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Architecture of a DNA-guided Cas12a
 

Rodrigo Fregoso Ocampo    1,2,9, Carlos Orosco    3,9, Boyu Huang    3, 
Madeline S. West    1, Bay Parker4, Piyush K. Jain    3,5,6   & 
David W. Taylor    1,2,7,8 

CRISPR–Cas systems have largely been restricted to RNA-guided 
nucleases. Here, we present the cryo-electron microscopy structure of 
Acidaminococcus sp. Cas12a bound to a pseudo-DNA (ΨDNA) guide and RNA 
target, revealing how Cas12a can accomplish DNA-guided RNA recognition. 
The ΨDNA hairpin bridges the recognition and nuclease lobes, mimicking 
a PAM-proximal duplex and positioning the spacer to allow formation of a 
canonical RNA–DNA heteroduplex along the recognition lobe. This provides 
a structural framework for its activity and provides a potential blueprint for 
future engineering.

CRISPR–Cas systems function as prokaryotic adaptive immune mod-
ules, using sequence-guided nucleic acid target recognition. Beyond 
their biological role, these systems have been repurposed as versa-
tile platforms for genome engineering in both fundamental research 
and therapeutic applications1,2. CRISPR–Cas systems are canonically 
RNA-guided enzymes that direct programmable recognition of target 
sequences. Cas12a, a class 2 type V system, typically uses a CRISPR RNA 
(crRNA) guide that directs cleavage of double-stranded DNA (dsDNA) 
targets containing a protospacer-adjacent motif (PAM)3,4. Although 
several CRISPR nucleases have been adapted for RNA targeting5–8, this 
activity generally relies on an RNA guide and possess nonspecific collat-
eral cleavage activity on bystander RNAs. Recent work from our group 
introduced a DNA-guided Cas12a repurposed to recognize RNA targets 
with high specificity using engineered pseudo-DNA (ΨDNA) guides9. 
However, how Cas12a structurally accommodates a DNA guide while 
recognizing an RNA substrate remained unknown. Here, we determined 
the cryo-electron microscopy (cryo-EM) structure of Acidaminococ-
cus sp. Cas12a (AsCas12a) bound to a ΨDNA guide and RNA target at 
3.18-Å resolution, revealing how Cas12a accommodates an RNA tar-
get through structural mimicry of canonical CRISPR components  
(PDB 12YR) (Fig. 1a, Table 1 and Extended Data Fig. 1).

Structure of DNA-guided AsCas12a
Our structure adopts the canonical bilobed architecture, resembling 
previously reported Cas12a structures in complex with crRNA and 
dsDNA targets10,11. Surprisingly, the ΨDNA hairpin bridges the two 

lobes and binds the PID and WED domains in the same position that 
the PAM-proximal dsDNA helix would be recognized in RNA-guided 
systems12 (Fig. 1a). The design of the ΨDNA, which contains a 3′-hairpin 
or handle and 5′-spacer, enables AsCas12a to bind the hairpin in the 
same directionality that it would bind a canonical dsDNA target duplex. 
This positions the ΨDNA spacer where the target strand (TS) would be 
in a canonical R-loop and with the same directionality (Fig. 1b). This 
structure explains our recent findings that show that a 5′ handle is 
much less active than a 3′ handle, as this geometry of nucleic acids 
would be incompatible within this structural framework. In addition, 
the structure suggests that a dual handle ΨDNA with both a 5′ and a 3′ 
hairpin would not notably affect activity, as we reported. In this case, 
the 3′ handle would be properly recognized, the spacer would traverse 
through the enzyme and the 5′ handle would be located outside of the 
core on the recognition lobe 2 (REC2) end of the enzyme. Together, this 
indicates that the ΨDNA architecture uniquely recreates the spatial 
cues required for duplex recognition by an RNA-guided Cas12a.

