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Materials and Methods 

FLSHclust implementation 
The FLSHclust algorithm was implemented in Python 3 using PySpark for distributed 
computation on commodity clusters without shared memory or disk. Described below are the 
general implementation details (see Fig S1 for visual depiction of the algorithm).  

The algorithm has the following core parameters: min_seq_id: The minimum sequence 
identity for including proteins in a cluster, cov: The minimum coverage between sequences for 
alignment, cov_approx_factor: an approximation parameter for filtering out sequences pairs that 
will not match the clustering criteria without actually aligning the sequences, k: The main kmer 
length used for clustering.  

The family of hash functions used for locality-sensitive hashing is random position 
masking, which involves dropping random positions in each kmer before matching them with a 
hash table. Each hash function drops different combinations of positions. Thus, the set of hash 
functions can be reduced to the set of position combinations that are dropped, {Hi}, which 
essentially is a boolean matrix of positions that are to be dropped out. Optimal functions are 
generated using Markov Chain Monte Carlo (MCMC) as follows. We use the following method 
to achieve hash functions with no false negatives for up to r mismatches. All combinations of 
mismatch positions are enumerated up until a value m_max and stored as our input X. For an 
initial set of hash functions, {Hi}, LSH is performed on the entirety of X. The fraction of 
recovered sequences via LSH as a function of the number of mismatches, m, is stored as R. An 
energy function of the form exp(-R / T) is used for MCMC to maximize R as a function of {Hi}. 
Optimal hash functions can be obtained and then stored for use. Perfect hash functions are 
obtained when R = 1 at the end of optimization. Not all combinations of parameters will result in 
perfect hash functions.  

Proteins are assigned random numeric ids at the start. Next all protein amino acid 
sequences are first converted to a reduced alphabet that groups related amino acids together. The 
reduced alphabet has 13 tokens, which allows each token to be represented by 4 bits, allowing 
for more space efficient representations than using a full char (8 bits). The map between tokens 
and amino acids are shown below: 
 
[(0, ['T', 'A', 'S']), (1, ['L', 'M']), (2, ['I', 'V']), (3, ['R', 'K']), (4, ['Q', 'E']), (5, ['D', 'N']), (6, ['Y', 
'F']), (7, ['W']), (8, ['C']), (9, ['G']), (10, ['H']), (11, ['P']), (12, ['U', 'O', 'J', 'Z', 'X', 'B', '*'])] 
 

Kmers of length k are then generated for each protein, while excluding any kmers that 
contain amino acid stop codons (‘*’) characters. Kmers are stored in compressed format as 
integers when performing joins and merges to reduce space usage. Compressed formats are 
calculated efficiently using a rolling calculation with bitshifting. Each reduced amino acid token 
is stored as 4 bits in the final representation, and the bits are stored in an 8 byte integer. 
Calculations comparing kmers and number of mismatches between kmers are performed directly 
on the bit representations when possible. To assist with reducing noise, for each kmer, we 
additionally add a paired kmer of the same size that is equal to the length k sequence 
immediately upstream from the kmer, which we refer to as the paired kmer (kmer_pre). Using 
the paired kmer mode is optional.  

Next, we iterate over all L hash functions, starting with i=0. All kmers (represented as 
integers) are mapped to their respective hash values using the hash function Hi. Hash values are 
matched. Buckets with more than 1 kmer are retained. Two representative protein ids 
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(rep_proteins) are then selected for each bucket: L_rep, which is the protein id corresponding to 
the longest sequence in the bucket (using protein id as a tiebreaker), and H_rep, which is the 
protein with the largest protein id (which was randomly selected at the start), using length (in 
descending order) as a tiebreaker. All proteins in the bucket are then paired to each of the two 
representative protein ids. For each protein/rep_protein pair, if cov * cov_approx_factor * 
length(rep_seq) > length(protein), then remove the pair from further consideration. If paired 
kmer mode is used, then additionally, the paired kmers between the protein and the rep_protein 
are compared according to their hamming distances as computed from their bit representations. If 
the hamming distance divided by k is less than the min_seq_id, we discard the pair from future 
consideration. All remaining pairs are merged into a persistent bucketed table, and i is 
incremented from 0 to L-1. The persistent bucketed table is maintained across all iterations and 
holds all pairs of sequences to be aligned. The bucketing is performed on the join keys during 
save to prevent complete repartitioning of both the persistent and update table at each iteration, 
drastically reducing runtime. The maximum number of pairs in the table will be K * N * L, where 
K is the maximum sequence length. The iterations can be performed in batches as memory and 
disk allows.  

After all iterations have been completed, the final persistent table is used to generate 
alignments. Due to the massive size of the table, the task of creating alignments is split further 
into A iterations, where A is determined by the size of the persistent table as well as the cluster 
resources so as to prevent consuming the entire storage of the cluster. For each of the A 
iterations, j=0,...,A, all rep_seq ids with a modulo equal to j are considered for alignment. Then 
all passing protein/rep_protein pairs are materialized using a join to a database containing the 
original sequences. The sequence identity between each protein and the rep_protein sequences 
are then determined according to the user’s choice of 1) a fast edit distance based estimate of 
sequence identity or 2) a slower but more Smith-Waterman accurate local sequence alignment 
using a Blosum62 scoring matrix with a gap open penalty of 11 and a gap extension penalty of 1 
(which can be adjusted if desired). Minimum sequence coverage and minimum sequence identity 
are then enforced according to the clustering criterion min_seq_id and cov, resulting in a set of 
protein/rep_protein pairs that satisfy the clustering criteria. After all A iterations have been 
performed and their results merged, the next step is the optional graph simplification. 

The resulting set of remaining protein/rep_protein pairs then form the basis for a directed 
graph. Graph simplification is essential for reducing long chains in the graph that result from 
deep homology within a family or fold of proteins. These long chains can result in very large 
communities detected by connected components and is thus important when clustering at low 
sequence identity and while using connected components for community detection. Graph 
simplification may not be necessary if other community detection algorithms are used. 

The main graph simplification step works by clustering together nodes that are closely 
connected, in a way that preserves the overall structure of the graph. The first step is to create a 
new table of nodes and their degrees, where the degree of a node is the number of edges that it is 
connected to. Next, we group the edges by their destination node and aggregate the information 
for each node in a list of (degree, source) tuples. The winning edge for each node is then 
determined as the edge with the highest degree and smallest source node. 

The next step is to determine the winning edges for each source and destination node. 
This is done by ranking the edges for each node based on their winning degree and then selecting 
the top-ranked edge. Finally, the winning edges for the source nodes are combined with the 
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winning edges for the destination nodes to form the final set of edges for the simplified graph. 
Any edges that connect a node to itself are filtered out. 

After the graph simplification, a distributed connected components algorithm is 
performed on the graph to identify communities. Within each community, all sequences are 
realigned to the representative protein. Extremely large communities are processed separately to 
avoid skew times due to allocation to a single CPU. 

The node with the max original degree in the graph (prior to simplification) within each 
community is selected as the megarep node. All nodes within the community that have not been 
aligned to the megarep node are realigned to the megarep node, forming new edges as required. 
For each cluster, all nodes are then sorted by the number of edges it is connected to within the 
cluster. The list of sorted nodes is then traversed and for each node visited that has not been 
assigned to a cluster, a new cluster is created consisting of all nodes that it is connected to that 
has not been clustered, along with itself. The final list of clusters are then combined across all 
communities to form the final clustering of the entire dataset. Numeric protein ids were then 
reassigned back to their original ids using a join.  
 
Clustering comparison 
UniRef100, UniRef90, and UniRef50 were downloaded from UniProt on 2022-04-18 for 
comparing clustering methods. Clustering was performed either on UniRef90 or UniRef50 using 
multiple software packages as possible to compare their clustering results. For timing 
comparisons, different clustering software were tested on a OpenMPI/Hadoop cluster with two 
64 CPU nodes (each of type n1-highmem64 from Google Cloud with 512 GB of memory and 
2TB SSD disk each) against various random samples of differing size from UniRef50 to test 
their runtimes as a function of the number of input sequences. linearithmic models were fitted to 
linearithmic scaling functions (N logN) using a least squares fit with heteroskedastic error model 
where the expected variance scales with the square of the number of input proteins, while also 
forcing the constant and linear term to be non-negative. Quadratic models were fitted in the same 
manner for quadratic algorithms but using a quadratic model in place of a linearithmic model. 
The Nelder-Mead optimization algorithm was used to obtain minima.  

For each 1M sample of UniRef50 (for 30 or 25% sequence identity clusterings) (or 
UniRef90 for 50% sequence identity clusterings, or UniRef100 for 90% squence identity 
clusterings), as well as for the full UniRef50 dataset, the following was performed. All sequences 
were searched against the entire sample on a 160 CPU machine with 3.8TB shared memory 
using MMSeqs2 with sensitivity of 7.5, a minimum coverage of 0.8, and maximum 100 
sequences per query, with the --realign mode. An exception was made for the full UniRef50 
dataset, in which case only a 1M sample was selected. For each query, the top 100 hits were then 
realigned to the query using the standard Smith-Waterman algorithm with a Blosum62 matrix, a 
gap open penalty of 11 and a gap extension penalty of 1. If the number of aligned residues in the 
query divided by the length of the query was less than the min_cov of 0.8, then the query/target 
pair was ignored. Similarly, if the number of aligned residues in the target divided by the length 
of the target was less than the min_cov of 0.8, then the query/target pair was ignored. Of the 
passing query/target pairs, the target with the maximum sequence identity was selected to be the 
nearest neighbor. For each clustering result, the following was computed for each range of 
sequence identities (20-25%, 25-30%, … 95-100%): the percentage of proteins that are clustered 
(that is the percentage of proteins that has a nearest neighbor within the given sequence identity 
range while also being found in a non-singleton cluster (cluster with size ≥ 2). The cumulative 
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(from 100% to 20% sequence identity) percentage of proteins clustered was also obtained by 
multiplying each sequence identity range by the number of proteins in the range and then 
summing (starting from the largest sequence identity range, 95-100%, and ending with the 
smallest sequence identity range, 20-25%), dividing by the total number of proteins in the input 
dataset.  

Inter cluster distances were also analyzed using the following approach. For each 
clustering method, a random sample of 5000 cluster representatives from the resulting clustering 
was taken and aligned against all cluster representatives from the clustering using the above 
BLOSUM62 Smith-Waterman alignment strategy. For each sampled cluster representative, the 
sequence identity to the nearest (non-self) neighboring cluster representative was then taken to 
be sequence identity to the nearest cluster. A cumulative distribution (starting from 100% going 
own to 20% was then generated on the quantity: sequence identity to the nearest cluster over the 
sample of 5000 cluster representatives. This analysis provided a comparison for how well a 
given clustering method generated clusters that are sufficiently far apart for the given target 
clustering threshold.  

A power analysis of cluster sizes was also performed as a function of the input dataset 
size (based on the UniRef50 samples). The distribution of cluster size was plotted on a log-log 
scale for the resulting clustering from each of UniRef50 samples. 

FLSHclust scaling as a function of number of nodes was computed by progressively 
scaling the number of compute noes and testing for time of completion versus the 3160k sample 
UniRef50 dataset. Relative completion time was taken to be the time for completion at N nodes 
divided by time for completion using 1 node. Computational efficiency for each value of number 
of nodes (1, 2, 4, 8, or 16) was computed using the standard formula, which is the speedup 
(inverse of relative completion time) divided by the number of nodes. 
 
CRONUS CRISPR repeat tool 
CRONUS was implemented with python 3 and operates as follows. For main parameters, 
CRONUS uses the minimum number of repeats - min_repeats (default 3), the minimum repeat 
length - min_len (default 15), the minimum sequence identity between repeats - min_id (default 
85), the maximal size of the direct repeats - max_repeat_sz (default 200), the maximum spacer 
length - max_spacer_len (default 200), the seed size of the initial search - seed_size (default 5), 
the maximum number of repeat types per array - max_repeat_types (default 2). A general 
description of the program is given below. 

First, vmatch2 is run with the query (len N) against itself with a seed length seed_size 
and a min identity min_id and a max edit distance based on the min_len, min_id, and seed_size. 
A sparse NxN coverage matrix was then formed containing all of the pairwise matches from 
vmatch2 with max genomic distance of 400. Connected components were then obtained from 
treating the coverage matrix as an adjacency matrix. Clusters of related sequences were 
determined by the connected components algorithm. Match groups were formed based on the 
connected components, consisting of a sequence along with all of its matches if it belongs to a 
connected component. For each match group the following was performed: A focus region was 
defined as the entire region spanning the sequences found in the component plus an additional 
200 bp on either side. Next, length 5 kmers from all sequences covered by the connected 
component are grouped into a list to serve as passable kmers. All kmers of length 5 in the focus 
region were then identified and counted, provided that they exist in the list of passable kmers. 
Kmers with a count of 3 or more were included for further processing. For each kmer, the 
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positions in the focus were taken into a list d in sorted order. If med_len, the median difference in 
adjacent positions (called diff) in d was below 15, the kmer was skipped. The spacing regularity 
was defined as mean(abs(diff - med_len) % med_len), where % is the modulo operator. The 
normalized regularity was equal to the spacing regularity divided by the med_len. If the 
normalized regularity was > 0.35 or if med_len >= 300, then the kmers were discarded. For the 
remaining kmers, if any of them overlap with the positions of the initial matches from the match 
group, the match was retained. If the final number of matches was less than min_repeats, then 
the entire match group was skipped. Next, the distances between all remaining matches were 
calculated. If the 80th percentile of the distance between matches (defined as 
soft_max_neigh_dist) is greater than 2 * max_spacer_len, then the entire match group was 
skipped. Next, the match group was filtered to remove deviating matches. Specifically, if a 
match on either end of the match group is more than 1.5 * soft_max_neigh_dist from the rest of 
the list, it is removed. This is repeated until no more matches are removed. 

Next, we construct a list of start and end positions for each putative DR, as determined by 
the current match group. We then sort these positions by their starting location. Next, we apply a 
merging step to combine overlapping DRs into longer contiguous regions. This is done by 
checking if two adjacent DRs have an overlap of at least overlap_buffer base pairs, and if so, 
merging them together. After the DRs have been identified and merged, we align the putative 
DR sequences to each other and process the alignment to determine which DRs should be 
extended to improve the alignment. DRs are extended if they have a critical threshold of 
mismatches or gaps compared to the other DRs in the alignment. The extended DRs are then re-
aligned with the other DRs, and the process is repeated until either no DRs need to be extended 
or the maximum number of iterations is reached. Using these alignments of the putative DRs, the 
DRs are further refined. The full alignment is converted into an embedding matrix, E of size N * 
5*M, where N is the number of sequences and M is the alignment length, by setting E[i, 
j+5*f(x[i,j])] = 1 / M for each i,j, and 0 otherwise, where f sends ‘A’ to 0, ‘T’ to 1, ‘G’ to 2, ‘C’ 
to 3 and ‘-’ to 4. Lastly, clustering is performed using DBSCAN with the dbscan function from 
scikit-learn. The parameters used are eps=0.55 and p=1. The eps parameter determines the 
maximum distance between two samples for them to be considered as in the same neighborhood. 
The p parameter is the power parameter for the Minkowski metric used by DBSCAN. Using the 
DBSCAN clusters, the repeat boundaries are refined while considering sequence divergence. The 
spacer regions are then tested for minimum variability. 

To limit the extent of all-to-all comparisons within each contig, contigs are split into 
20kb overlapping tiles (with 13334 bp overlaps) and CRONUS is run on each split with resulting 
overlapping CRISPR arrays deduplicated by prioritizing the longest arrays followed by the 
arrays with the smallest start site.  
 
Performance comparison of CRISPR finders on synthetic CRISPR array benchmark 

A synthetic benchmark was constructed using parameterized probability distributions 
over CRISPR arrays. These CRISPR arrays were then embedded in totally random nucleotide 
sequences and then used as inputs for the various CRISPR finders along with different parameter 
combinations for the CRISPR finders. Tasks were parallelized using Apache Spark on a compute 
cluster with 6400 CPUs. 

Synthetic CRISPRs were generated according to the following process. We start by 
setting the seed for the random number generator using the "trial" value. Then, we generate a 
consensus sequence for the direct repeat (DR) by generating a random sequence of canonical 
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bases (A, C, G, T) of length equal to the prespecified DR length. We also define a range for the 
DR size that is equal to [floor(dr_len * (1 - rel_indel_range)), ceil(dr_len * (1 + 
rel_indel_range))]. Similarly, we define a range for the spacer size that takes into account the 
spacer indel relative range, equal to [floor(dr_len * (1 - spacer_rel_indel_range)), ceil(dr_len * (1 
+ spacer_rel_indel_range))]. 

Next, we create empty lists to hold the DR and spacer sequences generated in the loop. 
We iterate "n_dr" times to generate the DR sequences. For each DR, we start with the consensus 
sequence and perform mismatches by randomly selecting a base that is different from the 
consensus base with a probability of "p_mismatch". We then check if an indel should be 
performed by randomly selecting a value between the defined range for the DR size and 
comparing it to the original length. If an indel should be performed, we randomly select the 
position(s) and type of indel(s) to be made. If an insertion is made, we insert a randomly chosen 
base at the selected position(s). If a deletion is made, we remove the base(s) at the selected 
position(s). The resulting DR sequence is added to the list. 

Similarly, we iterate "n_dr-1" times to generate the spacer sequences between the DRs. 
For each spacer, we start with the consensus spacer sequence and perform mismatches with a 
probability of "1 - p_spacer_similarity". This allows control over the level of similarity between 
spacer sequences. For all tests used, p_spacer_similarity is selected to be 0.3, resulting in highly 
differing spacer sequences. We then check if an indel should be performed by randomly 
selecting a value between the defined range for the spacer size and comparing it to the original 
length. If an indel should be performed, we randomly select the position(s) and type of indel(s) to 
be made. If an insertion is made, we insert a randomly chosen base at the selected position(s). If 
a deletion is made, we remove the base(s) at the selected position(s). The resulting spacer 
sequence is added to the list. 

The final CRISPR array is formed by interleaving the spacers into the DR sequences and 
then concatenating the full array into a single sequence. Then, we generate left and right flanking 
sequences to be added to the CRISPR sequence. Then we generate a random DNA sequence of 
length 20000 and insert the synthetic CRISPR array at the randomly selected position in the 
sequence. 

For each CRISPR parameter set of the 35 selected combinations, 2000 random synthetic 
CRISPRs embedded in random DNA sequences were created using the above procedure, and all 
CRISPR predictors with selected corresponding parameters were tested against the synthetic 
sequences, keeping track of time elapsed.  

To understand the CRISPR performance of each of the finders, we compiled scores for 
each CRISPR finder / CRISPR parameter set (condition group) pair as follows. We defined the 
consensus sequence of a list of DRs to be the DR with the minimum average normalized edit 
distance to the remaining DRs, where the normalized edit distance is defined as the edit distance 
between DR_i and DR_j divided by the minimum length of the two DRs (DR_i, DR_j). We then 
calculated 3 simple metrics of performance: “hit” rate, “DR count error” and “boundary position 
error” (indels between predicted and true DR). For each synthetic CRISPR, a predicted CRISPR 
was considered a “hit” if it overlaps with the synthetic CRISPR interval (expanded by a 50 bp 
buffer). If a hit was found, then we aligned the consensus of the synthetic DRs with the 
consensus of the predicted DRs using Biopython pairwise2 alignment module and calculated the 
number of gap columns in the alignment as the boundary prediction error (in bp). The absolute 
value difference between the number of true DRs and predicted DRs was taken to be the DR 
count error. We then used bootstrapping with 2000 samples to calculate the mean, upper quartile, 
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and lower quartile of the means of all three performance metrics as well as elapsed time in order 
to compare between all CRISPR predictors. 
 
Prokaryotic genome/metagenome CDS prediction and clustering 

We used Prodigal (76) to predict all genes in the genomes/metagenomes, using the 
metagenomic option for metagenomic datasets (WGS metagenomes, JGI, MG-RAST). Next we 
deduplicated all proteins, then iteratively clustered all proteins at 100%, 98%, 90%, 70%, 50%, 
and 30% sequence identities with a minimum coverage of 80%. For 100%-50% sequence 
identity, we clustered using the FLSHclust implementation without the use of LSH functions and 
used the LSH functions for clustering from 50% to 30% sequence identity. All 6 clusterings 
along with deduplication were performed with the FLSHclust implementation over the course of 
~1-2 weeks with intermittent breaks on a Hadoop cluster containing 30 compute nodes with 
32CPUs, 256 GB memory and 2TB SSD non-shared storage each. 
 
Sensitive CRISPR discovery pipeline 

For CRISPR prediction, 4 CRISPR finders were used with a total of 6 different runs 
based on parameter combinations selected from a calibration against the synthetic CRISPR array 
benchmark. Parameters for each CRISPR finder are as follows: 
 

1. PILERCR with minarray=3, mincons=0.9, minid=0.94, maxrepeat=64, maxspacer=64 
(codename PILER_1) 

2. PILERCR with minarray=3, mincons=0.8, minid=0.85, maxrepeat=128, maxspacer=128 
(codename PILER_5) 

3. CRT with minNR=3, minRL=16, maxRL=128, minSL=16, maxSL=128 (codename 
CRT_2) 

4. CRISPRFinder with mNS=2 (codename CRISPRFinder) 
5. CRONUS with seed_size=5, min_len=16, minid=8, max_repeat_size=128 (codename 

CRONUS_2) 
6. CRONUS with seed_size=11, min_len=16, minid=80, max_repeat_size=512 (codename 

CRONUS_4) 
 
Next, we deduplicated CRISPR array predictions from the various CRISPR finders as follows. 
For each contig, we create an empty list of intervals. We loop through each CRISPR and check if 
it overlaps with any of the existing intervals. If it does, we merge the intervals and add the 
CRISPR to the corresponding list of CRISPRs in the merged interval. If it doesn't overlap with 
any existing intervals, we create a new interval for the CRISPR. 

Finally, we select the best CRISPR from each interval by selecting the CRISPR with the 
most DRs, highest priority index, longest length, and earliest start position. Here, the priority 
index of the various CRISPR finders is determined according to the following order: 
['CRISPRFinder', 'PILER_5', 'PILER_1', 'CRT_2', 'CRONUS_4', 'CRONUS_2']. For consistency 
across the CRISPR arrays, we then redefine the spacers to be the sequences interleaving the 
predicted DRs as not all CRISPR prediction tools may do this. 

We defined the distance (interval_distance) between two genomic feature intervals (e.g. a 
CRISPR array, or CDS) to be equal to zero if the two intervals overlap, and otherwise the 
minimum distance between all combinations of the endpoints. We further corrected this distance 
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for circular contigs (e.g. plasmids and some phage, entire bacterial genomes) by using the nearest 
distance along a circle as opposed to a line when necessary.  

We then used the following procedure to define operons from the set of predicted 
proteins within a given contig. We create two lists called "proteins_f" and "proteins_r" to store 
proteins in forward and reverse directions, respectively. We then sort the proteins in both lists 
based on their starting position for forward proteins and ending position for reverse proteins. We 
create an empty list called "intervals_f" to store forward protein operons. We loop through each 
forward protein in "proteins_f" and get its starting and ending positions. If the "intervals_f" list is 
empty, we create a new interval with the protein and append it to the list. Otherwise, we check if 
the current protein is within a distance of 200bp to the last interval in the list. If it is, we add the 
protein to the last operon and update its starting and ending positions to encompass all proteins 
currently in the operon. If it is not, we create a new interval with the protein and append it to the 
list. If the DNA strand is circular and there is more than one interval in the "intervals_f" list, we 
check if the first and last intervals are within the maximum distance of each other. If they are, we 
merge them into a single interval that crosses the circular boundary. We repeat the above process 
for the reverse proteins and store the resulting intervals in a list called "intervals_r". The final set 
of operons is defined by the concatenation of "intervals_f" and "intervals_r" 

We then define the operonic distance between a protein and another feature of interest as 
the interval_distance between the feature of interest and the operon containing the protein. We 
then computed the operonic distance between each protein and the nearest CRISPR array. For 
this study, we set max_association_distance = 3000 to be the maximum operonic distance 
between a protein gene and a CRISPR array at which the protein gene is considered to be 
associated with a CRISPR array. For each gene, the associated CRISPR array is the CRISPR 
array closest to the protein within max_association_distance operonic distance from the protein, 
or an empty array if none exists.  

Metagenomic data poses a challenge in inferring associations due to the tendency for 
short contigs to contain partial systems. However, the information from metagenomic data can 
still be leveraged for calculating associations by calculating an effective sample size for each 
protein that incorporates information about distances to the contig edge. For each protein, two 
quantities are computed, "u_d" and "d_d" which are the upstream and downstream distances to 
the contig edge from the operon containing the protein. Upstream and downstream are 
determined relative to the orientation of the protein on the contig. The contig weight for the 
protein is then computed as the weighted average w = 0.5 * min(1, u_d / 
max_association_distance) + 0.5 * min(1, d_d / max_association_distance). If the protein is not 
associated with a CRISPR array (i.e. there is no CRISPR array with an operonic distance of less 
than 3000 to the protein), the effective sample size is the contig weight. If the protein is 
considered to be associated with a CRISPR array, then the effective sample size is equal to 1. 

Proteins are then redundancy reduced as follows. All proteins within the same c90 cluster 
(90% identity cluster) are grouped. The proteins are then ordered in lexicographic order using the 
followed ordered criteria: 1) the number of DRs in the associated CRISPR array (descending 
order), 2) contig weight of the protein (descending order), 3) the protein id as a tiebreaker 
(descending order). The rank 1 protein from each c90 cluster as determined from the above 
ordering is then selected to be the representative protein for the c90 cluster with regards to 
association calculation. The resulting set of proteins is considered to be the redundancy reduced 
set for the naive score calculation.  
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The naive association score is then calculated as follows. For each c30 cluster (30% 
identity cluster), three quantities were computed using all the non-redundant proteins (c90 cluster 
representatives defined above) contained within the 30% cluster: the number of non-redundant 
proteins with CRISPR associations (N_cr), and the sum of the effective sample sizes of all non-
redundant proteins (N_eff), as well as the total number of non-redundant proteins (N). The naive 
score (referred to as weighted_icity) was then calculated to be S = N_cr / N_eff.  

All 30% clusters with (weighted_icity >= 0.02 and N_cr >= 2) or (weighted_icity >= 0.1 
and N_cr >= 1) were selected for performing blast searches of the respective DRs in order to 
calculate the enhanced score. Therefore, extremely low confidence clusters were dropped to 
avoid performing excessive blast searches. The remaining 30% clusters were considered 
candidate 30% clusters. 

We then searched for divergent DRs for the candidate 30% clusters as follows. All non-
redundant 90% clusters were assigned to the consensus DR of the closest CRISPR array of the 
representative cluster member, which were selected as above. Then, for each of the 30% clusters, 
the consensus DRs of all 90% clusters were collected into a list. For each protein belonging to 
the candidate 30% clusters, the 10kb vicinity was searched against all of the consensus DRs from 
the 30% cluster using an expect value of 1e-3 (with the db size equal to the 10kbp window 
around the protein, accounting for reduced size when necessary due to short contigs), and a word 
size of 7, a gap open penalty of 6, and a gap extension penalty of 2. We additionally required a 
minimum coverage of 0.4 to the DR to be considered a divergent DR, that is match length / DR 
length was required to be >= 0.4. Furthermore, we required that all matches be >= 16bp to 
reduce noise. Matches with an operonic distance of 3kbp or more were discarded. All remaining 
matches were considered divergent DRs (alternatively referred to as “searched DRs”). Enhanced 
CRISPR scores were then calculated in the same manner as the naive score, but using the 
“searched DRs” in place of the CRISPR arrays when computing all quantities, namely presence 
of CRISPR within the vicinity (“searched DRs” within 3kbp of the protein) and effective sample 
size, with the caveat that only “searched DRs” for a given 30% cluster were considered for 
scoring that cluster (i.e. “searched DRs” for cluster i would not be used to count towards the 
scores for cluster j). 

Protein-protein associations were then computed using same weighted_icity method as 
above except with a prespecified cluster id (c30_id) in place of CRISPR arrays and an 
association distance of 10kb in place of 3kb. Each cluster (c30_id) from the above analysis was 
used, providing specific associations between other genes and newly identified candidate 
CRISPR-associated genes.  

For selecting an appropriate threshold for the CRISPR association score, we selected a set 
of Cas and Non-Cas genes. For the Cas genes, we selected Cas9, Cas12, Cas13, Cas7, Csf2, and 
Cas7_TypeIII (profiles described below in Appearance of CRISPR systems in the public 
dataset). We took all c98_id clusters (clusters at 98% sequence identity) and checked if any had a 
hit to these profiles using HMMER with an e-value cutoff of 1e-50 (as determined by searching 
against the complete set of Cas profiles). A c30_id was considered then to be a Cas cluster (for 
this analysis) if any 98% cluster had a hit to one of the above Cas profiles. For the Non-Cas 
genes, the same was performed, except with a more permissive cutoff of 1e-5 and also only using 
the following PFAM profiles, which were determined to be in general unrelated to CRISPR:  
'PF04313', # HSDR_N_1                                                                                                                                                                                                                    
'PF00144', # Beta-lactamase                                                                                                                                                                                                              
'PF00665', # RVE (transposases)                                              
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'PF10145', # Phage tail minor protein               
'PF00437', # Type II/IV SS                                        
'PF00085', # Thioredoxin                                                                                                                                                                                                                          
'PF01841', # Transglutaminase                                                                                                                                                                                                                     
'PF00313', # Cold shock domain                                                                                                                                                                                                                    
'PF07508', # Recombinase                                                                                                                                                                                                                          
'PF01765', # Ribosome recycling factor           
                              
Pipeline comparisons 
Various pipelines that estimate CRISPR association score were all run using a minimum N_eff 
of 3 and a minimum calculated score of 0.35. The pipelines considered were the full pipeline, 
and pipelines using the simple weighted score either with 50% clusters or 30% clusters (as 
produced by FLSHclust) with either all predicted CRISPRs or only those predicted by the 
CRT_2 condition. The number of passing clusters from each were reported, as well as the 
number of overlaps between the passing clusters and the full set of 187 clusters corresponding to 
the 187 identified systems (excluding PhageCas9 system due to this system being identified for 
having a score of 0).  
                                                                                                                                                              
Appearance of CRISPR systems in the public dataset 
All projects from NCBI, JGI, WGS, and EMBL were mapped to their project add dates 
whenever possible. Projects that could not be matched were discarded from analysis. All 
predicted proteins were then assigned a date based on the add date of the corresponding project. 
The appearance of a cluster in the public data was defined as follows. All proteins with an 
upstream or downstream distance to the contig edge of < 500bp were discarded due to their low 
quality and likely presence of protein truncations from having incomplete contigs. Then all 
proteins with a distance of <= 10000 bp to a predicted CRISPR array were retained. For each 
90% cluster, the minimum add date of all proteins within the cluster was taken to be the 
appearance date of the 90% cluster (referred to as non-redundant protein). This step constitutes 
the redundancy reduction step for CRISPR-associated non-redundant proteins in the calculation. 
Afterward, for each 30% cluster, all of the CRISPR-associated non-redundant proteins were 
obtained, and their appearance dates sorted. The date of the 2nd row in the sorted list was 
designated the appearance date of the cluster in the public data (corresponding to the minimum 
date at which 2 or more CRISPR-associated non-redundant proteins existed in the public data. 
The appearance date of a given CRISPR system was then defined as the minimum appearance 
date of all clusters from the system, as defined by a given signature gene. For the PhageCas9 
system, which was not associated with CRISPR arrays, we disregarded the requirement that the 
loci are CRISPR associated when identifying loci for the appearance date calculation. 

The signature genes used for defining the system are as follows: VII: b-CASP, 
Cas12+DUF3800: DUF3800-TPR, Cas5-HNH: Cas5-HNH, Cas8-HNH: Cas8-HNH, DinG-
HNH: DinG-HNH, CasMu-V: Cas12, CasMu-I: CasMuC, Cas12+IscB: IscB, Cas12+Cas3: 
Cas12, PhageCas9: Cas9, Cas8-Cas3: Cas8-Cas3, Cas5-Cas3: Cas5-Cas3, Cas11-VRR: Cas11-
VRR, gRAMP: gRAMP, Cas13bt: Cas13bt.  

For the known CRISPR genes, the following combinations of HMMER profiles were 
used per system, where KOON indicates the profile were taken from (9), and when indicated 
from (77):  
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CARF = ['KOON_icity0089', 
'KOON_icity0091', 
'KOON_icity0093', 
'KOON_icity0095', 
'KOON_icity0100', 
'KOON_icity0102', 
'KOON_icity0103', 
'KOON_icity0104', 
'KOON_icity0119', 
'KOON_icity0120', 
'KOON_icity0105', 
'KOON_cls000179', 
'KOON_COG0640', 
'KOON_cd09694', 
'KOON_cd09699', 
'KOON_cd09742', 
'KOON_cd09746', 
'KOON_COG1517', 
'KOON_COG4006', 
'KOON_pfam09651', 
'KOON_pfam09659', 
'KOON_cd09660', 
'KOON_cd09668', 
'KOON_cd09671', 
'KOON_cd09686', 
'KOON_cd09702', 
'KOON_cd09723', 
'KOON_cd09728', 
'KOON_cd09732', 
'KOON_cd09741', 
'KOON_cd09747', 
'KOON_cls000955', 
'KOON_cls001403', 
'KOON_mkCas0085', 
'KOON_mkCas0108', 
'KOON_mkCas0109', 
'KOON_mkCas0112', 
'KOON_pfam09002', 
'KOON_pfam09455', 
'KOON_pfam09623', 
'KOON_pfam09670’,] 
 
Cas1 = [‘KOON_COG1518', 
 'KOON_cd09634', 
 'KOON_cd09636', 
 'KOON_cd09718', 
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 'KOON_cd09719', 
 'KOON_cd09720', 
 'KOON_cd09721', 
 'KOON_cd09722', 
 'KOON_icity0124', 
 'KOON_pfam01867', 
 'TIGR00287', 
 'TIGR03637', 
 'TIGR03638', 
 'TIGR03639', 
 'TIGR03640', 
 'TIGR03641', 
 'TIGR03983', 
 'TIGR04093', 
 'TIGR04329', 
 'cas1',  # From CRISPRDisco 
 'cas1_updated’ # FROM CRISPRDisco 
] 
 
Cas2 = ['KOON_COG1343', 
 'KOON_COG3512', 
 'KOON_cd09638', 
 'KOON_cd09648', 
 'KOON_cd09725', 
 'KOON_cd09755', 
 'KOON_icity0022', 
 'KOON_mkCas0081', 
 'KOON_mkCas0128', 
 'KOON_mkCas0179', 
 'KOON_mkCas0206', 
 'KOON_pfam09707', 
 'KOON_pfam09827', 
 'TIGR01573', 
 'TIGR01873', 
 'cas2’, # From CRISPRDisco 
] 
 
Cas4 = ['KOON_COG1468', 
 'KOON_COG4343', 
 'KOON_cd09637', 
 'KOON_cd09659', 
 'KOON_cls000170', 
 'KOON_pfam01930', 
 'KOON_pfam06023', 
 'TIGR00372', 
 'TIGR01896', 
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 'TIGR04328', 
 'cas4’ # From CRISPRDisco 
] 
 
Cas6 = 'KOON_COG1583', 
 'KOON_COG5551', 
 'KOON_cd09652', 
 'KOON_cd09664', 
 'KOON_cd09674', 
 'KOON_cd09703', 
 'KOON_cd09727', 
 'KOON_cd09733', 
 'KOON_cd09739', 
 'KOON_cd09759', 
 'KOON_cd09760', 
 'KOON_cls000004', 
 'KOON_cls000976', 
 'KOON_icity0019', 
 'KOON_icity0020', 
 'KOON_icity0025', 
 'KOON_icity0026', 
 'KOON_icity0028', 
 'KOON_mkCas0062', 
 'KOON_mkCas0066', 
 'KOON_mkCas0091', 
 'KOON_mkCas0166', 
 'KOON_pfam01881', 
 'KOON_pfam08798', 
 'KOON_pfam09559', 
 'KOON_pfam09618', 
 'KOON_pfam10040', 
 'TIGR01877', 
 'TIGR01907', 
 'TIGR02563', 
 'TIGR02807', 
 'cas6' # From CRISPRDisco 
] 
 
Cas9 = [‘cas9', # From CRISPRDisco 
 'TIGR01865', 
 'TIGR03031', 
 'KOON_cd09643', 
 'KOON_cd09704', 
 'KOON_COG3513', 
 'KOON_icity0002', 
 'KOON_mkCas0193' 
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] 
 
Cas12a = ['KOON_Cas12a','KOON_Cas12a_var'] 
Cas12b = ['KOON_Cas12b', 'KOON_Cas12b2'] 
Cas12c = ['KOON_Cas12c', 'KOON_Cas12c_arbor_variant'] 
Cas12d = ['KOON_Cas12d'] 
Cas12e = ['KOON_Cas12e', 'KOON_Cas12e_var'], 
Cas12=[ 
'KOON_Cas14e','KOON_Cas14f','KOON_Cas12a','KOON_Cas12a_var','KOON_Cas12b','KOO
N_Cas12b2','KOON_Cas14g','KOON_Cas12c','KOON_Cas12c_arbor_variant','KOON_Cas12d',
'KOON_Cas12e','KOON_Cas12e_var','KOON_Cas14a','KOON_Cas14b','KOON_V_U3','KOO
N_Cas14c','KOON_Cas14u','KOON_V_U4','KOON_V_U2','KOON_V_U1','KOON_V_U5','KO
ON_Cas14d','KOON_Cas14h','KOON_Cas12g','KOON_Cas12h','KOON_Cas12i','cas12a','cas12
b','cas12c','cas12d'] 
 
Cas13a = ['KOON_Fish20601',  
'cas13a' # From CRISPRDisco 
] 
 
Cas12b = ['KOON_Fish20602',  
'KOON_Fish20602a',  
'cas13b' # From CRISPRDisco 
] 
 
Cas13c = ['KOON_Fish20603',  
'cas13c' # From CRISPRDisco 
] 
 
Cas13d = ['KOON_Cas13d',  
'cas13d' # From CRISPRDisco 
] 
 
Cas7 = ['KOON_COG1857', 
 'KOON_COG3649', 
 'KOON_cd09640', 
 'KOON_cd09646', 
 'KOON_cd09650', 
 'KOON_cd09677', 
 'KOON_cd09678', 
 'KOON_cd09685', 
 'KOON_cd09687', 
 'KOON_cd09689', 
 'KOON_cd09690', 
 'KOON_cd09717', 
 'KOON_cd09737', 
 'KOON_cd09738', 
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 'KOON_cls000038', 
 'KOON_cls000079', 
 'KOON_mkCas0088', 
 'KOON_pfam01905', 
 'KOON_pfam05107', 
 'KOON_pfam09344', 
 'KOON_pfam09615’ 
] 
 
Cas7_TypeIII = ['KOON_icity0012', 
 'KOON_cd09662', 
 'KOON_icity0009', 
 'KOON_mkCas0142', 
 'KOON_cls000184', 
 'KOON_cls000253', 
 'KOON_cd09657', 
 'KOON_cls000708', 
 'KOON_mkCas0198', 
 'KOON_COG1332', 
 'KOON_COG1336', 
 'KOON_icity0013', 
 'KOON_cd09683', 
 'KOON_mkCas0086', 
 'KOON_pfam03787', 
 'KOON_cls001827', 
 'KOON_mkCas0182', 
 'KOON_COG1604', 
 'KOON_cd09709', 
 'KOON_cls000670', 
 'KOON_mkCas0143', 
 'KOON_icity0006', 
 'KOON_COG1367', 
 'KOON_pfam09617', 
 'KOON_COG1337', 
 'KOON_mkCas0095', 
 'KOON_mkCas0175', 
 'KOON_cls000690', 
 'KOON_cd09661', 
 'KOON_cd09726', 
 'KOON_cd09682', 
 'KOON_cd09684', 
 'KOON_mkCas0102’] 
 
Csf1 = ['KOON_cd09705',  'KOON_icity0010',  'KOON_mkCas0068',  'KOON_mkCas0185',  
'KOON_mkCas0210'] 
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Csf2 = ['KOON_cd09706', 'KOON_mkCas0162', 'KOON_mkCas0183'] 
 
Csf3 = ['KOON_cd09707', 'KOON_mkCas0093'] 
 

The signature genes used for the appearance data calculation were as follows: Type I: 
Cas7, Type II: Cas9, Type III: Cas7_TypeIII, Type IV: Csf2, Type V: Cas12, Type VI: Cas13. 
For Type V, V-F was excluded due to profile overlap with TnpB, while V-H and V-E were 
excluded because they were identified from non-public data. The following concerns curation of 
the c30_ids that are associated with each broad CRISPR-Cas designation. First, to predict gene 
families, HMMER search was performed using all profiles against each of the 98% cluster 
representatives with a maximum e-value score of 1e-10, assigning each gene to the profile with 
the lowest e-value. For each profile set (e.g. Cas9, Cas1…), all 98% cluster centers were 
considered “hits” if the representative protein matched any profile in the profile set and fit within 
the size range, assigned as follows: Cas1: (150, 400) , Cas2: (50, 200), Cas4: (200, 500), Cas6: 
(150, 500), Cas7: (200, 400), Cas7_TypeIII: (150, 400), Csf2: (150, 400), Csf1/3: (1500, 1000), 
Cas9: (700, 2200), Cas12: (500, 2500), Cas12 subtypes (500, 2000), Cas13: (700, 2000), Csn2: 
(50, 400). The mean number of passing “hits” per 90% cluster was then aggregated. 90% clusters 
were considered “passing” if 50% or more of the 98% clusters in the 90% cluster was a “hit”. A 
30% cluster was then considered a “match” to the signature gene of interest if 10% or more of 
the 90% clusters in the 30% cluster were considered “passing.” For each CRISPR system, the 
corresponding set of “matches” for the signature gene was used to calculate the appearance date 
as above. For the general calculation of all type V related clusters, an additional requiring either 
protein size to be ≥ 800aa or have a weighted CRISPR-association score of ≥ 0.25 to avoid TnpB 
contamination. V-D and V-C profiles overlapped heavily and were thus combined into one 
designation 
 
Spacer search for selected CRISPR systems 

CRISPR spacers were obtained from predicted CRISPR arrays, including the left and 
right cryptic “spacers” outside of the array by extending 30bp past the first and last DRs. A 
consensus DR was obtained for each CRISPR array by taking the DR with the minimum average 
normalized edit distance to all the other DRs in the array, where we define normalized edit 
distance as the edit distance between DR_i and DR_j divided by the maximum length of DR_i 
and DR_j. Each spacer was assigned a representative DR equal to the consensus DR for the 
CRISPR array it originated from. 

