed with 20 column volumes (CV) wash buffer and subsequently eluted in 5 CV elution
buffer (50 mM HEPES-Na pH 7.5 RT, 500 mM NaCl, 500 mM imidazole, 5 % glycerol and 0.5 mM TCEP).
The eluted proteins were concentrated to 1 mL before injection into a HiLoad 16/600 Superdex 200pg
column (GE Healthcare) pre-equilibrated in size-exclusion chromatography buffer (20 mM HEPES-Na pH
7.5 RT, 500 mM NacCl, 5 % glycerol and 0.5 mM TCEP). Peak fractions were concentrated to 1 mL and
concentrations were determined using a NanoDrop 8000 Spectrophotometer (Thermo Scientific). Proteins
were purified at a constant temperature of 4 °C and concentrated proteins were kept on ice to prevent
aggregation, snap frozen in liquid nitrogen and stored at -80 °C. AsCasl2a was purified as previously

described (25).

In vitro cleavage assays - spacer tiling

Plasmid targets were cloned by GG-assembly of spacer 2, found in the CRISPR-array of Cas®-1,
downstream to a cognate 5’-TTA PAM, or non-cognate 5’-CCA PAM into pYTKO095 (Target sequences
are given in table S3). Supercoiled plasmids were prepared by propagation of the plasmid overnight at 37
°Cin E. coli Mach1 (QB3-Macrolab, UC Berkeley) in LB and Carbenicillin (100 #g/mL) and subsequent
preparation using a Qiagen Miniprep kit (Qiagen). Linear DNA targets were prepared by PCR from the
plasmid target. crRNA guides were ordered as synthetic RNA oligos from IDT (table S4), dissolved in
DEPC H,0 and heated for 3 min at 95 °C before cool down at RT. Active RNP complexes were assembled
at a concentration of 1.25 yM by mixing protein and crRNA (IDT) in a 1:1 molar ratio in cleavage buffer
(10 mM Hepes-K pH 7.5 RT, 150 mM KClI, 5 mM MgCl,, 0.5 mM TCEP) and incubation at RT for 30
min. Cleavage reactions were initiated by addition of DNA (10 nM) to preformed RNP (1 #M) in reaction
buffer (10 mM Hepes-K pH 7.5 RT, 150 mM KCI, 5 mM MgCl,, 0.5 mM TCEP). The reactions were
incubated at 37 °C, quenched with 50 mM EDTA and stored in liquid nitrogen. Samples were thawed and
treated with 0.8 units proteinase K (NEB) for 20 min at 37 °C. Loading dye was added (Gel Loading Dye
Purple 6X, NEB) and samples were analyzed by electrophoresis on a 1% agarose gel and stained with

SYBR Safe (Thermo Fisher Scientific). For comparison to cleavage products, supercoiled plasmids were
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digested with Pcil (NEB) for linearization and Nt.BstNBI (NEB) for plasmid nicking and open circle

formation. Comparable cleavage assays under varied conditions (n = 3) showed consistent results.

In vitro cleavage assays - radiolabeled nucleic acids

Active Cas® RNP complexes were assembled in a 1:1.2 molar ratio by diluting Cas® protein to 4
#M and crRNA (IDT) to 5 uM in RNP assembly buffer (20 mM HEPES-Na pH 7.5 RT, 300 mM KClI, 10
mM MgCl, 20 % glycerol, 1 mM TCEP) and incubation for 30 min at RT. Substrates were 5’-end-labelled
using T4-PNK (NEB) in the presence of **P-y-ATP (Substrate sequences are given in table S3). Oligo-
duplex targets were generated by combining **P-labelled and unlabelled complementary oligonucleotides
in a 1:1.5 molar ratio. Oligos were hybridized to a DNA-duplex concentration of 50 nM in hybridization
buffer (10 mM Tris-Cl pH 7.5 RT, 150 mM KCl), by heating for 5 min to 95 °C and a slow cool down to
RT in a heating block. Cleavage reactions were initiated by combining 200 nM RNP with 2 nM substrate
in reaction buffer (10 mM HEPES-Na pH 7.5 RT, 150 mM KCI, 5 mM MgCl, 10 % glycerol, 0.5 mM
TCEP) and subsequently incubated at 37 °C. For trans-cleavage assays, guide complementary activator
substrates were diluted in oligonucleotide hybridization buffer (10 mM Tris pH 7.8 RT, 150 mM KClI) to a
concentration of 4 M, heated to 95 °C for 5 min, and subsequently cooled down at RT to allow duplex
formation for double stranded activator substrates. Cleavage reactions were set up by combining 200 nM
RNP with 100 nM activator substrate and incubation for 10 min at RT before addition of 2 nM ssDNA, or
ssSRNA, trans cleavage substrates. Reactions were stopped by addition of two volumes formamide loading
buffer (96 % formamide, 100 yg/mL bromophenol blue, 50 yg/mL xylene cyanol, 10 mM EDTA, 50 yg/mL
heparin), heated to 95 °C for 5 min, and cooled down on ice before separation on a 12.5 % denaturing urea-
PAGE. Gels were dried for 4 h at 80 °C before phosphor-imaging visualization using an Amersham
Typhoon scanner (GE Healthcare). Technical replicates (n = 2) and comparable cleavage assays under
varied conditions (n = 3) of biological replicates (n = 2) showed consistent results. Bands were quantified

using ImageQuant TL (GE) and cleaved substrate was calculated from the intensity relative to the intensity



observed at t =0 min. Curves were fit to a One-Phase-Decay model in Prism 8 (graphpad) to derive the rate

of cleavage.

In vitro pre-crRNA processing assay

Pre-crRNA substrates were 5'-end-labelled using T4-PNK (NEB) in the presence of **P-y-ATP
(Substrate sequences are given in table S3). Processing reactions were initiated by combining 50 nM Cas®
with 1 nM substrate in pre-crRNA processing buffer (10 mM Tris pH 8 RT, 200 mM KCl, 5 mM MgCl, or
25 mM EDTA, 10 % glycerol, 1| mM DTT) and subsequently incubated at 37 °C. Substrate hydrolysis
ladders were prepared using the alkaline hydrolysis buffer according to the manufacturer's protocol
(Ambion). 10 uL of the processing reaction products were treated with 10 units T4-PNK (NEB) for 1 h at
37 °C in the absence of ATP for termini chemistry analysis. Reactions were stopped by addition of two
volumes formamide loading buffer (96 % formamide, 100 xg/mL bromophenol blue, 50 xg/mL xylene
cyanol, 10 mM EDTA, 50 pgg/mL heparin), heated to 95 °C for 3 min, and cooled down on ice before
separation on a 12.5 %, or 20 %, denaturing urea-PAGE. Gels were dried for 4 h at 80 °C before phosphor-
imaging visualization using an Amersham Typhoon scanner (GE Healthcare). Technical replicates (n = 3)
and comparable cleavage assays under varied conditions (n = 3) of biological replicates (n = 2) showed
consistent results. Bands were quantified using ImageQuant TL (GE) and processed RNA was calculated

from the intensity at t = 60 min relative to the intensity observed at t = 0 min.

