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Supplementary Table 1: CRISPR integrase protein complexes

Name / protein Type/subtype Species State / bound PDB
domains substrate
EcoCas1—Cas2 I-E Escherichia coli Apo 4P6l", 4QDL2
I-E Escherichia coli Bound to protospacer 5DS4°
DNA
I-E Escherichia coli Bound to protospacer 5DS5°
DNA +Mg?*
I-E Escherichia coli Bound to protospacer 5DS6°

with splayed ends

I-E Escherichia coli Bound to single-forked 5DQU*
DNA
I-E Escherichia coli Bound to dual-forked 5DLJ*

DNA with 23-bp duplex

I-E Escherichia coli Bound to dual-forked 5DQT*
DNA with 22-bp duplex

I-E Escherichia coli Bound to dual-PAM, 5DQZ*
dual-forked DNA with
23-bp duplex
I-E Escherichia coli Half-integration 5VVJ°
I-E Escherichia coli Full-integration 5VVK®
I-E Escherichia coli Full-site integration 5VVLS
+Niz*
EcoCas1—Cas2—IHF I-E Escherichia coli Half-integration 5WFES
holo-complex
EfaCas1—Cas2 II-A Enterococcus faecalis Bound to dual-forked 5XVN®

DNA with 22-bp duplex

1I-A Enterococcus faecalis Half-integration 5XVO°
II-A Enterococcus faecalis Full-integration 5XVP®
SthCas1—Cas2—Csn2 1I-A Streptococcus thermophilus Bound to ~30 bp duplex 6QXF”
DNA, monomer
complex
1I-A Streptococcus thermophilus Bound to ~30 bp duplex 6QXT”

DNA, dimer complex

II-A Streptococcus thermophilus Bound to ~30 bp duplex 6QY3’
DNA, filament complex

Synechocystis I-D Synechocystis sp. PCC6803 Bound to dual-forked 7CR6®
Cas1—Cas2 DNA with 22-bp duplex
I-D Synechocystis sp. PCC6803 Bound to dual-forked 7CR8®

DNA with 26-bp duplex

PfuCas1—Cas2 -G Pyrococcus furiosus Apo 7EI®

Cas4-Cas1—Cas2 I-G Geobacter sulfurreducens Bound to dual-PAM 7MI47°
prespacer DNA

-G Geobacter sulfurreducens Bound to single-PAM 7MI5, 7MID™®
prespacer DNA

-G Geobacter sulfurreducens Half-integration, Cas4 7MIB™
still blocking the PAM
side

-G Geobacter sulfurreducens Full-integration 7MI9
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Thiomicrospira 1] Thiomicrospira sp. Apo* (complex 7KFT, 7KFU"
Cas6-RT-Cas1—Cas2 preparation includes

bound half-site
integration substrates,
though substrate
density not observed)
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Supplementary Table 2: Cas9 proteins and domains *