Spacers were then searched against the entire genomic/metagenomic database using 
BLASTN with an e-value cutoff of 1 and word size of 11, and effective database size of 
8871099067954. The effective database size was used because the BLASTN search was 
performed by distributing the query identically over all nodes in the cluster and then using each 
cluster node to blast the query against different subsets of the full database, such that the full 
database was searched against across all nodes. Instead of an e-value cutoff, a bit score threshold 
of 48 was used as a minimum for a significant match. A threshold was selected as opposed to an 
e-value cutoff to reduce the effect of database size on the search, however, the database size still 
affected the number of candidate hits below the e-value cutoff of 1. For each query, all target 
matches were then expanded by 100bp in each direction. The representative DR for the spacer 
was then searched against the expanded region using BLASTN with a word size of 7. A target 
was then considered a self-match if any of the DR representative blast hits occurred within 



20 

100bp of the spacer target match with a minimum bit score of 24. Here, a self-match is a spacer 
match to a locus that is identical or similar to the original CRISPR array containing the spacer. 
All target matches with self-matches as defined above were removed. All remaining matches 
were considered significant matches to the spacer sequence that are considered unrelated to the 
original locus.  
 
E. coli PAM discovery assay 
100 ng each of one plasmid expressing the proteins and corresponding crRNA from the system 
of interest and one plasmid containing a target 8N degenerate flanking library plasmid were 
transformed by electroporation into 30 μL Endura Electrocompetent E. coli (Lucigen) as per the 
manufacturer’s protocol, with 3 biological replicates per condition as well as 3 biological 
replicates of an empty control. After recovery by shaking at 37°C for 1 hour, cells were plated 
across one 22.7cm x 22.7 cm BioAssay plate with the appropriate antibiotic resistance and grown 
for 12-16 h at 37°C. Cells were scraped from the plate and mixed well, and 2 mL of the scraped 
cells were used as input to minipreps (Qiagen). 100 ng miniprepped plasmids were input to PCR 
to amplify the PAM-containing region with an 8-cycle PCR using NEBNext High Fidelity 2X 
PCR Master Mix (NEB) with an annealing temperature of 63°C, followed by a second 12-cycle 
PCR to further add Illumina adaptors and barcodes. Amplified libraries were gel extracted, 
quantified by a Qubit dsDNA HS assay (Thermo Fisher Scientific) and subject to single-end 
sequencing on an Illumina NextSeq with Read 1 75 cycles, Index 1 8 cycles and Index 2 8 
cycles. PAMs were extracted and Weblogos depicting PAMs depleted 5 standard deviations 
relative to the empty control were visualized using Weblogo3.  
 
Expression and purification of recombinant proteins 
Cas5-HNH, Cas8-HNH and DinG-HNH effector RNP complexes: To purify the Cas5-HNH, 
Cas8-HNH and DinG-HNH-associated effector complexes in complex with their cognate 
crRNAs, the E. coli codon optimized operons were cloned into pET45b(+) backbone. A His14 
tag was inserted at the N-terminus of the Cas11 gene for Cas5-HNH, the Cas8-HNH gene for 
Cas8-HNH and the Cas5 gene in the DinG-HNH-associated Cascade by Gibson assembly. The 
crRNAs were similarly cloned into a separate pCOLADuet-1 vector under control of a T7 
promoter, and co-expressed with the cognate Cascade proteins in BL21(DE3) strain (NEB). Cells 
were grown at 37°C in autoinduction terrific broth (TB) medium (78) supplemented with 100 
μg/ml ampicillin and 100 μg/ml kanamycin until reaching an optical density (OD600) of 0.4-0.6, 
then shifted to 18°C for overnight induction. The bacteria were harvested by centrifugation and 
the cell paste was resuspended in lysis buffer (50 mM Tris-HCl pH 8, 200 mM NaCl, 5% 
glycerol, 40 mM imidazole and 5 mM β-mercaptoethanol) supplemented with protease inhibitors 
(PMSF and Roche cOmplete, EDTA-free). The resuspended pellet was lysed by two passes with 
a high-pressure homogenizer (LM20 Microfluidizer, Microfluidics). The lysate was cleared by 
centrifugation, and the soluble fraction was mixed with Ni Sepharose 6 Fast Flow Affinity 
Chromatography Media (Cytiva) at 4°C. The resin was first washed with lysis buffer, then with 5 
column volumes of buffer A (50 mM Tris-HCl pH 8, 1 M NaCl, 5% glycerol, 40 mM imidazole 
and 5 mM β-mercaptoethanol), and buffer B (50 mM Tris-HCl pH 8, 500 mM NaCl, 5% 
glycerol, 40 mM imidazole and 5 mM β-mercaptoethanol) on a gravity flow column. Bound 
RNP was then eluted in elution buffer (50 mM Tris-HCl pH 8, 500 mM NaCl, 5% glycerol, 300 
mM imidazole and 5 mM β-mercaptoethanol). Eluted RNP was then dialyzed overnight into 
dialysis buffer (20 mM Tris-HCl pH 8, 250 mM NaCl, 5% glycerol and 1 mM DTT). 
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DinG-HNH protein: DinG-HNH protein was purified similarly to Cas5-HNH, Cas8-HNH 
and DinG-HNH-associated effector complexes with the following modifications: buffer A 
contained 50 mM Tris-HCl pH 8, 500 mM NaCl, 5% glycerol, 40 mM imidazole and 5 mM β-
mercaptoethanol, buffer B was the same as lysis buffer, and elution buffer contained 20 mM 
Tris-HCl pH 8, 250 mM NaCl, 5% glycerol, 300 mM imidazole and 5 mM β-mercaptoethanol. 

Candidate Type VII proteins and RNP complexes: To purify the candidate type VII 
Cas7/Cas5 RNP complex and Cas14 protein, cognate crRNAs were cloned into a pET45b(+) 
vector under control of a T7 promoter by Gibson assembly. The E. coli codon optimized operon 
was synthesized by Twist Biosciences and cloned into the crRNA-containing pET45b(+) 
backbone by Gibson assembly. A His14 tag was inserted at the N-terminus of the Cas5 gene and 
a TwinStrep tag was inserted at the N-terminus of the Cas14 gene by Gibson assembly. Proteins 
were expressed as described above using media supplemented only with 100 μg/ml ampicillin 
and cell paste was resuspended in His lysis buffer for Cas7/Cas5 RNP complexes (50 mM Tris-
HCl pH 8, 250 mM NaCl, 5% glycerol, 40 mM imidazole and 5 mM β-mercaptoethanol) or 
Strep lysis buffer for Cas14 proteins (50 mM Tris-HCl pH 8, 250 mM NaCl, 5% glycerol, 5 mM 
β-mercaptoethanol). Cells were lysed and lysate was cleared as described, then the soluble 
fraction was mixed with Ni Sepharose 6 Fast Flow Affinity Chromatography Media (Cytiva) at 
4°C for Cas7/Cas5 RNP complexes or Strep-Tactin Superflow Plus resin (Qiagen) at 4°C for 
Cas14. Each resin was washed on a gravity flow column as described above with the 
modification for Cas14 that imidazole was removed for all buffers. Bound RNP was then eluted 
in His elution buffer (50 mM Tris pH 8, 500 mM NaCl, 5% glycerol, 300 mM imidazole and 5 
mM β-mercaptoethanol) or Strep elution buffer (50 mM Tris-HCl pH 8, 500 mM NaCl, 5% 
glycerol, 5 mM desthiobiotin and 5 mM β-mercaptoethanol) as appropriate and dialyzed 
overnight into dialysis buffer (20 mM Tris-HCl pH 8, 250 mM NaCl, 5% glycerol and 1 mM 
DTT). 

Cas12 RNP complexes: To purify Cas12s from the various newly identified Type-V 
associated systems in complex with cognate ncRNAs, Cas12 genes were either E. coli or human 
codon optimized, synthesized by Twist Biosciences and cloned into a pET45b(+) backbone with 
a His14-TwinStrep-bdSUMO solubility/affinity tag by Gibson assembly. Cognate predicted 
CRISPR arrays under expression of synthetic promoters (T7 or pJ23119, as specified) or full loci 
were similarly cloned into a separate pCOLADuet-1 vector and co-expressed with the cognate 
Cascade proteins in BL21(DE3) strain (NEB). Cells were grown at 37°C in terrific broth (TB) 
medium supplemented with 100 μg/ml ampicillin and 50 μg/ml kanamycin until reaching an 
optical density (OD600) of 0.4-0.6, then shifted to 18°C and induced with 0.2 mM IPTG 
overnight. RNPs were then purified as described for Cas5-HNH/Cas8-HNH/DinG-HNH effector 
complexes above. Instead of dialyzing, RNPs were directly concentrated using Vivaspin 20 
columns with a molecular weight cutoff of 50 kDa (Cytiva) and 300 μL was taken as input for 
small RNA-sequencing. 
 
Small RNA sequencing 
RNPs: Small RNA sequencing of RNPs was performed as previously described (25). Briefly, 
300 µL of protein elute was mixed with 900 µL TRI reagent (Zymo) and incubated at room 
temperature for 5 min. 180 µL of chloroform (Sigma Aldrich) was added and the samples were 
mixed gently and incubated at room temperature for an additional 3 min, then spun at 12000xg 
for 15 min at 4°C. The aqueous phase was used as input for RNA extraction using a Direct-zol 
RNA miniprep plus kit (Zymo), with in-column DNAse treatment. The purified RNA was then 
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subject to treatment as per manufacturer's instructions with 20 U of T4 PNK (NEB) for 1 hour at 
37℃, then 20 U of RNA 5′ polyphosphatase (Biosearch Technologies) for 30 min at 37℃, with 
each enzymatic step followed by cleanup with a Zymo RNA Clean & Concentrator-5 kit as per 
the manufacturer’s instructions. Following enzymatic treatments, purified RNA was subject to 
library preparation with an NEBNext Multiplex Small RNA Library Prep kit (NEB) as per the 
manufacturer’s instructions, with an extension time of 1 min and 12 cycles in the final PCR. 
Amplified libraries were gel extracted, quantified by qPCR using a KAPA Library 
Quantification Kit for Illumina (Roche) on a CFX Opus 384 (BioRad) and sequenced on an 
Illumina MiSeq with Read 1 45 cycles, Read 2 45 cycles and Index 1 6 cycles. Adapters were 
trimmed using CutAdapt (79) and mapped to loci of interest using BWA. Filled reads were 
obtained and filled reads filtered as indicated were visualized using a custom Python script (25).  

Heterologous loci in E. coli: Small RNA sequencing of heterologous loci in E. coli was 
performed as previously described (25). Briefly, Stbl3 chemically competent E. coli were 
transformed with plasmids containing the locus of interest. A single colony was used to seed a 5 
mL overnight culture. Following overnight growth, cultures were spun down, resuspended in 750 
μL TRI reagent (Zymo) and incubated for 5 min at room temperature. 0.5 mm zirconia/silica 
beads (BioSpec Products) were added and the culture was vortexed for approximately 1 minute 
to mechanically lyse cells. 200 μL chloroform (Sigma Aldrich) was then added and the above 
protocol was followed with the following modifications: prior to T4 PNK treatment, ribosomal 
RNA was removed using an NEBNext rRNA depletion kit (Bacteria) (NEB). 

Native expression: Organisms were obtained from NRRL or ATCC as freeze dried 
cultures, resuspended in the appropriate media and cultured as follows: Saccharamoronospora 
internatus (Agre et. al.) Greiner-Mai et. al. (ATCC 33517) was grown in ISP Medium 4 at 37℃ 
for 4 days and Amycolatopsis decaplanensis (NRRL B-24209) and Prauserella rugosa (NRRL 
B-2295) were grown in GYM Streptomyces media at 28℃ for 3 days. RNA was extracted and 
libraries were prepared as described for “Heterologous loci in E. coli” above.  
     
In vitro cleavage assays 
Cas5-HNH and Cas8-HNH cleavage assays: For dsDNA cleavage, substrates were produced by 
PCR amplification of pUC19 plasmids containing the target sites and the TAM sequences. Cy3 
and Cy5-conjugated DNA oligonucleotides (IDT) were used as primers to generate the labeled 
dsDNA substrates. For ssDNA cleavage, substrates were ordered as Cy5-conjugated 
oligonucleotides (IDT). Target cleavage assays contained 8 nM of dsDNA substrate or 25 nM of 
ssDNA substrate, and RNP in a final 1x reaction buffer of 20 mM Tris pH 8, 50 mM NaCl and 5 
mM MgCl2. For the Cas8-HNH system, an RNP concentration of approximately 100 nM was 
used. For the Cas5-HNH system, RNP concentration could not be estimated due to super-
stoichiometric levels of the tagged Cas11 protein in the sample. For collateral cleavage assays, 
conditions an additional 25 nM of FAM-labeled collateral (untargeted) ssDNA was added. 
Assays were allowed to proceed at 37°C for 1 hour. Reactions were then treated with 1.6 U of 
Proteinase K (NEB) at room temperature for 15 min, followed by treatment with 1 µL of 10 
mg/mL RNAse A (Qiagen) for 5 min at room temperature. DNA was resolved by gel 
electrophoresis on 2% agarose E-gels (Thermo Fisher Scientific) or Novex 10% TBE-Urea gels 
(Thermo Fisher Scientific) as specified and imaged using a BioRad ChemiDoc imaging system.   

DinG-HNH cleavage assays: DsDNA substrates were produced by PCR amplification of 
pUC19 plasmids containing the target sites and the TAM sequences. Cy3 and Cy5-conjugated 
DNA oligonucleotides (IDT) were used as primers to generate the labeled dsDNA substrates. 
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Target cleavage assays contained 8 nM of DNA substrate, and 1 μM of each specified protein or 
RNP in a final 1x reaction buffer of 20 mM Tris-HCl pH 8, 50 mM NaCl, 10 mM MgCl2 and 1 
mM ATP. Assays were allowed to proceed at 22°C or temperature as specified for 1 hour. 
Reactions were then treated with 1.6 U of Proteinase K (NEB) at room temperature for 15 min, 
followed by treatment with 1 µL of 10 mg/mL RNAse A (Qiagen) for 5 min at room 
temperature. DNA was resolved by gel electrophoresis on Novex 10% TBE-Urea 
polyacrylamide gels (Thermo Fisher Scientific) as specified and imaged using a BioRad 
ChemiDoc imaging system. 

Candidate Type VII cleavage assays: Templates for in vitro transcription of target RNAs 
were produced by PCR amplification of pUC19 plasmids containing the target site. RNA was in 
vitro transcribed using the PCR templates with a HiScribe T7 Quick High Yield RNA Synthesis 
kit (NEB). 50 pmol of target RNA was heated for 3 min at 65°C, then labeled with 100 pmol of 
pCp-Cy5 (Jena Biosciences) using 68 U T4 RNA ligase 1, ssRNA ligase (High Concentration) 
(NEB) in a 1X buffer of 50 mM Tris-HCl pH 7.5, 10 mM MgCl2, 2 mM DTT, 2 mM ATP and 
10% DMSO at 4°C overnight and purified using a Zymo RNA Clean & Concentrator-5 column 
as per the manufacturer’s instructions. Target cleavage assays contained 25 nM of labeled RNA 
substrate, ~1 μM of Cas7/Cas5 RNP and ~2 μM of Cas14 protein in a final 1x reaction buffer of 
20 mM HEPES pH 8, 100 mM KCl, 40 mM NaCl, 1 mM MgCl2, and 1 mM ATP. Collateral 
cleavage assays contained an additional 25 nM of either ssRNA labeled as described or ssDNA 
ordered as a Cy5-conjugated oligonucleotide (IDT) along with an unlabeled ssRNA containing 
the cognate target sequence. Assays were allowed to proceed at 45°C or temperature as specified 
for 1 hour. Reactions were then treated with 1.6 U of Proteinase K (NEB) at room temperature 
for 15 min. RNA was resolved by gel electrophoresis on Novex 10% TBE-Urea polyacrylamide 
gels (Thermo Fisher Scientific) as specified and imaged using a BioRad ChemiDoc imaging 
system. 
 
E. coli transformation spot assays 
Stbl3 competent cells were transformed with plasmids containing protein(s) of interest and 
corresponding crRNAs and selected on LB plates with 25µM chloramphenicol and 50µM 
kanamycin. Overnight cultures in TB were prepared then diluted 1:100 in selective ZymoBroth 
(Zymo Research) and cultured to an OD600 of 0.6-0.8 at 37° C at 220 rpm. Competent cells were 
prepared with a Mix & Go E. Coli transformation kit (Zymo Research) according to developer 
instructions. 20µL of competent cells were transformed by heat shock with 100 ng pUC19 or 
plasmids containing an a crRNA target and appropriate PAM and recovered in 80uL of SOC 
media (Thermo Fisher Scientific) and for 2 hours at 37° C at 220 rpm. Transformed cells were 
normalized to OD600 = 0.1 then five 1:10 serial dilutions prepared in TB. 5µL of each dilution 
were induced on LB plates with 25µM chloramphenicol, 50µM kanamycin, 100µM ampicillin 
and 0.1mM IPTG then incubated 24 hours at 37° C. Plates were imaged with a BioRad 
ChemiDoc imaging system. 
 
Sanger sequencing of cleavage sites 
In vitro cleavage assays were performed as described above and products were run on 2% 
agarose E-gels (Invitrogen) and cleaved products were extracted using a QIAquick gel extraction 
kit (Qiagen). Gel extracted cleavage products were submitted for Sanger sequencing by 
Genewiz/Azenta Life Sciences using primers 5′-



24 

AGTCACGACGTTGTAAAACGACGGCCAGTG-3′ for the non-target strand and 5′-
TCATTAGGCACCCCAGGCTTTAC-3′ for the target strand. 
 
Mammalian cell culture and transfection 
Mammalian cell culture experiments were performed in the HEK293FT line (Thermo Fisher 
Scientific) grown in Dulbecco’s Modified Eagle Medium with high glucose, sodium pyruvate, 
and GlutaMAX (Thermo Fisher Scientific), additionally supplemented with 1× penicillin–
streptomycin (Thermo Fisher Scientific), 10 mM HEPES (Thermo Fisher Scientific), and 10% 
fetal bovine serum (VWR Seradigm). All cells were maintained at confluency below 80%.  

Unless otherwise indicated, all transfections were performed with Lipofectamine 3000 
(Thermo Fisher Scientific). Cells were plated 16-20 hours prior to transfection to ensure 90% 
confluency at the time of transfection. For 96-well plates, cells were plated at 20,000 cells/well. 
For each well on the plate, transfection plasmids were combined with 2 μL P3000 transfection 
enhancer (Thermo Fisher Scientific) per 1 μg DNA and OptiMEM I Reduced Serum Medium 
(Thermo Fisher Scientific) to a total of 25 μL. Separately, 23 μL of OptiMEM was combined 
with 2 μL of Lipofectamine 2000. Plasmid/P3000 and Lipofectamine solutions were then 
combined and pipetted onto cells.  

For off-target genome editing, cells were plated in 12-well plates at 200,000 cells/well 
16-20 hours prior to transfection to ensure 90% confluency at the time of transfection. To 
transfect, 200 ng of each protein expression plasmid and 500 ng of each crRNA expression 
plasmid per well were combined with OptiMEM I Reduced Serum Medium (Thermo Fisher 
Scientific) up to 250 μL. Separately, 5 μL of GeneJuice transfection reagent (EMD Millipore) 
was combined with 245 μL OptiMEM I Reduced Serum Medium (Thermo Fisher Scientific). 
DNA and GeneJuice mixes were combined to a final volume of 500 μL and pipetted onto cells.  
     
Mammalian genome editing 
crRNA scaffold backbones were cloned into a pUC19-based human U6 expression backbone by 
Gibson Assembly. To clone guides, oligos with appropriate overhangs were synthesized by 
Genewiz, annealed and phosphorylated using T4 PNK (NEB) and cloned into crRNA backbones 
by restriction-ligation cloning. To clone protein expression constructs, E. coli codon optimized 
genes were cloned into a CMV expression backbone by Gibson assembly using 2X Gibson 
Assembly Master Mix (NEB) to generate pCMV-FLAG-SV40-Cas protein constructs.  
 50 ng each protein expression plasmid and 100 ng crRNA expression plasmid were 
transfected in each of 4 wells as biological replicates in a 96- well plate for each guide condition 
as described. An empty protein expression plasmid was used for dropout experiments as 
indicated. After 60-72 hours, genomic DNA was harvested by washing the cells once in 1xDPBS 
(Sigma Aldrich) and adding 50 μL QuickExtract DNA Extraction Solution (Lucigen). Cells were 
scraped from the plates to suspend in QuickExtract and cycled at 65°C for 15 min, 68°C for 15 
min then 95°C for 10 min to lyse cells. 2.5 μL of lysed cells were used as input into each PCR 
reaction. For library amplification, target genomic regions were amplified and with a 12-cycle 
PCR using NEBNext High Fidelity 2X PCR Master Mix (NEB) with an annealing temperature 
of 63°C for 15 s, followed by a second 18-cycle round of PCR to add Illumina adapters and 
barcodes. The libraries were gel extracted and subject to single-end sequencing on an Illumina 
MiSeq with Read 1 300 cycles, Index 1 8 cycles, Index 2 8 cycles. 

Insertion/deletion (indel) frequency was analyzed using CRISPResso2 (80). In order to 
eliminate noise from PCR and sequencing error, only indels with at least 2 reads or more than 1 
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base inserted or deleted were counted towards reported indel frequencies. To assess statistical 
significance, 2-tailed T-tests were performed using non- targeting guide/crRNA conditions as a 
negative control. 

 
Off-target genome editing analysis 
Off-target genome editing was analyzed by tagmentation-based tag integration site sequencing 
(TTISS) (41). Briefly, donor oligos (5′-phospho-
G*T*TGTGAGCAAGGGCGAGGAGGATAACGCCTCTCTCCCAGCGACT*A*T-3′ and 5′-
phospho-A*T*AGTCGCTGGGAGAGAGGCGTTATCCTCCTCGCCCTTGCTCACA*A*C-3′, 
where * indicates a phosphorothioate modification) were annealed duplex buffer (30 mM 
HEPES pH 7.5, 100 mM KAc) at a final concentration of 10 µM per oligo by incubating in a 
thermocycler at 95℃ for 5 s, then ramping down to 4℃ at ~0.1℃/s. Cells were transfected as 
described in “Mammalian cell culture and transfection” above. 72-96 hours after transfection, 
cells were harvested by washing each well with 1 mL PBS (Sigma Aldrich), then dry 
trypsinizing with 200 μL of TrypLE Express Enzyme (no phenol red) (Thermo Fisher Scientific) 
and resuspended in 1 mL PBS (Sigma Aldrich). Cell samples were then centrifuged at 300xg for 
5 min at 4℃ to pellet and resuspended in 200 μL PBS (Sigma Aldrich). A DNeasy Blood & 
Tissue kit (Qiagen) was used to extract genomic DNA as per the manufacturer’s instructions. 
 Genomic DNA was then tagmented by mixing 1μg DNA with Tn5 enzyme and TAPS 
buffer in a final volume of 100 μL and heating to 55℃ for 10 min. The tagmentation reactions 
were mixed with 500 μL of PB Binding buffer (Qiagen) and purified using a Qiaquick spin 
column (Qiagen). 10 μL of purified tagmented DNA was input into 2 rounds of PCR to add 
Illumina handles using 2X KOD Hot Start PCR master mix (EMD Millipore). The final libraries 
were gel extracted, quantified with a KAPA Library Quantification Kit (Roche), mixed with 10% 
PhiX Sequencing Control V3 (Illumina) and loaded on an Illumina NextSeq with the following 
read parameters: Read 1 59 cycles, Index 1 8 cycles, Read 2 25 cycles.  
 Off-target sites were identified by mapping reads to the hg38 assembly of the human 
genome using BrowserGenome.org as described (41). Identified sites were then filtered for those 
containing a continuous sequence with up to ⅓ of bases mismatched to the guide sequence and 
up to 1 mismatch in the PAM sequence to identify “true” off-target cleavage events. 
 
Size exclusion chromatography 
Candidate Type VII Cas7/Cas5 complexes were purified as described, with the following 
modifications: buffer A contained 500 mM NaCl, buffer B contained 250 mM NaCl, and elution 
buffer contained 250 mM NaCl. The elution was directly diluted into to achieve a final 
concentration of 20 mM Tris-HCl pH 8, 150 mM NaCl, 100 mM imidazole and 3.6 % glycerol. 
The sample was concentrated to 500 µL using a Vivaspin 20 column with a molecular weight 
cutoff of 50 kDa (Cytiva) and purified through a Superose 6 Increase 10/300 GL column 
(Cytiva) in 20 mM Tris-HCl pH 8, 150 mM NaCl, 1% glycerol. Fractions were collected and 
analyzed by SDS-PAGE gel electrophoresis.   
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Supplementary text. Extended discussion of FLSHclust algorithm 

Hash-based clustering algorithms divide objects into a set of elements that can be matched 
individually using hash functions. With proteins, a hash function bucketing scheme allows 
grouping proteins that share kmers. However, the efficiency of kmer-based grouping for linear 
time clustering decreases as sequence identity between proteins drops because kmer bucketing 
requires long strings of identical consecutive matches. Thus, the technique becomes less 
effective in grouping proteins that share low sequence similarity. 

Locality sensitive hashing (LSH) is a well-established technique for approximate nearest 
neighbor matching (81). By expanding a single hash function into a family of hash functions, 
LSH allows for inexact matching of elements at the cost of false negatives, false positives, and 
extra computational time (Fig. 1D). While LSH eliminates the need for long consecutive 
identical sequence matches, the high number of false negatives can adversely affect clustering 
performance by causing missed matches. However, a recent theorem for binary LSH functions 
(functions acting on 01 bit vectors) demonstrates the possibility of implementing these functions 
in a way that guarantees the absence of binary LSH families that have no false negatives (14). 
We applied this theorem to the case of string kmers to generate false negative-free kmer LSH 
families and subsequently developed the FLSHclust algorithm. Using Markov-Chain Monte 
Carlo, we generated kmer LSH functions with no false negatives. To do so for a specific kmer 
length, k, we enumerated all possible combinations of mismatch positions up to r and computed 
a loss equal to the number of mismatch combinations that go undetected using the entire set of 
hash functions. The hash functions are then perturbed using MCMC until the loss converges.  

The FLSH clustering algorithm is then constructed as follows: first, all amino acids are 
compressed to a reduced alphabet that groups similar amino acids together. Next, all kmers of 
size k are extracted from each protein. Then, for each hash function, all kmers are mapped to 
buckets using the output of the hash function applied to the kmers. 2 representative sequences are 
deterministically selected per bucket to be temporary cluster centers. All sequences in the bucket 
are then retrieved and aligned against the cluster centers. A graph edge is formed if the alignment 
between the two sequences satisfies the clustering sequence identity and minimum coverage 
criteria. The resulting graph of edges is then simplified using a local density-based 
transformation that removes weak links that would otherwise create long chains of unrelated 
sequences in the graph. Next, a community detection algorithm is applied to form groups of 
sequences. For simplicity, a PREGEL implementation of the breadth first connected components 
algorithm is used; however notably other algorithms could be used in this place instead, such as 
the Leiden algorithm (82). The most hub-like sequence from each group is selected as the initial 
cluster center and all sequences in the group are realigned to the initial cluster center forming 
new edges. Each group of sequences is then clustered using greedy clustering using the new 
subgraph. To increase parallelizability, the FLSHclust algorithm replaces the global greedy 
clustering stage included in LinClust (11) with a parallelized graph simplification and 
community detection algorithm followed by local greedy clustering within each detected 
community (Fig. 1E). The algorithm is parallelizable and is bottlenecked by the maximum size 
of the detected communities. We implemented FLSHclust in Apache Spark, employing Apache 
Arrow for in-memory access to enhance fault tolerance and scalability on distributed commodity 
clusters. Other implementations aimed at speed as opposed to fault tolerance may yield 
performance improvements in other computing environments.  
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Fig. S1.  
 

 
Fig. S1. Complete FLSHclust algorithm 
(A) Complete outline of the FLSHclust algorithm. Unlike with typical LSH, which often requires 
materializing the entire set of L hash tables, FLSHclust only needs to materialize one hash table 
at a time, storing all potential matches in a reference database. As memory and disk space 
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permits, up to T hash tables can be materialized per iteration, potentially reducing runtime. Time 
complexities shown (big O notation) are assuming the use of hash join implementations, 
however if merge join implementations are used, additional logarithmic factors are included in 
Step 2. N is the number of sequences. L is the number of hash functions. P is the parallel speedup 
that can be obtained using the given number of processors. (B) Pseudocode of the FLSHclust 
algorithm.  
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Fig. S2. Empirical scaling and benchmarking of FLSHclust vs other clustering algorithms 
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Fig. S2. (cont’d) 
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Fig. S2. (cont’d) 
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Fig. S2. (cont’d) 
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Fig. S2. (cont’d) 

 
Fig. S2. Empirical scaling and benchmarking of FLSHclust vs other clustering algorithms 
(A) Comparison of inter cluster distances for clustering the UniRef50 1M sample at 30% 
sequence identity. For each method, a random sample of 5000 cluster representatives were 
selected and aligned to all other cluster representatives from that clustering outcome. Then, the 
cumulative distribution of the nearest (non-self) neighbor distances were plotted. Separately, the 
analysis was performed for different subsets of cluster centers satisfying a given protein size 
range. (B) Distribution of cluster sizes for various clustering methods as a function of the number 
of input sequences from UiRef50. (C). Clustering performance for different clustering tasks 
(from top to bottom: UniRef50 1M sample at 25% sequence identity, UniRef50 1M sample at 
30% sequence identity, UniRef90 1M sample at 50% sequence identity, UniRef100 1M sample 
at 90% sequence identity). Dotted vertical black line indicates the target clustering threshold. For 
FLSHclust, r, references the target number of mismatches in the FLSH kmer comparison step, 
with a larger r corresponding to exponentially more hash functions (r=0 uses 1 hash function, 
r=1 uses 6 hash functions, r=2 uses 24 hash functions). (D) same as (A), but for the target 
clustering threshold of 25% sequence identity. (E). Relative time required for FLSHclust to 
complete clustering the 3.62as a function of number of compute nodes (each with 64 CPUs, 512 
GB of memory and 2TB of RAM). (F) Parallel computation efficiency for FLSHclust as a 
function of the number of compute nodes.   
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Fig. S3. Performance benchmarks of various CRISPR finders against synthetically generated CRISPRs 
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Fig. S3 (cont’d) 
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Fig. S3 (cont’d) 
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Fig. S3 (cont’d) 
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Fig. S3 (cont’d) 
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Fig. S3 (cont’d) 
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Fig. S3 (cont’d) 
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Fig. S3 (cont’d) 
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Fig. S3. Performance benchmarks of various CRISPR finders against synthetically 
generated CRISPRs 
(A) Description of all parameter sets used for generating the 35 synthetic CRISPR array datasets. 
(B) Description of all of the CRISPR finder tools and their tested parameters for the benchmark 
along with their id/label (condition column). (C) Average runtime per ~20kb sequence for each 
of the CRISPR prediction tools. (D) Average recovery rates of all tools vs each of the synthetic 
CRISPR datasets. True Positives (real CRISPR-like arrays) vs False Positives (tandem repeats) 
are differentiated in the subplot titles. Error bars show 95% confidence bounds as determined by 
bootstrap with 2000 bootstraps. (E) Average fraction of correctly predicted number of DRs with 
error bars as in (D). (F) average number of indels between predicted CRISPR DR and true 
CRISPR DR with error bars as in (D).   



43 

Fig. S4. 
 

 
 

Fig. S4. Biochemical characterization of DinG-HNH system 

(A) Affinity purification of DinG-HNH protein (left) and DinG-HNH-associated effector RNP 
complex (right). (B) Target dsDNA cleavage by DinG-HNH and associated effector RNP 
complex. Reactions were performed at 37℃, run on denaturing TBE-Urea gels and imaged in 
both the Cy5 and Cy3 channels as indicated. Cleavage of DNA, as indicated by laddering of 
products in both the Cy5 and Cy3 channels, was observed only when all protein components, the 
correct PAM and cognate protospacer target were present. (C) Target dsDNA cleavage by DinG-
HNH and associated effector RNP complex at various temperatures. Products were analyzed on 
pre-SYBR Gold-stained 2% agarose gels. The greatest decrease in intensity of the uncleaved 
band was observed at ~22℃. (D) Target dsDNA cleavage by DinG-HNH and associated effector 
RNP complex with target sites placed on the 5′ or 3′ end of the target DNA species. Reactions 



44 

were performed at 22℃, run on denaturing TBE-Urea gels and imaged in both the Cy5 and Cy3 
channels. The first four lanes of each gel display the same assay samples as shown in Fig. 3E.   
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Fig. S5. 
 