Analytical size exclusion chromatography

500 uL sample (5-10 uM protein, RNA, or reconstituted RNPs) were injected onto a S200
XK10/300 size exclusion chromatography (SEC) column (GE Healthcare) pre-equilibrated in SEC buffer
(20 mM HEPES-CI pH 7.5 RT, 250 mM KCI, 5 mM MgCl, 5 % glycerol and 0.5 mM TCEP). Prior to
SEC, Cas® RNP complexes were assembled by incubating Cas® protein and pre-crRNA for 1 h in 2X pre-

crRNA processing buffer (20 mM Tris pH 8 RT, 400 mM KCl, 10 mM MgCl,, 20 % glycerol,2 mM DTT).



Genome editing in human cells

The GFP HEK?293 reporter cells were generated via lentiviral integration as previously described
(26). Cells were routinely tested for absence of mycoplasma using the MycoAlert Mycoplasma Detection
Kit (Lonza), according to the manufacturer’s protocol. GFP HEK?293 reporter cells were seeded into 96-
well plates and transfected at 60-70% confluency the next day according to the manufacturer’s protocol
with lipofectamine 3000 (Life Technologies) and 200 ng of plasmid DNA encoding the Cas® gRNA and
Cas®-P2A—PAC fusion. As a comparison control, 200 ng of plasmid DNA encoding the SpyCas9 sgRNA
and SpyCas9—P2A-PAC fusion was transfected identically, with target sequences adjusted for PAM
differences. 24 hours post-transfection, successfully transfected cells were selected for by adding 1.5 pg/mL
puromycin to the cell culture media for 72 hours. Cells were passaged regularly to maintain sub-confluent
conditions and then analyzed on an Attune NxT Flow Cytometer with an autosampler. Cells were analyzed

on the flow cytometer after 10 days to allow for clearance of GFP from cells.

Protoplast isolation and transfection

A. thaliana plants (Col-0 ecotype) were grown with 12 h light/12 h dark photoperiod under low
light (75 uE m? s™') and mesophyll protoplasts were isolated from leaves of 4-week-old plants as described
previously (27) . In brief, A. thaliana leaves were cut into 0.5-1 mm stripes with sharp razor blades and
submerged in enzyme solution (20 mM MES pH 5.7, 0.4 M mannitol, 20 mM KClI, 1.5% cellulase R10,
0.4% macerozyme R10, enzymes from Yakult Pharmaceutical Ind. Co., Ltd., Japan). The leaf stripes in
enzyme solution were vacuum infiltrated for 30 min in dark and then incubated in dark for 3 h at room
temperature. The protoplasts were released during this incubation. After the incubation, the
enzyme/protoplast solution was diluted with equal volume of W5 solution (2 mM MES pH 5.7, 154 mM
NaCl, 125 mM CaCl,, 5 mM KCl), and filtered through 70-pum nylon mesh (Carolina Biological Supplies,
cat 65222N) into round bottom tubes. Protoplasts were collected by centrifuging the flow-through at 100 g

for 2 min at 4 °C. Supernatant was removed and protoplasts (pellet) were resuspended in W5 solution at 2
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x 10° cells/ml. Resuspended protoplasts were kept on ice for 30 min for resting. During the resting, the
protoplasts were re-collected at the bottom of tubes by gravity. Then the supernatant was removed as much
as possible and the protoplasts were resuspended with MMG solution (4 mM MES PH 5.7, 0.4 M mannitol,
15 mM MgCl,) to the same volume (2 x 10° cells/ml). Sterile and RNase-free reagents were used for
protoplast isolation. Active Cas®-2 RNP complexes were reconstituted by diluting Cas®-2-NLS protein,
purified as described above, to 4 yM and gRNA to 5 uM in RNP assembly buffer as described above and
incubated for 30 min at RT. 26 uL of 4 uM RNP were first added to a round-bottom 2 mL tube. Then 200
L of protoplasts (at 2 x 10° cells/mL) were added to the tube. 2 uLL of 5 ug/uL salmon sperm DNA was
added and mixed gently by tapping the tube 3-4 times. Then, 228 uL of fresh, sterile and RNase free PEG-
CacCl, solution (40% PEG4000, 0.2 M mannitol, 100 mM CaCl,) was added to the protoplast-RNP mixture
and mixed well by gently tapping tubes. The protoplasts with PEG solution were incubated at room
temperature for 10 min, then 880 uL of W5 solution was added and mixed with the protoplasts by inverting
the tube 2-3 times to stop the transfection. Protoplasts were harvested by centrifugation at 100 rcf for 2 min,
resuspended in 1 mL WI solution (4 mM MES pH 5.7,0.5 M mannitol, 20 mM KCI) and plated into 6-well
plates pre-coated with 5% calf serum. The lids of the 6-well plates were closed to begin the incubation of
the protoplasts. For control samples, 10 ug of HBT-sGFP plasmid (ABRC stock CD3-911) were added to
200 p1 protoplasts and followed the same transfection and plating procedure as stated above. For the initial
RNP screening experiment, the protoplasts were incubated at RT for 12 h, then moved to 37 °C for 2.5 h.
Then, the protoplasts were moved back to room temperature and incubated for a total duration of 36 h. For
the independent experiment where gRNA28, gRNA31 and gRNA33 were tested, the protoplasts were
incubated at RT for 12 hours, then moved to 37 °C for 2.5 h. Then, the protoplasts were moved back to
room temperature and incubated for a total duration of 48 h. At the end of the incubations, the protoplasts
were collected by a first centrifugation at 100 rcf for 2-3 min. Keeping the pellet, the supernatant was moved
to another tube and went through another centrifugation at 3000 rcf for 3 min to collect any residue

protoplasts. Pellets from these two centrifugations were combined and flash frozen for further analysis.
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Amplicon sequencing

DNAs of protoplast samples were extracted using the Qiagen DNeasy plant mini kit. Amplicons

were obtained by two rounds of PCR (2-step PCR). Amplification primers for the first round of PCR were
designed to have the 3’ part of primer with sequences flanking a 200-300 bp fragment of the AzPDS3 gene

around the guide RNA of interest. The 5’ part of the primer contained sequences to be bound by common
sequencing primers (for reading paired-end reads, read 1 and read 2). The primers were designed so that
the gRNA sequence started from within 100 bp from the beginning of read 1. The first round of PCR was
done with Phusion High-Fidelity Polymerase (ThermoFisher cat F530N). Half of all DNA from a protoplast
transfection sample was used as the template, and 25 cycles of amplification were done for the first round.
Then the reaction was cleaned by 1x Ampure XP beads (Beckman Coulter A63881). The elution from the
cleanup was used as the template for the second round of PCR by Phusion High-Fidelity Polymerase with
12 cycles. The second round of PCR was designed so that indices were added to each sample. The samples
were then purified by 0.8-1 X Ampure beads for 1-2 rounds until no primer dimers were seen, with
fragments below 200 bp considered primer dimers. Then amplicons were sent for paired-end 150 bp next

generation sequencing.