Name Species State PDB RuvC alias HNH alias Rec1 alias Rec2 alias Rec3 alias Wed/PI alias
Cas9a Streptococcus pyogenes Apo and Mn bound 4CMP, RuvC HNH a-helical lobe a-helical lobe a-helical lobe TOPO/CTD
4CMQ’
Streptococcus pyogenes Ternary (sgRNA/DNA) 4008? RuvC HNH REC1 REC2 REC1 Pl
Streptococcus pyogenes Ternary, PAM proximal mismatches 4UN3, 4UN4, RuvC HNH a-helical lobe a-helical lobe a-helical lobe TOPO/CTD
(sgRNA,DNA) 4UN5?
Streptococcus pyogenes Binary (sgRNA) 47T0, 4290* RuvC HNH Helical-I Helical-Il Helical-lI CTD
Staphylococcus aureus Ternary (sgRNA, DNA) 5AXW, 5CZZ° | RuvC HNH REC n.a. REC WED/TOPO/CTD
Staphylococcus aureus Ternary, 5F9R® RuvC HNH Hel-I Hel-Il Hel-llI CTD
Primed for DNA cleavage (sgRNA,
DNA)
Streptococcus pyogenes Ternary, 5Y367 RuvC HNH REC1 REC2 REC3 WED/PI
‘Cleavage activated’ at low resolution
(sgRNA, DNA)
Streptococcus pyogenes Ternary, pre-/post-catalytic and 600X, 600Y, RuvC HNH REC1 REC2 REC3 CTD
product (sgRNA, DNA +Mg?*) 60028
Streptococcus thermophilus Ternary 6RJD® RuvC HNH REC REC REC WED/TOPO/CTD
(sgRNA, DNA)
Streptococcus thermophilus Ternary, 6MOV, 6MOW, RuvC HNH REC1 n.a. REC2 WED/PI
catalytic 6MOX™
(sgRNA, DNA)
Streptococcus pyogenes Ternary, PAM distal mismatches 784U, 784V, RuvC HNH REC1 REC2 REC3 CTD
(sgRNA, DNA) 7S4XM
Cas9b Franciscella tularesnsis Ternary (sgRNA, DNA) 5B20, 5B2P, RuvC HNH Rec1 Rec2 Rec3 WED/PI
subsp. novicida 5B2Q"
Cas9c Actinomyces naeslundi str. Apo 40GC, RuvC HNH a-helical lobe a-helical lobe a-helical lobe B-hairpin/CTD
Howell 279 40GE’
Campylobacter jejuni Ternary (sgRNA, DNA) 5X2G, RuvC HNH REC1 n.a. REC2 WED/PI
5X2H"
Corynebacterium diphteriae Ternary (sgRNA, DNA) 6J00™ RuvC HNH REC1 n.a. REC2 WED/PI
Neisseria meningitidis Binary (sgRNA) 6JDQ™ RuvC HNH REC1 n.a. REC2 WED/PI
Neisseria meningitidis Ternary, 6JDV, 6JE3, RuvC HNH REC1 n.a. REC2 WED/PI
Seed pairing, catalytic and post 6JFU, 6KC7,
cleavage (sgRNA, DNA) 6KC8'"
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Acidothermus cellulolyticus Ternary 6WBR, RuvC HNH REC1 n.a. REC2 WED/TOPO/PI
(crRNA, DNA) 6WC0'®

Cas9d n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

* w/o engineered variants and Acr bound structures
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Supplementary Table 3: Cas12 proteins and domains *

(sgRNA,

Name Alias gRNA Guide Cis Trans Species State PDB RuvC OBD Rec1 Rec2 alias Nuc Pl Additional
processi target target alias alias alias alias alias domain(s)
ng

Cas12a Cpf1 crRNA Autoproce dsDNA ssDNA Lachnospiraceae Binary 5ID6 ' RuvC OBD Helical | Helical Il UK LHD n.a.
ssing by bacterium (crRNA)

OBD
Acidaminococcu Ternary 5B432 RuvC Wed Rec1 Rec2 Nuc PI n.a.
s sp. Bv3L6 (crRNA,
dsDNA)
Acidaminococcu Ternary 5KK5 2 RuvC OBD Helical-I Helical Il Nuc LHD n.a.
s sp. Bv3L6 (crRNA,
dsDNA)
Franciscella Ternary 5NFV 4 RuvC Wed Rec1 Rec2 Nuc PI n.a.
tularensis (pre-crRNA,
dsDNA)
Franciscella Binary 5NG6 * RuvC Wed Rec1 Rec2 Nuc PI n.a.
tularensis (crRNA)
Franciscella Ternary, 5MGA ® RuvC Wed Rec1 Rec2 Nuc Pl n.a.
tularensis postcatalytic
(crRNA,
dsDNA)
Lachnospiraceae Ternary, 5XUZ, 5XUS, 5XUU, RuvC Wed Rec1 Rec2 Nuc Pl n.a.
bacterium alternative 5XUT ©
PAMs (crRNA,
dsDNA)
Franciscella Ternary, 6GTC, 6GTD, 6GTE, RuvC Wed Rec1 Rec2 Nuc Pl n.a.
tularensis transition 6GTF,
states 6GTG’
(crRNA,
dsDNA)
Franciscella Ternary 61K ® RuvC Wed Rec1 Rec2 Nuc PI n.a.
tularensis (crRNA,
dsDNA)
Franciscella Ternary 6l1L® RuvC Wed Rec1 Rec2 Nuc PI n.a.
tularensis (crRNA,
ssDNA)
Cas12b C2c1 crRNA/ unknown dsDNA ssDNA Alicyclobacillus Ternary, target 5U30° RuvC OBD Helical-l Helical-Il Nuc n.a. n.a.
tracrRNA acidoterrestris strand in
RuvC
(sgRNA,
dsDNA)
Alicyclobacillus Ternary, 5U31° RuvC OBD Helical-I Helical-Il Nuc n.a. n.a.
acidoterrestris trans-substrat
ein RuvC
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dsDNA)