The structure also reveals a fully formed DNA:RNA heteroduplex 
scaffolded by the REC lobe of Cas12a (Fig. 1c). This heteroduplex follows 
the same trajectory observed for an R-loop during canonical target rec-
ognition with the target RNA positioned where the crRNA is normally 
located. The noncomplementary region of the 40-nt ssRNA target exits 
the structure at the interface of the WED and RuvC domains, where 
the crRNA hairpin would be expected to form in a canonical Cas12a 
structure. As this region in the target RNA was designed to contain no 
secondary structure, it is not resolved in the cryo-EM reconstruction. 
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in a canonical dsDNA target duplex14. The ΨDNA contains residues 
that would correspond to a TCTT PAM. The presence of pyrimidines at 
positions –2 to –4 enables the hairpin to acquire a geometry like that 
acquired by a canonical PAM. This enables AsCas12a to stabilize the hair-
pin using base-specific contacts between T38 and K603 and between 
G23 and K548, respectively, previously shown to be important in PAM 
recognition. The interaction between Cas12a and ΨDNA is further sta-
bilized by a contact between Q784 and the final base of the duplex, T21, 
which forms a noncanonical base pair with T37 (Fig. 2a). Substitutions 
of N630 and K689 significantly hindered the trans-cleavage activity of 
Cas12a, suggesting that backbone-specific contacts are important to 
engage and stabilize the DNA hairpin. Surprisingly, individual alanine 

The region of Cas12a that recognizes the crRNA hairpin was, likewise, 
not resolved in the structure. This flexibility is consistent with the 
absence of stabilizing interactions normally provided by the crRNA 
handle but consistent with previous reports that Cas12a can func-
tion with noncanonical crRNAs13. These observations indicate that 
DNA-guided RNA targeting preserves the canonical hybrid nucleic 
acid-binding of Cas12a along the spacer region.

A canonical PAM-containing ΨDNA enhances 
target recognition
Cas12a bends the ΨDNA hairpin to enable PAM-analogous contacts 
by amino acids previously characterized to recognize a 5′ TTTN PAM 
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Fig. 1 | Structural basis for RNA targeting by ΨDNA-guided AsCas12a. a, Front 
and back views of the atomic model of ΨDNA-guided AsCas12a targeting a 40-nt 
target RNA (PDB 12YR). REC1 (snow), REC2 (dim gray), PID (tomato), WED (pink) 
and RuvC (steel blue) domains were resolved in the structure and modeled along 
with the ΨDNA (cyan) and target RNA (orange). b, Left, atomic model of a 20-bp 
AsCas12a effector targeting a canonical fully matched dsDNA duplex containing 
a canonical TTTN PAM (PDB 8SFO). The protein domains are transparent to allow 
visualization of the trajectory and directionality of the TS (cyan), NTS (dark 

orchid) and crRNA (orange). Right, AsCas12a atomic model bound to a ΨDNA 
targeting a 40-nt target RNA. The polarity of the ΨDNA is conserved compared 
to the TS and NTS of a canonical AsCas12a system. c, Overview of the contacts 
formed between AsCas12a and the DNA:RNA heteroduplex. Many of the contacts 
to this heteroduplex are conserved, including W382, which caps the PAM-distal 
end of the canonical R-loop after position 20. Notable contacts that are not 
formed are in the RuvC lid and bridge helix.
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substitutions of amino acids that form base-specific contacts did not 
hinder AsCas12a trans-cleavage activity, indicating that AsCas12a can 
accommodate hairpins that do not contain a canonical PAM-analogous 
region (Fig. 2b). These interactions suggest that Cas12a recognizes the 
ΨDNA handle through a mechanism analogous to PAM binding but 
can tolerate deviations from canonical base pairing, provided that the 
overall duplex geometry is preserved.

It has been shown that PAM binding contributes to R-loop forma-
tion by enabling PAM-proximal bases of dsDNA to flip or twist to probe 
the single guide RNA for complementarity15. As our ΨDNA design 

contains a single-stranded DNA (ssDNA) adjacent to the PAM and does 
not require this mechanism to occur to form a productive heterodu-
plex, we hypothesized that PAM recognition might not be strictly 
required in ΨDNA-guided AsCas12a, despite observing multiple con-
served contacts. To test this, we flipped the bases of the hairpin of the 
ΨDNA to maintain hairpin stability, while simultaneously changing 
the region analogous to the PAM. This engineered PAM-analogous 
region was designed to contain a purine-rich AGAT sequence, which 
diverges substantially from the TTTN PAM AsCas12a usually requires 
for activation. This ΨDNA design still showed significant trans-cleavage 
activity, despite a ~3-fold reduction, indicating that ΨDNA can still 
accommodate a handle that is very different from the canonical PAM 
(Fig. 2c). Together, these results show that a pyrimidine-rich ΨDNA 
PAM-analogous region enhances the trans-cleavage activity of Cas12a 
but Cas12a can still accommodate other sequences if a stable hairpin is 
present. It is tempting to hypothesize that rationally designing changes 
to the ΨDNA sequence could lead to tunable activity.