Amplicon sequencing result analysis

Reads were first quality- and adaptor-trimmed with trim-galore (version 0.4.4), then mapped to the
AtPDS3 genomic region. Sorted and indexed bam files were used as input files for further analysis by the
CrispRvariants R package. Each mutation pattern with corresponding reads counts were exported by the
CrispRvariants R package. After assessing all control samples, a criterion to classify reads containing
deletion was established: only reads with = 3 bp deletion of same pattern (deletion of same size starting
with same location) with = 100 reads counts from a sample were counted into the reads number with
deletion. This criterion was established due to the fact that 1 bp indels and occasionally 2 bp deletions were

observed with reads number >100 in control samples. Larger deletions were also observed at very low
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frequencies in control samples. These observations indicate that occasional PCR inaccuracy and low-quality
sequencing in a small fraction of reads can result in the deletion patterns with corresponding read number
ranges as stated above in control samples. These stringent criteria were employed so that the counted
deletion signals were true signals indicating editing events, though it is possible that Cas®-2 might be able

to create 1-2 bp deletions at lower frequency.
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Supplementary Text

To assess the role of the RuvC domain in DNA cleavage, the active site was mutated
(D371A, D394A, or D413A) to produce a deactivated Cas® variant (dCas®) that did not cleave
dsDNA, ssDNA or ssRNA in vitro (fig. S6A, B). When expressed in E. coli along with crRNA,
dCas® could not prevent transformation of a crRNA-complementary plasmid, consistent with a
requirement for RuvC-catalyzed DNA cutting (fig. S3). This observation, together with the
delayed cleavage of the TS after NTS cleavage (Fig. 2D; fig. S7), suggests that Cas® cleaves each
strand sequentially within the RuvC active site. Sequential strand cleavage is consistent with the
dsDNA cutting mechanism of the type V CRISPR-Cas proteins (28, 29) that share closest

evolutionary origin with Cas®.
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Fig. S1. Maximum likelihood phylogenetic tree of type V subtypes a-k. Phage-encoded Cas® proteins are
outlined in red, with prokaryote and transposon-encoded proteins in blue. Bootstrap and approximate

likelihood ratio test values >90 are shown on the branches (circles).
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Fig. S3. Cas®-3 protects against plasmid transformation. (A) Scheme illustrating the efficiency of
transformation (EOT) assay. (B) EOT assay showing that Cas®, programmed by a beta-lactamase (bla)
gene targeting guide, reduces the efficiency of pUCI19 transformation (red bars). Experiments were
performed in three biological replicates and technical electroporation transformation triplicates (dots; n =
3 each, mean + s.d.). Competent cells were tested for general transformation efficiency (grey bars) by
transformation of pYTKO095, which is not targeted by the tested bla and NT (non-targeting) guide. (C)
EOT in dependence of Cas®-3 RuvC active site residue variation (RuvCIl: D413A; RuvCIl: E618A;
RuvCIII: D708A). N = 3 each, mean + s.d.. Competent cells were tested for general transformation
efficiency (grey bars).
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Fig. S4. Purification of apo Cas®. (A) SDS-PAGE of the purified apo Cas® orthologs and their dCasd

variants. (B) Analytical size-exclusion chromatography (S200) of Cas®-1 WT (blue trace) and dCasP-1

(orange trace). (C) Analytical size-exclusion chromatography (S200) of Cas®-2 WT (blue trace) and

dCas®-2 (orange trace). D) Analytical size-exclusion chromatography (S200) of Cas®-3 WT (blue trace)

and dCas®-3 (orange trace).
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Fig. S5. Cas® targets DNA in vitro to produce staggered cuts. (A) Linear PCR-fragment cleavage assay

testing Cas® RNPs reconstituted with crRNAs of different spacer lengths in presence of a cognate 5

TTA-3'"PAM (above), or non-cognate 5-CCA-3'PAM (below). (B) Cleavage assay targeting dsDNA

oligo-duplices for mapping of the cleavage structure. (C) Scheme illustrating the cleavage pattern of the

staggered cuts. Shown are the proposed R-loop (replication loop) structures formed by Cas® upon target

DNA binding to the crRNA spacer.

19



Cas®-1 RNP Cas®-2 RNP
WT D371A WT D3g4A WT D413A

#P-NTS/TS NTS/?P-TS ¥P-NTS/TS NTS/?P-TS **P-NTS/TS NTS/P-TS **P-NTS/TS NTSFP-TS #P-NTS/TS NTS/?P-TS *P-NTS/TS NTS/?P-TS
o ___— ) 1 ] ] ] ] _——]_ __———]_ __——"1] t{min):0,5, 15,60, 120

Cas®-3 RNP

Sec 0s. 0000000000~  boc. secensesey SRon ~enssRSpee® |ISDNASubstrate
. " _:;TS
8888 Viss &L\
- - TS _t 54
. .”_ !' NTS =—— ;@
#2P-TS ssDNA 2P-TS ssRNA
Cas®-1 RNP Cas®-2 RNP Cas®-3 RNP Cas®-1 RNP Cas®-2 RNP Cas®-3 RNP

WT D371A WT D3%4A WT D413A WT D371A WT D394A WT D413A
i i /"1 _..——__.-—"__-—"7_—_ _——7 _—] __——] _——] _———] _———]

t(min): 0, 5, 15, 60, 120

o0 on o~ B0 0PSO sTSSRee

- onon 80 e® ssDNA Substrate

(T 1] SabB88iccccctsssuttsnnnse @@ | ssRNASubstrate

. -

LR 2
TS

o

Fig. S6. Cas® targets dsSDNA and ssDNA, but not RNA in vitro. (A) Cleavage assay assessing the ability

of Cas® and dCas® variant (D371A, D394A and D413A) RNPs to cleave the target strand (TS), and

non-target strand (NTS), of a dsDNA oligo duplex. (B) Cleavage assay testing the ability of Cas® and

dCas® variant (D371A, D394A and D413A) RNPs to target and cleave a single stranded DNA, or RNA,

target strand.
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Fig. S7. Cleavage assay comparing TS and NTS cleavage efficiency by Cas®. (A) Cleavage assay

curves, fit to the One Phase Decay model using Prism 8 (GraphPad) (n = 3 each, mean =+ s.d.). Cleaved
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fractions are calculated based on the substrate band intensities at t = (0 min) (panel B) relative to the
respective time point. (B) Urea-PAGE gels of the three independent reaction replicates (Replicates 1, 2

and 3). This panel also relates to main text Figure 2D for Cas®-2.
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Fig. S8. Cas® targets ssDNA, but not RNA, in trans upon activation in cis. (A) Cleavage assay

comparing the trans-cleavage activities of Cas®-1, Cas®-2 and Cas®-3 on ssDNA and ssRNA as targets

in trans in dependence of either ssDNA, dsDNA, or ssSRNA as activators in cis. (B) Cleavage assay

comparing the trans-cleavage activity of Cas®-1, Cas®-2 and Cas®P-3.
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Fig. S9. Cas®-1 and Cas®d-2, but not Cas®-3, process pre-crRNA. (A) Assay testing pre-crRNA

processing for Cas®-1, Cas®-2 and Cas®-3 in dependence of Mg?* and RuvC active site catalytic



residues (dCas® variants). (B) Processing reaction replicates for Cas®-1 and Cas®-2 att =0 min and t =
60 min. Purple squares indicate quantified bands. This panel relates to main text Figure 3B. (C) Assay
testing pre-crRNA processing for Cas®-1, Cas®-2 and AsCas12a in dependence of Mg** and RuvC

active site catalytic residues (dCas® variants).