 
 

Fig. S5. Additional characterization of Cas8-HNH and Cas5-HNH effector complexes 

SDS-PAGE gel electrophoresis of affinity purified (A) Cas8-HNH and (B) Cas5-HNH effector 
RNP complexes. (C) In vitro reconstituted Cas8-HNH Cascade RNP cleavage of linear ssDNA 
targets, in the presence or absence of a cognate target and/or PAM. + PAM: CCA; – PAM: AAG.  
(D) In vitro reconstituted Cas5-HNH Cascade RNP cleavage of linear ssDNA targets, in the 
presence or absence of a cognate target and/or PAM. + PAM: AAG; – PAM: CCA. (E) In vitro 
reconstituted Cas8-HNH Cascade RNP cleavage of collateral linear ssDNA substrates (FAM 
labeled), in the presence or absence of a dsDNA (left) or ssDNA (right) cognate target and/or 
PAM (unlabeled). + PAM: CCA; – PAM: AAG (F) In vitro reconstituted Cas5-HNH Cascade 
RNP cleavage of collateral linear ssDNA substrates (FAM labeled), in the presence or absence of 
a dsDNA (left) or ssDNA (right) cognate target and/or PAM (unlabeled). + PAM: AAG; – PAM: 
CCA. (G) TTISS off-target analysis of Cas8-HNH genome editing in HEK293FT cells for 4 
guides. 
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Fig. S6. Analysis of candidate type VII proteins 

 

 



47 

Fig. S6. (cont’d) 
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Fig. S6. Analysis of candidate type VII proteins 
(A) Locus diagram of a candidate type VII locus in candidate division WOR-3 bacterium isolate 
SpSt-780. (B) Top BLASTP (against NR and PDB) and HHPred results for each of the four 
components of the candidate type VII system. (C) UPGMA tree of representative Cas7 homologs 
across type III CRISPR and type VII systems. (D) Top HHpred result of Cas7 from candidate 
type VII systems. The catalytic aspartate (red triangles) is not conserved and is mutated to 
asparagine, suggesting that Cas7 is not capable of RNA cleavage as it is in many type III 
CRISPR systems. (E) Top HHpred result for Cas5, which is most similar to the type III-D Cas5 
homolog Csx10. (F) FastTree phylogenetic analysis of representative β-CASP domain proteins 
from bacteria and archaea. Cas14 proteins form a single clade, shown in red. (G) Top HHpred 
result for Cas14. The N-terminal β-CASP domain of Cas14 is similar to the yeast cleavage and 
polyadenylation specificity factor 100. Catalytic residues that coordinate Zn2+ ions required for 
catalysis are marked by red triangles. (H) Broader HHSuite distance-based UPGMA tree of Cas5 
proteins from all class 1 systems based on HMM profiles. (I) Broader HHSuite distance-based 
UPGMA tree of Cas7 proteins from all class 1 systems based on HMM profiles.  
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Fig. S7. 

 
Fig. S7. Structural comparison of Cas14 β-CASP domain of and human β-CASP protein 

Superimposition of (A) AlphaFold2 prediction of Cas14, with only the β-CASP domain shown, 
and the X-ray crystal structure of the human Artemis protein in complex with a DNA substrate 
(PDB: 7ABS) and (B) AlphaFold2 prediction of Cas14, with only the β-CASP domain shown, 
and the X-tray crystal structure of the human CPSF-73 protein. Insets show the catalytic centers, 
which coordinate two Zn2+ ions (blue). Catalytic residues responsible for Zn2+ coordination are 
shown as sticks with colored heteroatoms.   
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Fig. S8. 
 

 
 

Fig. S8. Spacer matches for candidate type VII system 

Four examples of spacers from CRISPR arrays associated with the candidate type VII system, 
with matching protospacers in predicted transposon genes.  
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Fig. S9. 
 

 
Fig. S9. New candidate subtype of type III CRISPR 

(A) Locus schematics of a newly identified type III CRISPR candidate subtype containing 3 
proteins associated with CRISPR arrays, namely a Cas10 protein, and two Csm3/Cas7-like 
proteins, one of which may be Cas5-like. The gene arrangement is reminiscent of the candidate 
type VII, but contains a Cas10 effector and is evolutionarily distinct, likely originating from 
distinct proteins. (B) HHpred results of polymerase/cyclase domain and HD nuclease domain of 
Cas10. The catalytic residues of the polymerase/cyclase are not conserved, suggesting this Cas10 
does not actively synthesize cyclic oligonucleotides, while the HD nuclease catalytic residues are 
intact, suggesting the Cas10 can still cleave DNA.  
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Fig. S10. 
 

 
Fig. S10. RNA cleavage by candidate type VII system.  

(A) Target RNA cleavage by Cas14 and associated Cas7/Cas5 RNP at various temperatures. 
Cleavage is apparent in a range from 37°C to 52°C. Targets contain a 3N degenerate sequence on 
either side of the protospacer. Reactions were conducted at 45°C for all subsequent experiments. 
(B) Cleavage of target RNAs with all combinations of 5' and 3' flanking sequences. Targets with 
a 5' C are preferred. (C) Cleavage of target RNAs with all 5' flanking dinucleotide combinations. 
Targets with a C directly 5' of the protospacer are preferred. (D) Candidate type VII system 
incubated with collateral ssRNA or ssDNA substrates in the presence of a matching target. 
Collateral substrates are labeled with Cy5, and matching targets are unlabeled. No collateral 
cleavage of either ssRNA or ssDNA was observed.  
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Fig. S11. 
 

  

Fig. S11. Comparison of CRISPR types along with candidate type VII CRISPR type 

Comparison of various essential system characteristics of different CRISPR types, namely 
proteins involved in the effector surveillance complex and the proteins involved in the target 
cleavage interference mechanism. Additionally shown are potential downstream cascade events 
that may take place for a given system, as well as the target nucleic acid type, and the biological 
mechanism for the system’s activity. 
  



54 

Fig. S12. Index of all systems identified in this study 

First row is the designation of the system. Second row is the set of defining domains of the 
system. Third row contains the enhanced CRISPR association score (if the system is contained in 
the passing sets). Some systems were included if they were identified through protein-protein 
associations, even if their enhanced CRISPR-association score did not meet the filtering 
threshold.  
 
Note: Fig. S12 spans pages 55 to 58
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59 

Fig. S13. Representative loci of all systems identified in this study 

One representative locus was selected for each system and displayed along with the genes that 
are considered to be associated (red colored genes). The cluster id below the characteristic 
domains associated with the system (top middle bold for each system) is shown with regular font 
and corresponds to the gene with the asterisk. The designated name for the system is shown on 
the upper left. Gene names for newly identified genes, as applicable, are shown below the genes 
in bold. All gene names follow the format uas#A, uas#B,… corresponding to the genes that make 
up the system UAS-#. When space is limited, the uas# portion is omitted visually, but the 
underlying gene name is still uas-#A, etc. For example, a gene displayed with C underneath it, 
but belonging to UAS-293 would have a gene name of uas293C.  Signature effector genes are 
colored in darker blue. Other cas genes are shown as light blue. Cas6 is shown as light green. 
Unrelated or other genes are shown as light grey. White genes with shorter height are genes that 
overlap with CRISPR arrays (vertical black lines). Above each gene are redundancy reduced 
predictions of the protein domains via HMMER on the PFAM database. Enhanced CRISPR 
association scores for the cluster ids are shown as applicable: some systems were included if they 
were identified through protein-protein associations, or exceptionally low association score (in 
the case of PhageCas9), even if their enhanced CRISPR-association score did not meet the 
filtering threshold, in which case the CRISPR association-scores are not shown. 
 
Note: Fig. S13 spans pages 60 to 85 
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14 / 15.7
Band_7_1

DZR
zinc_ribbon_2 FtsK_SpoIIIE

FHA
AAA_23
DUF87 DUF6431

csx1
Cas1

Cas2

*
uas43A

POI:
icity0040
PrimPol
RVT_1 HD_4 AAA_21

SMC_N MarR_2

HTH_27
ABC_membrane

ABC_membrane

EMBL_ERZ1688064 | contig_977

UAS-3
Acquisition

(DUF370)
GCA_013359445.1&&JABWBV010000281&&2844_3129_-1 

2 / 3.5

Response_reg

Cas6 RVT_3

RNase_H

*
AB

POI:
DUF370 icity0040

RVT_1
Cas1

Cas2

GCA_014155605.1 | JAAEKG010000087

UAS-7
Acquisition

(vWA + RDD)
GCA_016179065.1&&JACOSD010000405&&5712_7455_-1 

2 / 4.7

csm2
csm3

csm3
csm3_csm3

csx1_csx1
csx15

cd09766
csx3

csx1

*
uas7A

POI

B

RDD icity0040

RVT_1

C

Cas1
Cas2

Cas6
LptF_LptG

IMG_3300045902 | a0484960_0001689

UAS-2
Acquisition

(Tbf2 WYL)
GCA_016223105.1&&JACRPR010000238&&1_1870_1 

9 / 13.8

TPP_enzyme_C

PFO_beta_C

*
uas2A

POI:
WYL

pfam13280
Helicase_C_3 VWA_2DUF697

MMR_HSR1
icity0040

RVT_1
Cas1

RNase_H
Cas2

IMG_3300044939 | Ga0484950_000123

UAS-44
Acquisition

(DUF2797 large zinc finger protein)
GCA_016840085.1&&JAEOTA010000034&&18467_19766_-1 

8 / 9.2

DZR
Zn-rib

bon_8

DUF4238

*
uas44A

POI Cas1
Cas2

Cas4

B

DRMBL

RMMBL
Cas8

Cas8
Cas7

Cas5
Cas3_Cas3

PAS

GCA_016840085.1 | JAEOTA010000034

UAS-45
Acquisition

(RNaseH)
GCA_016876015.1&&VGOD01000184&&7922_8489_1 

11 / 21.5

Tubulin_2
icity0040

RVT_1
Cas1

*
uas45A

POI:
RVT_3

Cas2
PhdYeFM_antitox

icity0091

SAVED COG2378

WYL
PhdYeFM_antitox

ParE_toxin

IMG_3300037501 | a0394875_0001492

UAS-13
Acquisition

(DUF2797)
GCA_018238085.1&&JABCUA010000354&&227_1190_-1 

6 / 7.9

Cas10
csm2

csm3
csm4

csm5
Cas6

cls001593

*
uas13A

POI:
DUF2797

Cas1
Cas2

Cas4
csx1

GCA_021513715.1 | CP084167

UAS-4
Acquisition

(DUF1882_primase)
GCA_018712075.1&&DVHN01000112&&0_1944_1 

15 / 16.5

DUF6431

csx1
Cas1

*
uas4A

POI:
PrimPol
icity0040

RVT_1 csx1
csx1

Cas10
csm3

UNK_csx10

GCA_910585805.1 | CAJUFB0100000121kb
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UAS-5
Acquisition

(DUF4384 + TPR)
GCA_019359625.1&&JAHHGW010000067&&164750_165512_-1 

38 / 43.4

AAA

*
uas5A

POI:
DUF4384

uas5B

CHAT

TPR_12
Uma2

HTH_3
Cas1

GFAPT-H
INT

GIY-YIG
Cas1

Cas1
Cas2

GCF_000346485.2 | NZ_KQ976354

UAS-46
Acquisition

(DUF3761)
GCA_020629965.1&&JAHDCG010000247&&2680_3286_1 

11 / 13.8

Cas6
Cas1

Cas1

*
uas46A

POI Cas2

Helicase_C
SNF2-rel_dom

ResIII
DEADPglZ

EMBL_ERZ508545 | contig_1874

UAS-10
Acquisition

(HlfK)
GCA_903844205.1&&CAIMSW010000586&&959_2393_-1 

11 / 23.1

Glycos_transf_1

Glyco_trans_1_4

dCMP_cyt_deam_1

MafB19-deam

csx1 WYL
pfam13280

csx1 csx15

cd09766
RVT_3

*
uas10A

POI icity0040

RVT_1
Cas1 VWA

Peptidase_M6

Cas2 pfam13280

WYL
Methyltransf_25

GCF_000017805.1 | NC_009767

UAS-8
Acquisition

(23S rRNA IVP + DUF2325 + RT sometimes)
GCF_002075285.3&&NZ_CP021983&&497963_498752_-1 

18 / 22.0

Methyltr_RsmB-F

ACPS
Cas6

UNK_Cas1

Cas2

B2

23S_rRNA_IVP

B1

23S_rRNA_IVP

*
uas8A

POI:
DUF2325

23S_rRNA_IVP

DUF4058
icity0106

TPR_12
DUF4058

N6_N4_Mtase

DUF4230

GST_N_3
AAA_22

NACHT

GCF_002075285.3 | NZ_CP021983

UAS-11
Acquisition

(type II secretion GspH)
GCF_014695895.1&&NZ_JACJPD010000040&&5457_6090_-1 

8 / 8.5

T5orf172
VWA_2

PG_binding_1

Excalibur
cls000006

csx18
Cas1

*
uas11A

POI:
N_methyl

Cas2
WYL
AAA_33

KTI12

IMG_3300044961 | a0484961_0000734

UAS-17
Acquisition

(Tbf2)
IMG_3300009499&&0114930_10001113&&3299_5312_-1 

13 / 32.9

HicB_lk_antitox

HicA_toxin

Cas4

*
uas17A

POI Cas1
Cas2

GCA_003648845.1 | QMQA01000111

UAS-47
Acquisition

(WYL)
IMG_3300012091&&a0136625_1012864&&2_971_1 

35 / 37.0

Glyoxalase

PfkB

*
uas47A

POI:
COG2378

WYL
Cas1

Cas2
Cas4

Cas4
PIN Cas3_Cas3

Cas8
Cas7

GD_AH_C

HTH_3

IMG_3300031454 | a0272427_1002186

UAS-1
Acquisition

(Ras GTPase)
IMG_3300015360&&0163144_10061397&&188_1256_1 

8 / 14.3

B
*

uas1A

POI:
DUF697icity0040

RVT_1
Cas1

DUF370
RNase_H

Cas2 COG2378

WYL
GerECas10

csm3
csx10

csm3_csm3

csx19

IMG_3300037311 | a0394881_0000239

UAS-48
Acquisition

(Cas2 + 3'-_5' proofreading exonuclease)
IMG_3300019992&&Ga0197015_1040&&6129_7227_-1 

16 / 17.0

Cas3
Cas8

cse2
Cas7

Cas5
Cas6

Cas1

*
uas48A

POI:
Cas2 NYN

icity0084
PLDc_2

Exo5
TIGR01884

casR
cd09655

IMG_3300005253 | a0073583_12852341kb
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UAS-12
Acquisition

(FlhB)
IMG_3300026484&&a0256837_1016836&&561_990_-1 

3 / 5.0

D

Fic

C B

Cas1

*
uas12A

POI:
Phage_holin_3_6

Cas2 Ubie_methyltran

Methyltransf_23

Peptidase_M23

CENP-F_leu_zip

Bactofilin

Thioredoxin_8

IMG_3300028534 | a0256843_1001006

UAS-9
Acquisition

(DUF4407 + other protein)
IMG_3300026531&&a0256835_1021849&&344_1451_1 

23 / 39.3

csm3
csx10_csx10

csm3_csm3

csx19
csm3

icity0105

TIGR02710

csx16 pfam09652

Cas_VVA1548

*
uas9A

POI

B

Cas2
Cas2

Cas1 icity0040

RVT_1 DHHA1

RecJ_OB

DHHDUF615
DDE_Tnp_IS66

GCA_016714645.1 | JADKCI010000005

UAS-14
Acquisition

(SWIM)
IMG_3300027532&&a0209544_1004784&&1334_3008_1 

3 / 6.5

Cas10
csm3

csx10
csm3_csm3

csx19
csm6

Cas6
Cas2

*
uas14A

POI:
SWIM

Ku_PK_bind
icity0040

RVT_1
Cas1

TrkA_N
Methyltransf_31

HEAT_2

PhyH
Pyridoxal_deC

GCA_003635245.1 | PYJF01000066

UAS-6
Acquisition

(Acquisition-associated NACHT)
IMG_3300035668&&a0372944_0001891&&1173_5076_-1 

25 / 40.6

*
uas6A

POI:
AAA_16

Sigma70_r2
LTXXQ

Metal_resist ABC_membrane

AAA_16

SMC_N
Cas1

Cas1
Cas2

csm3

GCF_012295525.1 | NZ_CP051167

UAS-16
Acquisition

(DUF3761)
IMG_3300037311&&a0394881_0014120&&7964_8594_-1 

9 / 12.0
HATPase_c

HisKA

GAF Cas1

*
uas16A

POI Cas2
CAP rve

DDE_Tnp_IS240

LptF_LptG

ATP_bind_3

SpoU_methylase
DAO
Thi4
NAD_binding_8

DUF805
PfkB

PrcB_C
DUF2383

GCF_000265505.1 | NC_018018

UAS-15
Acquisition

(TPR + DNA polA)
WGS_JACDJC01&&JACDJC010011245&&1712_3152_-1 

10 / 14.3

csm5
PMT_2

csx1
csx1 csx15

cd09766
csx1

D C B

icity0109

TPR_12

*
uas15A

POI:
DNA_pol_A

Cas1
Cas2

GCA_011389025.1 | DTON01000018

UAS-49
Acquisition

(large WYL)
WGS_RRYU01&&RRYU01005723&&198_2535_1 

51 / 53.9

PALP
FTSW_RODA_SPOVE

*
uas49A

POI:
COG2378

WYL
Helicase_C_3

Trans_reg_C

FHA
Yop-YscD_cpl

RVT_3icity0040

RVT_1
Cas1

Pyr_redox_2

EMBL_ERZ794930 | contig_107

1kb
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UAS-50
CARF

(CARF_RelA)
EMBL_ERZ404942&&contig_42542&&228_1605_-1 

8 / 11.5

Cas10
csm3

csx10
csm3_csm3

csx19
csm3

ppGpp_hydro

*
uas50AB

POI Cas6
Cas2

Cas1
AAA_2

Sigma54_activat

ClpB_D2-small

IMG_3300005573 | a0078972_1006172

UAS-51
CARF

(SAVED_TIR2)
EMBL_ERZ773005&&contig_5&&212166_213489_1 

4 / 5.2
KAP_NTPase

AAA_16

ATPase_2
DNA_pol3_finger

PHP

*
uas51A

POI:
TIR_2

csm3
Cas10

csm3
csx10

csm3_csm3

csx24
icity0103

EamA

EMBL_ERZ773005 | contig_5

UAS-52
CARF

(CARF_Sigma)
EMBL_ERZ795034&&contig_47960&&1548_2448_-1 extraction 

N/A

*
uas52A

POI Cas10
Csm2

Csm3
Csm4

Csm5
TIGR02221

Cas6

IMG_3300044712 | a0453684_0008157

UAS-53
CARF

(CARF_DUF859 + many nearby genes)
EMBL_ERZ894180&&contig_692&&8871_11661_-1 extraction 

4 / 5.0

csm3
csm4

csm5
Cas6

Cas6
csx20 Alpha-amylase

DUF5696

NERD

*
uas53A

POI:
DUF859 DUF6055

Peptidase_M90

Sulfate_transp

STASHlyD_3

Biotin_lipoyl_2

ABC_tran

SMC_NBiotin_lipoyl_2

HlyD_D23
MacB_PCD

FtsX

WGS_OQHG01 | OQHG01000063

UAS-54
CARF

(SIR2 _ CHAT _ SAVED + SMODS)
GCA_016712315.1&&JADJRG010000028&&300098_302447_1 

5 / 10.3

B

SMODS

*
uas54A

POI:
SIR2_2

Cas10
csm3_csx10Pkinase

PK_Tyr_Ser-Thr

TPR_12
Sigma70_r4_2

Cas6
DDE_Tnp_ISL3

AAA

GCA_020633315.1 | JACKDV010000001

UAS-55
CARF

(EAD7 _ SAVED)
GCA_020634195.1&&JACKCE010000043&&1971_2784_-1 

2 / 5.6

csm3
csx10

csm3_csm3

csx19
csm3

DDE_Tnp_1_3
COR
Roc
Ras
LRR_8
EAD7, Arf

*
uas55A

POI:
EAD7csx15

cd09766
Cas6

GCA_020634195.1 | JACKCE010000043

UAS-56
CARF

(CARF_DUF859_ATPase + many nearby genes)
GCA_900541305.1&&UQJJ01000039&&1337_4901_1 extraction 

7 / 8.7

csm2
csm3

csm4
csm5

Cas6
Cas6

csx20 Alpha-amylase

DUF5696

NERD

*
uas56A

POI:
icity0119

DUF859 DUF6055

Peptidase_M90

HlyD_3

Biotin_lipoyl_2

ABC_tran

AAA_21Biotin_lipoyl_2

HlyD_D23
MacB_PCD

FtsX

WGS_OVXY01 | OVXY01000038

UAS-57
CARF

(SAVED TIR)
GCF_000024805.1&&NC_013440&&7674710_7676006_1 

9 / 18.6

csx3
Cas10

csm3
csx10

csm2
csm3

csm3
csx19

csm3
csx21

*
uas57A

POI:
TIR_2

SAVED mkCas0061

PD-DExK
icity0106

TPR_12
Cas6

Cas2
23S_rRNA_IVP

Uma2

GCA_010672825.2 | JAAHFU020000003

UAS-58
CARF

(CARF_ATPase_HTH + RNAPol)
GCF_000224065.1&&NZ_AFWT01000006&&121441_122968_1 extraction 2 

N/A

uas58B

RNA_pol

*
uas58A

POI:
HTH_23

Cas10 Resolvase

MerR Cas12_Cas12

csm3_csx10

csm3_csm3

Cas2
Cas1NYN

icity0084
ThiF

GCF_018409545.1 | NZ_AP0245631kb
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UAS-59
CARF

(CARF_CYTH_HD)
IMG_3300002498&&TOLCLC_10008146&&3727_6961_-1 extraction 

3 / 5.1

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 UNK_Cas3

*
uas59A

POI:
csm6

csm6

IMG_3300002498 | TOLCLC_10008146

UAS-60
CARF

(CARF_SIR2)
IMG_3300009523&&a0116221_1002542&&6420_8025_-1_loci_to_order 

N/A

Big_3_5
cmr1 Cas10

cmr3 cmr4 cmr5 cmr6

*
uas60A

POI:
SIR2_2

csx1
icity0105

Cas1
Cas2

Pkinase
PK_Tyr_Ser-Thr

PD40
ABC1csx20

IMG_3300032160 | 0311301_10001401

UAS-61
CARF

(CARF_TIR_Mrr)
IMG_3300020198&&0194120_10015339&&5702_6689_1 extraction 

11 / 15.3

PPDK_N

PEP-utiliz
ers

Cas6

AAA_35
ATPase_2
AAA-ATPase_like
PDDEXK_9 Cas10

csm2
csm3

csm4

B
*

uas61A

POI:
csx1

Cas1
Cas2

UPF0175

DUF3368

Cas2 PAS_4

HisKA

dCache_1
HATPase_c

PAS_4
HisKA

Cache_3-Cache_2

IMG_3300036218 | Ga0402054_001

UAS-62
CARF

(csx1 + Phage RNAPol)
IMG_3300026484&&a0256837_1008848&&1106_4061_-1 

5 / 12.2

csx1

*
uas62A

POI:
RNA_pol

RPOL_N
CorA cmr1 Cas10_Cas10

cmr3
FGE-sulfatase

Methyltransf_31

DinB_2Aminotran_1_2

Cys_Met_Meta_PP

OMP_b-brl

DHO_dh

GCA_902727935.1 | CACVAX010000043

UAS-63
CARF

(CARF_2p_deoxyribosyltransferase)
IMG_3300031539&&0307380_10010365&&4440_5463_-1 

5 / 7.7

csx10
csm2

csm3
csm3

csx19
csm3

csx21
DUF4062

DDE_Tnp_1_3

*
uas63A

POI:
DUF4062

csx1
Cas6 CHAT

SIR2_2 WD40

AAA_16

ANAPC4_WD40

EMBL_ERZ534011 | contig_820

UAS-64
CARF

(CARF_EAD7)
IMG_3300031566&&0307378_10017289&&164_1499_1 extraction 

N/A

csm2
csm3

csm3
csm3

csx21
Cas10

csm3
csx10

csm2
csm3

B
*

uas64A

POI:
csx1
EAD7

Cas6

IMG_3300031578 | 0307376_10001631

UAS-65
CARF

(CARF_5p_nucleotidase)
IMG_3300031994&&0310691_10021322&&2165_3863_1 extraction 

6 / 6.6

Cas6
Cas10

csm3
csx10

csm3_csm3

csx19
csm3

csx20

*
uas65A

POI:
NT5C

VWA_2
Tubulin_2

Patatin

WGS_CADBDX01 | CADBDX010000006

UAS-66
CARF

(SAVED_APH_TCAD9)
IMG_3300034111&&a0335063_0013299&&1300_3253_1 

4 / 4.5

*
uas66A

POI:
SAVED

APH PD-DExK

mkCas0090

Cas10_Cas10

cmr3cmr4cmr5cmr6

IMG_3300042309 | a0453170_0004138

UAS-67
CARF

(Cutinase_Lipase_SAVED)
IMG_3300042939&&a0453142_0007685&&8027_9725_-1 

4 / 4.7

*
uas67A

POI:
SAVED

Abhydrolase_6

Cas10
cmr3 cmr4 cmr5 cmr6gr7

TIR_2
Cas1

Cas1
Cas2

DUF2887

IMG_3300042543 | a0453077_00032051kb
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UAS-68
CARF

(SMODS + SAVED CHAT)
IMG_3300046790&&a0495499_0000077&&7424_8333_1 

N/A

B

SAVED

CHAT
Cas5

cmr1_csm3

Cas10
cmr3 cmr4 cmr5 cmr6

*
uas68A

POI:
SMODS

Cas4

IMG_3300044250 | Ga0455933_000126

1kb
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UAS-69
Auxiliary

(methyltransferase)
EMBL_ERZ1030305&&contig_263&&8899_9757_1 

3 / 7.0

Cas10
cmr3 cmr4 cmr5 cmr6

*
uas69A

POI

B

2OG-FeII_Oxy_2

csx1
Cas1

Cas2

EMBL_ERZ3455792 | contig_194

UAS-70
Auxiliary

(vATP-synt_E)
EMBL_ERZ1699236&&contig_1829&&258_2607_-1 

9 / 9.3

csm3
csx10

csm3_csm3

csx19
csm3

Cas6

*
uas70A

POI DNA_processg_A

NMN_transporter

EMBL_ERZ773015 | contig_68

UAS-71
Auxiliary

(NERD)
EMBL_ERZ1764562&&contig_378&&16539_17331_1 

4 / 4.7

Cas10
csm3

csm3_csm3

csx19
csm3

csx20 Alpha-amylase

DUF5696

*
uas71A

POI:
NERD

DUF859 icity0119

Cas_DxTHG

Peptidase_M90

EMBL_ERZ1764562 | contig_378

UAS-72
Auxiliary

(multi-gene system including greA greB)
EMBL_ERZ3455816&&contig_9406&&2751_3312_1 

20 / 26.7

DAGK_cat

NAD_kinase

Metallophos

Cpn10
Cpn60_TCP1

Cas2
Cas1

Cas2

C D
*
A

POI:
GreA_GreB

B

Thymidylate_kinase
dNK
AAA_18 csx1

csx1
cmr1 Cas10

cmr3 cmr4 cmr5 cmr6

GCF_011759595.1 | NZ_JAAOZA010000002

UAS-73
Auxiliary

(Mrr nuclease)
EMBL_ERZ405284&&contig_1793&&4535_5441_1 

7 / 10.5

Cas10
csm2

csm3
csm4

*
uas73A

POI csx1

IMG_3300020198 | 0194120_10015339

UAS-74
Auxiliary

(PKinase)
EMBL_ERZ4560480&&contig_4482&&7569_10323_-1 

2 / 3.4

csm3_csx10

csm3_csm3

csx19
csm3

uas74B
*

uas74A

POI:
Pkinase

ABC1
Sigma70_r4

PHP YbjNYbjNYbjN

EMBL_ERZ4560553 | contig_1674

UAS-75
Auxiliary

(Sigma_factor + Csx1 + large Csx1)
EMBL_ERZ4560494&&contig_2628&&7202_8435_1 

7 / 7.5
T4SS-DNA_transf

TraG-D_C

TrwB_AAD_bind

CLP_protease

OmpA TrwB_AAD_bind

TraG-D_C

csx1

*
uas75A

POI csx1
Cas10

csm2
csm3

csm4
csm5

Cas6

EMBL_ERZ501520 | contig_84

UAS-76
Auxiliary

(HTH _ M78 peptidase)
EMBL_ERZ4560656&&contig_7640&&76_1108_-1 

41 / 53.8

Phage_integrase

MFS_1
Peptidase_M3

Peptidase_S37

*
uas76A

POI:
HTH_3

Peptidase_M78

HATPase_c_4

Cas9
Cas1

Cas2Thioredoxin_7

Thioredox_DsbH

EMBL_ERZ1034939 | contig_620

UAS-77
Auxiliary

(DUF2283)
EMBL_ERZ584659&&contig_1773&&510_1521_-1 

3 / 5.5

csm3
HD

C

PBECR2

B

DUF2283

*
uas77A

POI:
csm3

EMBL_ERZ584659 | contig_17731kb
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UAS-78
Auxiliary

(Nif11)
EMBL_ERZ650341&&contig_14933&&186_501_1 

7 / 7.7

Polysacc_deac_2

Cas6
Cas10_Cas10

Cas5

*
uas78A

POI csm3 PBP_like_2

SBP_bac_1

BPD_transp_1

BPD_transp_1
ABC_tran

AAA_22

SMC_N
PhoUSnoaL_2

DUF4440

IMG_3300033977 | a0314861_0000309

UAS-79
Auxiliary

(XRE HTH regulator operonized with Cas effectors)
EMBL_ERZ653703&&contig_1622&&2425_3673_-1 

8 / 8.9

DUF1810
CsgG

LpoB
DUF4810

DUF799
NYN

*
uas79A

POI:
HTH_3

Peptidase_M78

Cas6
Cas5

Cas3_Cas3

Cas8
Cas7

Cas4
Cas1

Cas2
AAAInositol_P

LPAM_1

EMBL_ERZ658688 | contig_146

UAS-80
Auxiliary

(RepA replication)
EMBL_ERZ724078&&contig_5708&&5799_7854_-1 

5 / 5.1

Glyco_trans_4_3

Cas6

uas80B

Sigma54_activat

AAA_5

*
uas80A

POI Cas10
csm3

csx10
csm3_csm3

csm3_csm3

GCF_011039135.1 | NZ_JAAKEJ010000002

UAS-81
Auxiliary

(DUF4145)
EMBL_ERZ724507&&contig_6357&&940_1633_-1 

3 / 3.0

csm3
csm4

*
uas81A

POI:
DUF4145

csm5

IMG_3300048930 | a0498917_0065693

UAS-82
Auxiliary

(pentapeptide + unknown domain)
EMBL_ERZ772753&&contig_7251&&225_1815_-1 

4 / 7.6

csm3
csx19

csm3

*
uas82A

POI:
Pentapeptide_3

csm3
PhdYeFM_antitox

Cas1
Cas2

EMBL_ERZ1033833 | contig_1756

UAS-83
Auxiliary

(Recep domain + 4 unknown genes)
EMBL_ERZ773219&&contig_530&&18381_19626_1 

8 / 8.0

Macro
RRXRR

DUF4884

YqeY

B C D E
*

uas83A

POI AAA_33
YopX

WGS_QWCL01 | QWCL01000094

UAS-84
Auxiliary

(MazF)
EMBL_ERZ773360&&contig_3930&&5259_6435_-1 

2 / 5.3

cmr3 cmr4 cmr5 cmr6 cmr1

*
uas84A

POI Cas1
Cas2

EMBL_ERZ773360 | contig_3930

UAS-31
Auxiliary

(Kinase)
EMBL_ERZ778503&&contig_16504&&109_2353_-1 

10 / 16.4

uas31B
*

uas31A

POI:
Pkinase

Cas10
csm3

csx10_csx10

csm3_csm3

csx19
csm3

Transpeptidase

GCA_902779725.1 | CACZCU010000025

UAS-85
Auxiliary

(betalactamase)
EMBL_ERZ778607&&contig_14514&&540_2586_-1 

2 / 5.5

Trans_reg_C

Response_reg

*
uas85A

POI:
Beta-lactamase

Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

Cas2
csa3

IMG_3300010428 | a0134103_10001531kb
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UAS-86
Auxiliary

(large Sigma_factor)
EMBL_ERZ779846&&contig_3976&&4008_5559_-1 

3 / 4.0

AAA_25
Mob_Pre

Cas6_Cas1

*
uas86A

POI:
Sigma54_activat

AAA_5
HTH_8 Cas10

Cas2

EMBL_ERZ779846 | contig_3976

UAS-87
Auxiliary

(vwa + PPC + kinase system) 
EMBL_ERZ795109&&contig_975&&4795_5770_1 

14 / 25.6

rve_3

HTH_21

B

Pkinase

C

VWA

*
uas87A

POI:
PP2C_2

UNK_csx1_csx1

Cas1
Cas2

Cas2
AbiEii

DUF3375

DUF3375

DDE_Tnp_1_4

AAA

GCF_003843835.1 | NZ_RKQL01000007

UAS-24
Auxiliary

(RNaseT)
EMBL_ERZ827088&&contig_3603&&12691_12832_1 

3 / 3.0

HTH_3
Cas3

Cas8
cse2

Cas7
Cas5

Cas6

*
uas24A

POI

EMBL_ERZ827088 | contig_3603

UAS-88
Auxiliary

(Sigma_factor + Csx1)
EMBL_ERZ842392&&contig_23636&&3690_4530_1 

6 / 7.2
EAL
Response_reg

GGDEF
Hpt HisKA

MscL
DUF1232

csx1

*
uas88A

POI Cas6
cmr1 Cas10

cmr3 cmr4 cmr5 cmr6 DUF3990

DUF3791

csx1

GCA_902780245.1 | CACZEN010000003

UAS-19
Auxiliary

(Cas9 or Cas12 associated WYL)
EMBL_MGYG000290606&&MGYG000290606_2&&40_988_-1 

19 / 35.1

CstA CstA OMP_b-brl

*
uas19A

POI:
pfam13280

WYL
Cas9_Cas9

Cas1
Cas2

Epimerase

GDP_Man_Dehyd

RmlD_sub_bind

HTH_3Hydrolase_4

Peptidase_S15

GHL10

DUF4015

GCA_017476245.1 | JAFVDP010000013

UAS-23
Auxiliary

(unknown + DUF2791 + DUF2791_ATPase)
GCA_001508235.1&&LGFR01000093&&2560_3565_-1 

3 / 6.5

HIRAN
Cas3

Cas11
Cas3

Csc2

csc2gr7

TIGR03157

csc1
Cas3

DUF4282

B
*

uas23A

POI:
DUF2791

uas23C

DUF2791

AAA_16

ATPase_2

D

DUF4282

Cas1
Cas2

Cas4
Cas4

GCA_012840385.1 | DULK01000032

UAS-89
Auxiliary

(unknown accessory)
GCA_001570385.1&&BBYL01000030&&535_1639_-1 

8 / 13.6

Cas2
HTH_3

DUF397
mCpol

*
uas89A

POI Pectate_lyase_4

Beta_helix Pectate_lyase_4

RicinB_lectin_2

Ricin_B_lectin

Peripla_BP_1

LacI
Glyco_hydro_9

CBM_2

CelD_N
Methyltransf_19

DDE_Tnp_1_2

Transposase_mut

MULE
Transposase_mut

GCF_016863395.1 | NZ_BOOU01000024

UAS-90
Auxiliary

(nurA dsDNA break repair + DUF87)
GCA_003086515.1&&QEFL01000015&&20967_22101_-1 

9 / 19.4

Cas4
Cas6

AhpC-TSA

csx1

*
uas90A

POI:
NurA

uas90B

DUF87
DUF853

TrwB_AAD_bind
FtsK_SpoIIIE

AAA Cas10
cmr4cmr5cmr1cmr6csm6

csm6
csa3

YHS
Ta0938

ATPase-cat_bd

Pyr_redox_2

GCF_000018305.1 | NC_009954

UAS-91
Auxiliary

(vWA + FHA + PP2C)
GCA_011362195.1&&DTDN01000009&&39236_40742_-1 

3 / 6.8

Cas10
cmr3 cmr4 cmr5 cmr6

*
uas91A

POI:
VWA_2

csm6
RNA_pol_Rpb2_6

GCF_011057715.1 | NZ_LNGH010000071kb
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UAS-92
Auxiliary

(DUF2281)
GCA_013140405.1&&JABFSV010000514&&13559_13769_-1 

13 / 17.6

Polbeta

NTP_transf_2

Cas3
Cas5

Cas8
Cas7

*
uas92A

POI:
DUF2281

Cas4
Cas1

Cas2 Bac_DNA_binding

HU-HIG
Gp49

HTH_37

GCA_013140405.1 | JABFSV010000514

UAS-93
Auxiliary

(PAP_phosphatase_CorA)
GCA_015662405.1&&DQUE01000208&&5320_7480_-1 

63 / 127.1

*
uas93A

POI:
CorA cmr1 Cas10

cmr3 cmr4 cmr5 cmr6HNH
DEAD

ResIII

TIGR03158

GCA_013373595.1 | JABXHO010000062

UAS-28
Auxiliary

(Y1 TPase type III)
GCA_017544725.1&&JAFYDR010000170&&27158_28184_1 

6 / 7.3

HATPase_c

HisKA
csx1

Cas10_Cas10

cmr3 cmr4 cmr5 cmr6 cmr1

*
uas28A

POI csx1
Cas1

Cas2
ACT_8

IMG_3300029305 | 0307249_10031234

UAS-94
Auxiliary

(DUF3800_TPR)
GCA_017934005.1&&JAGBKJ010000834&&818_3053_-1 

8 / 14.3

Trypan_PARP

Cas6
cmr1 Cas10_Cas10

cmr3 cmr4_cmr4

cmr5 cmr6_UNK

*
uas94A

POI DEDDh
CorA Cas1

Cas2
icity0040

PrimPol

RVT_1

EMBL_MGYG000294502 | MGYG000294502_4

UAS-95
Auxiliary

(RAMA + DUF444 + PIN)
GCA_019359445.1&&JAHHHJ010000029&&16098_16602_1 

25 / 34.3

EAL Cas3

*
uas95A

POI:
RAMA

B

XisH

C

XisI Cas10d csc2gr7

Csc2

TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2pfam13280

WYL
Ycf66_N

CxxCxxCC
UPF0016

TauE
UPF0016

HemolysinCabind

GCF_015207485.1 | NZ_JADEWU010000081

UAS-96
Auxiliary

(unknown transmembrane protein)
GCA_020434175.1&&JAGRBH010000503&&340_1450_-1 

N/A

cmr5

*
uas96A

POI cmr1 cmr4 cmr5 cmr6 icity0040

23S_rRNA_IVP

Cas2

IMG_3300031576 | 0247727_10024091

UAS-97
Auxiliary

(Fic Cascade)
GCA_903847485.1&&CAINDV010000696&&9392_10559_-1 

2 / 4.2

DUF4338

Cas3_Cas3

*
uas97A

POI:
Fic Cas8

Cas7
csb2

Cas4_Cas4

Cas2

GCA_903847485.1 | CAINDV010000696

UAS-98
Auxiliary

(TPR_MALT)
GCA_910584945.1&&CAJUDY010000014&&24554_26873_1 

5 / 6.3

tRNA_NucTran2_2

HD DNA_binding_1

csx1

*
uas98A

POI csx1
csx1

UPF0160

Cas10
csm3_csx10

csm3_csm3

EMBL_ERZ778492 | contig_3546

UAS-30
Auxiliary

(UvrD_NERD nuclease)
GCF_000419585.1&&NZ_ATTH01000001&&941528_943577_-1 

6 / 6.0

DUF21 DUF285

Por_Secre_tail

EcsC
csx1

*
uas30A

POI:
NERD
UvrD_C_2
UvrD-helicase
AAA_19 Cas1

Cas2
Guanylate_cyc

FHA
Yop-YscD_cpl

csx1
csx1

DUF4258

Cas6
Omp85

GCF_000419585.1 | NZ_ATTH010000011kb
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Ribosomal_L36