To test whether the canonical PAM would yield more efficient 
RNA detection, we modified the ΨDNA hairpin to contain PAMs for 
AsCas12a. Although endpoint measurements showed a similar level of 
activity for all PAMs when compared to the control TCTT PAM (Fig. 2d), 
performing a time-course assay revealed that Cas12a achieves sig-
nificantly faster rates of trans-cleavage when a TTTA PAM-analogous 
hairpin is used, followed by TTTG and TTTC. Even though Cas12a was 
still able to exhibit trans-cleavage activity on VTTT (no PAM) ΨDNA, 
trans-cleavage occurred at a significantly slower rate (Fig. 2e). Overall, 
these results support a mechanism where Cas12a recognition of the 
ΨDNA is rate limiting and can be tuned by architecture and sequence.

The DNA spacer region follows the standard trajectory that the 
DNA TS would follow in the presence of a fully matched DNA duplex. 
This similarity suggests that the protein primarily recognizes the 
hybrid duplex through nonspecific backbone interactions rather 
than strict nucleic acid identity. However, given that the ΨDNA is 
only 41 bp, the region that would be considered analogous to the 
non-TS (NTS) is incomplete and, therefore, only the first three bases 
(ΨDNA 38–40) are present in the structure. This region stabilizes 
the PAM-interacting domain by forming multiple contacts along its 
positively charged surface instead of forming a pseudoknot charac-
terized in AsCas12a crRNA. These interactions partially compensate 
for the absence of the extended NTS normally present during DNA 
targeting. In a canonical AsCas12a structure, the remainder of the 
NTS partitions through the RuvC and Nuc domains, enabling RuvC lid 
formation and R-loop maturation16,17. However, our structure reveals 
that, without an NTS, both the RuvC lid and the Nuc lobes are unre-
solved (Fig. 2f). This observation indicates that stabilization of these 
domains depends on interactions with the displaced NTS. Because 
the RuvC lid is not present, multiple contacts with the TS, previously 
characterized in a 20-bp R-loop complex, are not present in the struc-
ture, including stabilizing contacts by K965 and Q1013 (ref. 11). While 
the active-site residues of AsCas12a are exposed, the RuvC lid is dis-
ordered and not in the α-helical conformation required for cleavage, 
likely because of the lack of a nucleic acid substrate for engagement 
(Extended Data Fig. 2). Despite this, AsCas12a is still able to stably bind 
a fully formed double-stranded duplex with a fully docked bridge helix 
and REC2 domain, as evidenced by the presence of W382 capping the 
PAM-distal end of the R-loop18,19.

Discussion
Together, these findings reveal how Cas12a can accommodate 
DNA-guided RNA recognition through structural mimicry of canoni-
cal CRISPR nucleic acid components. Interestingly, these results are 
also consistent with a recent study that used AlphaFold to model 
DNA-guided Cas12a for RNA targeting20. The ΨDNA hairpin recreates 
the geometry of the PAM-proximal duplex and is stabilized by interac-
tions with the PAM-interacting domain, while the spacer region forms 

Table 1 | Cryo-EM data collection, refinement and 
validation statistics

ΨDNA-guided AsCas12a 
(EMD-76860), (PDB 12YR)

Data collection and processing

Magnification ×150,000

Voltage (kV) 300

Electron exposure (e− per Å2) 79

Defocus range (μm) 1.5–2.5

Pixel size (Å) 0.833

Symmetry imposed None

Initial particle images (no.) 963,667

Final particle images (no.) 296,277

Map resolution (Å) 3.18

  FSC threshold 0.143

Map resolution range (Å) 2.97–4.31

Refinement

Initial model used (PDB code) 8SFO

Model resolution (Å) 3.30

  FSC threshold 0.143

Model resolution range (Å) NA

Map sharpening B factor (Å2) NA

Model composition

  Nonhydrogen atoms 8,561

  Protein residues 949

  Nucleotide residues 61

  Ligands 0

B factors (Å2)