25



mAU

W @ Caso-1wT
wi (@ Caso-1WTRNP
120 O pre-crRNA

@ caso2wt
@ case2WTRNP
O pre-ciRNA

Cas®-1 WT RNP reconstitution

mAU
@ ccase-10371A

«
@ dCase-10371ARNP

2 () prewRNA

Cas®-1 D371A RNP reconstitution

— 280 nm

@ dCas»-2 D3HARNP
() pre-ciRNA

5 ® 15 »

Cas®-2 WT RNP reconstitution

@ ccasv-2D304A :

Cas®-2 D394A RNP reconstitution

i
@ dCasv-3Da13ARNP |
i

Q) prearNA |
i

|

i

i

i

i

i

@ casvawt vans 254 0M
@ cese-3WTRNP
() pre<iRNA
5 10 \.E 20 ] m
Cas®-3 WT RNP reconstitution
— 280m
@ dcase-3panaa 4 ras 254 nm

mL

Cas®-3 D413A RNP reconstitution
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Fig. S11. Cas® mediated EGFP gene disruption in HEK293 cells. (A) EGFP disruption by three
Streptococcus pyogenes Cas9 guides (n = 3 each, mean + s.d.) (B) Cas® guides that had an EGFP
disruption below 5 % (n = 3 each, mean + s.d.). (C) EGFP map showing the target sites and orientation of
guides (arrows and numbers). Yellow triangles indicate the best guides for gene disruption (relates to

main text figure 4A). Guide sequences are listed in table S2.
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Fig. S12. Cas®-2 mediated gene editing in plant cells. (A) (B) AtPDS3 gene (partial) map showing the
location of guide RNA target sites and the orientation of guide RNAs (numbers and arrows).Yellow

triangles indicate guides that resulted in gene editing events. (B) Initial screening of Cas®-2 RNP with
gRNA24-33 for gene editing activity in A. thaliana protoplasts (n = 1, each). Control sample DNA was

amplified and sequenced for target region of gRNA33. (C) An independent round of gene editing

experiments were performed with gRNA28, gRNA31 and gRNA33 (n = 1, each). Three control samples

were amplified and sequenced for the target regions of gRNA28, gRNA31 and gRNA33.
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Supplementary Table S1: Plasmids

ID # Assay Features Selection marker
pPP048 PAM-depletion, | pBLO1-backbone derived plasmid containing Cas®-1 locus under control of Chloramphenicol
RNA-seq tetracycline inducible promoter. Contains mini-CRISPR non-targeting Aarl-GG
stuffer spacer.
pPP053 PAM-depletion, | pBLO1-backbone derived plasmid containing Cas®-2 locus under control of Chloramphenicol
RNA-seq tetracycline inducible promoter. Contains mini-CRISPR non-targeting Aarl-GG
stuffer spacer. Cas® gene was codon optimized for expression in E. coli.
pPP060 PAM-depletion, | pBLO1-backbone derived plasmid containing Cas®-3 locus under control of Chloramphenicol
RNA-seq tetracycline inducible promoter. Contains mini-CRISPR non-targeting Aarl-GG
stuffer spacer.
pPP049 PAM-depletion pBLO1-backbone derived plasmid containing Cas®-1 locus under control of Chloramphenicol
tetracycline inducible promoter. Contains mini-CRISPR with PAM-library
targeting spacer.
pPP056 PAM-depletion pBLO1-backbone derived plasmid containing Cas®-2 locus under control of Chloramphenicol
tetracycline inducible promoter. Contains mini-CRISPR with PAM-library
targeting spacer. Cas@® gene was codon optimized for expression in E. coli.
pPP062 PAM-depletion pBLO1-backbone derived plasmid containing Cas®-3 locus under control of Chloramphenicol
tetracycline inducible promoter. Contains mini-CRISPR with PAM-library
targeting spacer.
pPP09%4 PAM-depletion pRSF-Duet! derived plasmid containing Cas@®-1 in MCS1 and a mini CRISPR Kanamycin
(repeat-spacer-repeat) in MCS2. Contains non-targeting Aarl-GG stuffer spacer.
pPP100 PAM-depletion pRSF-Duet! derived plasmid containing Cas@®-2 in MCS1 and a mini CRISPR Kanamycin
(repeat-spacer-repeat) in MCS2. Contains non-targeting Aarl-GG stuffer spacer.
pPP106 PAM-depletion pRSF-Duet! derived plasmid containing Cas@®-3 in MCS1 and a mini CRISPR Kanamycin
(repeat-spacer-repeat) in MCS2. Contains non-targeting Aarl-GG stuffer spacer.
pPP097 PAM-depletion pRSF-Duet! derived plasmid containing Cas®-1 in MCS1 and a mini CRISPR Kanamycin
(repeat-spacer-repeat) in MCS2. Contains mini-CRISPR with PAM-library
targeting spacer.
pPP102 PAM-depletion pRSF-Duet! derived plasmid containing Cas@®-2 in MCS1 and a mini CRISPR Kanamycin
(repeat-spacer-repeat) in MCS2. Contains mini-CRISPR with PAM-library
targeting spacer.
pPP107 PAM-depletion pRSF-Duet! derived plasmid containing Cas@®-3 in MCS1 and a mini CRISPR Kanamycin
(repeat-spacer-repeat) in MCS2.Contains mini-CRISPR with PAM-library
targeting spacer.
pPP190 Efficiency of pRSF-Duet! derived plasmid containing Cas@®-3 in MCS1 and a mini CRISPR Kanamycin
transformation (repeat-spacer-HDVrz) in MCS2. Contains non-targeting Aarl-GG stuffer spacer.
pPP192 Efficiency of pRSF-Duet! derived plasmid containing Cas@®-3 in MCS1 and a mini CRISPR Kanamycin
transformation (repeat-spacer-HDVrz) in MCS2. Contains bla gene targeting spacer.
pPP240 Efficiency of pRSF-Duetl derived plasmid containing dCas®-3 (D413A) in MCS1 and a mini | Kanamycin
transformation CRISPR (repeat-spacer-HDVrz) in MCS2. Contains bla gene targeting spacer.
pPP242 Efficiency of pRSF-Duetl derived plasmid containing dCas®-3 (E618A) in MCS1 and a mini Kanamycin
transformation CRISPR (repeat-spacer-HDVrz) in MCS2. Contains bla gene targeting spacer.
pPP244 Efficiency of pRSF-Duetl derived plasmid containing dCas®-3 (D708A) in MCS1 and a mini | Kanamycin
transformation CRISPR (repeat-spacer-HDVrz) in MCS2. Contains bla gene targeting spacer.
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pPP076 Protein PRSF-Duetl derived plasmid containing C-terminally hexa-histidine tagged Kanamycin
purification Cas®-1 in MCS1.
pPP085 Protein PRSF-Duetl derived plasmid containing C-terminally hexa-histidine tagged Kanamycin
purification Cas®-2 in MCS1.
pPP089 Protein PpRSF-Duetl derived plasmid containing C-terminally hexa-histidine tagged Kanamycin
purification Cas®-3 in MCS1.
pPP378 Protein PpRSF-Duetl derived plasmid containing C-terminally hexa-histidine tagged Kanamycin
purification dCas®-1 (D371A) in MCSI1.
PP381 Protein RSF-Duetl derived plasmid containing C-terminally hexa-histidine tagged Kanamycin
p p P g y 28 y
purification dCas®-2 (D394A) in MCS1.
PP384 Protein RSF-Duetl derived plasmid containing C-terminally hexa-histidine tagged Kanamycin
p p P g y 28 y
purification dCas®-3 (D431A) in MCS1.
pPP338 Cleavage assay pYTKO95 derived plasmid containing a protospacer corresponding to position 1- | Ampicillin
24 of spacer 2 from the Cas®-1 CRISPR-array, as derived from metagenomic
analysis. PAM: 5-TTA (cognate)
pPP341 Cleavage assay pYTKO95 derived plasmid containing a protospacer corresponding to position 1- | Ampicillin
24 of spacer 2 from the Cas®-1 CRISPR-array, as derived from metagenomic
analysis. PAM: 5-CCA (non-cognate)
pPP394 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | S@piens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. SapI-GG stuffer spacer.
pPP441 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | S@piens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. SapI-GG stuffer spacer.
pPP444 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Pur(?mycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. SapI-GG stuffer spacer.
pPP400 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #1 spacer.
pPP403 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Pur(?mycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #15 spacer.
pPP406 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)

CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #2 spacer.