5U33°

Alicyclobacillus Ternary, RuvC OBD Helical-l Helical-Il Nuc n.a. n.a.
acidoterrestris non-target
strand in
RuvC
(sgRNA,
dsDNA)
Alicyclobacillus Binary 5U34 ° RuvC OBD Helical-I Helical-Il Nuc n.a. n.a.
acidoterrestris (sgRNA)
Alicyclobacillus Binary 5WQE ™ RuvC Wed Rec1 Rec2 Nuc n.a n.a.
acidoterrestris (sgRNA)
Alicyclobacillus Ternary 5WTI 1° RuvC Wed Rec1 Rec2 Nuc n.a n.a.
acidoterrestris (sgRNA,
dsDNA)
Cas12c C2c3 crRNA/ Autoproce | dsDNA n.a. metagenome Binary 7Vv93 M RuvC Wed Rec1 Rec2 TNB n.a. n.a.
tracrRNA ssing by (CRISP (sgRNA)
RuvC R
interfer
ence metagenome Ternary 7v94 M RuvC Wed Rec1 Rec2 TNB Pl na
no (sgRNA,
DNAse dsDNA)
activity
in some
Cas12c
)
Cas12d CasY crRNA/ Autoproce dsDNA ssDNA n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
scoutRN ssing,
A unknown
active site
Cas12e CasX crRNA/ unknown dsDNA ssDNA Deltaproteobacte | Ternary 6NY3 12 RuvC OBD Helical | Helical Il TSL n.a. NTSB
tracrRNA ria bacterium (sgRNA, short
dsDNA)
Deltaproteobacte | Ternary B6NY1 12 RuvC OBD Helical | Helical Il TSL n.a. NTSB
ria bacterium (sgRNA, short
dsDNA)
Deltaproteobacte | Ternary 6NY2 12 RuvC OBD Helical | Helical Il TSL n.a. NTSB
ria bacterium (sgRNA,
dsDNA)
Planctomycetes Ternary, TWAY, TWAZ, 7TWBO, RuvC OBD Helical | Helical Il TSL n.a. NTSB
Diverse states | 7WBI ™
(engineered
sgRNA,
dsDNA)
Cas12f Cas14, crRNA/ unknown dsDNA ssDNA Uncultured Ternary 7C7L ™ RuvC Wed Rec Part of the TNB n.a. ZF (OBD insertion)
Casa, tracrRNA archaeon, (sgRNA, RuvC
Casz, synthetic dsDNA)
C2c4, construct