Ribosomal_S13

UAS-99
Auxiliary

(Radical SAM protein)
GCF_001029445.1&&NZ_LDOT01000053&&7692_9432_1 

20 / 37.7

Cas6
Cas10

csm3_csx10

csm3
csm3

csm3

*
uas99A

POI:
Radical_SAM

Fer4_14
HTH_19

Cas1

GCF_901873395.1 | NZ_CABFLP010000136

UAS-100
Auxiliary

(wWA + kinase)
GCF_001655635.1&&NZ_LSNH01000001&&2031044_2032025_-1 

6 / 9.9

Radical_SAM

csx1 Cas_VVA1548

pfam09652

Cas1
Cas2

B

VWA

C

PP2C_2

*
uas100A

POI:
Pkinase

csm3
csx10

csm3_csm3

csx19
csm3

Cas6
csx1

GCF_003086275.1 | NZ_PYSI01000018

UAS-101
Auxiliary

(DUF2204)
GCF_003668875.1&&NZ_RAWM01000178&&1907_2396_-1 

19 / 47.0

Pyr_redox_2

Cas9_UNK

*
uas101A

POI Cas1
Cas2

MFS_1

PTR2

Sugar_tr
DUF808

CdiA_CUPF0004

Radical_SAM

LGTAminotran_4

GCA_019638055.1 | JAHBUN010000002

UAS-102
Auxiliary

(DUF5343 + Helicase_HNH_ResIII)
GCF_016526145.1&&NZ_JADDUE010000010&&220137_220869_-1 

3 / 3.0

Cas4
Cas2

*
uas102A

POI:
DUF5343

uas102B

ResIII

DEAD

HNH
csm3

Cas10
csm3

csx10_csx10

csm3_csm3

Cas11
TetR_NPolyketide_cyc2

AHSA1
RHH_1

GCF_900108315.1 | NZ_FNVB01000002

UAS-103
Auxiliary

(TPR HATPase)
GCF_016757215.1&&NZ_JAESIY010000005&&313654_315544_1 

2 / 3.0

*
uas103A

POI:
HisKA_2
TPR_12
icity0106
HATPase_c_2 Guanylate_cyc

DDE_Tnp_1
Response_reg

LytTR
UNK_Cas10d

csf1csc1
Cas3

Cas6
Cas4

GCF_016775155.1 | NZ_JAEUGD010000042

UAS-104
Auxiliary

(ATPase + Metallophosphatase)
GCF_018502485.1&&NZ_CP075546&&993250_997099_1 

3 / 3.0

DDE_Tnp_1

TIR_2
Nudix_N_2

B

Metallophos

*
uas104A

POI:
AAA_27

SMC_N
DDE_5

csm3_csm3

PDDEXK_1

Cas1
Cas2

csx1NYN
icity0084

GCF_018502485.1 | NZ_CP075546

UAS-105
Auxiliary

(M78 peptidase)
GCF_021531665.1&&NZ_JADYUH010000077&&9506_10499_-1 

5 / 5.6

Phage_integrase

DUF5020

*
uas105A

POI:
HTH_3

Peptidase_M78

Ribosomal_S14

Ribosomal_S8

Ribosomal_L6

Ribosomal_L18p

Ribosomal_S5_C

Ribosomal_L30

Ribosomal_L27A

SecY
Peptidase_M24

eiF-1a, RsgA_N

Ribosomal_S11

Ribosomal_S4

S4RNA_pol_A_CTD

Ribosomal_L17

Cas9
Cas1

Cas2

GCA_021153165.1 | JAGKTZ010000024

UAS-106
Auxiliary

(DUF3800)
GCF_900453405.1&&NZ_UGPM01000003&&1785257_1786514_-1 

3 / 3.0

Cas3
Cas5

Cas8
Cas7

Cas4

*
uas106A

POI:
DUF3800

Cas1
Cas2 RNase_E_G

S1 tRNA-synt_2

tRNA_anti-c
odon

DUF218Formyl_trans_N

ACTAbhydrolase_1

GCF_900453405.1 | NZ_UGPM01000003

UAS-107
Auxiliary

(Toprim)
GCF_902500215.1&&NZ_CABVOU010000021&&55311_56466_-1 

17 / 25.5

IstB_IS21

Bac_DnaA

Phage_integrase

DUF927

*
uas107A

POI:
Toprim_3

csx1
cmr1 Cas10

cmr3 cmr4 cmr5pfam09652

TIGR02620

csx1

GCF_902500215.1 | NZ_CABVOU0100000211kb
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UAS-108
Auxiliary

(DUF433)
IMG_3300000574&&7J11328_10007417&&1272_1539_-1 

7 / 16.3

MannoseP_isomer

Cupin_2
DJ-1_PfpI

Glyoxalase

MRJP
EamA SEC-C

DUF2384

*
uas108A

POI:
DUF433

Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

Cas2
LON_substr_bdg

Unstab_antitox

Pribosyltran

Putative_PNPOx

GCA_016235775.1 | JACRIU010000122

UAS-109
Auxiliary

(DUF4407 + transpeptidase)
IMG_3300000574&&7J11328_10033202&&130_1651_1 

2 / 5.3

csm3
csx1 DUF1874

icity0062
csx1

SWIM
csx1

B

DUF4258

*
uas109A

POI:
DUF4407

C uas109D

Transgly

Transpeptidase

icity0040

RVT_1
Cas1

Cas2

IMG_3300044734 | a0467059_0001208

UAS-110
Auxiliary

(mega peptidase)
IMG_3300001598&&EMG_10018732&&309_3072_1 

2 / 3.5

*
uas110A

POI:
Peptidase_S8

RicinB_lectin_2
Ricin_B_lectin ACP_syn_III_C

CBM26
UvrC_HhH_N

IMG_3300001598 | EMG_10018768

UAS-111
Auxiliary

(TIR cascade)
IMG_3300002223&&7J26845_10007859&&1305_2472_1 

2 / 4.4

Cas10

*
uas111A

POI:
TIR-like

Cas5
csm3 icity0040

RVT_1
23S_rRNA_IVP

Cas1
Cas2

VapB_antitoxin

PIN

GCA_020057065.1 | JAGVGM010000202

UAS-29
Auxiliary

(Phage RNAPol)
IMG_3300003177&&DffDRAFT_1003423&&1014_3828_-1 

4 / 8.6

MFS_1

Sugar_tr Flagellin_N

FliS_cochap

OMP_b-brl

csx1_UNK

*
uas29A

POI:
RNA_pol

RPOL_N
CorA cmr1 Cas10 TIGR01888

cmr3gr5

Cas_Cmr3

cmr4ThioredoxintRNA-synt_2b

HGTP_anticodon

tRNA_SAD

IF3_C
DDE_Tnp_1_4

WGS_FPHB01 | FPHB01000020

UAS-112
Auxiliary

(Csx20 operonized with Alpha Amylase)
IMG_3300004628&&a0070399_1037568&&498_2109_1 

N/A

csm3
csx20

*
uas112A

POI:
Alpha-amylase

DUF5696

WGS_SKEI01 | SKEI01010155

UAS-113
Auxiliary

(RNaseH)
IMG_3300005573&&a0078972_1000107&&101916_102516_1 

10 / 14.6

Cas4
Cas1

Cas2
Cas4

*
uas113A

POI:
RNase_H_2

DNA_pol_B_exo1

csm2
csm3

csm3
csm3

UNK_Cas10

csm3
csx10

csx1
Cas6

Fer4AFOR_N

IMG_3300005573 | a0078972_1000107

UAS-114
Auxiliary

(Tfb2_Cas3Cterminus_WYL)
IMG_3300007521&&0105044_10068709&&481_2728_1 

5 / 5.5

DUF4349

*
uas114A

POI:
COG2378

WYL
DUF29

csm3
CSDAAA_15csx15

cd09766
csx1

Cas6
TetR_N

Lactamase_B

Metallophos_2

GCA_014155665.1 | JAAEKE010000040

UAS-115
Auxiliary

(SLATT)
IMG_3300007964&&a0100400_1019481&&1335_1944_-1 

N/A

Cas10
csm2

csm3
csm4

csm4
csm5

csm5
csm6

*
uas115A

POI

Thioredoxin_8
AhpC-TSA
Redoxin

NHL TatA_B_E

SecG
Pterin_4a

SNF

EMBL_ERZ404942 | contig_76251kb
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UAS-116
Auxiliary

(Moca oxoreductase + SDR)
IMG_3300008252&&0105357_10033588&&329_1373_1 

21 / 38.1

uas116C B

adh_short_C2

KR

*
uas116A

POI:
GFO_IDH_MocA

WG_beta_rep

HATPase_c_3

HNH_4
Methyltransf_25

cd09743

Cas_VVA1548

Cas6
csx1

csx1
icity0047

GCF_904846315.1 | NZ_CAJHAF010000001

UAS-117
Auxiliary

(DUF4231)
IMG_3300009032&&0105048_10143319&&1427_2051_-1 

3 / 4.8

Cas6
Cas6

Cas10
csm2

csm3
csm4

DUF4145

csm5

*
uas117A

POI

GCA_017303875.1 | JAFLBP010000044

UAS-118
Auxiliary

(DUF3891)
IMG_3300009083&&0105047_10063153&&274_994_-1 

12 / 23.7

csx15

cd09766
Cas10d

csc1
Cas8_Cas8

Cas7
Cas5

*
uas118A

POI Cas3
Cas6

Cas3
Cas6

23S_rRNA_IVP

Cas4
Cas1

Cas2

IMG_3300028399 | a0256830_1000776

UAS-119
Auxiliary

(DUF5679, zinc ribbon)
IMG_3300009175&&0073936_10076949&&1196_1451_-1 

6 / 9.9

Cas3
Cas5

Cas8
Cas7

*
uas119A

POI:
DUF5679

Cas4
23S_rRNA_IVP

Cas1
Cas2

Polysacc_deac_1

MMR_HSR1

Dynamin_N

IMG_3300048586 | a0498924_0002976

UAS-120
Auxiliary

(DUF2225)
IMG_3300009503&&0123519_10124867&&69_1659_-1 

2 / 4.1

Cas3
Cas3

*
uas120A

POI csf1 Cas1
Cas4

GCA_021792665.1 | JAJYUE010000010

UAS-121
Auxiliary

(RNAPol + Sigma_factor + unknown gene)
IMG_3300009585&&a0105160_1000939&&4188_8637_1 

15 / 41.0

csm6

*
uas121A

POI:
RNA_pol_Rpb2_6

B C

Sigma54_activat

AAA_5
DarTMacro

DUF1232

IMG_3300034524 | Ga0310146_00003

UAS-122
Auxiliary

(PRiA3 + zf)
IMG_3300012931&&0153915_10003429&&308_1193_1 

15 / 36.2

Cas9

*
uas122A

POI Cas1
Cas2 HAD_2

Hydrolase

PRK Sigma54_DBD

PAP2
FKBP_NAsnC_trans_reg

HTH_AsnC-type

MarR_2PBP_like_2

SBP_bac_1

EMBL_ERZ795390 | contig_17

UAS-22
Auxiliary

(Cut8_TPR)
IMG_3300012943&&0164241_10011111&&1329_2733_-1 

3 / 8.1

DHBP_synthase

GTP_cyclohydro2

2-oxoacid_dh

Biotin_lipoyl

E3_binding
ABC_tran

AAA_21
GtrA Cas6

B

COG2378

WYL

*
uas22A

POI Cas8
Cas7

Cas5
Cas3

UPF0158

Cas4
Cas1

GCF_003721595.1 | NZ_RJJR01000007

UAS-21
Auxiliary

(Cas13b + CorA)
IMG_3300012983&&0123349_10003896&&1100_3251_1 

3 / 3.7

Phage_integrase

Ferritin

Rubrerythrin
Glyco_hydro_97

GH97_N MS_channel

TM_helix
AAA

*
uas21A

POI Cas13
His_Phos_1

Cytochrom_C_asm

ResBPeptidase_M64

M64_NBeta_elim_lyase

Aminotran_1_2

GCA_017556585.1 | JAFYMP0100000681kb
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UAS-123
Auxiliary

(NACHT)
IMG_3300014149&&a0181613_1011337&&962_3059_-1 

2 / 3.2
Phosphodiest

Sulfatase

Metalloenzyme

csx1_UNK

Cas10

*
uas123A

POI:
AAA_22

csm2
csm3

csm4
csm5

csx1
csx1_csx1

csx15

cd09766
Cas6

Cas1Aminotran_5

Cys_Met_Meta_PP

AAA_32

Lon_C

GCA_003327455.1 | QOQU01000004

UAS-124
Auxiliary

(unknown)
IMG_3300014153&&a0181527_1048931&&1181_2084_-1 

3 / 3.3

Cas6
Cas10

csm2
csm3

csm4

*
uas124A

POI csx1 SMODS

NTP_transf_2

PD-DExK

mkCas0090
Hpr_kinase_C

AAA_33
TetR_N

IMG_3300028028 | a0265292_1000759

UAS-125
Auxiliary

(UPF0158)
IMG_3300015214&&0172382_10011895&&7267_8365_1 

11 / 24.8

Cas6
Cas3_Cas3

Cas8
Cas7

Cas5
AbiEii

*
uas125A

POI:
UPF0158

Cas4
Cas1

Cas2
CSD PK

HpcH_HpaI
Peptidase_S8

Por_Secre_tail

GCA_021767705.1 | JAASSU010000013

UAS-126
Auxiliary

(Cut8)
IMG_3300018012&&0187810_10022321&&90_1506_-1 

3 / 6.4

*
uas126A

POI Cas4
Cas1

Cas2

IMG_3300035696 | a0374055_0222972

UAS-26
Auxiliary

(DUF87 + NurA 5' to 3' nuclease)
IMG_3300018407&&a0187900_1000594&&12585_14151_-1 

4 / 4.0

DUF262
NurA

*
uas26Auas26B

POI Cas10
csm2_csm2

csm3
csm4

csm5
csx1

Cas6
Cas2

Cas1

IMG_3300019375 | a0187898_1000080

UAS-127
Auxiliary

(NACHT)
IMG_3300020192&&0163147_10009373&&460_1681_-1 

3 / 7.4

FGE-sulfatase

AAA_16
Cas6

Cas6

*
uas127A

POI:
AAA_16

csx1_UNK

Cas10
csm3

csx10
csm3_csm3

csx19
TIR_2

SAVED

DUF1863

MafMafDDE_Tnp_1_3

GCA_016717205.1 | JADKGC010000010

UAS-128
Auxiliary

(Mrr nuclease)
IMG_3300024353&&a0209979_1002041&&5779_7255_-1 

N/A

UNK_Cas3

Cas8

*
uas128A

POI:
HTH_17

cse2
Cas7

Cas5_Cas6

HicB_lk_antitox

HicA_toxin

IMG_3300024353 | a0209979_1002041

UAS-129
Auxiliary

(Tubulin + other protein + vWa)
IMG_3300024423&&a0190286_1002039&&2400_5370_-1 

16 / 43.6
UvrD_C

UvrD-helicase

AAA_19

uas129C

VWA

*
uas129A

POI:
Tubulin_2

uas129B

DUF87

TrwB_AAD_bind

HTH_21

GCA_016887485.1 | CP069394

UAS-130
Auxiliary

(Tubulin system)
IMG_3300025717&&a0207419_1001204&&18142_19330_1 

5 / 13.1

COG2378

WYL

uas130B

GAF_2

MerR_1

C
*

uas130A

POI

D E

RVT_3 icity0040

RVT_1
Cas1

Cas2
Trypco1 SAVED

Trypsin_2

Cas6

GCF_004138135.1 | NZ_RYFD010000091kb
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UAS-131
Auxiliary

(TIR2)
IMG_3300026304&&a0209240_1021588&&337_1153_1 

8 / 18.9

*
uas131A

POI:
TIR_2

Cas10
cmr3cmr1cmr4cmr5cmr6

IMG_3300031520 | a0272428_1011954

UAS-132
Auxiliary

(Cas9 associated Y1)
IMG_3300026516&&a0209573_1000325&&56350_57046_-1 

20 / 27.4
Sacchrp_dh_C

AlaDh_PNT_C

TrkA_N
DNA_pol_A_exo1

Cas9

*
uas132A

POI Cas1
Cas2 Abhydrolase_1

Hydrolase_4

Sigma70_r2

DUF2807

UPF0029
MacB_PCD

FtsXMFS_1

Sugar_tr
DUF4442

DUF962
Acetyltransf_6

GCA_019638235.1 | JAHBUE010000001

UAS-133
Auxiliary

(TPR Rho RNA binding)
IMG_3300026546&&0256913_10013832&&2_1481_1 

5 / 6.4

csx1
csx20 pfam08800

VirE_N
Cas2

Cas1
csx1

*
uas133A

POI Cas4pfam13280

WYL

GCF_003711225.1 | NZ_CP031032

UAS-18
Auxiliary

(toprim)
IMG_3300026546&&0256913_10022199&&462_1617_-1 

4 / 6.6

*
uas18A

POI:
Toprim_2

Cas1
Cas2

Cas2

IMG_3300026518 | a0256829_1011231

UAS-134
Auxiliary

(WYL operonized with cascade)
IMG_3300027878&&0209181_10066870&&0_1041_1 

15 / 29.8

*
uas134A

POI:
pfam13280

WYL
Cas3_Cas3

Cas8
Cas7

Cas5
DUF4926

Cas6
Cas1

Cas2
Cas4

RadC

GCA_016710325.1 | JADJXK010000002

UAS-135
Auxiliary

(ATPase_DUF4435 + Cas12)
IMG_3300028048&&0256405_10015800&&2772_4671_-1 

3 / 3.0

*
uas135A

POI:
AAA_15

MORN_2
Cas12

Cas4
Cas1

Cas2

IMG_3300010998 | a0139311_1004421

UAS-136
Auxiliary

(DUF6155)
IMG_3300028191&&a0265595_1000410&&37454_38072_1 

4 / 6.7

Cas6
Cas8

Cas7
Cas5

Cas3
AAA_21

RloB

*
uas136A

POI:
DUF6155

ATPase_2

Cas4
Cas1

Cas2
Formyl_trans_N

Bac_DNA_binding

HU-HIG

IMG_3300002172 | 30J26740_1000004

UAS-137
Auxiliary

(Holliday Junction Resolvase)
IMG_3300031520&&a0272428_1002147&&25604_25976_-1 

6 / 6.7

Cas3

*
uas137A

POI Cas5
Cas8

Cas7
Cas4

Cas1
Cas2

IMG_3300031520 | a0272428_1010271

UAS-138
Auxiliary

(TIR)
IMG_3300031631&&a0307987_1000023&&70180_70972_-1 

5 / 11.2

AAA_14

DUF4143

Cas6
Cas10_Cas10

csm3
csm3_csm3

csm3_csm3

*
uas138A

POI:
TIR_2

KilA-N
HEPNPolbeta

NTP_transf_2

DUF4065

MqsA_antitoxin

IMG_3300031631 | a0307987_10000231kb
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UAS-139
Auxiliary

(metal system)
IMG_3300031654&&a0315549_1044866&&183_2397_-1 

3 / 4.3

PhdYeFM_antitox

PIN
icity0105

DUF6293

Cas_Cas02710

csx1_UNK

uas139C

VWA_2

uas139D

Tubulin_2

*
uas139A

POI

B

icity0040

RVT_1
Cas1

DUF370
RNase_H

Cas2 COG2378

WYLDEDD_Tnp_IS110

Transposase_20

EMBL_ERZ761562 | contig_254

UAS-140
Auxiliary

(DUF5919)
IMG_3300031670&&0307374_10003486&&16416_17127_1 

2 / 3.0

PRTRC_E

Prok_Ub
Prok-E2_D

ThiF

*
uas140A

POI:
DUF5919

csm3
cmr6 Cas10_Cas10

cmr4 cmr5 cmr3_Cas2

Cas6
PNP_UDP_1

CHAT
Peptidase_S41

IMG_3300031670 | 0307374_10003486

UAS-141
Auxiliary

(PRiA4 ORF3)
IMG_3300031911&&0307412_10000093&&68229_68721_-1 

2 / 3.9

Cas3
Cas5

Cas8
Cas7

*
uas141A

POI:
PRiA4_ORF3

Cas4
23S_rRNA_IVP

Cas1
Cas2 fn3

Pur_ac_phosph_N

IMG_3300022561 | 0212090_10001740

UAS-142
Auxiliary

(TPR Protein Kinase)
IMG_3300032272&&0316189_10000814&&17931_20814_1 

3 / 7.2

*
uas142A

POI:
Pkinase

PK_Tyr_Ser-Thr
TPR_12
ABC1

B C

SIR2_2

Sigma70_r4_2

CHAT
csb2

Cas10
cmr3cmr1cmr4cmr5cmr6SMODS

IMG_3300028029 | a0256845_1001462

UAS-143
Auxiliary

(EamA _ F420H2_quin_red)
IMG_3300033167&&a0334898_1003770&&3048_4593_-1 

3 / 3.0

zf-C
DGSH

Cas3_Cas3

Cas8
csb1_UNK

csb2

*
uas143A

POI:
F420H2_quin_red

EamA
Cas4

Cas2

GCA_002423485.1 | DIWH01000016

UAS-144
Auxiliary

(TPR)
IMG_3300033463&&0310690_10163143&&217_2491_-1 

24 / 48.9

Lactamase_B_3

MIF Fructosamin_kin

APH Isochorismatase

ABC_trans_CmpB

FMN_red

Flavodoxin_2

DUF2971
MMR_HSR1

DUF697
HTH_3

*
uas144A

POI Cas13 Pkinase

PK_Tyr_Ser-Thr

APH HTH_3
TF_Zn_Ribbon

IMG_3300010270 | a0129306_1000175

UAS-145
Auxiliary

(transmembrane NARF)
IMG_3300034107&&a0335037_0001347&&11328_12051_-1 

5 / 10.7

DUF1697

*
uas145A

POI:
NARF

icity0087
Cas10

csm2
csm3

csm4
csm5

EAD11

EMBL_ERZ794931 | contig_778

UAS-25
Auxiliary

(NACHT_PDDEXK + cascade)
IMG_3300035698&&Ga0374944_616918&&9967_11707_-1 

8 / 12.8

Cas1
Cas2

*
uas25A

POI:
AAA_16

ATPase_2

Cas8
Cas7

Cas5
Cas3

Cas6
Cas4

MG-RAST_mgm4840855.3 | NODE_773_length_

UAS-146
Auxiliary

(EAD11)
IMG_3300037311&&a0394881_0008304&&11617_12277_1 

5 / 8.2

cmr1 AAA_21
Cas9

Cas10
cmr3 cmr4 cmr5 cmr6

*
uas146A

POI:
EAD11

Cas6
PemK_toxin

AAA-ATPase_like

PDDEXK_9

Sigma70_r4_2

pfam00078

RVT_1
SPOR

SPOR

GCF_000212735.1 | NC_0155101kb
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UAS-147
Auxiliary

(WYL I-D)
IMG_3300037509&&a0394184_0000482&&19069_20062_1 

36 / 66.5

*
uas147A

POI:
WYL
pfam13280

tRNA-synt_1f

Anticodon_2

TPR_11Biotin_lipoyl_2

HlyD_3MacB_PCD

FtsXCas3
Cas10dcsc2gr7

Csc2

TIGR03157

csc1
Cas6

Cas4
Cas1

GCF_000346485.2 | NZ_KQ976354

UAS-27
Auxiliary

(methyltransferase + cascade)
IMG_3300041417&&a0439242_0072051&&1423_2242_1 

2 / 3.2

Cas5
Cas8

Cas7
ResIII

*
uas27A

POI MqsA_antitoxin

Transgly
AAA_28

IMG_3300046656 | a0495458_0001235

UAS-148
Auxiliary

(mega Cas8-like)
IMG_3300042340&&a0453917_0000106&&32810_35291_-1 

37 / 51.3

Chorismate_bind

TPP_enzyme_N

*
uas148A

POI:
Cas8

Cas7
Cas5

Cas3
Cas6

Cas4
Cas1

Cas2WYL
pfam13280

Glutaredoxin

GST_N_3

UbiAAbhydrolase_1

Hydrolase_4

GCA_004294035.1 | RDZK01000121

UAS-149
Auxiliary

(vWA + Tubulin)
IMG_3300043390&&Ga0454692_000076&&4479_7614_1 

N/A

Cas6

uas149B

VWA

*
uas149A

POI:
Tubulin_2

DUF4126

Cas10
cmr3 cmr1 cmr4 cmr5

IMG_3300005607 | 0070740_10001355

UAS-150
Auxiliary

(APH_EcKinase)
IMG_3300044730&&a0453757_0004423&&6344_8234_-1 

3 / 3.0

*
uas150A

POI:
APH
TCAD9

SAVED
Cas10

cmr3 cmr4 cmr5 UNK_cmr6
PD-DExK

mkCas0090

IMG_3300034118 | a0335053_0001688

UAS-151
Auxiliary

(Cas8_Fic fusion)
IMG_3300045107&&a0484955_0013512&&3038_6074_-1 

2 / 5.0

COG2378

WYL
DUF6364

PIN_3
Cas3_Cas3

*
uas151A

POI csb1_UNK

csb2
Cas4

Cas2

IMG_3300009593 | 0115011_10000003

UAS-152
Auxiliary

(RNaseT)
IMG_3300046534&&a0491194_0030312&&2144_2783_-1 

4 / 7.4

pfam00078

RVT_1
Cas1

Cas2

*
uas152A

POI:
DUF5051

CorA cmr1 Cas10_Cas10

cmr3gr5
cmr4 cmr5 cmr6 Cas6

IMG_3300037285 | Ga0400245_000422

UAS-153
Auxiliary

(SNF2 instead of Cas3)
IMG_3300047317&&a0495604_0021803&&2293_4057_-1 

7 / 9.9

EPSP_synthase

HD_4 Glyco_hydro_15

DUF5911
TPR_12

icity0106 AAA_16

NB-ARC

TPR_12

*
uas153A

POI:
ResIII

Cas8_cse2

Cas7
Cas5

Cas6 Transposase_mut

MULE
AAA_33

GCF_001514145.1 | NZ_KQ948674

UAS-154
Auxiliary

(HIRAN Cas9, one case ATPase)
IMG_3300048583&&a0498911_0096679&&1007_1916_1 

28 / 44.9

LemA
Glyco_tran_28_C

Cas9_Cas9
ATPase_2

AAA_22
Cas1

Cas2

*
uas154A

POI:
HIRAN

DDE_Tnp_ISL3
GDC-P

Aminotran_5

Beta_elim_lyase

CdiA_C
CdiA_C

GCA_013297755.1 | JAAFIH0100000091kb
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UAS-20
Auxiliary

(Cas12 + bzip)
IMG_3300048589&&a0498927_0037426&&1005_1464_1 

7 / 7.4

DUF3799

RecT cd06127

RNase_T
Cas12

*
uas20A

POI IstB_IS21

RusA
HTH_7

GCA_020852965.1 | JADYZV010000027

UAS-155
Auxiliary

(transmembrane_vWA + DUF4407)
IMG_3300048987&&a0467049_0000162&&19133_19934_1 

3 / 4.4

*
uas155A

POI

B

cmr3cmr1cmr4cmr5cmr6csx1
csx1

Cas1
Cas2

Cas6

IMG_3300048987 | a0467049_0000162

UAS-156
Auxiliary

(Mrr nuclease + ATPase)
WGS_CADHRT01&&CADHRT010000022&&25862_26885_1 

N/A

Cas10
csm3

csx10
csm3_csm3

csx19
csm3

uas156B

AAA_15

*
uas156A

POI csx1

IMG_3300003844 | 0056914_10002014

UAS-33
Auxiliary

(Prok_E2 + ThiF + ThiS + NYN + CorA)
WGS_JAAUYB01&&JAAUYB010070855&&3244_3730_1 

34 / 50.0

csx1

C

NYN
icity0084

D

CorA

E

ThiS-like

*
A

POI:
Prok-E2_E

uas33B

ThiF Methyltransf_25

Peptidase_C26

GATase

NO_synthase
FAD_binding_1
Flavodoxin_1

NAD_binding_1Beta-lactamase2

HigB_toxin

Glyco_transf_28

Tn7_Tnp_TnsA_N

AAA_22

TniBTniQ

GCF_000346485.2 | NZ_KQ976354

UAS-157
Auxiliary

(RecJ_HD)
WGS_MTBK01&&MTBK01177382&&2891_4688_1 

19 / 25.4

Cas6
cmr1 Cas10

cmr3 cmr4 cmr5 cmr6 Cas_VVA1548

pfam09652

*
uas157A

POI:
HD DJ-1_PfpI

NTP_transf_2

Polbeta SPASM, Radical_SAM

Fer4_12
AsnC_trans_reg2

AsnC_trans_reg2

HTH_AsnC-type
Radical_SAM

SPASM

Fer4_12NTP_transf_2

Polbeta
DUF86

HDPemK_toxin

GCF_000784355.1 | NZ_KN360931

1kb
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UAS-34
Toxin-Antitoxin

(DarT DarG toxin-antitoxin ribosylation)
EMBL_ERZ1033877&&contig_98&&37922_38591_-1 

15 / 22.9

Cas6
Cas10

csm2
csm3

csm4
csm5

csx1
UPF0160

pfam13280

WYL

*
uas34A

POI:
DarT

B

Macro
Cas2

Cas1
Cas2 DUF4172

Fic DUF4145

Trypsin_2

GCF_009068765.1 | NZ_CP035534

UAS-35
Toxin-Antitoxin

(addiction gene orf associated with Cas9)
EMBL_ERZ1505400&&contig_18950&&117_258_1 

9 / 9.0

FixH DsbD_2
Cas9_Cas9

*
uas35A

POIGIY-YIG
OstA_2

Aminotran_3
TPR_19

PrimPol
Shikimate_dh_N

Cas1
Cas2

DUF349
Radical_SAM

GCF_015751645.1 | NZ_JADOVC010000008

UAS-158
Toxin-Antitoxin

(AbiE + DUF87)
EMBL_ERZ1742239&&contig_29570&&162_1638_1 

8 / 18.7

Cas1
Cas2

Cas4

*
uas158A

POI

B

Cas8_Cas8

Cas11
Cas7

Cas5
Cas3

Cas6

IMG_3300014911 | 0180301_10002145

UAS-159
Toxin-Antitoxin

(Nucleotidyltransferase HEPN, antitoxin)
EMBL_ERZ511474&&contig_784&&79398_79716_-1 

18 / 48.1

Cas6
Cupin_3

Cas8
Cas7

Cas5
Cas3

*
A

POI:
NTP_transf_2

Polbeta

B

HEPN
Cas4

Cas1
Cas2

RHH_3
TP_methylase

DDE_Tnp_ISL3

HTH_Tnp_ISL3

zf-IS
L3Bac_DNA_binding

HU-HIG

GCA_021646415.1 | SOEU01000007

UAS-160
Toxin-Antitoxin

(DUF86 + Nucleotidyltransferase)
GCA_013285545.1&&JAAXLU010000071&&33674_34109_-1 

104 / 173.3

Response_reg

Cas3
icity0081

DUF433
DUF5615

DUF1016_N

*
A

POI:
Polbeta

NTP_transf_2

B

DUF86
Cas10d csc2gr7

TIGR03157

Csc2
csc1

Cas6
Cas4

Cas1
Cas2WYL

pfam13280

PHY
PAS_2

HATPase_c
GAF

HisKAResponse_reg

GCA_019359545.1 | JAHHHB010000035

UAS-161
Toxin-Antitoxin

(Cas9 HicAB TA)
GCF_003337175.1&&NZ_NETH01000035&&6357_6546_1 

3 / 3.0

Cas9
Cas1

Cas1
Cas2

Csn2

*
A

POI:
HicA_toxin

B

HicB_lk_antitox

NDK GTP_EFTU

MMR_HSR1LepA_C
EFG_C

GTP_EFTU_D2
RF3_C EPSP_synthase

EPSP_synthase

SKI
AAA_18PDT

ACT

EMBL_ERZ504650 | contig_3

UAS-162
Toxin-Antitoxin

(Cas9 TA system)
GCF_012037625.1&&NZ_JAAVJS010000002&&280535_280832_-1 

25 / 36.4

4HBT
Chorismate_bind

PIG-L
Cas9

B
*
A

POI:
ParE_toxin

Cas1
Cas2

IMG_3300046373 | Ga0494103_000017

UAS-163
Toxin-Antitoxin

(nucleotidyltransferase + HTH)
IMG_3300001380&&6J14229_10033242&&787_1210_1 

4 / 6.9

Cas3
Cas3

csf1 csc1

*
uas163A

POI

B

Polbeta

NTP_transf_2

Cas6
23S_rRNA_IVP

Cas1
23S_rRNA_IVP

Cas2
Cas4

DUF1566

Methyltransf_12

GCA_021646465.1 | SOET01000016

UAS-164
Toxin-Antitoxin

(AbiEii)
IMG_3300005452&&a0068706_1004208&&1242_2085_1 

2 / 5.2

Cas6

B

AbiEi_2

*
uas164A

POI:
AbiEii

Cas8
Cas7

Cas5
Cas3

Cas1
Cas2

Cas4DAGK_cat

YegS_C
NTP_transf_4

IMG_3300020074 | 0194113_100023751kb
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UAS-165
Toxin-Antitoxin

(TA DUF3368 _ UPF0175)
IMG_3300009455&&0114939_10000745&&24543_24870_1 

11 / 16.6

COG2378

WYL
Cas3

Cas8
cse2

Cas7
Cas5

Cas6

*
A

POI: U
PF0175

B

DUF3368

Cas1
Cas2

TctC CoA_transf_3

ECH_1
HMGL-like

AMP-binding

GCA_016195915.1 | JACPYS010000015

UAS-166
Toxin-Antitoxin

(AbiEi + AbiEii)
IMG_3300013103&&0164318_10140015&&1204_2056_1 

N/A

pfam13280

WYL
HIRAN

Cas6
Cas8

Cas7

B
*

uas166A

POI:
AbiEii

Cas5
Cas3_Cas3

Cas4
Cas1

Cas2

IMG_3300026534 | a0256841_1000480

UAS-167
Toxin-Antitoxin

(TA system)
IMG_3300014205&&0172380_10021645&&1390_1759_1 

7 / 7.3

ABC_trans_aux

2_5_RNA_ligase2

LigT_PEase

Cas3
Cas8

cse2
Cas7

Cas5
Cas6

B

DUF433

*
A

POI: D
UF5615

Cas1
Cas2

Bac_GDH

GCA_021732745.1 | JAKFUK010000002

UAS-168
Toxin-Antitoxin
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Fig. S14. Limited loci of all systems identified in this study 

Example loci (up to one page) of each identified system (ranked by length to contig edge of the 
characteristic gene corresponding to the cluster id). Associated genes are not explicitly shown 
but can be found in Data S2-3 and have visualizations for a representative locus available in Fig. 
S13. In contrast to Fig. S13, only the characteristic gene from the cluster id is show in red (other 
know associated genes are not demarcated). The cluster id below the characteristic domains 
associated with the system (top middle bold for each system) is shown with regular font and 
corresponds to the gene with the asterisk. Signature effector genes are colored in darker blue 
(Cas6, Cas9, Cas10, Cas12, Cas13). Other Cas genes are shown as light blue. Cas6 is shown as 
light green. Unrelated or other genes are shown as light grey. White genes with shorter height are 
genes that overlap with CRISPR arrays (vertical black lines). Above each gene are redundancy 
reduced predictions of the protein domains via HMMER on the PFAM database using a 
minimum bit score threshold of 18. Enhanced CRISPR association scores for the cluster ids are 
shown as applicable: some systems were included if they were identified through protein-protein 
associations, or exceptionally low association score (in the case of PhageCas9), even if their 
enhanced CRISPR-association score did not meet the filtering threshold, in which case the 
CRISPR association-scores are not shown. 
 