Puromycin (H.
Sapiens)
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pPP409 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #16 spacer.

pPP412 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #17 spacer.

pPP415 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #3 spacer.

pPP417 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #18 spacer.

pPP420 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | S@piens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #19 spacer.

pPP423 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | S@piens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #20 spacer.

pPP426 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #4 spacer.

pPP428 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #21 spacer.

pPP429 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #22 spacer.

pPP432 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)

CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #5 spacer.

Puromycin (H.
Sapiens)
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pPP435 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #23 spacer.

pPP438 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-1 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-1 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. Non-targeting scrambled guide spacer.

pPP447 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #1 spacer.

pPP449 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #2 spacer.

pPP452 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | S@piens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #3 spacer.

pPP455 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | S@piens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #4 spacer.

pPP458 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #5 spacer.

pPP460 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #6 spacer.

pPP463 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #9 spacer.

pPP466 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)

CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #10 spacer.

Puromycin (H.
Sapiens)
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pPP468 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #7 spacer.

pPP471 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #8 spacer.

pPP473 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #14 spacer.

pPP475 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-2 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-2 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. Non-targeting scrambled guide spacer.

pPP478 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | Sapiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #5 spacer.

pPP481 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | Sapiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #6 spacer.

pPP484 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | Sapiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #7 spacer.

pPP487 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #8 spacer.

pPP490 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #9 spacer.

pPP493 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)

CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #10 spacer.

Puromycin (H.
Sapiens)
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pPP495 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #11 spacer.

pPP498 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #12 spacer.

pPP501 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #13 spacer.

pPP504 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | SaPiens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. EGFP targeting guide #14 spacer.

pPP506 Genome editing Plasmid contains Homo sapiens codon optimized Cas®-3 under the control of Ampicillin (E. coli)
CMV-CAG promoter. Cas®-3 is C-terminally fused to two SV40 NLS Puromycin (H.
sequences, a FLAG tag and linked to PuroR via the P2A peptide sequence. Locus | S@piens)
for guide expression is controlled by U6-promoter and constitutes a repeat-spacer
unit terminated by a poly-T sequence. Non-targeting scrambled guide spacer.

pBFC545 Genome editing Plasmid contains SpyCas9 under the control of CMV-CAG promoter. SpyCas9 is | Ampicillin (E. coli)
N-terminally and C-terminally fused to SV40 NLS sequences, a FLAG tag and Puromycin (H.
C-terminally linked to PuroR via the P2A peptide sequence. Locus for guide Sapiens)
expression is controlled by U6-promoter and constitutes a spacer-repeat-tracr unit
terminated by a poly-T sequence.
EGFP targeting single-guide (sg) #1

pBFC546 Genome editing Plasmid contains SpyCas9 under the control of CMV-CAG promoter. SpyCas9 is | Ampicillin (E. coli)
N-terminally and C-terminally fused to SV40 NLS sequences, a FLAG tag and Puromycin (H.
C-terminally linked to PuroR via the P2A peptide sequence. Locus for guide Sapiens)
expression is controlled by U6-promoter and constitutes a spacer-repeat-tracr unit
terminated by a poly-T sequence.
EGFP targeting single-guide (sg) #2

pBFC547 Genome editing Plasmid contains SpyCas9 under the control of CMV-CAG promoter. SpyCas9 is | Ampicillin (E. coli)
N-terminally and C-terminally fused to SV40 NLS sequences, a FLAG tag and Puromycin (H.
C-terminally linked to PuroR via the P2A peptide sequence. Locus for guide Sapiens)
expression is controlled by U6-promoter and constitutes a spacer-repeat-tracr unit
terminated by a poly-T sequence.
EGFP targeting single-guide (sg) #3

pPP537 Protein pRSF-Duetl derived plasmid containing C-terminally 2xSV40 NLS and hexa- Kanamycin

purification histidine tagged Cas®-2 in MCS1.
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Supplementary Table S2: Guide sequences for in vivo experiments

ID # Assay Description Spacer sequence
g _Lib PAM-depletion Cas® guide targeting the PAM depletion library plasmid CTGGAGTTGTCCCAATTCTTGTTGAAT
next to the randomized PAM sequence TAGATGGT

g_bla Efficiency of Cas® guide targeting the beta lactamase gene (bla) of AACATTTCCGTGTCGCCCTTATTCCCT
transformation pUC19 TTTTTGCG

sg_1 Genome editing | SpyCas9 single-guide targeting the EGFP gene GGCGAGGGCGATGCCACCTA

sg 2 Genome editing | SpyCas9 single-guide targeting the EGFP gene TTCAAGTCCGCCATGCCCGA

sg_3 Genome editing | SpyCas9 single-guide targeting the EGFP gene GGTGAACCGCATCGAGCTGA

g 1 Genome editing | Cas® guide targeting the EGFP gene CTTGTACAGCTCGTCCATGC

g2 Genome editing | Cas® guide targeting the EGFP gene TCGGGCAGCAGCACGGGGCC

g3 Genome editing | Cas® guide targeting the EGFP gene TAGTTGTACTCCAGCTTGTG

g 4 Genome editing | Cas® guide targeting the EGFP gene TGGCCGTTTACGTCGCCGTC

g5 Genome editing | Cas® guide targeting the EGFP gene AAGAAGTCGTGCTGCTTCAT

g6 Genome editing | Cas® guide targeting the EGFP gene ACCGGGGTGGTGCCCATCCT

g 7 Genome editing | Cas® guide targeting the EGFP gene AGCGTGTCCGGCGAGGGCGA

g 8 Genome editing | Cas® guide targeting the EGFP gene ATCTGCACCACCGGCAAGCT

g9 Genome editing | Cas® guide targeting the EGFP gene GAGGGCGACACCCTGGTGAA

g_10 Genome editing | Cas® guide targeting the EGFP gene ACCAGGGTGTCGCCCTCGAA

g 11 Genome editing | Cas® guide targeting the EGFP gene TTCTGCTTGTCGGCCATGAT
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g 12 Genome editing | Cas® guide targeting the EGFP gene ACCTTGATGCCGTTCTTCTG
g 13 Genome editing | Cas® guide targeting the EGFP gene TGCTGGTAGTGGTCGGCGAG
g 14 Genome editing | Cas® guide targeting the EGFP gene GTGACCGCCGCCGGGATCAC
g 15 Genome editing | Cas® guide targeting the EGFP gene GGGTCTTTGCTCAGCTTGGA
g 16 Genome editing | Cas® guide targeting the EGFP gene TGGCGGATCTTGAAGTTCAC
g 17 Genome editing | Cas® guide targeting the EGFP gene TGGCTGTTGTAGTTGTACTC
g 18 Genome editing | Cas® guide targeting the EGFP gene TACTCCAGCTTGTGCCCCAG
g 19 Genome editing | Cas® guide targeting the EGFP gene CCGTCCTCCTTGAAGTCGAT
g 20 Genome editing | Cas® guide targeting the EGFP gene CCGTCGTCCTTGAAGAAGAT
g 21 Genome editing | Cas® guide targeting the EGFP gene CCGTAGGTGGCATCGCCCTC
g 22 Genome editing | Cas® guide targeting the EGFP gene CCGGTGGTGCAGATGAACTT
g 23 Genome editing | Cas® guide targeting the EGFP gene AAGAAGATGGTGCGCTCCTG
g 24 Genome editing | Cas® guide targeting the PDS3 gene AAACGGGTTTTTGGAGGC