  Protein 87.97

  Nucleotide 77.18

  Ligand NA

Root-mean-square deviations

  Bond lengths (Å) 0

  Bond angles (°) 4

Validation

  MolProbity score 1.10

  Clashscore 3.04

  Poor rotamers (%) 0.72

Ramachandran plot

  Favored (%) 98.18

  Allowed (%) 1.82

  Disallowed (%) 0.00

FSC, Fourier shell correlation; NA, not applicable.
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a canonical RNA–DNA heteroduplex within the REC lobe. The absence 
of a complete NTS alters the conformation of nuclease-domain ele-
ments associated with cleavage activation, highlighting the struc-
tural plasticity of Cas12a in accommodating alternative nucleic acid 
substrates. This structure provides a framework for understanding 

DNA-guided RNA-targeting Cas enzymes and offers insights that may 
guide the engineering of CRISPR systems for programmable RNA detec-
tion and manipulation beyond Cas12 systems13. More broadly, this 
structural framework expands the potential targeting modalities of 
CRISPR nucleases.
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Fig. 2 | ΨDNA hairpin mimics PAM binding. a, Visualization of PAM-analogous 
contacts formed between AsCas12a and the ΨDNA hairpin. K607 and Q784 form 
base-specific contacts with A22 and T37, respectively, while D545 and N547 in 
the WED domain form stabilizing contacts with the phosphate backbone of the 
ΨDNA. In addition, K603 is intertwined with the end of the ΨDNA handle and 
contacts T38. N646 and K653 stabilize the phosphate backbone of the NTS-
analogous end through nonspecific contacts with the phosphate backbone. 
b, Trans-cleavage assay of individual Cas12a alanine substitutions, focusing 
on residues that either contact the phosphate backbone of the ΨDNA or form 
base-specific contacts in the PAM-analogous region. The fold change in relative 
fluorescence units (RFU) was used to monitor trans-cleavage activity. An 
increase in fluorescence signal occurs when the ssDNA probe containing both 
a fluorophore and a quencher is cleaved. Data represent the mean ± s.d. (n = 3 
independent replicates). Statistical significance between the sample with target 
RNA and nontarget RNA control (NTC) was determined using a one-way analysis 
of variance. P = 0.4442 for WT, K607A and K548A; P < 0.0001 across all samples. 
c, Trans-cleavage assays using AsCas12a bound to a standard ΨDNA guide with 

a TCTT PAM and reverse hairpin ΨDNA guide containing a AGAT PAM. Error bars 
represent the mean ± s.d. (n = 3 independent experiments). Statistical significance 
was evaluated using two-sided unpaired t-tests. P = 0.0003 for ΨDNA guide with 
a TCTT PAM and P < 0.0001 for the reverse hairpin. d, Trans-cleavage assays 
using multiple ΨDNA designs, including elongated and shortened hairpins 
or with an extended NTS. Data represent the mean ± s.d. (n = 3 independent 
replicates). Statistical significance was evaluated using two-sided unpaired 
t-tests. (i) P = 0.0086, (ii) P = 0.0115, (iii) P = 0.0060, (iv) P = 0.2582 and (Ψ) 
P < 0.0001. e, Trans-cleavage rates of AsCas12a incubated with ΨDNA guides 
containing different PAM-analogous regions, including canonical PAMs (left) and 
noncanonical PAMs (right). The plots indicate that canonical PAMs enable faster 
trans-cleavage rates, as opposed to the slower trans-cleavage rates observed when 
using ΨDNAs with noncanonical PAMs. The solid line represents the mean and 
the shaded region represents the s.d. (n = 3 independent experiments). f, Front 
view of the atomic model of ΨDNA-guided AsCas12a (PDB 12YR), with transparent 
regions indicating the missing Nuc lobe (green) and bride helix (plum).
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Methods
Plasmid design and cloning
An AsCas12a protein was codon-optimized for expression in Escherichia 
coli and its DNA sequence was cloned into a pET28 expression vector 
under lacO repression with a 6× N-terminal His tag and a tobacco etch 
virus (TEV) protease using the NEBridge Golden Gate buffer set (New 
England Biolabs) and following manufacturer’s instructions.