 
Note: Fig. S14 spans pages 87 to 283 
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IMG_3300009712 | a0116165_1003158

PAC2 Radical_SAM_C

Acetyltransf_1 POI:
Beta-Casp
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H
Cas5-HNH (Cas5_HNH)

IMG_3300010327&&0116246_10008300&&2259_3435_-1 
161 / 243.7

Effector-Modules
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EMBL_ERZ795050 | contig_0
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IMG_3300048576 | Ga0498943_000187
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EMBL_ERZ724020 | contig_26
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cse2
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IMG_3300033977 | a0314861_0000012
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IMG_3300033977 | a0314861_0000165
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GCA_016934515.1 | JAFGSR010000168
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I
CasMu-V (CasMuV MuB)

IMG_3300010349&&0116240_10096391&&801_1509_-1 
2 / 4.0

Effector-Modules
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GCF_011089895.1 | NZ_JAANAT010000001
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GCA_008933525.1 | WBUV01000182
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IMG_3300010349 | 0116240_10020808
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IMG_3300009779 | 0116152_10041097
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IMG_3300010349 | 0116240_10096391
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Cas12-Cas3 (Cas12 + Cas3)

IMG_3300020641&&Ga0206884_1077&&6347_8576_1 
7 / 8.0

Effector-Modules

POI:
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Phage_integrase

IMG_3300020641 | Ga0206884_1077
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IMG_3300038619 | a0427940_0067495
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Cas12-IscB (Cas12 + IscB + HTH)

IMG_3300027823&&0209490_10014851&&1048_2638_1 
4 / 9.5

Effector-Modules
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Cas8-HNH (Cas8_HNH)

IMG_3300031760&&0326513_10063483&&752_1769_-1 
5 / 8.0

Effector-Modules
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Shikimate_DH

F420_oxidored

Porphobil_deam

HEM4
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IMG_3300028048 | 0256405_10009662

Cas6
POI:
Cas8
HNH Cas5_Cas5

PC4
UvrD-helicase

UvrD_C

AAA_19
ArdcN

YqaJ
DpnD-PcfM

RadC
AAA_31

CbiA
CBP_BcsQ
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DinG-HNH (DinG_HNH)

IMG_3300044617&&a0453743_0023453&&2386_4123_-1 
111 / 129.0

Effector-Modules
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Cas8-Cas5 (Cas7 + Cas8_Cas5 fusion)

EMBL_ERZ505329&&contig_129&&28461_30633_-1 
3 / 4.7

Cas-Fusions
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UAS-37 (Cas9_Cas1 fusion)

GCA_904380115.1&&CAJFHU010000034&&10263_14391_-1 
3 / 3.0

Cas-Fusions
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Cas5-Cas3 (Cas5_Cas3 fusion)

GCF_000058485.1&&NC_008278&&6031418_6034760_1 
27 / 27.7

Cas-Fusions

Helicase_C_3

COG2378

WYL
Cas6

Cas8
Cas7 POI:

Cas3
Cas4

Cas1
Cas2

Nitroreductase

Nitroreductase

PemK_toxin

Glyoxalase_6

Methyltransf_19
IclR
HTH_IclR

MarR_2

GCF_000058485.1 | NC_008278

NAD_binding_10

NmrA
Epimerase

Cas6
Cas8

Cas7 POI:
Cas3

Cas4
Cas1

Cas2
Nitroreductase

LysR_substrate

HTH_1
Methyltransf_19

IclR
HTH_IclRHTH_1

LysR_substrate

GCF_000262465.1 | NZ_CM001489

Aminotran_5

DegT_DnrJ_EryC1

NifU_N
FeS_assembly_P

Cas6
Cas8

Cas7 POI:
Cas3

Cas4
Cas1

Cas1
Cas2

Cas2
Uma2

WGS_CAKJTM01 | CAKJTM010000021

icity0093
Cas6

Cas8
Cas7 POI:

Cas3
Cas4

Cas1
Cas2

Trans_reg_C

Aldedh
DUF779

GCA_003001795.1 | PVNI01000005

Methylase_S SWI2_SNF2
DUF3387
HSDR_N
ResIII DUF3387

Cas6
Cas8

Cas7 POI:
Cas3

Cas4
Cas1

Cas2 icity0040

RVT_1
CYTH

GCF_001660385.1 | NZ_LIZN01000028BTAD
AAA_16
NB-ARC
icity0106
TPR_12
Trans_reg_C Cas6

Cas8
Cas7 POI:

Cas3
Cas4

Cas1
Cas2

DUF1932
Pentapeptide

Peptidase_M23
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Cas8
Cas7 POI:

Cas3
Cas4

Cas1
Zn_ribbon_recom

DUF2637
p450

Asp_Glu_race

GCF_003002095.1 | NZ_PVZC01000005

Phage_integrase

Cas6
Cas7 POI:

Cas3
Cas4

Cas1
Cas2

Exo_endo_phos

Thymidylat_synt

NDK
cd06127

RNase_T

DEDDh

GCA_018316655.1 | CP074133

icity0093
Cas6

Cas8
Cas7 POI:

Cas3
Cas4

Cas1
Cas2

BTAD
LysM
TPR_14Transposase_mut

MULE
CorA

GCF_014646515.1 | NZ_BMNK01000015

UPF0020

N6_N4_Mtase
Recombinase

Resolvase

Zn_ribbon_recom

DUF2637
Cas6

Cas8
Cas7 POI:

Cas3
Cas4

Cas1
Cas2

LysM
BTAD
TPR_14

GCF_005774755.1 | NZ_VBUN01000001

NUDIX
Pterin_4a

Cas6
Cas8

Cas7 POI:
Cas3

Cas4
Cas1

Cas2 PfkB
CTP_transf_like

adh_short

KRGlyco_transf_9
GDP_Man_Dehyd

Epimerase

3Beta_HSD
adh_short_C2

KRHAD_2

Hydrolase_like

HTH_17

MerR

GCF_014203715.1 | NZ_JACHJP010000004

1kb
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Q
UAS-38 (Cmr6_Cmr1 fusion)

GCF_021018745.1&&NZ_CP063845&&4894452_4896432_-1 
24 / 37.1

Cas-Fusions

Pentapeptide

Cas10
cmr3 cmr4 cmr5

POI:
cmr6
cmr1 csx1 Aldolase_II

NAGPA

GCA_000341585.2 | AJTX02000004

Cas2
Cas10

cmr3 cmr4 cmr5
POI:
cmr6
cmr1 DNA_pol3_alpha

PHPSAVED

CHAT
icity0086

GCF_019973055.1 | NZ_BPQA01000008

csx18

cls000006

Cas1
Cas2

Cas10
cmr3 cmr4 cmr5

POI:
cmr6
cmr1 csx1 HSP90

HATPase_c

Sod_Fe_C

YidDpfam13280

WYL
Photo_RC
Photo_RC

GCF_002114155.1 | NZ_NBYN01000051

Cas10
Uma2

cmr3 mkCas0061

PD-DExK
cmr4 cmr5

POI:
cmr6
cmr1 Y1_Tnp

csx1 Uma2 csx18

cls000006

Cas1
Cas2

DDE_3

HTH_33

Terminase_5
pfam13280

WYL

GCF_021379005.1 | NZ_CP075171

His_Phos_1 Epimerase

GDP_Man_Dehyd

3Beta_HSD

Cas10
cmr3 Uma2

cmr4 cmr5
POI:
cmr6
cmr1 csx1 Y1_Tnp

csx1 mkCas0061

Cas1
Cas2pfam13280

WYL

GCA_000733415.1 | KL662192

csx18

cls000006

Cas1
Cas2

Cas10
cmr3 cmr4 cmr5 POI:

cmr6 csx1 AdoHcyase_NAD

2-Hacid_dh_C

HNHMS_channel

GCA_019359595.1 | JAHHGZ010000005

Cas1
Cas2

Cas10
cmr3 cmr4 cmr5 POI:

cmr6 SAVED

CHAT

RVT_1
pfam00078
GIIM
HNH_5icity0086

GCF_011769525.1 | NZ_CP050440

Cas10
cmr3 cmr4 cmr5

POI:
cmr6
cmr1 Uma2

csx1 HTH_Tnp_ISL3

zf-IS
L3

DDE_Tnp_ISL3

Metallophos

Peptidase_M24

NTP_transf_2

Polbeta
HEPNpfam13280

WYLcsx18

cls000006

Cas1
Cas2HTH_Tnp_ISL3

zf-IS
L3

DDE_Tnp_ISL3

Cas2

GCF_021018745.1 | NZ_CP063845

Cas1
Cas2

Cas10
cmr3 cmr4 cmr5

POI:
cmr6
cmr1 csx1 csx1

Cytochrome_B

Cytochrom_B_N_2

DUF4405
Cytochrom_B_C

HATPase_c_2
Peptidase_S41

PDZ_6

GCA_021300315.1 | JAJTDY010000010

TPR_16
Cas10

cmr3 cmr4 cmr5
POI:
cmr6
cmr1 csx1 PDDEXK_2

Cas1
Cas1

GCA_010672965.1 | JAAHFN010000008

cls000006

csx18
Cas1

Cas2
Cas10

cmr3 cmr4 cmr5
POI:
cmr6
cmr1 CorA_CorA

csx1 Cas1
Cas2

GCF_001904725.1 | NZ_MRCE01000026

Cas2
Cas10

cmr3 cmr4 cmr5
POI:
cmr6
cmr1 csx1 Methyltransf_21 ABC_tran

OB_MalK
icity0065
AAA_21 YkuD

ComFB
Uma2

GCF_002368395.1 | NZ_AP018254

Cas10
cmr3 cmr4 cmr5

POI:
cmr6
cmr1 csx1

Glucodextran_N
Glyco_hydro_15
CBM53
CBM_25

MatE
Polysacc_synt_C

pfam13280

WYL

GCF_014695715.1 | NZ_JACJOT010000006

pfam13280

WYL
Cas10

Uma2
cmr3 cmr4 cmr5

POI:
cmr6
cmr1 csx1

ACR_tran

SecD_SecF

MMPL
Uma2

RNA_pol_Rpb1_1

cls000006

csx18
Cas1

Cas2

GCF_003013815.1 | NZ_PRLH01000046

1kb
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R
UAS-39 (Cas6_Cas5_fusion)

IMG_3300001592&&Draft_10000135&&23396_24782_1 
4 / 4.0

Cas-Fusions

DMSP_lyase

Amidohydro_3

Glyoxalase

Methyltransf_11

Cas3
Cas8

Cas8
cse2

Cas7
Cas7

POI:
Cas6
Cas5

Cas1
Cas2 MutL_C

DNA_mis_repair

RmuC
HEM4

Mitofilin
HemY_N

Arm-DNA-bind_3

IMG_3300001592 | Draft_10000135

NIR_SIR
cysH Cas3

Cas8
cse2

Cas7
POI:
Cas6
Cas5

Cas5
Cas1

Cas2
cysH GTP_EFTU

MMR_HSR1
APS_kinase

AAA_33
DUF3561

DivIC IspD
NTP_transf_3

YgbB
TruDPeptidase_M28

SopD

GCA_010579755.1 | AAOCYK010000007

NIR_SIR
Cas3

Cas8
cse2

Cas7
POI:
Cas5
Cas6

Cas5
Cas1

Cas2
cysH GTP_EFTU

MMR_HSR1
APS_kinase

AAA_33
DUF3561

DivIC IspD
NTP_transf_3

YgbB
Peptidase_M28

SopD

GCA_017094565.1 | CP064917

Cas3
Cas3

Cas8
cse2

Cas7
POI:
Cas6
Cas5

Cas1
Cas2

cysH GTP_EFTU

MMR_HSR1
APS_kinase

AAA_33
DUF3561

DivIC IspD
NTP_transf_3

YgbB
TruDPeptidase_M28

GCA_011880865.1 | AARBSM010000002

1kb
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S
UAS-40 (Csa5_Csa4 fusion)

IMG_3300021472&&a0190363_1001919&&8327_9779_1 
4 / 6.1

Cas-Fusions

Glycos_transf_1

Glyco_trans_1_4

UDPG_MGDP_dh_N

NAD_binding_2

Cas6 NTP_transf_2

Polbeta
HEPN

Cas10
Cas3

Cas3
POI:
csa5gr11

csa5
Cas7

Cas5
Cas4_Cas1

Cas2
PBP_like_2

BPD_transp_1

BPD_transp_1

DUF3333ABC_tran

SMC_N

AAA_22

EMBL_ERZ404940 | contig_279

cmr3 cmr4 UPF0175
cmr5 cmr6 csx1 csx15

cd09766
HicB_lk_antitox

Cas6
Cas3

Cas3
POI:
csa5gr11

TIGR01878

Cas7
Cas5

Cas4
Cas2

GCA_011329545.1 | DSST01000006

MFS_1

Sugar_tr
PdxJ

Mur_ligase_M
Aminotran_1_2

Cys_Met_Meta_PP

Cas6
Cas3

Cas3
POI:
csa5gr11

csa5
Cas7

Cas5
Cas4

Cas2

EMBL_ERZ1742239 | contig_3421

MqsR_toxinDUF4065

MqsA_antitoxin

HTH_3
Cas6

Cas3
Cas3 POI:

csa5gr11
Cas7

Cas4
Cas2

IstB_IS21

IMG_3300012949 | 0153798_10004709

Cas6
Cas3

Cas3
POI:
csa5gr11

csa5
Cas7

Cas5
Cas4

IMG_3300021472 | a0190363_1001919

Cas3
POI:
csa5gr11

TIGR01878

Cas7
Cas5

Cas4
Cas2

IMG_3300037479 | a0394879_0063295

POI:
csa5gr11

Cas7

IMG_3300017987 | 0180431_10102686

1kb
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T
UAS-41 (Cas8_Cas5 fusion)

WGS_JABLTL01&&JABLTL010073043&&184_2911_1 
4 / 4.0

Cas-Fusions

Cas3
POI:
Cas8
Cas5

Cas7
Cas4

Cas1
Cas2 Aldo_ket_red

Fer4_17
CpsB_CapC

Wzz
AAA_31

CbiA
ParA

GCA_009774655.1 | VSOD01000056

POI:
Cas8
Cas5

Cas7

IMG_3300029305 | 0307249_10123549

POI:
Cas5

Cas7
Cas4

Cas1
Cas2

GCA_900316885.1 | ONEQ01000177

POI:
Cas5

Cas7

WGS_JABLTL01 | JABLTL010073043

1kb
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U
UAS-42 (DUF3761)

EMBL_ERZ724514&&contig_3192&&343_1033_-1 
22 / 22.7

Acquisition

HNH UPF0175
DUF3368

Cas1
POI Cas2

DUF433DUF5615

PIN_10
Cas6

icity0087
cmr1 Cas10

cmr3 cmr4Cas1
Cas2

IMG_3300028648 | a0268299_1001173

CcmE
Pyr_redox_2

Cas1
POI Cas2

Cas6
PRiA4_ORF3

Cas10
csm2Cytochrom_C_asm

CcmF_C
CBAH

GCA_019638455.1 | JAHBTU010000001

Fer4_7
UPF0093

Reg_prop

Response_reg
HATPase_c
HTH_18
Y_Y_Y
HisKA Cas1

POI Cas2
Cas6

Cas6
Cas10

csm2
csm3Polbeta

NTP_transf_2

GCA_017303875.1 | JAFLBP010000044

DUF3843
Cas1

POI OMPdecase RibD_C
dCMP_cyt_deam_1
MafB19-deam
Inv-AAD MiaE

Glyco_transf_9

PorP_SprF

Porph_ging

IMG_3300037311 | a0394881_0001853

DUF3843
Cas1

GIY-YIG
POI Cas2

GCA_019187225.1 | JABAQQ010000053

DUF423
Cas1

POI Cas2Por_Secre_tail

Reprolysin_3

DUF3352

IMG_3300037465 | a0394876_0015082

Cas1
POI

IMG_3300025310 | 0209172_10005489

Peptidase_M17

PdxA
DUF1801

Patatin
Uma2

Cas1
POI Cas2

GCA_016787285.1 | JAEUUV010000264

IPPT
IPT Filament

His_kinase
Response_reg

LytTR
Cas1

POI Cas2DNA_pol_B_exo2

RNase_H_2

Ribul_P_3_epim

LptF_LptG

LptF_LptG

PAP2

GCA_016713985.1 | JADJOD010000037

Cas1 POI:
DUF3761

Cas6
Cas10

csm2
csm3

csm4
csm5

IMG_3300048597 | a0498938_0020923

DUF559

MTES_1575

Cas1
POI

IMG_3300034107 | a0335037_0003914

TIR_2
KTSC

UPF0175
DUF3368

AAA_14
Cas1 POI:

DUF3761

EMBL_ERZ505514 | contig_25089

POI:
DUF3761

UPF0175

IMG_3300020057 | 0163151_10015928

XisHXisI Cas1
POIKilA-N

WGS_CXWJ01 | CXWJ01004176

1kb
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V
UAS-43 (RVT + group II intron PrimPol)

GCA_002358875.1&&DEPS01000038&&15824_19211_-1 
14 / 15.7

Acquisition

Band_7_1

DZR
zinc_ribbon_2 FtsK_SpoIIIE

FHA
AAA_23
DUF87 DUF6431

csx1 Cas1
Cas2

POI:
icity0040
PrimPol
RVT_1 HD_4 AAA_21

SMC_N MarR_2

HTH_27
ABC_membrane

ABC_membrane

EMBL_ERZ1688064 | contig_977

csm3_csm3

csm3
csx1 Cas1

Cas2

POI:
PrimPol
icity0040
RVT_1 DUF4407

icity0119

Cas_DxTHG
LysR_substrate

HTH_1
DUF1275

pfam13280

WYL

GCF_002160985.1 | NZ_NFLQ01000008

csm3
csx1 Cas1

Cas1
Cas2

POI:
icity0040
PrimPol
RVT_1 csx1 CorA MurB_C

FAD_binding_4

DUF21

CBSAmidase_3

SPOR

EMBL_ERZ791922 | contig_236
POI:
icity0040
PrimPol
RVT_1 csx1 csx1 Sigma70_r2

SAVED

GCA_002358875.1 | DEPS01000038

csx1 Cas2
csx1 Cas1

POI:
icity0040

PrimPol

GCA_902768865.1 | CACXMY010000075

Uma2
PhdYeFM_antitox

PIN_3
BrnT_toxin

BrnA_antitoxin

CopG_antitoxin

csx1 Cas1
Cas2

POI:
icity0040
PrimPol
RVT_1DDE_5

GCA_910583615.1 | CAJTXP010000048

Peptidase_M48

T4SS-DNA_transf

TraG-D_C
CLP_protease

csx1 Cas1
Cas2

POI:
icity0040
PrimPol
RVT_1

EMBL_ERZ808029 | contig_502

csm3_csm3

TIGR03984

csm3
csx1 Cas1

Cas2

POI:
icity0040
PrimPol
RVT_1

EMBL_ERZ1643253 | contig_3719

csx1 Cas1
Cas2

POI:
icity0040
PrimPol
RVT_1

icity0119

Cas_DxTHG

EMBL_ERZ1090839 | contig_2201

csx1 Cas1
Cas2

POI:
icity0040
PrimPol
RVT_1

GCA_902779725.1 | CACZCU010000121

csx1 Cas_DxTHG

csx1 Cas1
Cas2

POI:
icity0040
PrimPol
RVT_1

EMBL_ERZ808028 | contig_2682

Cas6
csx1 Cas1

Cas2

POI:
icity0040
PrimPol
RVT_1

EMBL_ERZ1090850 | contig_3378

csx1 Cas1
Cas2

POI:
icity0040
PrimPol
RVT_1

EMBL_ERZ834662 | contig_5114

Cas1
Cas2

POI:
icity0040
PrimPol
RVT_1

GCA_019118685.1 | DWYL01000238

1kb
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W
UAS-3 (DUF370)

GCA_013359445.1&&JABWBV010000281&&2844_3129_-1 
2 / 3.5

Acquisition

Response_reg

Cas6 RVT_3

RNase_H
POI:
DUF370 icity0040

RVT_1
Cas1

Cas2

GCA_014155605.1 | JAAEKG010000087

Tubulin_2
RVT_3

RNase_H
POI:
DUF370 icity0040

RVT_1
Cas1

Cas2

GCA_013359445.1 | JABWBV010000281

RVT_3

RNase_H
POI:
DUF370 icity0040

RVT_1
Cas1

Cas2 WYL
pfam13280

EMBL_ERZ795037 | contig_17650

DDE_Tnp_IS1

Cas6 RVT_3

RNase_H
POI:
DUF370

IMG_3300003154 | 0052186_10069436

1kb
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X
UAS-7 (vWA + RDD)

GCA_016179065.1&&JACOSD010000405&&5712_7455_-1 
2 / 4.7

Acquisition

csm2
csm3

csm3
csm3_csm3

csx1_csx1
csx15

cd09766
csx3 csx1 POI RDD icity0040

RVT_1
Cas1

Cas2
Cas6

LptF_LptG

IMG_3300045902 | a0484960_0001689

csx19
csm3

csm3
TonB_C

csx1 POI RDD icity0040

RVT_1
Cas1

Cas2

GCA_016179065.1 | JACOSD010000405

TonB_C
csx1 POI icity0040

RVT_1
Cas1

Cas2

IMG_3300037422 | a0394882_0020398

Peptidase_S9

PD40

Peptidase_S9
PD40
DPPIV_N
AXE1 POI RDD icity0040

RVT_1
Cas1

Cas2

IMG_3300043331 | 0439260_00119571

csx1 POI RDD icity0040

RVT_1
Cas1

Cas2

GCA_016789725.1 | JAEUQN010000250

1kb
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Y
UAS-2 (Tbf2 WYL)

GCA_016223105.1&&JACRPR010000238&&1_1870_1 
9 / 13.8

Acquisition

TPP_enzyme_C

PFO_beta_C POI:
WYL
pfam13280
Helicase_C_3 VWA_2DUF697

MMR_HSR1
icity0040

RVT_1
Cas1RVT_3

RNase_H
Cas2

IMG_3300044939 | Ga0484950_000123
POI:
COG2378
WYL
Helicase_C_3 DUF6516

Tubulin_2
DUF697
MMR_HSR1
FeoB_N
RsgA_GTPase

icity0040

RVT_1
Cas1RVT_3

RNase_H
Cas2

SAF
AAA_31

CbiA
ParA

IMG_3300038379 | a0394873_0000480
Mg_chelatase
ChlI
Lon_C
AAA_5

POI:
COG2378
WYL
Helicase_C_3

Response_reg

GerEDUF4236
DUF697

GTP_EFTU

Cas2

EMBL_ERZ795108 | contig_736
POI:
COG2378
WYL
Helicase_C_3 VWATubulin_2

DUF697
MMR_HSR1
RsgA_GTPase
FeoB_N

icity0040

RVT_1
Cas1RVT_3

RNase_H
Cas2

IMG_3300037465 | a0394876_0003493

YccF
ILVD_EDD

POI:
COG2378
WYL
Helicase_C_3 csx1Bac_transf

CoA_binding_3

AAA
TIP49FHA

Yop-YscD_cpl

GCA_021813225.1 | JAKALH010000027
POI:
COG2378
WYL
Helicase_C_3 GAF_2

Response_reg

cmr3cmr4cmr5cmr6Cas6

GCA_016219275.1 | JACRBM010000096
POI:
COG2378
WYL
Helicase_C_3 Tubulin_2DUF697

MMR_HSR1

FeoB_Nicity0040

RVT_1
Cas1RVT_3

RNase_H
Cas2

IMG_3300037479 | a0394879_0016055
POI:
WYL
COG2378
Helicase_C_3 UPF0175

PIN Tubulin_2
MMR_HSR1
DUF697
FeoB_N
RsgA_GTPase

icity0040

RVT_1
Cas1RVT_3

RNase_H
Cas2

GCA_003154115.1 | PMCF01000136

HATPase_c

Response_reg POI:
COG2378
WYL
Helicase_C_3

icity0040

RVT_1
Cas1

Cas2

IMG_3300025146 | 0209322_10007294
POI:
pfam13280
WYL
Helicase_C_3 PhdYeFM_antitox

PhosphMutase

Metalloenzyme

MR_MLE_C

GCA_016223105.1 | JACRPR010000238
POI:
WYL
pfam13280
Helicase_C_3 icity0088

SAVED

GCA_002050085.1 | MWSY01000091
POI:
pfam13280
WYL
Helicase_C_3 Cas4RVT_3

RNase_H
Cas2

GCA_903911965.1 | CAIWFO010000463
POI:
COG2378
WYL
Helicase_C_3

GerE
Sigma70_r4_2

Response_reg

IMG_3300037307 | a0394871_0123928
POI:
pfam13280
WYL
Helicase_C_3 Cas1RVT_3

RNase_H
Cas2

IMG_3300038379 | a0394873_0130321

1kb
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Z
UAS-44 (DUF2797 large zinc finger protein)

GCA_016840085.1&&JAEOTA010000034&&18467_19766_-1 
8 / 9.2

Acquisition

DZR
Zn-ribbon_8

DUF4238
POI Cas1

Cas2
Cas4 DRMBL

RMMBL
Cas8

Cas8
Cas7

Cas5
Cas3_Cas3

PAS

GCA_016840085.1 | JAEOTA010000034

POI Cas1
Cas2

Cas4
Cas8

Cas7
Cas5

Cas3

GCA_019058365.1 | JAHPZE010000010

POI Cas1
Cas2

Cas4
Lactamase_B_2

Cas7
Cas5

Cas7

IMG_3300007533 | a0102944_1001016

POI Cas1
Cas2

Cas4
Lactamase_B_2

Cas8
Cas8

Cas7
Cas7

Cas5

GCA_016926735.1 | JAFGOA010000174

POI Cas1
Cas2

Cas4
RMMBL

Cas8
Cas8

Cas7
Cas5

GCA_019057995.1 | JAHLWK010000163

POI Cas1
Cas2

Cas4
RMMBL

DUF6516

GCA_014730295.1 | WJIN01000177

POI Cas1
Cas2

Cas4

GCA_014728645.1 | WJLH01000392

POI Cas1
Cas2

Cas4

IMG_3300037264 | a0393283_0060527

POI Cas1

IMG_3300007533 | a0102944_1018482

POI Cas1

IMG_3300009488 | 0114925_10060500

POI Cas1

IMG_3300031257 | a0315555_1051506

POI

IMG_3300031692 | a0315536_1034681

1kb
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AA
UAS-45 (RNaseH)

GCA_016876015.1&&VGOD01000184&&7922_8489_1 
11 / 21.5

Acquisition

Tubulin_2
icity0040

RVT_1
Cas1 POI:

RVT_3
Cas2

PhdYeFM_antitox

icity0091

SAVED COG2378

WYL
PhdYeFM_antitox

ParE_toxin

IMG_3300037501 | a0394875_0001492

DUF697 icity0040

RVT_1
Cas1 POI:

RVT_3
Cas2 pfam13280

WYL
DUF4258

GCA_016861025.1 | BOKO01000019

Tubulin_2
Cas1

POI Cas2 pfam13280

WYLPolbeta

NTP_transf_2

HEPN

IMG_3300010288 | a0116210_1000866

csx1 Cas6
DUF697 icity0040

RVT_1
Cas1 POI:

RVT_3
Cas2

WYL
pfam13280

Helicase_C_3

DUF4258

GCA_020634735.1 | JACKBD010000007

Cas6
Cas1 POI:

RVT_3
Cas2 WYL

pfam13280

DUF4258

IMG_3300009540 | 0073899_10001094

Tubulin_2
DUF697 icity0040

RVT_1
Fibrinogen_BP

Cas1 POI:
RVT_3

Cas2 pfam13280

WYL

GCA_016876015.1 | VGOD01000184

VWA Tubulin_2
icity0040

RVT_1
Cas1 POI:

RVT_3
Cas2

EMBL_ERZ404940 | contig_15910TGS
HD_4
RelA_SpoT
AAA_16
ATPase_2
ACT_4

Trans_reg_C

AAA_16 icity0040

RVT_1
Cas1 POI:

RVT_3

IMG_3300020186 | 0163153_10005358

csx15

cd09766 SAVED

icity0089
Cas6 icity0040

RVT_1
Cas1 POI:

RVT_3
Cas2 pfam13280

WYL
DUF29

IMG_3300038379 | a0394873_0027625

icity0040

RVT_1
Cas1 POI:

RVT_3
Cas2 COG2378

WYL

EMBL_ERZ795033 | contig_9628

DUF697 icity0040

RVT_1
Cas1 POI:

RVT_3
Cas2

IMG_3300037307 | a0394871_0060119

Cas1 POI:
RVT_3

Cas2 pfam13280

WYLPolbeta

NTP_transf_2

IMG_3300027515 | a0209162_1009166

DUF697 icity0040

RVT_1
Cas1 POI:

RVT_3
Cas2 pfam13280

WYL

GCA_012840685.1 | DURX01000015

Cas1 POI:
RVT_3

Cas2 pfam13280

WYL

IMG_3300037468 | a0393271_0005987

1kb
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AB
UAS-13 (DUF2797)

GCA_018238085.1&&JABCUA010000354&&227_1190_-1 
6 / 7.9

Acquisition

Cas10
csm2

csm3
csm4

csm5
Cas6

cls001593
POI:
DUF2797

Cas1
Cas2

Cas4
csx1

GCA_021513715.1 | CP084167

DUF553 POI:
DUF2797

Cas1
Cas2

Cas4
Cas8

Cas7
Cas5

Cas3
Cas6

GCA_016927615.1 | JAFGMH010000055

PEP-utilize
rs_C

PPDK_N POI:
DUF2797

Cas1
Cas2

Cas4
Cas8

Cas7
Cas5

Cas3
Cas6

GCA_019058195.1 | JAHLVY010000006

Cas10
csm2

csm3
csm4

csm5
Cas6 POI:

DUF2797
Cas1

Cas4
csx1

GCA_017608675.1 | JAFCFM010000014

POI:
DUF2797

Cas1
Cas2

Cas4
Cas8

UNK_Cas10d

csf1csc1
Cas3

Cas6

IMG_3300031539 | 0307380_10004269

POI:
DUF2797TruB_C_2

PUA
DKCLDMTS

Methyltransf_31

PrmA

GCA_003662885.1 | QMYY01000057

POI:
DUF2797

Cas1
Cas2

Cas4

IMG_3300031578 | 0307376_10022669

POI:
DUF2797

GCA_018238085.1 | JABCUA010000354

1kb
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AC
UAS-4 (DUF1882_primase)

GCA_018712075.1&&DVHN01000112&&0_1944_1 
15 / 16.5

Acquisition

DUF6431
csx1 Cas1

POI:
PrimPol
icity0040
RVT_1 csx1 csx1 Cas10

csm3
UNK_csx10

GCA_910585805.1 | CAJUFB010000012

Cas1
POI:
PrimPol

COG4951
pfam13280

WYL HlyD_3

Biotin_lipoyl_2

ACR_tran
GGDEF

Peripla_BP_3

GCA_017634975.1 | JAGBMJ010000014

csx1 Cas1
Cas2

POI:
icity0040
PrimPol
RVT_1 Cas10

EMBL_ERZ773269 | contig_3862

icity0119

Cas_DxTHG

csx1 Cas1
Cas2

POI:
PrimPol

COG4951

IMG_3300011008 | a0139362_1012598

csx1 Cas1
Cas2 icity0040

RVT_1

POI:
PrimPol
COG4951
RVT_1

pfam13280

WYLpfam13280

WYL

EMBL_ERZ653392 | contig_1805

csx1 Cas1

POI:
PrimPol
icity0040
RVT_1 Cas6

EMBL_ERZ4560553 | contig_23243

POI:
PrimPol

COG4951

HTH_38

EMBL_ERZ808076 | contig_2688

Cas2 icity0040

RVT_1 POI:
PrimPol

COG4951

EMBL_ERZ1090849 | contig_6625

POI:
PrimPol

COG4951

UPF0160

GCA_018712075.1 | DVHN01000112

icity0040 POI:
PrimPol

COG4951

EMBL_ERZ4560346 | contig_37323

Cas1
POI:
PrimPol

COG4951

EMBL_ERZ4560332 | contig_51621

POI:
PrimPol

COG4951

Uma2

EMBL_ERZ808044 | contig_6137

POI:
PrimPol

COG4951

EMBL_ERZ773276 | contig_12426
POI:
PrimPol
icity0040
RVT_1

EMBL_ERZ651897 | contig_18284

1kb
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AD
UAS-5 (DUF4384 + TPR)

GCA_019359625.1&&JAHHGW010000067&&164750_165512_-1 
38 / 43.4

Acquisition

POI:
DUF4384

CHAT
TPR_12

cmr3cmr4cmr5cmr6gr7
csx1Cas1 icity0040

RVT_1
Cas1

Cas2

GCF_000517105.1 | NZ_KI912151

Formyl_trans_N

ILVD_EDD
Uma2

DUF4351
DDE_Tnp_1_2

POI:
DUF4384

CHAT
TPR_12 Cation_ATPase_C

E1-E2_ATPase

Hydrolase
SMC_N

AAA_15
CAAD

Cas1
DUF3326

Rce1-like

IMG_3300044961 | a0484961_0000324

DDE_Tnp_1
POI:
DUF4384

CHAT
TPR_12

DUF4351
CdiA_C

Cas1
XisICas1

Cas2

GCF_013393945.1 | NZ_CP040297

POI:
DUF4384

CHAT
TPR_12

SNF2-rel_dom
NAD_binding_10

3Beta_HSD

NmrA Phage_integrase

Cas1

GCA_019359625.1 | JAHHGW010000067

POI:
DUF4384

CHAT
TPR_12

DNA_processg_A

Pribosyltran

HAD_2
Cas1

Cas1
Cas2

Cas10

GCF_014696905.1 | NZ_JACJQW010000044

ALP_N POI:
DUF4384

DDE_Tnp_1
PaO
Rieske
VanA_C
KshA_C

PaO
Rieske
VanA_C
KshA_C DDE_Tnp_1

XisHXisIPhage_integrase

DDE_5
Cas1

Cas1
Cas2

DDE_5

GCF_002949795.1 | NZ_CP026692

DUF86 POI:
DUF4384

CHAT
TPR_12

Uma2
Cas1

Cas2
Cas1

AI-2E_transport

IMG_3300009701 | 0116228_10000558

DDE_Tnp_ISAZ013

DDE_Tnp_ISAZ013

POI:
DUF4384

CHAT
TPR_12

Peptidase_M48

GRDP-like
NB-ARC
AAA_16
Sigma70_r4_2
TPR_MalTCas1

Cas1
Cas2

GCF_000317435.1 | NC_019751

Phage_integrase

POI:
DUF4384

CHAT
TPR_12

ResIII
Helicase_C
DEAD
UPF0547Cas12

Cas1DDE_Tnp_Tn3

DUF4158
DUF4351

Cas1
Cas2

GCF_000582685.1 | NZ_ALWD01000002

POI:
DUF4384

CHAT
TPR_12 YhcG_C

COG4804

MarC
DUF4953

DUF5117

DUF5118
SBP_bac_3

Lig_chan-Glu_bd

DUF1995
icity0040

Cas1
Cas2

PemK_toxinDUF2887

Yae1_N

Sigma70_r4

GCF_000346485.2 | NZ_KQ976354

ParD_antitoxin

ParE_toxin POI:
DUF4384

HTH_26 CHAT
TPR_12 ODP

Lactamase_B
Flavin_Reduct

ODP
Flavodoxin_1

ParE_toxin

Gp49
ParE-like_toxin

Cas1
Cas1

Cas2

GCF_019977735.1 | NZ_AP025018

POI:
DUF4384

CHAT
TPR_12

PRiA4_ORF3
Bac_DNA_binding

HU-HIGpfam13280

WYLpfam13280

WYLcsx18

cls000006

Cas1
Cas1

Cas1
Cas2

GCF_011769525.1 | NZ_CP050440

AAA POI:
DUF4384

CHAT
TPR_12

Uma2
HTH_3

Cas1
GFAPT-HINT

GIY-YIG
Cas1

Cas1
Cas1

Cas2

GCF_000346485.2 | NZ_KQ976354

UPF0004

Radical_SAM

TRAM
POI:
DUF4384

HTH_3 TPR_12

CHATTPR_12

CHAT
CHAT

Invasin_D3

Cas1
Cas1

Cas2
HTH_23

GCA_019359545.1 | JAHHHB010000016

1kb
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AE
UAS-46 (DUF3761)

GCA_020629965.1&&JAHDCG010000247&&2680_3286_1 
11 / 13.8

Acquisition

Exo_endo_phos

Cas1
POI Cas2

DUF1360
DAO
FAD_binding_2

FGGY_N
MIPCas6

Cas10
csm2

csm3
csm4

GCA_013360405.1 | JABWBR010000013

Cas6
DUF86
DUF86

Cas6
Cas1

Cas1
Cas1

DDE_Tnp_1_assoc

DDE_Tnp_1

POI DEDD_Tnp_IS110

Transposase_20

DEDD_Tnp_IS110

Transposase_20

GCA_020636095.1 | JACJYN010000004

Cas6
Cas1

Cas1
POI Cas2

Helicase_C
SNF2-rel_dom
ResIII
DEADPglZ

EMBL_ERZ508545 | contig_1874

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 Cas1

POI Cas2

GCA_021739645.1 | JAIPBL010000018

PIN_3
Cas1

PIN_3
POI Cas2

Cas6S_4TM

Trypco1
cmr1Cas10

cmr3cmr4cmr5

IMG_3300048591 | a0498929_0007699

POI Cas2
Exo_endo_phos

DUF5615
icity0040

DEDD_Tnp_IS110

Transposase_20

GCA_020636095.1 | JACJYN010000046

PDDEXK_3

Cas1
POI Cas2

IMG_3300048597 | a0498938_0014363

Cas6
Cas1

POI Cas2

EMBL_ERZ794931 | contig_3324

Cas1
POI Cas2

GCA_020629965.1 | JAHDCG010000247

Cas1
POI Cas2

PGK

EMBL_ERZ795014 | contig_3549

Cas1
POI Cas2 Sigma70_r4_2

DUF134

GCA_018006815.1 | JAGMXP010000383

Cas1
POI Cas2

IMG_3300048837 | a0498921_0113860

Cas1
POI Cas2NTP_transf_2

Polbeta
BrnT_toxin

GCA_020436745.1 | JAGQXF010000917

YhcG_C
Cas1

POI Cas2

GCA_020436485.1 | JAGQXS010000550

1kb
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AF
UAS-10 (HlfK)

GCA_903844205.1&&CAIMSW010000586&&959_2393_-1 
11 / 23.1

Acquisition

Glycos_transf_1

Glyco_trans_1_4

dCMP_cyt_deam_1

MafB19-deam

csx1 WYL
pfam13280

csx1 csx15

cd09766
RVT_3

POI icity0040

RVT_1
Cas1 VWA

Peptidase_M6

Cas2 pfam13280

WYLMethyltransf_25

GCF_000017805.1 | NC_009767

csm3
csx19

csm3
csx21

csx1 WYL
pfam13280

csx1 csx15

cd09766
SnoaL RVT_3

RNase_H
POI icity0040

RVT_1
Cas1

Cas2
CAP COG2378

WYL
23S_rRNA_IVP

GCA_013388755.1 | JACAEQ010000029

FG-GAP_3

P_proprotein

RVT_3
POI icity0040

RVT_1
Cas1

COG2378

WYL
Helicase_C_3

Trans_reg_C

FHA
Yop-YscD_cpl

EMBL_ERZ794930 | contig_107

RVT_3
POI icity0040

RVT_1
Cas1

Cas2 DUF2254

DUF1422
GGDEF

TPR_12COG2378

WYL
FGE-sulfatase

PRA-PH

MazGWzy_C
RHH_5

Sigma70_r2

GCA_000018565.1 | CP000875

Semialdhyde_dhC

Caroten_synth

RVT_3 POI:
Band_7 icity0040

RVT_1
Cas1

Cas2 COG2378

WYL
Dus
His_biosynth

DeoC
FMN_red

Acyltransferase

Response_reg

DnaJ_C

GCF_001650695.1 | NZ_LWQS01000071

csm3_csm3

csx19
csm3

csx1 csx15

cd09766 HisKA_3

HATPase_cResponse_reg

GerE
Sigma70_r4_2

RVT_3
POI icity0040

RVT_1
Cas1

Cas2 pfam13280

WYL
Uma2

GCA_004367505.1 | SFCB01000156

csx1 csx1 csx15

cd09766 RVT_3

RNase_H
POI icity0040

RVT_1
Cas2 COG2378

WYL
Uma2

Uma2

IMG_3300002491 | 87J35170_1000514

csx19
csm3

csx1 Cas6
csx1 WYL

pfam13280

csx1 RVT_3 POI:
Band_7

Cas1
Cas2 COG2378

WYL

IMG_3300010288 | a0116210_1001141

CHAT RVT_3

RNase_H
POI:
Band_7 icity0040

RVT_1
Cas1

Cas2

GCA_013821605.1 | JACDGP010000019

csm3
csx19

csm3
csx1 WYL

pfam13280

csx1 csx15

cd09766
RVT_3

POI icity0040

RVT_1
Cas1

Uma2

GCA_903868955.1 | CAIPXI010000339

Uma2
POI Cas1 COG2378

WYL

IMG_3300015360 | 0163144_10032148

NYN
icity0084

POI Cas1
Cas2 COG2378

WYL
FHA
Trans_reg_C

Yop-YscD_cpl

IMG_3300022561 | 0212090_10017301

Peptidase_C39_2

RVT_3

RNase_H
POI icity0040

RVT_1
Cas1

Cas2

IMG_3300044939 | Ga0484950_006387

RVT_3

RNase_H
POI icity0040

RVT_1
Cas1

Cas2
CAP

EMBL_ERZ404940 | contig_26031

1kb
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AG
UAS-8 (23S rRNA IVP + DUF2325 + RT sometimes)