g 25 Genome editing | Cas® guide targeting the PDS3 gene CTATGCCAAGTAAACCTG
g_26 Genome editing | Cas® guide targeting the PDS3 gene TATGCCAAGTAAACCTGG
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g 27 Genome editing | Cas® guide targeting the PDS3 gene AGGCACTTTCATCTGGAG
g 28 Genome editing | Cas® guide targeting the PDS3 gene GCCTTATCAAAACGGGTT
g 29 Genome editing | Cas® guide targeting the PDS3 gene TTGCTATGCCAAGTAAAC
g 30 Genome editing | Cas® guide targeting the PDS3 gene TAGGACATCTGGGAAGTC
g 31 Genome editing | Cas® guide targeting the PDS3 gene TTGTTCCGCAAAATAGCC
g 32 Genome editing | Cas® guide targeting the PDS3 gene AAAGTACCTGGCTGATGC
g 33 Genome editing | Cas® guide targeting the PDS3 gene CAGTTGACAATCCAGCCA
g NT Genome editing | Non-targeting scrambled Cas® guide CGTGATGGTCTCGATTGAGT

Supplementary Table S3: Substrate sequences for in vitro experiments

sequence), as derived from metagenomic
analysis. Cognate PAM: 5-TTA (red sequence)

ID # Assay Description Sequence (5'->3')
rPP001 pre-crRNA Contains from 5'->3": 4 nt of spacer #1, 36 nt HO-
processing repeat #2 (grey), 20 nt of spacer #2 from the CACA
genomic Cas®-1 CRISPR array AGCUGGUAAUGGGAUACCUU
rPP002 pre-crRNA Contains from 5'->3": 4 nt of spacer #2, 36 nt HO-
processing repeat #3 (grey), 20 nt of spacer #3 from the UAAU
genomic Cas®-2 CRISPR array UGCCGCCUCCGCGACGCCCA
rPP003 pre-crRNA Contains from 5'->3": 4 nt of leader, 36 nt repeat | HO-
processing #1 (grey), 20 nt of spacer #1 from the genomic AUUA
Cas®-3 CRISPR array UAUGAGCUUAUGUACAUCAA
rGJK008 pre-crRNA AsCas12a pre-crRNA substrate HO-
processing GACCUUUUUAAUUUCUACUCUUGUAGAUAAAG
UGCUCAUCAUUGGAAAACGU
pPP338 Spacer tiling pYTKO95 derived plasmid containing a circular dsSDNA
cleavage protospacer corresponding to position 1-24 of CCAATGCTTAATCAGTGAGGCACCTATCTCAGCG
assay spacer 2 from the Cas®-1 CRISPR-array (blue ATCTGTCTATTTCGTTCATCCATAGTTGCCTGACT

CCCCGTCGTGTAGATAACTACGATACGGGAGGG
CTTACCATCTGGCCCCAGTGCTGCAATGATACCG
CGGGACCCACGCTCACCGGCTCCAGATTTATCAG
CAATAAACCAGCCAGCCGGAAGGGCCGAGCGCA
GAAGTGGTCCTGCAACTTTATCCGCCTCCATCCA
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GTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGT
AGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTG
CCATTGCTACAGGCATCGTGGTGTCACGCTCGTC
GTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAA
CGATCAAGGCGAGTTACATGATCCCCCATGTTGT
GCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGAT
CGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCA
CTCATGGTTATGGCAGCACTGCATAATTCTCTTA
CTGTCATGCCATCCGTAAGATGCTTTTCTGTGAC
TGGTGAGTACTCAACCAAGTCATTCTGAGAATAG
TGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGT
CAATACGGGATAATACCGCGCCACATAGCAGAA
CTTTAAAAGTGCTCATCATTGGAAAACGTTCTTC
GGGGCGAAAACTCTCAAGGATCTTACCGCTGTTG
AGATCCAGTTCGATGTAACCCACTCGTGCACCCA
ACTGATCTTCAGCATCTTTTACTTTCACCAGCGTT
TCTGGGTGAGCAAAAACAGGAAGGCAAAATGCC
GCAAAAAAGGGAATAAGGGCGACACGGAAATG
TTGAATACTCATACTCTTCCTTTTTCAATATTATT
GAAGCATTTATCAGGGTTATTGTCTCATGAGCGG
ATACATATTTGAATGTATTTAGAAAAATAAACAA
ATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGC
CACCTGTCATGACCAAAATCCCTTAACGTGAGTT
TTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAG
ATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCG
CGTAATCTGCTGCTTGCAAACAAAAAAACCACC
GCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAG
CTACCAACTCTTTTTCCGAAGGTAACTGGCTTCA
GCAGAGCGCAGATACCAAATACTGTTCTTCTAGT
GTAGCCGTAGTTAGGCCACCACTTCAAGAACTCT
GTAGCACCGCCTACATACCTCGCTCTGCTAATCC
TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTC
GTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGG
GGTTCGTGCACACAGCCCAGCTTGGAGCGAACG
ACCTACACCGAACTGAGATACCTACAGCGTGAG
CTATGAGAAAGCGCCACGCTTCCCGAAGGGAGA
AAGGCGGACAGGTATCCGGTAAGCGGCAGGGTC
GGAACAGGAGAGCGCACGAGGGAGCTTCCAGGG
GGAAACGCCTGGTATCTTTATAGTCCTGTCGGGT
TTCGCCACCTCTGACTTGAGCGTCGATTTTTGTG
ATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAA
CGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCC
TTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGC
GTTATCCCCTGATTCTGTGGATAACCGTGCGGCC
GCCCCTTGTAGTTAAGCTGGTAATGGGATACCT
TGTGCTACAGCGGCCGCGATTATCAAAAAGGAT
CTTCACCTAGATCCTTTTAAATTAAAAATGAAGT
TTTAAATCAATCTAAAGTATATATGAGTAAACTT
GGTCTGACAGTTA