Oligonucleotide sequences
ΨDNA:

ACAGCCCATCGACTGGTGTTTAGATGTGAATCATCTTTAAT;
ΨDNA reverse hairpin:
ACAGCCCATCGACTGGTGTTTTCTACTAAGTGTAGATTAAT;
miR-21 RNA:
�rGrArCrArUrUrUrArArCrArArCrArCrCrArGrUrCrGrArUrGrGr 
GrCrUrGrUrArGrCrArUrArA rArGrU;
ΨDNA-21 (i):
�G A G A C A G C C C AT C G A C T G G T G T T TA G AT G T G A AT C 
ATCTTTTTTTTTTTTTTTTTTTTTTCTC;
ΨDNA-21 (ii):
�ACAGCCCATCGACTGGTGTTTAGATGCCCTGAATGGGCATCTT 
TAAT;
ΨDNA-21 (iii):
ACAGCCCATCGACTGGTGTTTAGATTGAATATCTTTAAT;
ΨDNA-21 (iv):
ACAGCCCATCGACTGGTGTTTAGATGAATTCTTTAAT;
ΨDNA-21 TTTA:
ACAGCCCATCGACTGGTGTTTAAATGTGAATCATTTATAAT;
ΨDNA-21 TTTG:
ACAGCCCATCGACTGGTGTTTAAATGTGAATCATTTGTAAT;
ΨDNA-21 TTTC:
ACAGCCCATCGACTGGTGTTTAAATGTGAATCATTTCTAAT;
ΨDNA-21 ATTT:
ACAGCCCATCGACTGGTGTTTAAATGTGAATCATATTTAAT;
ΨDNA-21 GTTT:
ACAGCCCATCGACTGGTGTTTAAATGTGAATCATGTTTAAT;
ΨDNA-21 CTTT:
ACAGCCCATCGACTGGTGTTTAAATGTGAATCATCTTTAAT.

Protein expression and purification
All proteins were purified as previously described11. In brief, the cloned 
AsCas12a pET28 expression plasmid was transformed into BL21 DE3 
chemically competent cells (New England Biolabs) and plated under 
kanamycin selection. A single colony was inoculated into 50 ml of 
Luria–Bertani (LB) under kanamycin antibiotic selection and allowed 
to grow at 37 °C for 16 h. The inoculate was then back diluted 1:100-fold 
into two separate 1.5-L LB culture flasks and grown to an optical density 
at 600 nm of 0.8. Expression was induced by the addition of IPTG at 
a final concentration of 0.1 mM and growth for 16 h at 18 °C to maxi-
mize expression levels. Cells were pelleted by centrifugation (4,000g, 
60 min) and resuspended using lysis buffer (20 mM Tris-HCl pH 7.5, 
1 M NaCl, 10 mM MgCl2, 1 mM TCEP, 200 μM PMSF and 10% glycerol) 
with one Pierce protease inhibitor tablet and 10 U of DNAse I. Cells 
were lysed by sonication and the lysate was clarified by centrifugation 
at 18,000g for 30 min at 4 °C. The supernatant was loaded into a 5-ml 
HisTrap HP Ni Column (Cytiva) and eluted using a gradient of Ni elu-
tion buffer (20 mM Tris-HCl pH 8.0, 500 mM NaCl, 250 mM imidazole, 
1 mM TCEP and 10% glycerol). Fractions containing the protein were 
combined and dialyzed with TEV protease in dialysis buffer (40 mM 
HEPES pH 7.5, 150 mM NaCl, 1 mM TCEP and 10% glycerol) for 16 h at 
4 °C. The sample was then purified by gel-filtration chromatography 
(Superose 6 10/300; GE Healthcare) in dialysis buffer. The purity 
and quality of the protein were analyzed by SDS–PAGE. The protein 
was quantified using the PIERCE Bradford assay reagent kit (Thermo 
Fisher) following the manufacturer’s instructions. The protein was 

flash-frozen in 6-μl aliquots at a final concentration of 70.5 μM and 
stored at −80 °C.

In vitro trans-cleavage assay
The ΨDNA–AsCas12 trans-cleavage assays were prepared at 50 nM 
AsCas12a enzyme, 100 nM ΨDNA, 40 nM target RNA and 500 nM FQ 
ssDNA reporter. All components were added in NEB 2.1 buffer and 
nuclease-free water at a final volume of 40 μl. Then, all reactions were 
plated on a dark flat-bottom 384-well plate (Grenier) and subsequently 
placed in a BioTek Synergy fluorescence microplate reader. Samples 
were incubated at a temperature of 37 °C for 30 min. Fluorescence 
was recorded at 483/20 nm and 530/20 nm excitation/emission wave-
lengths in 2.5-min intervals.