GCF_002075285.3&&NZ_CP021983&&497963_498752_-1 
18 / 22.0

Acquisition

Methyltr_RsmB-F

ACPS
Cas6

UNK_Cas1

Cas2
23S_rRNA_IVP

23S_rRNA_IVP

POI:
DUF2325

23S_rRNA_IVP

DUF4058
icity0106

TPR_12
DUF4058

N6_N4_Mtase

DUF4230
GST_N_3

AAA_22

NACHT

GCF_002075285.3 | NZ_CP021983

AAA_21
DUF4435

csx1 csx1 mkCas0061

PD-DExK
Cas1

Cas2
23S_rRNA_IVP

POI:
UPF0242

DUF2325
Cas1

Cas2
Cas6

Uma2icity0106

TPR_12AAA_22

HTH_3

IMG_3300009435 | a0115546_1000292

Toprim_2
Cas1

Cas2
23S_rRNA_IVP

23S_rRNA_IVP

POI 23S_rRNA_IVP

icity0106

TPR_12
Uma2 CHASE2

CHATCHASE2

CHAT
SLHOprB
SLHmCpolAAA_22

HTH_3
icity0086

NMT1_2

Phosphonate-bd

GCF_000763385.1 | NZ_JQFA01000004

TrbI UNK_Cas1

Cas2
23S_rRNA_IVP

23S_rRNA_IVP

POI DUF433
DUF5615

mkCas0061

PD-DExK
icity0106

TPR_12
Rhomboid

TPR_12
DUF2281

AAA_16

NACHT

GCF_000332095.2 | NZ_KI913950

DEDD_Tnp_IS110

Transposase_20

Cas1
Cas2

23S_rRNA_IVP

23S_rRNA_IVP

POI icity0106

TPR_12 icity0106

TPR_12
Uma2

Uma2
Uma2

SAVEDicity0106

TPR_12AAA_16

NACHT
icity0086

Zip

GCA_010671905.1 | JAAHII010000002

Epimerase

3Beta_HSD

GDP_Man_Dehyd

POI:
DUF2325

icity0106

TPR_12 icity0106

TPR_12
DDE_Tnp_1

TPR_16NAD_binding_1

CpcD
FAD_binding_6

Homoserine_dh

NAD_binding_3

ACTMethyltransf_31

MTSGrpBMacB_PCD

FtsX
ABC_tran

SMC_N

AAA_29
DUF433

DUF5615

GCA_011009555.1 | QXHD01000003

Ribosomal_L28

POI:
DUF2325

AI-2E_transport

DUF3891
BON

DAGK_cat

YegS_C

NAD_kinase

Metallophos

Uma2
FA_desaturase

EMBL_ERZ781359 | contig_920

Cas1
Cas2

23S_rRNA_IVP

POI icity0106

TPR_12
csx3mkCas0075

TIGR03985
AAA_16

HTH_3

GCA_001314865.1 | LJZR01000039

Cas1
Cas2

23S_rRNA_IVP

23S_rRNA_IVP

POI:
DUF2325

icity0106

TPR_12 icity0106

TPR_12AAA_22

HTH_3

NACHTicity0106

TPR_12

GCA_010671965.1 | JAAHIC010000011

PALP

Chorismate_bind
GATase
Anth_synt_I_N
Peptidase_C26

POI:
DUF2325

Amidohydro_1

UPF0176_N

Rhodanese
Hydrolase_4

Abhydrolase_6
AAA
RuvB_N

PT

GCA_010672345.1 | JAAHGY010000078

AAA DUF1257
Inositol_P

cNMP_binding

HTH_Crp_2

TerB PAP2
23S_rRNA_IVP

POI DUF4058
Cas6

NadA

IMG_3300005412 | Ga0008837_100622

Cas1
Cas2

23S_rRNA_IVP

23S_rRNA_IVP

POI:
DUF2325

DUF2887

DUF4351
icity0106

TPR_12
Cas10

csm3_UNK_csx10

WGS_JAESGQ01 | JAESGQ010000156

csm4
csm5

Cas6
csx1 Asp_protease_2

gag-asp_proteas

Cas1
Cas2

23S_rRNA_IVP

POI:
DUF2325

AAA_22

NACHT

GCA_003242115.1 | QBMP01000034

Cas1
Cas2

23S_rRNA_IVP

23S_rRNA_IVP

POI:
DUF2325

PIN
AAA_16

NACHT

HTH_3icity0106

TPR_12

EMBL_ERZ1740060 | contig_1097

1kb
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AH
UAS-11 (type II secretion GspH)

GCF_014695895.1&&NZ_JACJPD010000040&&5457_6090_-1 
8 / 8.5

Acquisition

T5orf172
VWA_2

PG_binding_1

Excalibur
cls000006

csx18
Cas1 POI:

N_methyl

Cas2
WYL
AAA_33

KTI12

IMG_3300044961 | a0484961_0000734

PG_binding_1

Excalibur
csx18

cls000006

Cas1
Cas2

POI Cas10
cmr3 cmr4 cmr5 UNK_cmr6

AAA_15pfam13280

WYL
csx1

GCA_010672925.1 | JAAHFP010000022

Tic22 Methyltransf_31

MTS Ribosomal_S4

S4 Excalibur
cls000006

csx18
Cas1

Cas2 POI:
N_methyl

DUF433
CbiDCas12

MFS_1Mob_synth_C

Radical_SAM

IMG_3300044961 | a0484961_0000139
Guanylate_cyc
FHA
GAF
Yop-YscD_cpl SBP_bac_5

BPD_transp_1

BPD_transp_1

OppC_N
Excalibur

csx18

cls000006

Cas1
Cas2 POI:

N_methyl

Cas10
cmr3 cmr4pfam13280

WYLAAA_33

KTI12

IMG_3300044961 | a0484961_0000164

cmr5 cmr6 csx1 PG_binding_1

Excalibur
cls000006

csx18
Cas1

POI Cas2 HNH_2

Pentapeptide

Phage_integrase
AAA_31

CbiA
CBP_BcsQ

GCF_014695895.1 | NZ_JACJPD010000040

HTH_17
Excalibur

csx18

cls000006

Cas1
Cas2 POI:

N_methyl
SBD_N

NBD_C
MinC_CCbiA

AAA_31

ParAMinE
Ap4A_phos_N

ATP_transf

DUF4922

IMG_3300037311 | a0394881_0000559

Excalibur
csx18

cls000006

Cas1
Cas2

POI

IMG_3300009455 | 0114939_10005702

csx18

cls000006

Cas1 POI:
N_methyl

pfam13280

WYL

IMG_3300037509 | a0394184_0013645

Cas2
POI Pentapeptide

GCA_010672995.1 | JAAHFM010001167

1kb
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AI
UAS-17 (Tbf2)

IMG_3300009499&&0114930_10001113&&3299_5312_-1 
13 / 32.9

Acquisition

Zn-ribbon_8
Lyase_1

ASL_C2 Orn_Arg_deC_N

Ala_racemase_N

DHDPS
PIN POI PHP

RNase_P_p30

Peptidase_S41

PDZ Polysacc_deac_2

ACCA

Carboxyl_trans
DNA_gyraseB

HATPase_c

Toprim
DNA_topoisoIV

ADH_N

Glu_dehyd_C

AlaDh_PNT_C
Epimerase

GDP_Man_Dehyd

RmlD_sub_bind

SIS
HTH_6

GCA_005223095.1 | NJBQ01000013

LysE Adenosine_kin

POI Cas6
AbiEii

DUF2204

DUF6036
HicB_lk_antitox

MFS_1

Sugar_tr ATPase_2

AAA_16
Met_synt_B12

AFOR_CCupin_2

AraC_binding

Ectoine_synth

PALP

EMBL_ERZ778604 | contig_1546

Cas7
Cas5

Cas3_Cas3

Cas4
POI Cas1

Cas2

IMG_3300021469 | a0190361_1001834

HicB_lk_antitox

HicA_toxin

Cas4
POI Cas1

Cas2

GCA_003648845.1 | QMQA01000111

Cas4
POI Cas1

Cas2

GCA_021160405.1 | JAGHCO010000093

Cas4
POI Cas1

Cas2

IMG_3300009529 | 0114919_10029963

UPF0158
DUF433DUF5615

PIN_10NTP_transf_2

Polbeta
POI Cas2

IMG_3300009150 | 0114921_10018170

1kb
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AJ
UAS-47 (WYL)

IMG_3300012091&&a0136625_1012864&&2_971_1 
35 / 37.0

Acquisition

Glyoxalase

PfkB
POI:
COG2378

WYL
Cas1

Cas2
Cas4

Cas4
PIN Cas3_Cas3

Cas8
Cas7

GD_AH_C
HTH_3

IMG_3300031454 | a0272427_1002186

POI:
COG2378

WYL
Cas1

Cas2
Cas4

Cas4
Cas8

Cas7
Cas5

Cas3

GCF_007164525.1 | NZ_AP019791

ChaB
DUF2267

AAA_33
SRAP

Indigoidine_A

PfkB rve
HTH_38 IstB_IS21

Bac_DnaA POI:
COG2378

WYL
Cas1

Cas2
Cas4

Cas4 RHH_1

HicB_lk_antitox

Cas3
Cas7

GCF_009389605.1 | NZ_VIYF01000040

adh_short_C2

KR ECF_trnsprt POI:
WYL
pfam13280

HTH_31
Hint_2

IMG_3300012185 | 0136619_10000595

POI:
COG2378

WYL
Cas1

Cas2
Cas4

Cas4
Cas8

Cas7
Cas5

Cas3_Cas3

WGS_JAGELB01 | JAGELB010001534

POI:
COG2378

WYL
Cas1

Cas2
Cas4

Cas4 RHH_1

VapB_antitoxin

PIN Cas3_Cas3

Cas3

GCF_004337705.1 | NZ_SKBU01000022

POI:
COG2378

WYL
Cas8

Cas7
Cas5

Cas3
Cas6

HTH_31Phage_integrase

Integrase_1

IMG_3300044648 | a0456369_0002604

Proton_antipo_M

Proton_antipo_M

NADHdeh_related

Proton_antipo_M
POI:
COG2378

WYL
Cas1

GCF_000661895.1 | NZ_CP007515

DUF6510 POI:
COG2378

WYL

BTAD
GerE
TPR_12
icity0106
AAA_22
NB-ARC
Sigma70_r4_2
HTH_38

HTH_3

AAA_22

NB-ARC

IMG_3300045996 | 0456371_00029872

POI:
COG2378

WYL
Cas1

Cas2
Cas4

Cas4
Cas10d

Glyco_hydro_42

EMBL_ERZ795078 | contig_659

POI:
WYL
pfam13280

Cas1
Transposase_mut

DUF4277

IMG_3300010041 | 0126312_10005911

Thiolase_C

Hexapep
DDE_Tnp_1 POI:

COG2378

WYL
Cas1

Cas2
Uma2

Uma2

IMG_3300048570 | Ga0334904_003177

POI:
COG2378

WYL
Cas1

Cas2
Cas4

Cas4

IMG_3300009789 | 0126307_10024602

POI:
COG2378

WYL
Cas1

Cas2
Cas4

Cas4

IMG_3300012678 | 0136615_10011409

1kb
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AK
UAS-1 (Ras GTPase)

IMG_3300015360&&0163144_10061397&&188_1256_1 
8 / 14.3

Acquisition

POI:
DUF697 icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2 COG2378

WYL
GerECas10

csm3
csx10

csm3_csm3

csx19

IMG_3300037311 | a0394881_0000239

POI icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2

Helicase_C_3

COG2378

WYL
Cas10

csm2
csm3

csm4
csm5

Cas6mkCas0160

csx23

GCF_003569045.1 | NZ_BFCB01000003

COG2378

WYL
Helicase_C_3

GerE POI icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2

Cas10
csm2

csm3
csm4TIR_2

DUF1863
csx1DUF433

HTH_32
rve_3

EMBL_ERZ794915 | contig_249

POI icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2

TIR_2 mkCas0160

csx23 DUF87

TraG-D_CCOG2378

WYL
Helicase_C_3

Cas6
csx1_UNK

Pentapeptide

cmr1

GCF_015500095.1 | NZ_CP062983

RepB_primase

POI:
MMR_HSR1

icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2 mkCas0160

csx23 COG2378

WYLTPR_12

icity0106

WGS_FLYN01 | FLYN01005786

AAA_19

UvrD-helicase

UvrD_C
RNase_H

icity0107

TPR_16
HTH_17

PIN_3 POI:
FeoB_N icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2

Bro-N
zf-C

HC2
LexA_DNA_bind

IMG_3300043331 | 0439260_00058565

AAA_19

UvrD-helicase

UvrD_C
RNase_H

icity0107

TPR_16
HTH_17

PIN_3 POI:
FeoB_N icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2

Bro-N
zf-C

HC2
LexA_DNA_bind

IMG_3300043331 | 0439260_00058565

Cas6 NB-ARC

AAA_16 GerE
Sigma70_r4_2

POI:
MMR_HSR1

icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2 mkCas0160

csx23 COG2378

WYL
Helicase_C_3

TPR_12

IMG_3300037465 | a0394876_0022536

icity0106

TPR_12
GerE POI icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2 mkCas0160

csx23 COG2378

WYL
Helicase_C_3

NB-ARC

AAA_16COG4951

PrimPol

GCA_002794595.1 | PGTH01000054

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 TIR_2

DUF1863
POI

IMG_3300021604 | a0226835_1001283

POI:
GTP_EFTU

icity0040

RVT_1
Cas1

DUF370
Cas2

IMG_3300015360 | 0163144_10061397

POI:
DUF697 icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2 TIR_2

DUF1863

IMG_3300037310 | a0394878_0057275

cmr4 cmr5 cmr6 TIR_2
POI

IMG_3300026278 | a0209018_1007896

POI:
GTP_EFTU

icity0040

RVT_1
Cas1

GCA_012515245.1 | JAAYYS010001151

1kb
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AL
UAS-48 (Cas2 + 3'-_5' proofreading exonuclease)

IMG_3300019992&&Ga0197015_1040&&6129_7227_-1 
16 / 17.0

Acquisition

Cas3
Cas8

cse2
Cas7

Cas5
Cas6

Cas1 POI:
Cas2 NYN

icity0084
PLDc_2

Exo5
TIGR01884

casR
cd09655

IMG_3300005253 | a0073583_1285234

Cas3_UNK

Cas8
cse2

Cas7
Cas5

Cas6
Cas1 POI:

Cas2
DUF6293

TIGR01884

casR

IMG_3300031553 | a0315547_1001026

Cas3_Cas3

Cas8
cse2

Cas7
Cas5

Cas6
Cas1 POI:

Cas2
DUF6293

GCA_019057975.1 | JAHLWJ010000016

Cas3
Cas8

cse2
Cas7

Cas5
Cas6

Cas1 POI:
Cas2

DUF6293

casR
TIGR01884

IMG_3300009529 | 0114919_10003232

Cas3
Cas8

cse2
Cas7

Cas5
Cas6

Cas1 POI:
Cas2

DUF6293

TIGR01884

casR

GCA_013375405.1 | JABXJU010000133

Cas3_UNK

Cas8
cse2

Cas7
Cas5

Cas6
Cas1 POI:

Cas2
DUF6293

casR
cd09655

IMG_3300005663 | Ga0073582_100560

Cas5
Cas6

Cas1 POI:
Cas2

DDE_3

IMG_3300019992 | Ga0197015_1040

Cas8
cse2

Cas7
Cas5

Cas6
Cas1 POI:

Cas2
60KD_IMP

IMG_3300005253 | a0073583_1271343

Cas3_C
Cas8

cse2
Cas7

Cas5
Cas6

Cas1
POI:
Cas2
RNase_H_2

GCA_016840125.1 | JAEOSY010000255

Cas8
cse2

Cas7
Cas5

Cas6
Cas1 POI:

Cas2

IMG_3300018080 | 0180433_10018902

Cas7
Cas5

Cas6
Cas1

POI:
Cas2
RNase_H_2

IMG_3300009488 | 0114925_10011132

Cas7
Cas5

Cas6
Cas1 POI:

Cas2

IMG_3300017971 | 0180438_10037295

Cas6
Cas1 POI:

Cas2

WGS_JABUBO01 | JABUBO010004770

Cas7
Cas5

Cas6
Cas1 POI:

Cas2

IMG_3300009529 | 0114919_10027009

1kb
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AM
UAS-12 (FlhB)

IMG_3300026484&&a0256837_1016836&&561_990_-1 
3 / 5.0

Acquisition

Cas5
Cas3

Cas4 Virulence_RhuM

Fic Cas1
POI Cas2

DUF4282

IMG_3300028534 | a0256843_1000240

Fic Cas1 POI:
Phage_holin_3_6

Cas2 Ubie_methyltran

Methyltransf_23

Peptidase_M23

CENP-F_leu_zip

Bactofilin
Thioredoxin_8

IMG_3300028534 | a0256843_1001006

Cas5
Cas3

Cas4
Cas1

POI Cas2

IMG_3300028417 | a0256834_1006251

Fic Cas1
POI Cas2

KASH_CCD

IMG_3300026512 | a0256842_1008794

Cas4
Cas1

POI Cas2

IMG_3300026484 | a0256837_1016836

Fic Cas1
POI Cas2

IMG_3300028534 | a0256843_1040031

1kb
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AN
UAS-9 (DUF4407 + other protein)

IMG_3300026531&&a0256835_1021849&&344_1451_1 
23 / 39.3

Acquisition

csm3
csx10_csx10

csm3_csm3

csx19
csm3

icity0105

TIGR02710

csx16 pfam09652

Cas_VVA1548

POI Cas2
Cas2

Cas1 icity0040

RVT_1 DHHA1

RecJ_OB

DHHDUF615
DDE_Tnp_IS66

GCA_016714645.1 | JADKCI010000005

icity0105
POI Cas2

Cas2
Cas1 icity0040

RVT_1
Pro_isomerase

MetallophosGlycos_transf_2

GtrA
Glyco_tranf_2_3

tRNA-synt_1e

DALR_2
Y1_Tnp

csx1cmr1Cas10
cmr3cmr4cmr5

GCF_000327045.1 | NC_019940

Sua5_yciO_yrdC

SMC_ScpA

SMC_ScpB

S4 FKBP_C
Creatinase_N

Amdase

Asp_Glu_race
DUF772

DDE_Tnp_1
DUF772

DDE_Tnp_1

POI Cas2
Cas2

Cas1 icity0040

RVT_1
Cas10

csm3
csx10adh_short

DUF1776

GCA_012103415.1 | WLWU01000014

Cas10
cmr3 cmr4 cmr5 cmr6 csx1 csx1

pfam09652

Cas_VVA1548

csx16
Cas6

POI Cas2
Cas2

Cas1 icity0040

RVT_1
Cas6

Thymidylate_kin

GCF_016583985.1 | NZ_NRSD01000010

csx19
csm3

SIR2_2 pfam09652

Cas_VVA1548

csx1 POI Cas2
Cas2

Cas1 icity0040

RVT_1
PhdYeFM_antitox

ParE_toxin AAA_2

ClpB_D2-small

MCM
PHPHigB-like_toxin

HTH_3

CENP-B_N

GCF_009689005.1 | NZ_AP021879

Cas10
csm3

csx10
csm3_csm3

csm3
csx1 icity0062

DUF1874
POI Cas2

Cas2
Cas1 icity0040

RVT_1 TraG-D_C

TrwB_AAD_bind

adh_short_C2

IMG_3300003178 | csdDRAFT_1000055

Acylphosphatase

csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 mkCas0160

csx23
csx3 POI Cas2

Cas2
Cas1 icity0040

RVT_1

GCA_002747635.1 | PDPY01000001

csx1 csm3
Cas10

cmr3 cmr4 cmr5 cmr6 icity0105
icity0062

DUF1874
POI Cas2

Cas2
Cas1 icity0040

RVT_1

GCA_020445605.1 | JAGRGH010000056

csm3_csx10

csm3_csm3

csx19
csm3_csm3

icity0105
csx3 csx3 POI Cas2

Cas2
Cas1 icity0040

RVT_1

EMBL_ERZ508539 | contig_860

cmr3 cmr4 cmr5 cmr6 csx1_UNK
icity0091

SAVED
Polbeta

DUF86icity0062

DUF1874
csx1 POI Cas2

Cas2
Cas1 icity0040

RVT_1

GCF_001469165.1 | NZ_JABX01000017

Metallophos

CHAT
Cas6

POI Cas2
Cas2

Cas1 icity0040

RVT_1
SIR2_2

IMG_3300026510 | a0256840_1002284

POI Apolipoprotein

Cas2
Cas2

Cas1 icity0040

RVT_1

TP_methylase
NAD_binding_7
CysG_dimeriser
Sirohm_synth_M
AldolaseAminotran_3

GCF_003172875.1 | NZ_QGKM01000018

csx10
csm3_csm3

csm3 icity0105

TIGR02710
icity0062

DUF1874
Uma2

csx1 POI Cas2
Cas2

Cas1 icity0040

RVT_1

IMG_3300031256 | a0315556_1001528

csx15

cd09766
POI Cas2

Cas2
Cas1 icity0040

RVT_1

EMBL_ERZ2484078 | contig_528

1kb
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AO
UAS-14 (SWIM)

IMG_3300027532&&a0209544_1004784&&1334_3008_1 
3 / 6.5

Acquisition

Cas10
csm3

csx10
csm3_csm3

csx19
csm6

Cas6
Cas2

POI:
SWIM
Ku_PK_bind

icity0040

RVT_1
Cas1

TrkA_N
Methyltransf_31

HEAT_2

PhyH
Pyridoxal_deC

GCA_003635245.1 | PYJF01000066

Cas2
POI Cas10

cmr3cmr4cmr5cmr6csm6
csx1_csx1

Cas6
Cas1Dockerin_1

Peptidase_M10
HEAT_2

PhyH
icity0079

Amidohydro_1

GCA_009841255.1 | VXMD01000020

csm2
csm3

csm3
csx19

csm3
csx21 DUF1874

icity0062
csx1 csm6

Cas6
Cas2 POI:

SWIM icity0040

RVT_1
Cas1

Pyridoxal_deC

GCA_003635195.1 | PYIY01000124

Methyltransf_31

POI:
SWIM HEAT_2

PhyH
PhyH

IMG_3300012932 | a0157522_1000118

Cas2
POI Cas1

Pyridoxal_deC

PhyH
Rieske

Cas6
HEAT_2

PhyH
icity0079

Amidohydro_1

GCA_009835485.1 | VXXG01000125

POI:
Cas2

Cas1

IMG_3300027532 | a0209544_1004784

Cas2 POI:
SWIM

Y1_Tnp

GCA_009838315.1 | VXRX01000155

1kb
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AP
UAS-6 (Acquisition-associated NACHT)

IMG_3300035668&&a0372944_0001891&&1173_5076_-1 
25 / 40.6

Acquisition

B3_4
tRNA-synt_1g

tRNA_bind

Anticodon_3
PALP
CBS Pyridoxal_deC

Formyl_trans_N

POI:
CHAT TPR_12

icity0106
icity0106

TPR_12 WD40

ANAPC4_WD40

PPC

IMG_3300044720 | a0467035_0000099

CarboxypepD_reg

POI:
NACHT

AAA_16 icity0106

TPR_12
Transposase_mut

FG-GAP_2

PKD_4

F5_F8_type_C

DUF4096
DDE_Tnp_1_2

NB-ARC

CHAT
AAA_16CHAT

icity0106

TPR_MalT

IMG_3300035668 | a0372944_0000200

Lactamase_B

HEAT_2 Trypsin_2

EAD8
POI:
AAA_16

EAD8 DUF3701

Phage_integrase

Gp3-like
HTH_Tnp_1

WGS_WBZS01 | WBZS01000472

POI:
AAA_16

Sigma70_r2
LTXXQ

Metal_resist ABC_membrane

AAA_16

SMC_N
Cas1

Cas1
Cas2

csm3

GCF_012295525.1 | NZ_CP051167

Pentapeptide
POI:
NACHT

AAACas1
Cas1

Cas2

GCF_900009145.1 | NZ_LN889815

cmr3 csm3
cmr5 POI:

NACHT
Nitroreductase

Toprim_4
Cas1

csm3

GCF_000180455.1 | NZ_CACA01000266

DDE_Tnp_1 POI:
NACHT

AAA_16 DEAD
ResIII

Cas1
Cas1

Cas2

GCF_001904725.1 | NZ_MRCE01000026

Cas1
Cas2

23S_rRNA_IVP

POI:
AAA_22

Response_reg
Response_reg

GerE
Sigma70_r4_2

SAVED

TIR_2
Cas1

PDDEXK_3

MazE_antitoxin

PINCas1
Cas2

GCA_017302695.1 | JAFLCJ010000018

DUF3303
HicB_lk_antitox

MerR_1

HTH_17 POI:
NACHT

AAA_16
Cas10icity0040

RVT_1icity0040

RVT_1
Cas1

DUF3987
HicA_toxin

HicB_lk_antitox

Beta-lactamase2

GCF_009725235.1 | NZ_WJFC01000019

POI:
NACHT

AAA_16 Peptidase_S13

Beta-lactamase2

FA_synthesis
ACP_syn_III_C

Thiolase_NAbhydrolase_1

Hydrolase_4

Esterase
Cas1

Cas1
Cas2

IMG_3300048831 | a0498914_0000007

dCache_1

Cache_3-Cache_2

DUF202 XFP
Transket_pyr

Uma2 POI:
HTH_3

AAA_16
Cas12

HigB_toxin

FicCas1
Cas2

Cas1

GCF_009846485.1 | NZ_ML776472

Cas12_Cas12
POI:
NACHT

Cas1
Cas2

csx1_csx1

Uma2icity0040

RVT_1
Y1_Tnp

Cas1

EMBL_ERZ781359 | contig_22

DDE_Tnp_1_assoc

DDE_Tnp_1

Uma2
POI XisH XisHXisI DUF4058

Uma2
icity0086

Cas2
Uma2

DUF4058
UNK_Cas1

icity0040
Cas2

23S_rRNA_IVP

23S_rRNA_IVP

GCA_010671905.1 | JAAHII010000001

POI
zf-ri

bbon_3

zinc_ribbon_2

DZR
DUF2126

Transglut_core

Bact_transglu_N

Cas1
Cas1

Cas2

GCF_016446395.1 | NZ_CP051168

1kb
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AQ
UAS-16 (DUF3761)

IMG_3300037311&&a0394881_0014120&&7964_8594_-1 
9 / 12.0

Acquisition

HATPase_c

HisKA

GAF Cas1
POI Cas2

CAP rve
DDE_Tnp_IS240

LptF_LptG

ATP_bind_3

SpoU_methylase
DAO
Thi4
NAD_binding_8

DUF805
PfkBPrcB_C

DUF2383

GCF_000265505.1 | NC_018018

Cas1
POI Cas2

Patatin
SpoIIAA-like

Cas6
cmr1AAA_21

SMC_N

GCA_020630575.1 | JAHDBD010000034

Cas1
POI Cas2

FA_desaturase

MFS_1

Sugar_tr
Cas6

IMG_3300037311 | a0394881_0014120

Cas1 POI:
Orf78

Cas2
Cas6

csx20
cmr1AAA_21

GCA_013298075.1 | JAAFJG010000090

Cas1
POI Cas2

IMG_3300041583 | Ga0400239_000041

RNase_HII Transpeptidase

PBP_dimer

PASTA
Cas1 POI:

Orf78
Cas2Glycos_transf_1

Glyco_trans_1_4

GCA_004293265.1 | RDXZ01000136

Cas1
POI Cas2

Cas6
cmr1Cas10

cmr3

EMBL_ERZ650164 | contig_5953

Cas1
POI Cas2

DnaJ
SH3_3

Cas6
Phage_pRha

Uma2
mkCas0061

GCA_012031215.1 | JAAUUB010000194

csx1 HTH_3
csx20

Cas6
Cas1

POI Cas2

IMG_3300020201 | 0163154_10015611

Cas1
POI Cas2

Cas6

IMG_3300037336 | Ga0400274_004308

Cas1
POI Cas2

cmr1AAA_15

SMC_N

GCA_011390205.1 | JAABSX010000101

Cas1 POI:
DUF3761

csx1csx20
csx20

Kinase-PolyVal
7TMR-DISM_7TM

HATPase_c

HisKA

GCA_003449595.1 | DMHB01000220

Cas1 POI:
Orf78

Cas2

IMG_3300037330 | a0400266_0022997

Cas1
POI Cas2

GCA_002784125.1 | PFKD01000213

1kb
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AR
UAS-15 (TPR + DNA polA)

WGS_JACDJC01&&JACDJC010011245&&1712_3152_-1 
10 / 14.3

Acquisition

csm2
csm3

csm4
csm5

csx1 csx1 DUF4258
icity0109

TPR_12 POI:
DNA_pol_A

Cas1
Cas2

GCA_013360445.1 | JABWBP010000101

csm5
PMT_2

csx1 csx1 csx15

cd09766
csx1 icity0109

TPR_12 POI:
DNA_pol_A

Cas1
Cas2

GCA_011389025.1 | DTON01000018

PhdYeFM_antitox

PIN csx1 DUF4258
icity0109

TPR_1 TPR_1

icity0109
POI:
DNA_pol_A

Cas1
Cas2 Aminotran_1_2

DegT_DnrJ_EryC1

IMG_3300026534 | a0256841_1000888

csx1 DUF2130
csx1 csx1 NucS

csx1 DUF4258 icity0109

TPR_16

ANAPC3 POI:
DNA_pol_A

HEAT_2
Cas1

Cas2

GCA_003696775.1 | RFFS01000008

DUF2204

DUF6036
csx1 PDDEXK_3

csx1 DUF4258
Cas4 icity0109

TPR_12 POI:
DNA_pol_A

Cas1
Cas2

GCA_015492345.1 | WGFG01000163

csx1 DUF4258
icity0109

TPR_12 POI:
DNA_pol_A

Cas1
Cas2

WGS_JABAHQ01 | JABAHQ010032503

PIN csx1 DUF4258
icity0109

TPR_MalT
POI:
DNA_pol_A

Cas1
Cas2

GCA_021160885.1 | JAGHBR010000001

csx1 DUF4258
icity0109

TPR_11 POI:
DNA_pol_A

Cas1
Cas2

IMG_3300028908 | a0256914_1009435

csx1 DUF4258
icity0109

TPR_16 POI:
DNA_pol_A

Cas1
Cas2

GCA_002011685.1 | MTOL01000326

DUF4258
icity0109

TPR_1 POI:
DNA_pol_A

Cas1
Cas2

IMG_3300011013 | 0114934_10012177

icity0109

TPR_2 POI:
DNA_pol_A

Cas1
Cas2

WGS_JACDJC01 | JACDJC010011245

icity0109

TPR_12 POI:
DNA_pol_A

Cas1
Cas2

IMG_3300009702 | 0114931_10041304

icity0109

TPR_12 POI:
DNA_pol_A

Cas1
Cas2

IMG_3300026512 | a0256842_1014467

icity0109

TPR_16 POI:
DNA_pol_A

Cas1

GCA_012962325.1 | DTXT01000176

1kb

130



AS
UAS-49 (large WYL)

WGS_RRYU01&&RRYU01005723&&198_2535_1 
51 / 53.9

Acquisition

PALP
FTSW_RODA_SPOVE

POI:
COG2378
WYL
Helicase_C_3

Trans_reg_C

FHA
Yop-YscD_cpl

RVT_3icity0040

RVT_1
Cas1

Pyr_redox_2

EMBL_ERZ794930 | contig_107
POI:
COG2378
WYL
Helicase_C_3 DUF4236

RVT_3

RNase_H
icity0040

RVT_1
Cas1

Cas2

GCA_016717335.1 | JADKFS010000001

Amidase_2

DUF5719 POI:
pfam13280

WYL
RVT_3icity0040

RVT_1
Cas1VWA

Peptidase_M6

Cas2

GCF_000017805.1 | NC_009767

POI:
COG2378

WYL GAF_2

MerR_1
RVT_3 icity0040

RVT_1

GCF_004138135.1 | NZ_RYFD01000009

DDE_Tnp_1_6
POI:
pfam13280

WYL
NHL

BTAD
TPR_12

AAA_16
Cas2

DUF2470
HTH_18

IMG_3300037311 | a0394881_0000212

POI:
COG2378

WYL
Cas6

Cas10
RVT_3icity0040

RVT_1
Cas1

Cas2

GCF_004762035.2 | NZ_SIJK02000070
POI:
COG2378
WYL
Helicase_C_3 Cas6

Cas10
cmr3 cmr1 cmr4 cmr5 cmr6

IMG_3300044994 | Ga0484946_001574

POI:
COG2378

WYL
Dus
His_biosynth

DeoC
FMN_red

Acyltransferase

RVT_3
Band_7icity0040

RVT_1
Cas1

Cas2

GCF_001650695.1 | NZ_LWQS01000071

POI:
WYL
pfam13280

23S_rRNA_IVP

icity0040

RVT_1
Cas1

Cas2
CAP

EMBL_ERZ404942 | contig_2529

PIN
POI:
COG2378

WYL
AlbA_2

csx21
csx21WYL

pfam13280

csx1csx15

cd09766
UNK_Cas1

Cas2
HNH

GCF_002532535.1 | NZ_NQWI01000015

POI:
COG2378

WYL
Cas6

csx1WYL
pfam13280

csx1RVT_3icity0040

RVT_1
Cas1

Cas2

IMG_3300044940 | Ga0484951_001845

POI:
COG2378

WYL
23S_rRNA_IVP

icity0040

RVT_1
Cas1

Cas2
CAP

GCA_013388755.1 | JACAEQ010000029

POI:
COG2378

WYL
Cas1

Cas2

IMG_3300009083 | 0105047_10010380

POI:
COG2378

WYL RVT_3

RNase_H
icity0040

RVT_1
Cas2

IMG_3300002491 | 87J35170_1000514

1kb

131



AT
UAS-50 (CARF_RelA)

EMBL_ERZ404942&&contig_42542&&228_1605_-1 
8 / 11.5

CARF

Cas6
Cas2

Cas1
Lon_C

POI csx20
csx1_UNK

GCA_021845665.1 | JAJZVO010000023

Cas10
csm3

csx10
csm3_csm3

csx19
csm3_csm3

ppGpp_hydro

POI Cas6
csx1 Cas2

Cas1

GCA_021831685.1 | JAKBMG010000064

csm5
csm4

csx3 csx1 Thymidylate_kin

AAA_28
Radical_SAM

PHA_gran_rgn

POI Cas2
Cas1

EMBL_ERZ795037 | contig_687

Cas10
csm3

csx10
csm3_csm3

csx19
csm3

ppGpp_hydro

POI Cas6
Cas2

Cas1
AAA_2

Sigma54_activat

ClpB_D2-small

IMG_3300005573 | a0078972_1006172

DUF935
ppGpp_hydro

POI

IMG_3300020221 | 0194127_10010076

ppGpp_hydro

POI

GCA_011053235.1 | DRJV01000247

1kb
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AU
UAS-51 (SAVED_TIR2)

EMBL_ERZ773005&&contig_5&&212166_213489_1 
4 / 5.2

CARF

KAP_NTPase

AAA_16

ATPase_2
DNA_pol3_finger

PHP POI:
TIR_2

csm3
Cas10

csm3
csx10

csm3_csm3

csx24
icity0103

EamA

EMBL_ERZ773005 | contig_5

Peptidase_A8
PseudoU_synth_2

S4
DNA_pol3_alpha

PHP
HHH_6 POI:

TIR_2
Cas10

csm3_csx10

csm3_csm3

csx19
csm3

EamA
DUF6263

EMBL_ERZ1034204 | contig_467

POI:
TIR_2

csm3
Cas10

csm3
cmr3 csm3_csm3

csx24
icity0103

EMBL_ERZ773030 | contig_1353

POI:
TIR_2

csm3
Cas10

EMBL_ERZ773075 | contig_2910

POI:
TIR_2

csm3

EMBL_ERZ1034188 | contig_5470

POI:
TIR_2

EMBL_ERZ772985 | contig_17475

1kb

133



AV
UAS-52 (CARF_Sigma)

EMBL_ERZ795034&&contig_47960&&1548_2448_-1 extraction 
N/A

CARF

POI Cas10
Csm2

Csm3
Csm4

Csm5
TIGR02221

Cas6

IMG_3300044712 | a0453684_0008157

POI Cas10
Csm2

Csm3
Csm4

Csm5
TIGR02221

Cas6

GCA_012516155.1 | JAAYXA010000084

1kb
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AW
UAS-53 (CARF_DUF859 + many nearby genes)

EMBL_ERZ894180&&contig_692&&8871_11661_-1 extraction 
4 / 5.0

CARF

csm3
csm4

csm5
Cas6

Cas6
csx20 Alpha-amylase

DUF5696
NERD POI:

DUF859 DUF6055

Peptidase_M90

Sulfate_transp

STASHlyD_3

Biotin_lipoyl_2

ABC_tran

SMC_NBiotin_lipoyl_2

HlyD_D23
MacB_PCD

FtsX

WGS_OQHG01 | OQHG01000063

csm3
csm3_csm3

csx19
csm3

csx20 Alpha-amylase

DUF5696
NERD POI:

icity0119
Peptidase_M90

FAM176 Sulfate_transp

STASHlyD_3

Biotin_lipoyl_2

ABC_tran

SMC_NBiotin_lipoyl_2

HlyD_D23
MacB_PCD

FtsX

WGS_OWDS01 | OWDS01000433

csm3
csm3_csm3

csx19
csm3_csm3

csx20 Alpha-amylase

DUF5696
NERD POI:

DUF859 Sulfate_transp

STASHlyD_3

Biotin_lipoyl_2

ABC_tran

SMC_NBiotin_lipoyl_2

HlyD_D23
MacB_PCD

FtsX

EMBL_ERZ894180 | contig_692

1kb

135



AX
UAS-54 (SIR2 _ CHAT _ SAVED + SMODS)

GCA_016712315.1&&JADJRG010000028&&300098_302447_1 
5 / 10.3

CARF

HTH_3
SIR2_2

POI:
SIR2_2
CHAT
SAVED

SMODS

NTP_transf_2
ThiF
Prok-E2_B Pkinase

PK_Tyr_Ser-Thr

TPR_12
DUF4215

IMG_3300032272 | 0316189_10000814

SMODS POI:
SIR2_2

Cas10
csm3_csx10Pkinase

PK_Tyr_Ser-Thr

TPR_12
Sigma70_r4_2

Cas6
DDE_Tnp_ISL3

AAA

GCA_020633315.1 | JACKDV010000001
POI:
CHAT
SIR2_2
SAVED SAVEDPkinase

PK_Tyr_Ser-Thr

TPR_12
Sigma70_r2Pkinase

PK_Tyr_Ser-Thr

Kdo

GCA_016712315.1 | JADJRG010000028

cmr3 cmr4 cmr5 cmr6 AAA_22
SAVED

A_deaminase

cmr6
POI:
SIR2_2

CHAT
SMODS Pkinase

PK_Tyr_Ser-Thr

TPR_12
Sigma70_r2

GCA_016712505.1 | JADJQY010000003

HTH_3 POI:
SIR2_2 SIR2_2

CHAT
SAVED SMODS

NTP_transf_2
ThiF
Prok-E2_B

DUF4215

IMG_3300032272 | 0316189_10000814
POI:
SIR2_2
CHAT
SAVED Sigma70_r2

Cas3_Cas3

Cas8
Cas7_UNK

csb2
csm3

EMBL_ERZ795056 | contig_3738

POI:
SIR2_2

CHAT
csm3

Pkinase

PK_Tyr_Ser-Thr

TPR_12
Sigma70_r4_2

IMG_3300006056 | 0075163_10002176
POI:
SIR2_2
CHAT
SAVED

IMG_3300032431 | 0335395_10002351
POI:
SIR2_2
CHAT
SAVED TPR_12

IMG_3300010355 | 0116242_10042304

POI:
SIR2_2

CHATPD-DExK

mkCas0090

cmr1

IMG_3300028029 | a0256845_1015829

POI:
SIR2_2

SAVED

IMG_3300032272 | 0316189_10080772
POI:
SIR2_2
SAVED
CHAT

IMG_3300012094 | 0136638_10019425
POI:
CHAT
SIR2_2
SAVED

SMODS

NTP_transf_2

Polbeta

IMG_3300032272 | 0316189_10091090

1kb
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AY
UAS-55 (EAD7 _ SAVED)

GCA_020634195.1&&JACKCE010000043&&1971_2784_-1 
2 / 5.6

CARF

Cas10
csm3

csx10
csm3_csm3

csx19
csm3

PhdYeFM_antitoxPOI:
EAD7
SAVED
icity0089 Cas6

GCA_012329075.1 | JAAXQA010000257

csm3
csx10

csm3_csm3

csx19
csm3

DDE_Tnp_1_3

COR
Roc
Ras
LRR_8
EAD7
Arf

POI:
EAD7 csx15

cd09766
Cas6

GCA_020634195.1 | JACKCE010000043

DUF4058 POI:
EAD7
icity0089

Cas6 M20_dimer

Peptidase_M20
HATPase_c

HisKA

Response_reg

McrBC
Sulfotransfer_1

DUF2442
AFOR_N

HADAminotran_5

GCA_900696625.1 | CAADGU010000270

csm3 PhdYeFM_antitox

PHD_like
PIN
DUF5615

PRiA4_ORF3
POI:
EAD7
icity0089

Cas6

IMG_3300048591 | a0498929_0033087

PIN
DUF5615

POI:
EAD7
icity0089
SAVED Cas6

DDE_Tnp_Tn3

DDE_Tnp_1_6

EMBL_ERZ405284 | contig_4280

PhdYeFM_antitox

PIN
DUF5615

RQC

POI:
EAD7
icity0089
SAVED
PhetRS_B1 Cas6

EMBL_ERZ795033 | contig_13705

PemK_toxin

RQC

POI:
EAD7
icity0089
SAVED Cas6

GCA_011682295.1 | JAACEW010000243

csx1

POI:
EAD7
icity0089
SAVED

GCA_015486215.1 | WFSA01000007

1kb
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AZ
UAS-56 (CARF_DUF859_ATPase + many nearby genes)

GCA_900541305.1&&UQJJ01000039&&1337_4901_1 extraction 
7 / 8.7

CARF

csm2
csm3

csm4
csm5

Cas6
Cas6

csx20 Alpha-amylase

DUF5696
NERD

POI:
icity0119

DUF859 DUF6055

Peptidase_M90

HlyD_3

Biotin_lipoyl_2

ABC_tran

AAA_21Biotin_lipoyl_2

HlyD_D23
MacB_PCD

FtsX

WGS_OVXY01 | OVXY01000038

csm3
csm3_csm3

csx19
csm3

csx20 Alpha-amylase

DUF5696
NERD

POI:
DUF859

csx1 Peptidase_M90

HlyD_3

Biotin_lipoyl_2

ABC_tran

SMC_NBiotin_lipoyl_2

HlyD_D23
MacB_PCD

FtsX

GCF_000156655.1 | NZ_DS996841

csm3
csm3_csm3

csx19
csm3_csm3

csx20 Alpha-amylase

DUF5696
NERD

POI:
DUF859

icity0119
Peptidase_M90

DUF6055
HlyD_3

Biotin_lipoyl_2

ABC_tran

SMC_N
Biotin_lipoyl_2

MacB_PCD

FtsX

EMBL_ERZ4560506 | contig_168

Cas10
csm2

csm3
csm4

csm5
Cas6

Cas6
csx20 Alpha-amylase

DUF5696
NERD

POI:
DUF859

Cas_DxTHG

Peptidase_M90

HlyD_3

Biotin_lipoyl_2

ABC_tran

SMC_N
Biotin_lipoyl_2

MacB_PCD

FtsX

WGS_ULPP01 | ULPP01060160

1kb
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BA
UAS-57 (SAVED TIR)

GCF_000024805.1&&NC_013440&&7674710_7676006_1 
9 / 18.6

CARF

Peptidase_C14

Cas10
csm3_csx10

csm2
csm3

csm3
csm3

POI:
TIR_2
DUF1863

Cytochrome_C554

Paired_CXXCH_1
MMR_HSR1

FeoB_N

GTP_EFTU

Acetyltransf_1

Pkinase

PK_Tyr_Ser-Thr

Rhomboid

AMP-binding

Bac_luciferase

DUF3280

GCF_000024805.1 | NC_013440

Uma2
csm2

csm3
csm4

csm5_csm5

Uma2
Cas6

POI:
TIR_2
SAVED Polbeta

NTP_transf_2
Polbeta

NTP_transf_2
mkCas0061

PD-DExK
Uma2

TonB_C icity0106

TPR_12
MotA_ExbB

ExbD
FecCD

Uma2
Uma2

GCA_012033355.1 | JAAUQZ010000038

csx3 Cas10
csm3

csx10
csm2

csm3
csm3

csx19
csm3

csx21 POI:
TIR_2
SAVED mkCas0061

PD-DExK
icity0106

TPR_12
Cas6

Cas2
23S_rRNA_IVP

Uma2

GCA_010672825.2 | JAAHFU020000003

UPF0016
csx3csx3 DDE_Tnp_1

DDE_Tnp_1

csx21 POI:
TIR_2 mkCas0061

PD-DExK
CCG
Fer4_8

Trypco1 Alpha-amylase

DUF3459
DJ-1_PfpI

DUF2383
LPG_synthase_TM

DDE_Tnp_1
mCpol

GCH_IIImkCas0075

TIGR03985

Aldo_ket_red
Phosphodiest

Sulfatase

GCF_002075285.3 | NZ_CP021983

csx3 Cas10
csm3

csx10
csm2

csm3
csm3

csx19
csm3

csx21 POI:
TIR_2
SAVED

Cas2
IMS Transposase_mut

MULE Response_reg

Trans_reg_C
HATPase_c

HisKArve
HTH_21

UvrD_C
DDE_Tnp_1

icity0106

TPR_12

GCA_003249155.1 | QBMJ01000006

csx3 Cas10
csm3

csx10
csm2

csm3
csm3

csx19
csm3

csx21 POI:
TIR_2

icity0086
DUF3991

Toprim_2
23S_rRNA_IVP

HNHicity0106

TPR_12
Uma2

GCF_015207395.1 | NZ_JADEWX010000075

SAVED

CHAT
Cas10

csx10_csm3

csm2
csm3

csm3
csm3

POI:
TIR_2
SAVED

Lactamase_B

Abhydrolase_6Sigma54_activat
FHA
Yop-YscD_cpl
AAA_5

Abhydrolase_1

Hydrolase_4

IMG_3300028741 | 0302256_10000127

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6

POI:
TIR_2
SAVED
DUF1863 Cas2

Cas2
HicB_lk_antitox

HicA_toxin

Cas2
Cas6

WGS_CAKMNW01 | CAKMNW010000091

csx3 Cas10
csm3

csx10
csm2

csm3
csm3

csx19
csm3

csx21 POI:
TIR_2

icity0086

GCA_003017855.1 | PYER01000120

Cas6
Cas10

csm2
csm3

csm4
csm5

POI:
TIR_2
DUF1863

Beta-lactamase2

Beta-lactamase

GCA_021155085.1 | JAJNQA010000100

POI:
TIR_2
SAVED

Peptidase_S24

IMS
DUF4113

Transglut_core

DUF553
LCM Mut7-C

Ub-Mut7C

His_Phos_1

Uma2

GCF_012911975.1 | NZ_SMDQ01000095

Cas10
csm2

csm3
csm4

csm5
Pentapeptide

POI:
TIR_2 GATase

Peptidase_C26

GCA_016789645.1 | JAEUQP010001108

Cas4
Cas2

Cas10
csm3_csx10

csm2
csm3

csm3
csm3

POI:
TIR_2
SAVED

IMG_3300021508 | a0190283_1001481

Cas10
cmr3 cmr4 cmr5 cmr6

POI:
TIR_2
DUF1863
SAVED Cas2 EAL

GGDEF

GCA_003230225.1 | QIHN01000318

1kb
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BB
UAS-58 (CARF_ATPase_HTH + RNAPol)

GCF_000224065.1&&NZ_AFWT01000006&&121441_122968_1 extraction 2 
N/A

CARF

RNA_pol
POI:
HTH_23

Cas10 Resolvase

MerR Cas12_Cas12

csm3_csx10

csm3_csm3

Cas2
Cas1NYN

icity0084
ThiF

GCF_018409545.1 | NZ_AP024563

Cas1
Cas2

RNA_pol
POI:
csm6

VWA

TrwB_AAD_bind
DUF87
TraG-D_C
DUF853

Transgly

Transpeptidase

icity0095
UPF0160

Cas6
Cas10

GCF_013415485.1 | NZ_JACBXS010000031

RNA_pol
POI:
HTH_50

Cas10
csm3_csx10

csm3_csm3

csx19
Cas2_Cas2

Cas1
Prok-E2_E

NYN
icity0084

IMG_3300028283 | a0268283_1000263

RNA_pol
POI Cas10

csm3_UNK_csx10

csm3_csm3

csx19
UNK_csm3_csm3

Cas2
Cas1

IMG_3300020198 | 0194120_10001790

1kb
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BC
UAS-59 (CARF_CYTH_HD)

IMG_3300002498&&TOLCLC_10008146&&3727_6961_-1 extraction 
3 / 5.1

CARF

csm2
csm3

csm3
csm3

Cas4
Cas3_UNK

POI:
csm6
icity0105
casR csm6

EMBL_ERZ724101 | contig_994

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 UNK_Cas3

POI:
csm6

csm6

IMG_3300002498 | TOLCLC_10008146

1kb
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BD
UAS-60 (CARF_SIR2)

IMG_3300009523&&a0116221_1002542&&6420_8025_-1_loci_to_order 
N/A

CARF

Big_3_5
cmr1 Cas10

cmr3 cmr4 cmr5 cmr6
POI:
SIR2_2

csx1 icity0105
Cas1

Cas2

Pkinase
PK_Tyr_Ser-Thr
PD40
ABC1csx20

IMG_3300032160 | 0311301_10001401

HlyD_D23

PhdYeFM_antitox

ParE_toxin

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6

POI:
SIR2_2

csx1 csx15

cd09766
icity0105

Cas1
Cas2

Phosphoesterase

DUF1801
MazE_antitoxin

Chromate_transp

Chromate_transp

GCA_018268715.1 | JAFDVZ010000008

cmr1_cmr1

Cas10
cmr3 cmr4 cmr5 cmr6 POI:

csx1 icity0105

csm6
csx3 Cas1

Cas2

IMG_3300042091 | a0455670_0051648

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 POI:

csx1 csx1 csx3

IMG_3300032893 | 0335069_10017728

1kb
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BE
UAS-61 (CARF_TIR_Mrr)

IMG_3300020198&&0194120_10015339&&5702_6689_1 extraction 
11 / 15.3

CARF

PPDK_N

PEP-utilize
rs

Cas6

AAA_35
ATPase_2
AAA-ATPase_like
PDDEXK_9 Cas10

csm2
csm3

csm4 POI:
csx1 Cas1

Cas2
UPF0175

DUF3368
Cas2 PAS_4

HisKA

dCache_1
HATPase_c
PAS_4
HisKA
Cache_3-Cache_2

IMG_3300036218 | Ga0402054_001

Cas6
Cas10

csm2
csm3

csm4 POI:
csx1 SMODS

NTP_transf_2
PD-DExK

mkCas0090
Radical_SAM

Fer4_14Hpr_kinase_C

AAA_33

IMG_3300028028 | a0265292_1000759

Cas6
AAA_35

ATPase_2

PDDEXK_9

Cas10
csm2

csm3
csm4 POI:

csx1 Cas1
Cas2 HATPase_c

PAS_4

dCache_1
HATPase_c
PAS_4
Cache_3-Cache_2 Response_reg

DUF1848

IMG_3300024162 | Ga0255427_1005

1kb
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BF
UAS-62 (csx1 + Phage RNAPol)

IMG_3300026484&&a0256837_1008848&&1106_4061_-1 
5 / 12.2

CARF

csx1
POI:
RNA_pol

RPOL_N
CorA cmr1 Cas10_Cas10

cmr3
FGE-sulfatase

Methyltransf_31

DinB_2Aminotran_1_2

Cys_Met_Meta_PP

OMP_b-brl

DHO_dh

GCA_902727935.1 | CACVAX010000043

csx1
POI:
RNA_pol

RPOL_N
CorA cmr1 Cas10

cmr3

IMG_3300026533 | a0256826_1000759

DUF4143
csx1

POI:
RNA_pol

RPOL_N
CorA cmr1 Cas10_Cas10

cmr3

IMG_3300026521 | a0256828_1001184

csx1
POI:
RNA_pol

RPOL_N AAA-ATPase_like

PDDEXK_9

UNK_CorA

cmr1

IMG_3300028042 | 0256844_10000371

csx1
POI:
RNA_pol

RPOL_N
UNK_CorA

cmr1 Cas10_Cas10

cmr3 cmr4

IMG_3300026512 | a0256842_1001860

csx1
POI:
RNA_pol

RPOL_N
CorA cmr1 Cas10

IMG_3300026544 | 0256827_10001599

csx1
POI:
RNA_pol

RPOL_N AAA-ATPase_like

PDDEXK_9

UNK_CorA

cmr1 Cas10_Cas10

IMG_3300026544 | 0256827_10001255

csx1
POI:
RNA_pol

RPOL_N
icity0077

Hpt

IMG_3300026484 | a0256837_1000344

POI:
RNA_pol

RPOL_N
UNK_CorA

cmr1 Cas10
UNK_cmr3

IMG_3300028534 | a0256843_1001569

csx1
POI:
RNA_pol

RPOL_N
icity0077

CorA cmr1

IMG_3300026521 | a0256828_1002953

AAA-ATPase_like

PDDEXK_9 POI:
RNA_pol

RPOL_N
icity0077

IMG_3300026519 | a0256839_1010805

csx1
POI:
RNA_pol

RPOL_N

GCA_015662755.1 | DQTN01000006

csx1
POI:
RNA_pol

RPOL_N
icity0077

GCA_902727995.1 | CACVAZ010000059

csx1
POI:
RNA_pol

RPOL_N

IMG_3300028030 | a0256831_1007611

1kb
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BG
UAS-63 (CARF_2p_deoxyribosyltransferase)

IMG_3300031539&&0307380_10010365&&4440_5463_-1 
5 / 7.7

CARF

csx10
csm2

csm3
csm3

csx19
csm3

csx21
DUF4062

DDE_Tnp_1_3
POI:
DUF4062

csx1 Cas6 CHAT
SIR2_2 WD40

AAA_16

ANAPC4_WD40

EMBL_ERZ534011 | contig_820

Cas10
csm3

csx10
csm2

csm3
csm3

csm3
csx21

TIR_2
POI:
DUF4062

csx1 Cas6

IMG_3300031337 | a0307430_1000198

Cas10
csm3

csx10
csm2

csm3
csm3

csx19
csm3

csx21 DUF4062

TPR_12 POI:
DUF4062

csx1 Cas6
MmgE_PrpD

IMG_3300031539 | 0307380_10003200

Cas10
csm3

csx10
csm2

csm3
csm3

csx19
csm3

HEAT_2
csx21 POI:

DUF4062
Cas6

GCA_903825565.1 | CAIKBD010000362

Cas10
csm3

csx10
csm2

csm3
csm3

csx19
csm3

csx21
TPR_12 POI:

DUF4062

csx1 Cas6
DNA_gyraseB

HATPase_c

Toprim
zf-C

4_Topoisom

DNA_topoisoIV

csa3

GCA_004377365.1 | SOHZ01000153

1kb
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BH
UAS-64 (CARF_EAD7)

IMG_3300031566&&0307378_10017289&&164_1499_1 extraction 
N/A

CARF

csm2
csm3

csm3
csm3

csx21
Cas10

csm3
csx10

csm2
csm3

POI:
csx1
EAD7

Cas6

IMG_3300031578 | 0307376_10001631

csm3
csm3

csm3
csx21_UNK

Cas10
csm3

csx10
csm2

csm3
POI:
EAD7
csx1 UPF0158

Cas6
VWASigma70_r4

IMG_3300017991 | 0180434_10003380

csm2
csm3

csm3
csm3

csx21_UNK

Cas10
csm3

csx10
csm2

csm3 POI:
csx1 MazE_antitoxin

PrlF_antitoxin

Cas6
UPF0175

IMG_3300031566 | 0307378_10001183

csm2
csm3

csm3
csm3

csx21_UNK

Cas10
csm3

csx10
csm2

csm3 POI:
csx1 Cas6

IMG_3300017971 | 0180438_10007688

1kb
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BI
UAS-65 (CARF_5p_nucleotidase)

IMG_3300031994&&0310691_10021322&&2165_3863_1 extraction 
6 / 6.6

CARF

Cas6
Cas10

csm3
csx10

csm3_csm3

csx19
csm3

csx20 POI:
NT5C

VWA_2
Tubulin_2

Patatin

WGS_CADBDX01 | CADBDX010000006

PrsW-protease

Cas6
Cas10

csm2
csm3

csm4
csm5

csx1 csx20 POI:
NT5C

DUF6078 VirE
pfam08800

DUF3874
NTP_transf_2

Polbeta
HEPN

FicAAA

RNase_PH
S1
KH_1
PNPase

GCA_017627465.1 | JAGAGT010000026

1kb
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BJ
UAS-66 (SAVED_APH_TCAD9)

IMG_3300034111&&a0335063_0013299&&1300_3253_1 
4 / 4.5

CARF

POI:
SAVED

APH PD-DExK

mkCas0090

Cas10_Cas10

cmr3cmr4cmr5cmr6

IMG_3300042309 | a0453170_0004138
POI:
SAVED
APH
TCAD9 Cas10

IstB_IS21
IstB_IS21

IstB_IS21
Transposase_mut

IMG_3300042299 | a0453168_0002948

POI:
APH
TCAD9

Cas10
IstB_IS21

IstB_IS21
Cas2

IMG_3300034111 | a0335063_0013299

POI:
APH
TCAD9

IMG_3300027806 | 0209985_10015751
POI:
SAVED
APH
TCAD9Cas1

IMG_3300034063 | a0335000_0027868

1kb

148



BK
UAS-67 (Cutinase_Lipase_SAVED)

IMG_3300042939&&a0453142_0007685&&8027_9725_-1 
4 / 4.7

CARF

POI:
SAVED

Abhydrolase_6

Cas10
cmr3 cmr4 cmr5 cmr6gr7

TIR_2
Cas1

Cas1
Cas2

DUF2887

IMG_3300042543 | a0453077_0003205

POI:
SAVED

Cas10
cmr3 cmr4 cmr5 PD-DExK

mkCas0090

FAD_binding_7

IMG_3300005525 | 0068877_10000557

POI:
SAVED

Cas10
cmr3 cmr4 cmr5 UNK_cmr6

PD-DExK

mkCas0090
ATG14

Tropomyosin

IMG_3300042939 | a0453142_0007685

POI:
SAVED

Cas10
cmr3 cmr4 cmr5 csm3

Lipocalin_2

IMG_3300042914 | a0453085_0009635

POI:
SAVED

Cas10

IMG_3300042351 | a0453931_0029513

1kb
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BL
UAS-68 (SMODS + SAVED CHAT)

IMG_3300046790&&a0495499_0000077&&7424_8333_1 
N/A

CARF

Trypsin_2

PPC HAD_2

Hydrolase
OmpA

Phenol_MetA_deg

POI:
SMODS AhpC-TSA

Redoxin
Pro_CA

Response_reg

HATPase_c

Peptidase_M23

A_deaminase

AMP_deaminase

IMG_3300046790 | a0495499_0000077

SAVED

CHAT
Cas5

cmr1_csm3

Cas10
cmr3 cmr4 cmr5 cmr6 POI:

SMODS
Cas4

IMG_3300044250 | Ga0455933_000126

CHAT
POI:
SMODS

NTP_transf_2

cmr1_cmr1

Cas10
cmr3 cmr4_UNK

csb2SAVED

CHAT
Sigma70_r2

EMBL_ERZ650268 | contig_2265

POI:
SMODS

NTP_transf_2

csb2CHAT
SAVED

IMG_3300026983 | a0207856_1002319

POI:
SMODS

NTP_transf_2

ThiF

IMG_3300031731 | 0307405_10019030

POI:
SMODS CHAT

SAVED
Cas10

IMG_3300031901 | 0307406_10022119

POI:
SMODS

NTP_transf_2

csb2SAVED

CHAT

IMG_3300012228 | a0137459_1008522

POI:
SMODS

NTP_transf_2
CHAT
SAVED

IMG_3300030491 | 0302211_10009355

1kb
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BM
UAS-69 (methyltransferase)

EMBL_ERZ1030305&&contig_263&&8899_9757_1 
3 / 7.0

Auxiliary

csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 csx1 POI 2OG-FeII_Oxy_2

Cas_VVA1548

pfam09652

YceD
Ribosomal_L32p

Acyl_transf_1
adh_short_C2

KR PP-binding
LysM
BON DUF1730

Fer4_16
EpmC

GCF_900637105.1 | NZ_LR134343

GreA_GreBAAA_18

Thymidylate_kin

dNK csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 POI 2OG-FeII_Oxy_2

csx1 DDE_3

GCF_001678995.1 | NZ_LZNA01000035

HEPN_Apea

Transposase_mut

DUF4258
POI 2OG-FeII_Oxy_2

APH HTH_Tnp_1

HTH_32
HTH_3

GCA_017849895.1 | JAFIJQ010000001

AAA_18

dNK
Thymidylate_kin

csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 POI 2OG-FeII_Oxy_2

csx1 LRR_4
Cas2

Cas1

EMBL_ERZ1030305 | contig_263

Cas10
cmr3 cmr4 cmr5 cmr6 POI 2OG-FeII_Oxy_2

csx1 Cas1
Cas2

EMBL_ERZ3455792 | contig_194

GreA_GreB
dNK
AAA_18

csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 POI

EMBL_ERZ650253 | contig_901

Cas10
cmr3 cmr4 cmr5 cmr6 POI

EMBL_ERZ3455846 | contig_3968

cmr6 POI 2OG-FeII_Oxy_2

EMBL_ERZ1029956 | contig_3109

1kb
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BN
UAS-70 (vATP-synt_E)

EMBL_ERZ1699236&&contig_1829&&258_2607_-1 
9 / 9.3

Auxiliary

csm3
csx10

csm3_csm3

csx19
csm3

Cas6
POI DNA_processg_A

NMN_transporter

EMBL_ERZ773015 | contig_68

csm3
csx10

csm3_csm3

csx19
csm3

Cas6
POI DNA_processg_A

NMN_transporter

WGS_BNJV01 | BNJV01001163

csm3
csx10

csm3_csm3

csx19
csm3

Cas6
DNA_processg_A

HAD_2
POI Cas1

Cas2 Lyase_1

ADSL_C

EMBL_ERZ509152 | contig_327

csm3
csx10

csm3_csm3

csx19
csm3

Cas6
DNA_processg_A

POI Lyase_1

ADSL_C

EMBL_ERZ772836 | contig_445

csm3
csx10_csx10

csm3_csm3

csx19
csm3_csm3

Cas6
PRTase_3

DNA_processg_A

HAD_2
POI YadA_stalk

TolA_bind_tri

EMBL_ERZ505750 | contig_76

DNA_processg_A

HAD_2
POI

EMBL_ERZ1699236 | contig_1829

POI

EMBL_ERZ773084 | contig_2941

HAD_2
POI

EMBL_ERZ1033853 | contig_6544

POI

EMBL_ERZ1740082 | contig_1616

POI

EMBL_ERZ4560453 | contig_23936

1kb
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BO
UAS-71 (NERD)

EMBL_ERZ1764562&&contig_378&&16539_17331_1 
4 / 4.7

Auxiliary

Cas10
csm3

csm3_csm3

csx19
csm3

csx20 Alpha-amylase

DUF5696
POI:
NERD

DUF859 icity0119

Cas_DxTHG

Peptidase_M90

EMBL_ERZ1764562 | contig_378

Cas10
csm3_csx10

csm3_csm3

csx19
csm3_csm3

csx20
AAA_28 POI:

NERD
icity0119

Peptidase_M90

SBP_bac_8

BPD_transp_1

BPD_transp_1
HTH_18

Cupin_2

AraC_binding

EMBL_ERZ827432 | contig_1575

POI:
NERD icity0119

DUF859 DUF6055

Peptidase_M90

FAM176
Biotin_lipoyl_2

MacB_PCD

FtsX

EMBL_ERZ4560348 | contig_7181

POI:
NERD DUF859

icity0119
MacB_PCD

FtsX

EMBL_ERZ780223 | contig_509

POI:
NERD

DUF859

EMBL_ERZ504890 | contig_921

1kb

153



BP
UAS-72 (multi-gene system including greA greB)

EMBL_ERZ3455816&&contig_9406&&2751_3312_1 
20 / 26.7

Auxiliary

UvrD_C POI:
GreA_GreB

csx1 cmr1 Cas10
cmr3 cmr4TnpB_IS66

LZ_Tnp_IS66
DDE_Tnp_IS66

zf-IS
66dNK

Thymidylate_kin

AAA_18

GCA_016721165.1 | JADKJF010000015

Cas2
Cas1

Cas2 POI:
GreA_GreB

Thymidylate_kin

dNK csx1 csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6csx1

GCF_003024515.2 | NZ_PYIX02000017

DAGK_cat

NAD_kinase

Metallophos

Cpn10
Cpn60_TCP1

Cas2
Cas1

Cas2 POI:
GreA_GreBThymidylate_kin

dNK
AAA_18

csx1 csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6

GCF_011759595.1 | NZ_JAAOZA010000002

Cas2
Cas1

Cas2 POI:
GreA_GreBThymidylate_kin

dNK
AAA_18

csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 csm6

VWAPkinase
PP2C_2

EMBL_ERZ778031 | contig_131

Cas6
POI Thymidylate_kin

AAA_18
csx1 csx1 icity0047

cmr3cmr4cmr5cmr6Transposase_mut

MULEpfam13280

WYL
LRR_8

DUF1810

IMG_3300014578 | Ga0121425_10003

CsgG
Cas1

Cas2 POI:
GreA_GreBThymidylate_kin

AAA_18

dNK csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 csx12OG-FeII_Oxy_2

GCA_913774155.1 | CAJYGN010000015

Cas_VVA1548

pfam09652

icity0047
Cas6 POI:

GreA_GreBThymidylate_kin

dNK
AAA_33

csx1 csx1 icity0047
cmr1 Cas10

cmr3

GCA_022129405.1 | JADQAM010000054

cd06127

DNA_pol_A_exo1

pfam09652

Cas_VVA1548

Cas6 POI:
GreA_GreBThymidylate_kin

AAA_33

dNK csx1 csx1 icity0047
cmr1 Cas10

cmr3 cmr4Aminotran_1_2

GntR

GCF_008369115.1 | NZ_VOAZ01000001

POI:
GreA_GreB

Sigma70_r2

Extensin-like_C

Macro
DDE_Tnp_IS66

DUF1232
AAA_16

ATPase_2

GCA_020633075.1 | JACKEI010000005

Cas_VVA1548

pfam09652
POI:
GreA_GreB

csx1 csx1 UvrD_C pfam13280

WYL
Cas2

Cas1
Cas2

Cas6
cmr1

IMG_3300006790 | a0098074_1000036

Cas2
Cas1

Cas2 POI:
GreA_GreBThymidylate_kin

AAA_18

dNK csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 csx1

EMBL_ERZ650221 | contig_1342

Cas2
Cas1

Cas2 POI:
GreA_GreBThymidylate_kin

AAA_18

dNK csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6

WGS_JADHEE01 | JADHEE010000307

RteC POI:
GreA_GreBThymidylate_kin

AAA_18

dNK csx1 cmr1 Cas10
cmr3 cmr4 cmr5

EMBL_ERZ650231 | contig_2501

POI:
GreA_GreB

DUF4407
Fer4_12

AAA_2

WGS_VAOZ01 | VAOZ01217660

1kb
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BQ
UAS-73 (Mrr nuclease)

EMBL_ERZ405284&&contig_1793&&4535_5441_1 
7 / 10.5

Auxiliary

PDDEXK_9

DUF2283
Cas10

csm2
csm3

csm4
POI csx1 Cas1

IMG_3300024033 | Ga0255366_10432

Cas10
csm2

csm3
csm4

POI csx1

IMG_3300020198 | 0194120_10015339

Cas10
csm2

csm3
csm4

POI csx1 23S_rRNA_IVP

EMBL_ERZ405284 | contig_1793

Cas10
csm2

csm3
csm4

POI

EMBL_ERZ1742239 | contig_17232

Cas10
csm2

csm3
csm4

POI csx1

IMG_3300009064 | Ga0123269_1370

Cas10
csm2

csm3
csm4

POI

EMBL_ERZ795051 | contig_12626

csm2
csm3

csm4
POI csx1

IMG_3300024155 | Ga0255442_1212

csm3
csm4

POI csx1 Cas2

IMG_3300024020 | Ga0255392_10493

csm2
csm3

csm4
POI csx1

IMG_3300014914 | 0164311_10016766

csm4
POI csx1

EMBL_ERZ1742239 | contig_52453

csm3
csm4

POI

IMG_3300002223 | 7J26845_10030886

csm4
POI csx1

IMG_3300014886 | 0180300_10036869

1kb
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BR
UAS-74 (PKinase)

EMBL_ERZ4560480&&contig_4482&&7569_10323_-1 
2 / 3.4

Auxiliary

csm3_csx10

csm3_csm3

csx19
csm3

POI:
Pkinase

ABC1
Sigma70_r4

PHP YbjNYbjNYbjN

EMBL_ERZ4560553 | contig_1674

csm3_csx10

csm3_csm3

csx19
csm3 POI:

Pkinase
Sigma70_r4

DUF6088
AbiEii

YbjN

EMBL_ERZ4560480 | contig_4482

Cas10
csm3_csx10

csm3_csm3

csx19
csm3 POI:

Pkinase
Cas2

Cas1

EMBL_ERZ4560756 | contig_1396

POI:
Pkinase

PK_Tyr_Ser-Thr

Endonuclea_NS_2

IMG_3300010280 | a0129308_1007399

1kb
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BS
UAS-75 (Sigma_factor + Csx1 + large Csx1)

EMBL_ERZ4560494&&contig_2628&&7202_8435_1 
7 / 7.5

Auxiliary

T4SS-DNA_transf

TraG-D_C

TrwB_AAD_bind

CLP_protease

OmpA TrwB_AAD_bind

TraG-D_C
csx1 POI csx1 Cas10

csm2
csm3

csm4
csm5

Cas6

EMBL_ERZ501520 | contig_84

Bgal_small_N

Resolvase

OmpA TrwB_AAD_bind

TraG-D_C

T4SS-DNA_transf

csx1 POI csx1 Cas10
csm2

csm3
csm4

csm5
Cas6

EMBL_ERZ4560322 | contig_2436

OmpA TrwB_AAD_bind

TraG-D_C

T4SS-DNA_transf

csx1 POI csx1 HTH_28 rve_2
HTH_21

DDE_Tnp_IS240

Cas10
csm2

csm3
csm4

csm5
Cas6

EMBL_ERZ4560430 | contig_3262

TrwB_AAD_bind

TraG-D_C

T4SS-DNA_transf

csx1 POI csx1 Cas10
Cas10

csm2
csm3

csm4
csm5

Cas6
OmpA

EMBL_ERZ505332 | contig_3295

OmpA TrwB_AAD_bind

TraG-D_C

T4SS-DNA_transf

csx1 POI csx1 Cas10
csm2

csm3
csm4

csm5
Cas6

EMBL_ERZ4560494 | contig_2628

OmpA TrwB_AAD_bind

TraG-D_C

T4SS-DNA_transf

csx1 POI csx1 csm3
csm4

csm5
Cas6

EMBL_ERZ4560385 | contig_11545

OmpA TrwB_AAD_bind

TraG-D_C

T4SS-DNA_transf

csx1 POI csx1 Cas6

GCA_900772135.1 | CAAGQN010000703

POI csx1

EMBL_ERZ1026868 | contig_13219

csx1 POI

EMBL_ERZ1504246 | contig_3178

1kb
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BT
UAS-76 (HTH _ M78 peptidase)

EMBL_ERZ4560656&&contig_7640&&76_1108_-1 
41 / 53.8

Auxiliary

Phage_integrase

MFS_1
Peptidase_M3

Peptidase_S37
POI:
HTH_3

Peptidase_M78

HATPase_c_4

Cas9
Cas1

Cas2Thioredoxin_7

Thioredox_DsbH

EMBL_ERZ1034939 | contig_620

DUF3670

Helicase_C

DEAD
CobA_CobO_BtuR

DUF5053 POI:
HTH_3

Peptidase_M78

Bro-N
Cas3

Cas5
Cas8

Cas7
Cas4

Cas1
Cas2

Methyltransf_25

EMBL_ERZ4566954 | contig_1115

PDT Aminotran_1_2

DAHP_synth_1

CM_2
PDH

POI:
HTH_3

Peptidase_M78

Cas12
Cas4

Cas1
Cas2 Radical_SAM

Fer4_12 LRR_5

HIRAN
Calycin_like

HmuYPlug
OMP_b-brl_3

EMBL_ERZ4561837 | contig_2081

P-II Ammonium_transp

POI:
HTH_3

Peptidase_M78

Cas6
Cas5

Cas3_Cas3

Cas8
Cas7

Cas4
Cas1

Cas2DAP_epimerase

PhzC-PhzF

Aminotran_1_2

GSIII_N

Gln-synt_C-ter

EMBL_ERZ773450 | contig_232

60KD_IMP

YidC_periplas

60KD_IMP Peptidase_S9

Abhydrolase_1

Esterase
Peptidase_S9

MFS_1
Peptidase_M6

POI:
Peptidase_M78

Cas5
Cas8

Cas8
Cas7

Cas7
Cas4

Cas1
Cas2

EMBL_ERZ2310334 | contig_92

S4 OMP_b-brl

OMP_b-brl_2
RmlD_sub_bind

Epimerase

GDP_Man_Dehyd
GDP_Man_Dehyd

Epimerase

NAD_binding_4
OMP_b-brl_3

CarbopepD_reg_2

CarboxypepD_reg

POI:
HTH_3

Cas6
Cas5

Cas3_Cas3

Cas8
Cas7

Cas4
Cas1

Cas2DHQ_synthase

Fe-ADH_2

GCA_021630525.1 | JAJXNP010000055

KilA-N
P-II Ammonium_transp

DUF4143

AAA_14 POI:
HTH_3

Peptidase_M78

Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

Cas2
Aminotran_1_2

GSIII_N

Gln-synt_C-ter

IMG_3300039331 | Ga0169804_00102

zinc_ribbon_2

SH3_3

TonB_N POI:
HTH_3

Cas6
Cas5

Cas3_Cas3

Cas8
Cas7

Cas4
Cas1

Cas2
DUF4373

DUF4248

EMBL_ERZ4561840 | contig_5624

VTC DUF4956
DUF2490

OMP_b-brl

Cthe_2159 POI:
Peptidase_M78

HTH_31
HIRAN

Cas12
Cas4

Cas1
Cas2

EMBL_ERZ4560520 | contig_718

ETF ETF AcylCoA_dehyd_C

Acyl-CoA_dh_1

POI:
HTH_3

HATPase_c_4
AlbA_2
HTH_11
COG2378 MgtCRadical_SAM

LRR_5Nitroreductase

TM1586_NiRdase

GCA_000436035.1 | FR893264

GerE
Sigma70_r4_2

Melibiase_2

MFS_2
ADH_N

PfkB POI:
HTH_3

Cas9_Cas9Peripla_BP_1

LacI
HTH_3

Ribonuc_L-PSP

DUF1349

EMBL_ERZ4567102 | contig_3961

PfkB PDZ_2 POI:
HTH_3

Cas12
Cas4 tRNA-synt_1c

Anticodon_2

Glycos_transf_N

EMBL_ERZ1767136 | contig_2132

POI:
HTH_3

Peptidase_M78

Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

Cas2

EMBL_ERZ507899 | contig_637

DUF4301 POI:
HTH_3

Peptidase_M78

Cas3
Bro-N

Cas5
Cas8

Cas7
Cas4

Cas1
Cas2

EMBL_ERZ2271933 | contig_397

1kb

158



BU
UAS-77 (DUF2283)