PCR-
pPP338

Spacer tiling
cleavage
assay

PCR fragment of pYTKO095 derived plasmid
containing a protospacer corresponding to
position 1-24 of spacer 2 from the Cas®-1
CRISPR-array (blue sequence), as derived from
metagenomic analysis. Cognate PAM: 5-TTA
(red sequence)

linear dsDNA
GCTCTTGCCCGGCGTCAATACGGGATAATACCGC
GCCACATAGCAGAACTTTAAAAGTGCTCATCATT
GGAAAACGTTCTTCGGGGCGAAAACTCTCAAGG
ATCTTACCGCTGTTGAGATCCAGTTCGATGTAAC
CCACTCGTGCACCCAACTGATCTTCAGCATCTTT
TACTTTCACCAGCGTTTCTGGGTGAGCAAAAACA
GGAAGGCAAAATGCCGCAAAAAAGGGAATAAG
GGCGACACGGAAATGTTGAATACTCATACTCTTC
CTTTTTCAATATTATTGAAGCATTTATCAGGGTT
ATTGTCTCATGAGCGGATACATATTTGAATGTAT
TTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTGTCATGACCAAA
ATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGT
CAGACCCCGTAGAAAAGATCAAAGGATCTTCTT
GAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTG
CAAACAAAAAAACCACCGCTACCAGCGGTGGTT
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TGTTTGCCGGATCAAGAGCTACCAACTCTTTTTC
CGAAGGTAACTGGCTTCAGCAGAGCGCAGATAC
CAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGG
CCACCACTTCAAGAACTCTGTAGCACCGCCTACA
TACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG
CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTT
GGACTCAAGACGATAGTTACCGGATAAGGCGCA
GCGGTCGGGCTGAACGGGGGGTTCGTGCACACA
GCCCAGCTTGGAGCGAACGACCTACACCGAACT
GAGATACCTACAGCGTGAGCTATGAGAAAGCGC
CACGCTTCCCGAAGGGAGAAAGGCGGACAGGTA
TCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCG
CACGAGGGAGCTTCCAGGGGGAAACGCCTGGTA
TCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGAC
TTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGG
GCGGAGCCTATGGAAAAACGCCAGCAACGCGGC
CTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTG
CTCACATGTTCTTTCCTGCGTTATCCCCTGATTCT
GTGGATAACCGTGCGGCCGCCCCTTGTAGTTAA
GCTGGTAATGGGATACCTTGTGCTACAGCGGC
CGCGATTATCAAAAAGGATCTTCACCTAGATCCT
TTTAAATTAAAAATGAAGTTTTAAATCAATCTAA
AGTATATATGAGTAAACTTGGTCTGACAGTTACC
AATGCTTAATCAGTGAGGCACCTATCTCAGCGAT
CTGTCTATTTCGTTCATCCATAGTTGCCTGACTCC
CCGTCGTGTAGATAACTACGATACGGGAGGGCT
TACCATCTGGCCCCAGTGCTGCAATGATACCGCG
GGACCCACGCTCACCGGCTCCAGATTTATCAGCA
ATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGA
AGTGGTCCTGCAACTTTATCCGCCTCCATCCAGT
CTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAG
TTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCC
ATTGCTACAGGCATCGTGGTGTCACGCTCGTCGT
TTGGTATGGCTTCATTCAGCTCCGGTTCCCAACG
ATCAAGGCGAGTTACATGATCCCCCATGTTGTGC
AAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCG
TTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACT
CATGGTTATGGCAGCACTGCATAATTCTCTTACT
GTCATGCCATCCGTAAGATGCTTTTCTGTGACTG
GTGAGTACTCAACCAAGTCATTCTGAGAATAGTG
TATGCGGCG

PCR-
pPP341

Spacer tiling
cleavage
assay

PCR fragment of pYTKO095 derived plasmid
containing a protospacer corresponding to
position 1-24 of spacer 2 from the Cas®-1
CRISPR-array (blue sequence), as derived from
metagenomic analysis. Non-cognate PAM: 5-
CCA (red sequence)

linear dsSDNA
GCTCTTGCCCGGCGTCAATACGGGATAATACCGC
GCCACATAGCAGAACTTTAAAAGTGCTCATCATT
GGAAAACGTTCTTCGGGGCGAAAACTCTCAAGG
ATCTTACCGCTGTTGAGATCCAGTTCGATGTAAC
CCACTCGTGCACCCAACTGATCTTCAGCATCTTT
TACTTTCACCAGCGTTTCTGGGTGAGCAAAAACA
GGAAGGCAAAATGCCGCAAAAAAGGGAATAAG
GGCGACACGGAAATGTTGAATACTCATACTCTTC
CTTTTTCAATATTATTGAAGCATTTATCAGGGTT
ATTGTCTCATGAGCGGATACATATTTGAATGTAT
TTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTGTCATGACCAAA
ATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGT
CAGACCCCGTAGAAAAGATCAAAGGATCTTCTT
GAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTG
CAAACAAAAAAACCACCGCTACCAGCGGTGGTT
TGTTTGCCGGATCAAGAGCTACCAACTCTTTTTC
CGAAGGTAACTGGCTTCAGCAGAGCGCAGATAC
CAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGG
CCACCACTTCAAGAACTCTGTAGCACCGCCTACA
TACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG
CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTT
GGACTCAAGACGATAGTTACCGGATAAGGCGCA
GCGGTCGGGCTGAACGGGGGGTTCGTGCACACA
GCCCAGCTTGGAGCGAACGACCTACACCGAACT

39



GAGATACCTACAGCGTGAGCTATGAGAAAGCGC
CACGCTTCCCGAAGGGAGAAAGGCGGACAGGTA
TCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCG
CACGAGGGAGCTTCCAGGGGGAAACGCCTGGTA
TCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGAC
TTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGG
GCGGAGCCTATGGAAAAACGCCAGCAACGCGGC
CTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTG
CTCACATGTTCTTTCCTGCGTTATCCCCTGATTCT
GTGGATAACCGTGCGGCCGCCCCTTGTAGCCAA
GCTGGTAATGGGATACCTTGTGCTACAGCGGC
CGCGATTATCAAAAAGGATCTTCACCTAGATCCT
TTTAAATTAAAAATGAAGTTTTAAATCAATCTAA
AGTATATATGAGTAAACTTGGTCTGACAGTTACC
AATGCTTAATCAGTGAGGCACCTATCTCAGCGAT
CTGTCTATTTCGTTCATCCATAGTTGCCTGACTCC
CCGTCGTGTAGATAACTACGATACGGGAGGGCT
TACCATCTGGCCCCAGTGCTGCAATGATACCGCG
GGACCCACGCTCACCGGCTCCAGATTTATCAGCA
ATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGA
AGTGGTCCTGCAACTTTATCCGCCTCCATCCAGT
CTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAG
TTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCC
ATTGCTACAGGCATCGTGGTGTCACGCTCGTCGT
TTGGTATGGCTTCATTCAGCTCCGGTTCCCAACG
ATCAAGGCGAGTTACATGATCCCCCATGTTGTGC
AAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCG
TTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACT
CATGGTTATGGCAGCACTGCATAATTCTCTTACT
GTCATGCCATCCGTAAGATGCTTTTCTGTGACTG
GTGAGTACTCAACCAAGTCATTCTGAGAATAGTG
TATGCGGCG

oPP510

radiolabeled
cleavage
assay

DNA non-target strand for Cas®-1 and Cas®-2
cleavage assays

HO-
CGGCCGCCCCTTGTAGTTAAGCTGGTAATGGGAT
ACCTTGTGCTACAGCGGCCGCG

oPP511

radiolabeled
cleavage
assay

DNA target strand for Cas®-1 and Cas®-2
cleavage assays

HO-
CGCGGCCGCTGTAGCACAAGGTATCCCATTACCA
GCTTAACTACAAGGGGCGGCCG

oPP596

radiolabeled
cleavage
assay

DNA non-target strand for Cas®-3 cleavage
assays

HO-
CGGCCGCCCCTTGTAATTCAGCTGGTAATGGGAT
ACCTTGTGCTACAGCGGCCGCG

oPP597

radiolabeled
cleavage
assay

DNA target strand for Cas®-3 cleavage assays

HO-
CGCGGCCGCTGTAGCACAAGGTATCCCATTACCA
GCTGAATTACAAGGGGCGGCCG

rPPO15

radiolabeled
cleavage
assay

RNA target strand for cleavage assays

HO-
CGCUGUAGCACAAGGUAUCCCAUUACCAGCUU
AACUACAAG

dGJKO001

radiolabeled
cleavage
assay

Trans cleavage DNA substrate

HO-
GTGGCCGTTTAAAAGTGCTCATCATTGGAAAACG
TAGGATGGGCACCA

rGJK118

radiolabeled
cleavage
assay

Trans cleavage RNA substrate

HO-AGUAUUUAAUCGUUGCAAGAG
GCGCUGCGUUU
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Supplementary Table S4: crRNA sequences for in vitro and in vivo experiments

to guides sequence g_26, see table S2)