Cryo-EM sample preparation and data collection
Samples were prepared and imaged following previously described 
procedures11. In brief, for the 20-bp complex, a flash-frozen sample 
of purified AsCas12a was rapidly thawed and incubated at a 10 μM 
final concentration with ΨDNA (purified by high-performance liquid 
chromatography)containing an miR-21-targeting spacer at a 1:1 ratio 
at 37 °C for 30 min. After a 30-min incubation, a 40-nt target RNA 
containing a region complementary to the miR-21-targeting spacer 
was added at a final concentration of 10 μM and further incubated 
for 30 min at 37 °C. The sample was then allowed to cool on ice before 
being applied to Quantifoil 1.2/1.3 ultrathin 400-mesh carbon grids 
that were glow-discharged with 20 mA for 30 s before blotting. All 
grids were blotted using a Vitrobot Mark IV (Thermo Fisher) for 9–12 s 
(blot force: 1) at 4 °C and 100% humidity and plunge-frozen in liquid 
ethane. Data were collected on an FEI Titan Krios 300-V Transmission 
EM instrument (Thermo Scientific) with a Gatan BioContinuum imag-
ing filter and a K3 direct electron detector. Data were collected using 
SerialEM (version 4.2) with a 0.832-Å pixel size and a defocus range 
of −1.5 to −2.5 μm, with a total exposure time of 3.3 s in a total accu-
mulated dose of 79 e− per Å2 at −30° tilt. Motion correction, contrast 
transfer function estimation and particle picking were carried out in 
cryoSPARC live (version 4.7.1). A total of 4,338 videos were accepted 
for downstream processing.

Cryo-EM image processing, model building and refinement
Similarly, the cryo-EM processing pipeline used was adapted from 
previously described procedures11. From the accepted videos, a total of 
1,767,373 particles were selected using blob picker. A total of 1,107,909 
particles were picked after a single round of two-dimensional clas-
sification. A random subset of 100,000 picked particles was selected 
for ab initio reconstruction (three classes). The best class was used 
for two rounds of heterogeneous refinement and downstream non-
uniform refinement, yielding a 3.10-Å reconstruction comprising 
963,667 particles. Given that the Nuc domain was mostly unresolved, 
particle homogeneity was enhanced by performing a single round of 
three-dimensional classification. All classes contained either a par-
tially resolved or fully unresolved Nuc domain. Classes containing 
the fully unresolved Nuc domain were selected for a final nonuni-
form refinement, yielding a final 3.18-Å reconstruction comprising 
296,227 particles.

Model building and refinement
As the structure resembled a fully formed 20-bp R-loop conformation, 
the initial backbone for the model was built using a previously solved 
structure (PDB 8SFO) and aligning it to the map. The alignment yielded 
a well-aligned DNA:RNA heteroduplex, as well as the α-helices from the 
protein. The output was used as a fiducial for de novo model building 
using a combination of Coot (version 1.0) and ChimeraX (version 1.90). 
The DNA NTS was deleted from the map along with the Nuc domain. 
The DNA hairpin was modeled manually using Isolde (version 1.4). 
Side-chain rotamer optimization and Ramachandran angle refinement 
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were performed using a combination of Coot (version 1.0) and Isolde 
(version 1.4). Multiple iterations of real-space refinement implemented 
within PHENIX (version 1.19) were carried out to improve the model 
geometry and map fit.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
All data supporting the findings of this study are available within 
the article. Additional data can be obtained from the corresponding 
authors, D.W.T. or P.K.J., upon reasonable request. The atomic coordi-
nates were deposited to the Protein Data Bank (PDB) under accession 
code 12YR. The cryo-EM density map was deposited to the Electron 
Microscopy Data Bank (EMDB) under accession code EMD-76860. 
Source data are provided with this paper.
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Extended Data Fig. 1 | Cryo-EM dataset processing pipeline, data 
analysis and quality control. a. Processing pipeline for ΨDNA-guided RNA 
targeting AsCas12a. b. Fourier Shell Correlation (FSC) diagram for the final 
cryo-EM structure obtained. c. Euler particle distribution diagram shows a 

well-represented orientation distribution of particles for the final cryo-EM 
structure. d. Sharpened map colored by local resolution with gold-standard FSC 
at a threshold of 0.143.
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Extended Data Fig. 2 | Comparison of the RuvC lid active site. (Left) Front view of the model and map showing a fully resolved RuvC lid (PDB: 8SFO). (Right) Front view 
of the model and map of ΨDNA-guided AsCas12a. The density corresponding to the RuvC lid is not present in the map as indicated by the arrow.
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