C2c8,
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C2c9, Unidentified Binary 7L48 5 RuvC Wed Rec1 Rec2 Nuc n.a. ZF (OBD insertion)
C2c10 (sgRNA)
Unidentified Ternary 7L49 RuvC Wed Rec1 Rec2 Nuc n.a. ZF (OBD insertion)
(sgRNA,dsDN 1
A)
Cas12g n.a. crRNA/ unknown ssRNA ssRNA Lachnospiraceae Binary 6XMF © RuvC Wed Rec1 Rec2 Nuc PI n.a
tracrRNA , bacterium (sgRNA)
ssDNA ND2006
Lachnospiraceae | Ternary 6XMG ° RuvC Wed Rec1 Rec2 Nuc PI n.a
bacterium (sgRNA,ssRN
ND2006 A)
Cas12h n.a. crRNA unknown dsDNA ssDNA n.a. n.a. n.a. n.a. na. n.a. na. n.a. na. n.a.
Cas12i n.a. crRNA Autoproce | dsDNA ssDNA Unidentified Binary 6LTP 7 RuvC Wed Helical-I Helical-lll Nuc Pl n.a.
ssing by synthetic (crRNA) and
OBD construct Helical-Il
Unidentified Ternary, short 6LUO 17 RuvC Wed Helical-1 Helical-llI Nuc Pl n.a.
synthetic crRNA spacer and
construct (crRNA, Helical-Il
dsDNA)
Unidentified Ternary, 6LTR 7 RuvC Wed Helical-I Helical-lll Nuc Pl n.a.
synthetic trans-catalytic, and
construct single cofactor Helical-Il
Mg?* (crRNA,
dsDNA, Mg?")
Unidentified Ternary, 6LTU 7 RuvC Wed Helical-I Helical-lI Nuc Pl n.a.
synthetic trans-catalytic, and
construct double Helical-Il
cofactor Mg?*
(crRNA,
dsDNA, Mg?*)
Lachnospiraceae | Binary 6W62 ® RuvC Wed Rec1 Rec2 Nuc PI n.a.
bacterium (crRNA)
ND2006
Lachnospiraceae | Ternary, |1 6W64 ® RuvC Wed Rec1 Rec2 Nuc Pl n.a.
bacterium state, (crRNA,
ND2006 dsDNA)
Lachnospiraceae | Ternary, cat. 6W5C 8 RuvC Wed Rec1 Rec2 Nuc Pl n.a.
bacterium inactive state
ND2006 (crRNA,
dsDNA)
Lachnospiraceae | Binary 7D8C *° RuvC Wed Helical-I Helical-Il Nuc Pl n.a.
bacterium (crRNA)
ND2006
Lachnospiraceae | Ternary, 7EU9 *° RuvC Wed Helical-I Helical-Il Nuc Pl n.a.
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bacterium

pre-catalytic

ND2006 state, SeMet
variant
(crRNA,
dsDNA)
Lachnospiraceae | Ternary, 7D2L " RuvC Wed Helical-l Helical-Il Nuc PI n.a.
bacterium pre-catalytic
ND2006 state (crRNA,
dsDNA)
Lachnospiraceae | Ternary, 7D3J RuvC Wed Helical-I Helical-Il Nuc PI n.a.
bacterium post-catalytic
ND2006 state (crRNA,
dsDNA)
Cas12j Cas® crRNA Autoproce dsDNA ssDNA Biggiephage Binary 7M50 ® RuvC OBD Recl Recll ZR PI n.a.
ssing by (crRNA)
RuvC
Biggiephage Ternary, 7LYS 2 RuvC OBD Recl Recll ZR Pl n.a.
pre-catalytic
state (crRNA,
dsDNA)
Biggiephage Ternary, 7LYT 2 RuvC OBD Recl Recll ZR PI n.a.
cis-catalytic
state
(crRNA,
dsDNA, Mg?)
Biggiephage Ternary, 70DF 2! RuvC RBD TPID STP and Part of NPID n.a.
post-catalytic BH RuvC
state
Cas12k C2c5 crRNA/ unknown Nucleas Nuclea Scytonema Binary 7N30 2 RuvC Wed Rec1 Rec2 n.a. PI n.a.
tracrRNA e se hofmannii (sgRNA) (inactiv
inactive inactiv e)
e
Scytonema Ternary 7N3P 2 RuvC Wed Rec1 Rec2 n.a. PI n.a.
hofmannii (sgRNA, (inactiv
dsDNA) e)
Scytonema Ternary 7PLA % RuvC Wed Rec Bridge n.a. PI n.a.
hofmannii (sgRNA, (inactiv
dsDNA) e)

* w/o engineered variants and Acr bound structures
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