ID # Assay Description Sequence (5'->3)
rPP007 Spacer tiling Contains from 5->3": 25 nt of 3'-repeat fraction HO-
cleavage assay (grey) from the genomic Cas®-2 CRISPR array.
rPP008 Spacer tiling Contains from 5->3": 25 nt of 3'-repeat fraction HO-
cleavage assay (grey) from the genomic Cas®-2 CRISPR array. AGCUGG
12 nt of spacer #2 from the genomic Cas®-1 UAAUGG
CRISPR array
rPPO09 | Spacer tiling Contains from 5->3": 25 nt of 3'-repeat fraction HO-
cleavage assay (grey) from the genomic Cas®-2 CRISPR array. AGCUGG
14 nt of spacer #2 from the genomic Cas®-1 UAAUGGGA
CRISPR array
rPPO10 | Spacer tiling Contains from 5->3": 25 nt of 3'-repeat fraction HO-
cleavage assay (grey) from the genomic Cas®-2 CRISPR array. AGCUGG
16 nt of spacer #2 from the genomic Cas®-1 UAAUGGGAUA
CRISPR array
rPPO11 Spacer tiling and | Contains from 5'->3": 25 nt of 3'-repeat fraction HO-
radiolabeled (grey) from the genomic Cas®-2 CRISPR array. AGCUGG
cleavage assay 18 nt of spacer #2 from the genomic Cas®-1 UAAUGGGAUACC
CRISPR array
rPPO12 Spacer tiling Contains from 5->3": 25 nt of 3’-repeat fraction HO-
cleavage assay (grey) from the genomic Cas®-2 CRISPR array. AGCUGG
20 nt of spacer #2 from the genomic Cas®-1 UAAUGGGAUACCUU
CRISPR array
rPPO13 Spacer tiling Contains from 5->3": 25 nt of 3'-repeat fraction HO-
cleavage assay (grey) from the genomic Cas®-2 CRISPR array. AGCUGG
22 nt of spacer #2 from the genomic Cas®-1 UAAUGGGAUACCUUGU
CRISPR array
rPPO14 | Spacer tiling Contains from 5->3": 25 nt of 3'-repeat fraction HO-
cleavage assay (grey) from the genomic Cas®-2 CRISPR array. AGCUGG
24 nt of spacer #2 from the genomic Cas®-1 UAAUGGGAUACCUUGUGC
CRISPR array
rPP016 | radiolabeled Contains from 5->3": 25 nt of 3'-repeat fraction HO-
cleavage assay (grey) from the genomic Cas®-1 CRISPR array. AGCUGG
18 nt of spacer #2 from the genomic Cas®-1 UAAUGGGAUACC
CRISPR array
rPPO17 radiolabeled Contains from 5->3": 25 nt of 3'-repeat fraction HO-
cleavage assay (grey) from the genomic Cas®-3 CRISPR array. AGCUGG
18 nt of spacer #2 from the genomic Cas®-1 UAAUGGGAUACC
CRISPR array
gRNA Genome editing Contains from 5->3": 25 nt of 3'-repeat fraction HO-
24 using RNPin A. | (grey) from the genomic Cas®-2 CRISPR array. AAACGG
thaliana 18 nt spacer targeting PDS3 gene. (corresponds GUUUUUGGAGGC
to guides sequence g_24, see table S2)
gRNA Genome editing Contains from 5->3": 25 nt of 3'-repeat fraction HO-
25 using RNPin A. | (grey) from the genomic Cas®-2 CRISPR array. CUAUGC
thaliana 18 nt spacer targeting PDS3 gene. (corresponds CAAGUAAACCUG
to guides sequence g_25, see table S2)
gRNA Genome editing Contains from 5->3": 25 nt of 3'-repeat fraction HO-
26 using RNPin A. | (grey) from the genomic Cas®-2 CRISPR array. UAUGCC
thaliana 18 nt spacer targeting PDS3 gene. (corresponds AAGUAAACCUGG
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gRNA Genome editing Contains from 5'->3": 25 nt of 3'-repeat fraction HO-
27 using RNPin A. | (grey) from the genomic Cas®-2 CRISPR array. AGGCAC
thaliana 18 nt spacer targeting PDS3 gene. (corresponds UUUCAUCUGGAG
to guides sequence g_27, see table S2)
gRNA Genome editing Contains from 5->3": 25 nt of 3'-repeat fraction HO-
28 using RNPin A. | (grey) from the genomic Cas®-2 CRISPR array. GCCUUA
thaliana 18 nt spacer targeting PDS3 gene. (corresponds UCAAAACGGGUU
to guides sequence g_28, see table S2)
gRNA Genome editing Contains from 5->3": 25 nt of 3'-repeat fraction HO-
29 using RNPin A. | (grey) from the genomic Cas®-2 CRISPR array. UUGCUA
thaliana 18 nt spacer targeting PDS3 gene. (corresponds UGCCAAGUAAAC
to guides sequence g_29, see table S2)
gRNA Genome editing Contains from 5->3": 25 nt of 3'-repeat fraction HO-
30 using RNPin A. | (grey) from the genomic Cas®-2 CRISPR array. UAGGAC
thaliana 18 nt spacer targeting PDS3 gene. (corresponds AUCUGGGAAGUC
to guides sequence g_30, see table S2)
gRNA Genome editing Contains from 5->3": 25 nt of 3'-repeat fraction HO-
31 using RNPin A. | (grey) from the genomic Cas®-2 CRISPR array. uuGuuC
thaliana 18 nt spacer targeting PDS3 gene. (corresponds CGCAAAAUAGCC
to guides sequence g_31, see table S2)
gRNA Genome editing Contains from 5->3": 25 nt of 3’-repeat fraction HO-
32 using RNPin A. | (grey) from the genomic Cas®-2 CRISPR array. AAAGUA
thaliana 18 nt spacer targeting PDS3 gene. (corresponds CCUGGCUGAUGC
to guides sequence g_32, see table S2)
gRNA Genome editing Contains from 5->3": 25 nt of 3'-repeat fraction HO-
33 using RNPin A. | (grey) from the genomic Cas®-2 CRISPR array. CAGUUG
thaliana 18 nt spacer targeting PDS3 gene. (corresponds ACAAUCCAGCCA

to guides sequence g_33, see table S2)
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