EMBL_ERZ584659&&contig_1773&&510_1521_-1 
3 / 5.5

Auxiliary

csm3
HD PBECR2

DUF2283
POI:
csm3

EMBL_ERZ584659 | contig_1773

csm3 POI:
csm3

IMG_3300022470 | a0190367_1001396

csm3
HD PBECR3

PBECR2
DUF2283

POI:
csm3

IMG_3300022188 | a0190313_1002969

csm3
POI:
Cas6
csm4

EMBL_ERZ584659 | contig_10438

csm3
Cas10 POI:

csm3

EMBL_ERZ584659 | contig_12009

DUF2283
POI:
csm3

DUF6364

IMG_3300022470 | a0190367_1006236

POI:
csm4

IMG_3300014911 | 0180301_10027939

1kb

159



BV
UAS-78 (Nif11)

EMBL_ERZ650341&&contig_14933&&186_501_1 
7 / 7.7

Auxiliary

Polysacc_deac_2

Cas6
Cas10_Cas10

Cas5
POI csm3 PBP_like_2

SBP_bac_1

BPD_transp_1

BPD_transp_1
ABC_tran

AAA_22

SMC_N
PhoUSnoaL_2

DUF4440

IMG_3300033977 | a0314861_0000309

Cas6
Cas10

Cas5
POI csm3

DUF5678
Polbeta

MoeA_N

Complex1_51K
RnfC_N
SLBB
Fer4_10
NQRANQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr

GCA_001803575.1 | MHDL01000098

Cas10
Cas10

Cas5
POI csm3

Phage_int_SAM_4

Phage_integrase

EMBL_ERZ1292630 | contig_9496

Cas10_Cas10

Cas5
POI csm3

23S_rRNA_IVP

IMG_3300002223 | 7J26845_10009080

Cas10_Cas10

Cas10
Cas5

POI csm3

IMG_3300025314 | 0209323_10021423

POI csm3 TPR_12

icity0106
Radical_SAM

SIMPL

EMBL_ERZ650341 | contig_14933

Cas10
Cas5

POI csm3

IMG_3300005573 | a0078972_1050915

Cas10
Cas5

POI csm3

IMG_3300014152 | a0181533_1033659

1kb

160



BW
UAS-79 (XRE HTH regulator operonized with Cas effectors)

EMBL_ERZ653703&&contig_1622&&2425_3673_-1 
8 / 8.9

Auxiliary

DUF1810
CsgG
LpoB

DUF4810
DUF799

NYN
POI:
HTH_3

Peptidase_M78

Cas6
Cas5

Cas3_Cas3

Cas8
Cas7

Cas4
Cas1

Cas2
AAAInositol_P

LPAM_1

EMBL_ERZ658688 | contig_146

Asp-Al_Ex

TrkA_C MFS_1

OATP
DUF1810 POI:

Peptidase_M78

HTH_3
Cas6

Cas8
Cas7

Cas5
Cas3

Cas4
Cas1

Cas2
DDE_Tnp_1

AAAInositol_P

GCA_018883555.1 | JAHLFW010000004

Asp-Al_Ex

TrkA_C
MFS_1

Lactamase_B

DUF1810 POI:
Peptidase_M78

HTH_3
Cas12

Cas4
Cas1

Cas2
AAAInositol_P

GCF_016902295.1 | NZ_JACJLQ010000015

Alpha-amylase

CBM_48

DUF3372
DUF5686 Fumble

BcrAD_BadFG

Pan_kinase POI:
Peptidase_M78

HTH_3
Cas12

Cas4
Cas1

Cas2
Abhydrolase_3

COesterase

Peptidase_S9
Glyco_hydro_77

CBM_20

EMBL_ERZ501343 | contig_469

AAA_21
DUF4276 POI:

Peptidase_M78

HTH_3
Cas6

Cas5
Cas3_Cas3

Cas8
Cas7

Cas4
Cas1

Cas2

EMBL_ERZ772818 | contig_2348

Lactamase_B

BACON_2

Peptidase_M64
Mfa_like_1
AhpC-TSA
Redoxin
LRR_8 DUF1810 POI:

Peptidase_M78

HTH_3
Cas12

GCF_021532245.1 | NZ_JADYVB010000092

DUF3987

pfam08800

VirE_N POI:
HTH_3

Cas12

EMBL_ERZ653703 | contig_1622

POI:
Peptidase_M78

HTH_3
Cas12

Cas4

EMBL_ERZ1689819 | contig_3039

POI:
Peptidase_M78

HTH_3

EMBL_ERZ1694911 | contig_5129

1kb

161



BX
UAS-80 (RepA replication)

EMBL_ERZ724078&&contig_5708&&5799_7854_-1 
5 / 5.1

Auxiliary

Glyco_trans_4_3

Cas6 Sigma54_activat

AAA_5
POI Cas10

csm3
csx10

csm3_csm3

csm3_csm3

GCF_011039135.1 | NZ_JAAKEJ010000002

POI Cas10
csm3

csx10_UNK

csm3_csm3

csm3_csm3

DUF1848

IMG_3300018495 | 0187908_10017562

AAA_25
Mob_Pre

Cas6_Cas1 Sigma54_activat

AAA_5

HTH_8
POI Cas10

Cas2

EMBL_ERZ779846 | contig_3976

Sigma54_activat

AAA_5
POI Cas10

csm3
csx10

csm3_csm3

csm3_csm3

GCA_020741395.1 | DYZA01000221

POI Cas10
csm3

csx10
csm3_csm3

EMBL_ERZ724078 | contig_5708

POI Cas10

GCA_017522745.1 | JAFWYI010000143

1kb

162



BY
UAS-81 (DUF4145)

EMBL_ERZ724507&&contig_6357&&940_1633_-1 
3 / 3.0

Auxiliary

csm2
csm3

csm4 POI:
DUF4145

EMBL_ERZ724507 | contig_6357

csm3
csm4 POI:

DUF4145
csm5

IMG_3300048930 | a0498917_0065693

csm2
csm3

csm4 POI:
DUF4145

csm5gr7

IMG_3300009032 | 0105048_10110264

1kb

163



BZ
UAS-82 (pentapeptide + unknown domain)

EMBL_ERZ772753&&contig_7251&&225_1815_-1 
4 / 7.6

Auxiliary

csm3
csx19

csm3 POI:
Pentapeptide_3

csm3
PhdYeFM_antitox

Cas1
Cas2

EMBL_ERZ1033833 | contig_1756

csx10
csm3_csm3

csx19
csm3 POI:

Pentapeptide_3

EMBL_ERZ773058 | contig_4361

csm3_csm3

csx19
csm3 POI:

Pentapeptide_3

EMBL_ERZ772753 | contig_7251

POI:
Pentapeptide_3

Peripla_BP_4
ABC_tran

AAA_23
BPD_transp_2

EMBL_ERZ772836 | contig_6454

csx19
csm3 POI:

Pentapeptide_3

EMBL_ERZ772838 | contig_6097

POI:
Pentapeptide_3

EMBL_ERZ773263 | contig_8076

csm3 POI:
Pentapeptide_3

EMBL_ERZ773047 | contig_9980

csm3 POI:
Pentapeptide_3

EMBL_ERZ772774 | contig_13962

csm3 POI:
Pentapeptide_3

EMBL_ERZ772836 | contig_14688

csm3 POI:
Pentapeptide_3

EMBL_ERZ773068 | contig_19414

POI:
Pentapeptide_3

EMBL_ERZ773049 | contig_23502

1kb

164



CA
UAS-83 (Recep domain + 4 unknown genes)

EMBL_ERZ773219&&contig_530&&18381_19626_1 
8 / 8.0

Auxiliary

Macro
RRXRR

DUF4884
YqeY

POI AAA_33
YopX

WGS_QWCL01 | QWCL01000094

YqeY
Cas12

POI Cas3_Cas3

Cas6
Cas7

RNA_lig_T4_1

Metallophos

AAA_33

EMBL_ERZ651109 | contig_23

POI Cas3_Cas3

Cas6
Cas7

EMBL_ERZ772914 | contig_342

FmiP_Thoc5

NAPRTase

Macro
DUF4884

YqeY
POI Cas3_Cas3

Cas6

EMBL_ERZ1757403 | contig_93

Cas12_Cas12

DUF4884
YqeY

POI

EMBL_ERZ773219 | contig_530

POI Cas3
Cas3

Cas6
Cas7

GCA_007845395.1 | SDRS01000015

POI

EMBL_ERZ1757389 | contig_1334

POI

EMBL_ERZ773036 | contig_14502

1kb

165



CB
UAS-84 (MazF)

EMBL_ERZ773360&&contig_3930&&5259_6435_-1 
2 / 5.3

Auxiliary

cmr3 cmr4 cmr5 cmr6 cmr1 POI Cas1
Cas2

EMBL_ERZ773360 | contig_3930

Cas10
cmr3 cmr4 cmr5 cmr6 cmr1 POI

IMG_3300014203 | 0172378_10005565

cmr4 cmr5 cmr6 cmr1 POI

EMBL_ERZ773356 | contig_14059

POI csx1 DUF4573
Cas1

Cas2

IMG_3300014206 | 0172377_10018840

POI csx1 csx1

EMBL_ERZ773356 | contig_18788

POI

IMG_3300010347 | 0116238_10047449

POI

IMG_3300010346 | 0116239_10060560

1kb

166



CC
UAS-31 (Kinase)

EMBL_ERZ778503&&contig_16504&&109_2353_-1 
10 / 16.4

Auxiliary

POI:
Pkinase

Cas10
csm3

csx10_csx10

csm3_csm3

csx19
csm3

Transpeptidase

GCA_902779725.1 | CACZCU010000025

Cas13
Cas1

Cas2 POI:
Pkinase

Dabb
DUF3574

DUF1275
VanZ

S1
SBP_bac_3

GGDEF

PAS_4

HATPase_c
Response_reg
HisKA
PAS_4

GCA_002392655.1 | DGHK01000050

csm3_csm3

csm3 TPR_12

AAA_22 POI:
Pkinase

UPF0160
csx20

csx1 ABC2_membrane

GCA_902779725.1 | CACZCU010000035

csx19
csm3

Cas6
UPF0160

csx1 POI:
Pkinase

LRR_5
bPH_2

LRR_5 Pkinase

PK_Tyr_Ser-Thr

IMG_3300017899 | Ga0192240_10415

OmpA
Cas6

CLP_protease
T4SS-DNA_transf

TrwB_AAD_bind

TraG-D_C
POI:
Pkinase

His_Phos_1

csx1 UPF0160

GCA_021203165.1 | JAJQBT010000068

POI:
Pkinase

PK_Tyr_Ser-Thr

Cas13

EMBL_ERZ4560552 | contig_4306

POI:
Pkinase

ThiF Endonuclea_NS_2

IMG_3300017894 | Ga0192242_10383

Styelin POI:
Pkinase

CLP_protease
T4SS-DNA_transf

TraG-D_C

TrwB_AAD_bind
ABC_membrane

Peptidase_C39

SMC_N
Cas13

EMBL_ERZ651901 | contig_2946

CorA POI:
Pkinase

UPF0160
csx1

GCA_021203225.1 | JAJQBP010000119

GDPD
POI:
Pkinase

PK_Tyr_Ser-Thr

DUF1846

EMBL_ERZ654447 | contig_2468

DUF1292
POI:
Pkinase

HTH_3
Resolvase

HTH_3

IMG_3300017899 | Ga0192240_11107

POI:
Pkinase

LRR_5

GCA_017523185.1 | JAFWXB010000136

POI:
Pkinase

GCA_017523185.1 | JAFWXB010000219

POI:
Pkinase

EMBL_ERZ1767641 | contig_14815

1kb

167



CD
UAS-85 (betalactamase)

EMBL_ERZ778607&&contig_14514&&540_2586_-1 
2 / 5.5

Auxiliary

Trans_reg_C

Response_reg

POI:
Beta-lactamase

Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

Cas2
csa3

IMG_3300010428 | a0134103_1000153

Pectinesterase

Glyco_hydro_4

POI:
Beta-lactamase

Cas3
Cas8

cse2
Cas7

Cas5
Cas6

Cas1
csa3E1-E2_ATPase

Hydrolase

Zip

EMBL_ERZ778036 | contig_2363

POI:
Beta-lactamase

Cas3
Cas5

Cas7
Cas4

Cas1

IMG_3300010287 | a0134094_1003288

POI:
Beta-lactamase

Cas3
csa3

Zip

IMG_3300002167 | 4J26587_10004433

Glyco_hydro_4

POI:
Beta-lactamase

csa3E1-E2_ATPase

Hydrolase

Zip

EMBL_ERZ778607 | contig_14514

POI:
Beta-lactamase

HTH_3

IMG_3300002406 | 99J29688_1028792

1kb

168



CE
UAS-86 (large Sigma_factor)

EMBL_ERZ779846&&contig_3976&&4008_5559_-1 
3 / 4.0

Auxiliary

Glyco_trans_4_3

Cas6
POI:
Sigma54_activat

AAA_5
Cas10

csm3
csx10

csm3_csm3

GCF_011039135.1 | NZ_JAAKEJ010000002

AAA_25
Mob_Pre

Cas6_Cas1
POI:
Sigma54_activat
AAA_5
HTH_8 Cas10

Cas2

EMBL_ERZ779846 | contig_3976

POI:
Sigma54_activat

AAA_5
Cas10

csm3
csx10

csm3_csm3

csm3_csm3

GCA_020741395.1 | DYZA01000221

POI Cas10
csm3

DUF1848

IMG_3300018493 | 0187909_10030680

1kb

169



CF
UAS-87 (vwa + PPC + kinase system) 

EMBL_ERZ795109&&contig_975&&4795_5770_1 
14 / 25.6

Auxiliary

rve_3
HTH_21

Pkinase
VWA POI:

PP2C_2
UNK_csx1_csx1

Cas1
Cas2

Cas2
AbiEii

DUF3375
DUF3375

DDE_Tnp_1_4

AAA

GCF_003843835.1 | NZ_RKQL01000007

IstB_IS21

Bac_DnaA

AAA_12
Pkinase

VWA POI:
PP2C_2

HATPase_c_3

HNH
SNF2-rel_dom

Helicase_C

DEAD
EcoRII-N

EcoRII-Crve_3
HTH_Tnp_1

HTH_Tnp_1
rve_3
HTH_Tnp_1

HTH_Tnp_1

HTH_Tnp_1
rve_3
HTH_Tnp_1

GCF_000519045.1 | NZ_KI912532

AlaDh_PNT_C

PNTB_4TM
PNTB
TPP_enzyme_M

OTCace_N

PyrI VWA Pkinase POI:
PP2C_2

AAA_16 MMR_HSR1

IIGP
AIG1

MMR_HSR1

IIGP
AIG1

csx1 Radical_SAM

Fer4_14adh_short

KR

EMBL_ERZ650229 | contig_189

Xan_ur_permease

CBAH
VWA POI:

PP2C_2
Pkinase Radical_SAM

Fer4_12
HD Cas10

csm3
DUF535SDH_alpha

MmgE_PrpD

GCF_014525015.1 | NZ_JACGMH010000001

Radical_SAM

csx1 Cas_VVA1548

pfam09652

Cas1
Cas2

VWA POI:
PP2C_2

Pkinase
csm3

csx10
csm3_csm3

csx19
csm3

Cas6
csx1

GCF_003086275.1 | NZ_PYSI01000018

csx1 icity0040

RVT_1
UNK_Cas1

Cas2
Cas2
Cas2

VWA POI:
PP2C_2

Pkinase
HTH_23

Spo0M
Acyl-CoA_dh_1

Acyl-CoA_dh_1

GGDEFArm-DNA-bind_3

Phage_integrase

cd09743

Cas_VVA1548

GCF_003544875.1 | NZ_CP032093

Casc1_N
VWA POI:

PP2C_2
Pkinase Abhydrolase_1

Hydrolase_4

YdjC
MOSC_N

FAD_binding_6

NAD_binding_6

HTH_1
HTH_1MFS_1

DUF6107
AAA_13

SMC_N

GCA_000316925.1 | ANBX01000128ResIII
EcoEI_R_C
SWI2_SNF2
HSDR_N
DEAD
Helicase_C

HsdM_N

UPF0020
Methylase_S

VWA POI:
PP2C_2

Pkinase

GCF_001655635.1 | NZ_LSNH01000001

VWA Pkinase POI:
PP2C_2

csx1 cmr1 Cas10
cmr3 cmr4 cmr5 cmr6Cas6

csx1Cas1
Cas2

Cas2

GCF_015223195.1 | NZ_JADFUA010000014

VWA POI:
PP2C_2

Pkinase
Radical_SAM

HD
MMR_HSR1

AIG1
IIGP

MMR_HSR1

AIG1
FtsK_SpoIIIE

csx1Cas1
Cas2

Cas10

GCF_001676235.1 | NZ_LZFD01000027

Pkinase
VWA POI:

PP2C_2
DUF2924
DUF2924

LNT_N

CN_hydrolase

DUF2782
APHDNA_pol_A

5_3_exonuc_NAAA_12
Pkinase
PK_Tyr_Ser-Thr
Helicase_RecD

GCA_003859895.1 | RQYX01000047

pfam09652

Cas_VVA1548

csx16
csx1 Pkinase

VWA POI:
PP2C_2

Cas2
Cas1

Cas2
DarT Macro Resolvase

HTH_7

EMBL_ERZ1505399 | contig_481

VWA POI:
PP2C_2

Pkinase Radical_SAM

Fer4_12
HD AAA_12

WGS_FUWP01 | FUWP01000023

VWA POI:
PP2C_2

Pkinase
Cas1

Cas2 Radical_SAM

Fer4_14 MMR_HSR1

Dynamin_N

RsgA_GTPase

pfam09652

Cas_VVA1548

GGDEF
DDE_Tnp_IS240

GCF_001029445.1 | NZ_LDOT01000053

1kb

170



CG
UAS-24 (RNaseT)

EMBL_ERZ827088&&contig_3603&&12691_12832_1 
3 / 3.0

Auxiliary

HTH_3
Cas3

Cas8
cse2

Cas7
Cas5

Cas6
POI

EMBL_ERZ827088 | contig_3603

Cas3_C

cas3
Cas8

cse2
Cas7

Cas5
Cas6

POI

EMBL_ERZ653617 | contig_1685

Cas5
Cas6

POI

WGS_ULVI01 | ULVI01054391

1kb

171



CH
UAS-88 (Sigma_factor + Csx1)

EMBL_ERZ842392&&contig_23636&&3690_4530_1 
6 / 7.2

Auxiliary

EAL
Response_reg

GGDEF
Hpt HisKA

MscL
DUF1232

csx1 POI Cas6
cmr1 Cas10

cmr3 cmr4 cmr5 cmr6 DUF3990
DUF3791

csx1

GCA_902780245.1 | CACZEN010000003

HTH_3
csx1 POI:

Sigma70_r3

Cas6
Cas10

csm3
csx10

csm3_csm3

csm3
DUF3990

GCF_000255555.1 | NZ_AGRW01000051

csx1 csx1 POI Cas6

EMBL_ERZ842392 | contig_23636

csx1 csx1 csx1 POI:
Sigma70_r3

EMBL_ERZ842401 | contig_27404

FHA
Yop-YscD_cpl

csx1 POI Cas6

GCA_017961725.1 | JAGCWR010000433

csx1 POI Cas6

EMBL_MGYG000291115 | MGYG000291115_93

csx1 POI Cas6

IMG_3300028048 | 0256405_10060488

csx1 POI Cas6

IMG_3300028048 | 0256405_10079787

csx1 POI:
Sigma70_r3

Cas6

IMG_3300031853 | 0326514_10112186

1kb

172



CI
UAS-19 (Cas9 or Cas12 associated WYL)

EMBL_MGYG000290606&&MGYG000290606_2&&40_988_-1 
19 / 35.1

Auxiliary

Pribosyltran
ADK
AAA_17 GTP1_OBG

MMR_HSR1

FeoB_N
Cu-oxidase_4

POI:
pfam13280

WYL
MFS_1

Complex1_51K
RnfC_N
SLBB
Fer4_10NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr
Rnf-Nqr

DUF4494
Ala_racemase_N

cNMP_binding

HAD_2zinc_ribbon_2

DZR
zf-ri

bbon_3

Lipocalin_2

PTPSCarb_kinase

YjeF_N
DUF4831

GCA_018064885.1 | JAGHUI010000004

CstA CstA OMP_b-brl POI:
pfam13280

WYL
Cas9_Cas9

Cas1
Cas2

Epimerase

GDP_Man_Dehyd

RmlD_sub_bind

HTH_3Hydrolase_4

Peptidase_S15

GHL10

DUF4015

GCA_017476245.1 | JAFVDP010000013

POI:
pfam13280

WYL
Cas9_Cas9

Cas1
Cas2

DUF5675
DNA_topoisoIV

DUF6486
HTSPeptidase_U32

DUF3656Glyco_hydro_76

CBM_6

RicinB_lectin_2

GCA_017645655.1 | JAGCNZ010000022

ATP-synt_ab

23S_rRNA_IVP

ATP-synt_D

V_ATPase_I

ATP-synt_C

LMWPc
HlyIII

POI:
pfam13280

WYL
Cas9

Cas1
Cas2

Trp_syntA
ApbA

ACT_6

HAD
Hydrolase

EMBL_MGYG000290477 | MGYG000290477_44

POI:
pfam13280

WYL
Cas9

Cas1
Cas2 UPRTase

Pribosyltran

PEPCK_ATPDsbD
Thioredoxin_7
DsbC
Thioredox_DsbHPeptidase_M16

GTP_EFTU

EFG_C

MMR_HSR1Thioredoxin_8
AhpC-TSA
Redoxin
DUF4369

GCA_905234735.1 | CAJOJA010000006

Glyco_hydro_16

DUF1573 Glyco_hydro_31

DUF5110

DUF4968
SusF_SusE

MIP
POI:
pfam13280

WYL
Cas9

ACPS
Glyco_hydro_130

YfiO
TPR_16

RNA_pol_Rpb6

DUF4293
RuvC

ABC_tran

GCA_902798265.1 | CADBWD010000004

Glyco_hydro_16

DUF1573 Glyco_hydro_31

DUF5110

DUF4968
SusF_SusE

MIP
POI:
pfam13280

WYL
Cas9

Cas1
Cas2 YfiO

TPR_16
RNA_pol_Rpb6

DUF4293
RuvC

ABC_tran

GCA_905233605.1 | CAJOFO010000035

Response_reg

HTH_8
HATPase_c POI:

pfam13280

WYL
CarbopepD_reg_2

Plug
CarboxypepD_reg

SusD_RagB

SusD-like_3
CBAH
AATOTCace_NRecA

Rad51

ATPase
Peptidase_S24

DUF6486
OEPHlyD_3

Biotin_lipoyl_2

GCA_017960625.1 | JAGCYW010000055

RNase_E_G

Exo_endo_phos
POI:
pfam13280

WYL
Cas12

Cas4
Cas1

Cas2CotH
RicinB_lectin_2

NUDIX_4

HhH-GPD
MS_channel

TM_helix
rhaMMFS_1

DUF1275

GCA_017445035.1 | JAFSVM010000040

Glyco_hydro_36

AAA_21

SMC_N
DUF4276

DUF4375 POI:
pfam13280

WYL
Cas12

Cas4
Cas1

Cas2
HSDR_N_2

Gp49
HTH_3

GCA_017477985.1 | JAFVHB010000020

DUF1599
DoxX TIM

DoxX
SPOR GTP_cyclohydroI

QueF TPP_enzyme_C

POR_N
POR AMP-binding_C_2

POI:
pfam13280

WYL
Cas12

Cas4
Cas1

Cas2
ACTFormyl_trans_N

ACT

GCA_017467665.1 | JAFUSM010000094

MGS
POI:
pfam13280

WYL DUF4091

DUF6067
Glyco_hydro_97

GH97_N CarbopepD_reg_2

DUF5686

CarboxypepD_reg

ToprimPD40
TPR_16

GCA_017617335.1 | JAFZWK010000073

DnaB_C

AAA_25

ATPase
UDG HTH_3 POI:

pfam13280

WYL
Cas12

Cas4
Cas1

Cas2

GCA_015061115.1 | SUXE01000005

POI:
pfam13280

WYL
Cas12

Cas4
Cas2

PIN_3
HicA_toxin

IMG_3300028805 | 0247608_10004407

1kb

173



CJ
UAS-23 (unknown + DUF2791 + DUF2791_ATPase)

GCA_001508235.1&&LGFR01000093&&2560_3565_-1 
3 / 6.5

Auxiliary

HIRAN
Cas3

Cas11
Cas3

Csc2
csc2gr7

TIGR03157

csc1
Cas3

DUF4282
POI:
DUF2791 DUF2791

AAA_16

ATPase_2
DUF4282

Cas1
Cas2

Cas4
Cas4

GCA_012840385.1 | DULK01000032

Cas3
Cas3

Cas10d
Cas11

csf1 csc1
DUF4282

POI:
DUF2791

DUF2791

AAA_16
Cas1

Cas2
Cas4

Cas4
His_kinase

SpoVT_C

GAF_3 Response_reg

LytTR
ACPS

E1-E2_ATPase

Hydrolase

HMA

GCF_000024605.1 | NC_013385

Cas6
Cas6 COG2378

WYL
Cas3_Cas3

Cas8
Cas7

Cas5
DUF4282

POI:
DUF2791

DUF2791

AAA_16
Cas1

His_kinase
HATPase_c
SpoVT_C
GAF_3

Response_reg

LytTR
ACPS

Carb_kinase

YjeF_N

HK Ala_racemase_N
E1-E2_ATPase

Hydrolase

HMA

GCF_003368535.1 | NZ_QSLN01000006

UPF0158
Cas8

Cas7
Cas5

Cas3
Sigma70_r1_1

MazE_antitoxin

PIN POI:
DUF2791

DUF2791

AAA_16
Cas1

23S_rRNA_IVP

Cas2
23S_rRNA_IVP

Cas4
Cas4

GCA_003604985.1 | QZIW01000082

cas5 POI:
DUF2791

DUF2791

AAA_16
DUF4282

Cas1

GCA_001508235.1 | LGFR01000093

UNK_UNK_Cas3

MazE_antitoxin

PIN POI:
DUF2791

EMBL_ERZ511475 | contig_9163

POI:
DUF2791

DUF2791

AAA_16
Cas6

EMBL_ERZ529316 | contig_1683

SLH POI:
DUF2791

EMBL_ERZ511475 | contig_11920

1kb

174



CK
UAS-89 (unknown accessory)

GCA_001570385.1&&BBYL01000030&&535_1639_-1 
8 / 13.6

Auxiliary

Cas2
HTH_3

DUF397
mCpol

POI Pectate_lyase_4

Beta_helix Pectate_lyase_4

RicinB_lectin_2

Ricin_B_lectin

Peripla_BP_1

LacI
Glyco_hydro_9

CBM_2

CelD_N
Methyltransf_19

DDE_Tnp_1_2

Transposase_mut

MULE
Transposase_mut

GCF_016863395.1 | NZ_BOOU01000024

csm3_csx10

csm3_csm3

csx19
csm3

icity0093
POI Hydantoinase_A

Hydant_A_N

Hydantoinase_B

Hydrolase_4

Abhydrolase_6

SBP_bac_5

Phage_integrase

Phage_integrase

GCF_001570365.1 | NZ_BBYK01000063

csm3_csx10

csm3_csm3

csx19
csm3

icity0093
POI DUF4097

FAD_binding_3

ThiFProk-JAB
SAVED

GCF_014202315.1 | NZ_JACHGN010000013

csm3_csx10

csm3_csm3

csx19
csm3

icity0093
POI Acetyltransf_1

FR47
NTP_transf_9

GntR ABC_tran

AAA_30
HATPase_c_2

GCF_014646515.1 | NZ_BMNK01000006

csm3_csx10

csm3_csm3

csx19
csm3

icity0093
POI SAFTPR_12

ASCH
NUDIX

GCF_012034275.1 | NZ_JAATEP010000078

csm3_csx10

csm3_csm3

csx19
csm3

icity0093
POI MFS_1

Sugar_trGlyco_trans_1_4

Glycos_transf_1

5_3_exonuc_N

DDE_Tnp_1_4

GCF_014647835.1 | NZ_BMPY01000022

csm3_csx10

csm3_csm3

csx19
csm3

icity0093
POI DUF885

SBP_bac_1

BPD_transp_1

BPD_transp_1

DUF4032

Kdo

GCF_018476525.1 | NZ_JAHCST010000010

csm3
POI DUF5753

HTH_31
DUF397

DUF397
Cas10

HATPase_c_2

Prok-E2_E

ThiFThiFicity0040

RVT_1
Cas1

Cas2
Cas10

cmr3cmr4cmr5cmr6

GCF_014873935.1 | NZ_JADBDZ010000001

csm3_csx10

csm3_csm3

csx19
csm3

icity0093
POI DinB_2

NAD_kinase_C

DUF72
YibE_F

MFS_3

WGS_BMNH01 | BMNH01000010

UNK_csx10

csm3_csm3

csx19
csm3

icity0093
POI

GCF_017615015.1 | NZ_WVUI01000062

csm3_csx10

csm3_csm3

csx19
csm3

icity0093
POI

EMBL_ERZ858432 | contig_938

csm3_csx10

csm3_csm3

csx19
csm3

icity0093
POI

GCA_001570385.1 | BBYL01000030

csm3
csx19

csm3
icity0093

POI

GCF_003236385.1 | NZ_POUA01000358

icity0093
POI Transposase_mut

IMG_3300012940 | 0164243_10059654

1kb

175



CL
UAS-90 (nurA dsDNA break repair + DUF87)

GCA_003086515.1&&QEFL01000015&&20967_22101_-1 
9 / 19.4

Auxiliary

DUF1641
Pyr_redox_2

DUF1641
Radical_SAM

DUF87 POI:
NurA DUF87

Aldo_ket_red

PTPS
HTH_5 PA

Peptidase_M28

DUF4910
ATP-grasp_2

Ligase_CoACoA_binding

Ligase_CoA

Succ_CoA_lig

OFeT_1
csm6

Lyase_1casR
HTH_IclR

MarR_2

GCA_001516585.1 | LOBW01000008

Cas4
Cas6

AhpC-TSA

csx1 POI:
NurA

DUF87
DUF853
TrwB_AAD_bind
FtsK_SpoIIIE
AAA Cas10

cmr4cmr5cmr1cmr6csm6
csm6

csa3
YHS
Ta0938

ATPase-cat_bd

Pyr_redox_2

GCF_000018305.1 | NC_009954

HTH_24

casR ABC_tran

AAA_21
SIS POI:

NurA
DUF87

FtsK_SpoIIIE

DUF853
cmr4Cas10cmr3gr5

icity0100

TIGR01888

csx1csm6
PNP_UDP_1

SUI1SHS2_Rpb7-N

S1Methyltransf_11

GCF_000190315.1 | NC_015151

Cas4 POI:
NurA

DUF87
DUF853
FtsK_SpoIIIE
TrwB_AAD_bind cmr4cmr5cmr1cmr6_cmr6

icity0065

AAA_23
csm6

csx1Cas10
cmr3

GCF_014646535.1 | NZ_BMNL01000002

icity0066

AAA_15 POI:
NurA

DUF87
FtsK_SpoIIIE
DUF853
T2SSE cmr4cmr5cmr1cmr6csm6

csm2
csm3

csm4
csm5gr7

Cas10
icity0120

GCF_000148385.1 | NC_014537

icity0065

AAA_21

ABC_tran
Cas6

Cas6 POI:
NurA csm6

DUF4349
PaREP1 DUF3782

PDDEXK_10

5-FTHF_cyc-lig

ATPase_2

AAA_16
DUF87
TrwB_AAD_bind
FtsK_SpoIIIE
AAA

GCF_000015805.1 | NC_009073

Cas3
Cas8

2-Hacid_dh_C
POI:
NurA Pyr_redox_2

Pyr_redox_dim
Molybdopterin
Molydop_binding
Fer2_4
Molybdop_Fe4S4
Fer4

MFS_1

Sugar_trDUF87

DUF853

TrwB_AAD_bind

NosD
Beta_helix

AAA_23

icity0065

GCF_000253055.1 | NC_016070

Cas4
Cas1

Cas2
Cas4 POI:

NurA csm2
csm3

csm4
csm5icity0066

AAA_15
icity0066DUF87

FtsK_SpoIIIE

TrwB_AAD_bind

casR
cls001593

csa5
Cas7

Cas5
Cas3

Cas3

GCF_000019805.1 | NC_010525

Cas4
Cas1 POI:

NurA csm6
csm6

DUF87
DUF853
AAA_16
TrwB_AAD_bind Cas6 AAA_31

CbiAPaREP1
Cas2

Cas4
GGACT

GCF_000234805.1 | NC_016645

DUF1641
Pyr_redox_2

DUF1641
Radical_SAM

DUF87 POI:
NurA DUF87

DUF853
Aldo_ket_red

PTPS
HTH_5 Peptidase_M28

PA
DUF4910

ATP-grasp_2

Ligase_CoACoA_binding

Ligase_CoA

Succ_CoA_lig

OFeT_1
csm6MFS_1

Sugar_trLyase_1

FumaraseC_C
casR
HTH_5

MarR_2

EMBL_ERZ1669250 | contig_95

icity0066

AAA_15
cmr3 POI:

NurA
DUF87

FtsK_SpoIIIE

TrwB_AAD_bind

PaREP1
Sulf_transp

csm6
csx1csm2

csm3
csm4

csm5_UNK

Cas10DUF1874

icity0062

GCA_009903815.1 | WYEH01000006

POI:
NurA

FtsK_SpoIIIE
DUF87
DUF853
T2SSE DrsE TusAATPase

TENA_THI-4

csm6

GCA_002506515.1 | DAXS01000032

cmr6 POI:
NurA DUF87

FtsK_SpoIIIE

DUF1059
MFS_1 TatA_B_E

Seryl_tRNA_N

TatC Ribosomal_L24e

zf-F
CS GTP_EFTU_D4

IF-2
MMR_HSR1

Ribosomal_S6e

PBP_like

HTH_1
csm6

GCA_002508315.1 | DAHE01000048

POI:
NurA csm6

csm6

DUF87
AAA_16
DUF853
TrwB_AAD_bind SBP_bac_1

BPD_transp_1

ABC_tran

TOBE_2
Lactamase_B_2

Polbeta
DUF86

GCF_013414235.1 | NZ_JAAVJF010000001

1kb

176



CM
UAS-91 (vWA + FHA + PP2C)

GCA_011362195.1&&DTDN01000009&&39236_40742_-1 
3 / 6.8

Auxiliary

Cas10
cmr3 cmr4 cmr5 cmr6 POI:

VWA_2
csm6

RNA_pol_Rpb2_6

GCF_011057715.1 | NZ_LNGH01000007

RNA_pol_Rpb2_6

RNA_pol_Rpb1_2

Sigma54_activat

AAA
Pkinase

PK_Tyr_Ser-Thr

FHA PP2C_2
FHA POI:

VWA_2
csm6

Cas10
csm3

csm2
csm3

csm3
csm3

GCA_011370175.1 | DSRA01000068

Pkinase

PK_Tyr_Ser-Thr

FHA PP2C_2

SpoIIE
FHA POI:

VWA cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 csx1DDE_Tnp_IS240

Zn_Tnp_IS1595

GCF_001719065.1 | NZ_LWAF01000004

DUF1232
Cas2

Cas1
Cas2

csx1 Pkinase

PK_Tyr_Ser-Thr

PP2C_2
FHA POI:

VWA_2 PIN_4

FHA cmr1 Cas10
cmr3 cmr4 cmr5 cmr6

GCF_016908145.1 | NZ_JAFBDI010000036

SMC_N

AAA_23 Pkinase

PK_Tyr_Ser-Thr

ABC1
PP2C_2

FHA POI:
VWA_2

FHA Pkinase
csm6

RNA_pol_Rpb2_6

Sigma54_activat

AAA_5

GCF_011057735.1 | NZ_LNGG01000022

Pkinase

PK_Tyr_Ser-Thr

PP2C_2

SpoIIE
FHA POI:

VWA cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 csx1

GCA_011362195.1 | DTDN01000009

Pkinase

PK_Tyr_Ser-Thr
PP2C_2

SpoIIE

DUF6382
POI:
VWA_2

cmr1

IMG_3300001592 | Draft_10007243

1kb

177



CN
UAS-92 (DUF2281)

GCA_013140405.1&&JABFSV010000514&&13559_13769_-1 
13 / 17.6

Auxiliary

Polbeta

NTP_transf_2

Cas3
Cas5

Cas8
Cas7 POI:

DUF2281
Cas4

Cas1
Cas2 Bac_DNA_binding

HU-HIG
Gp49

HTH_37

GCA_013140405.1 | JABFSV010000514

PLDc_2
Cation_efflux

MFS_1

Sugar_tr
VapB_antitoxin

PemK_toxin

DNA_methylase

POI:
DUF2281

PINPIN DUF2357

PDDEXK_7

DUF1640
PTR2
MFS_1

GCA_003584875.1 | QVQD01000045

Relaxase

LPD7
Cas3

Cas5
Cas8

Cas7 POI:
DUF2281

Cas4
Cas1

Cas2

IMG_3300021075 | 0194063_10001715

Cas3
Cas3

Cas5
Cas8

Cas7 POI:
DUF2281

PemK_toxin

Cas4
Cas1

Cas2

GCA_903821065.1 | CAIJJW010000049

Cas3
Cas5

Cas8
Cas7 POI:

DUF2281
PIN Cas4

Cas1
Cas2WYL

COG2378

IMG_3300028283 | a0268283_1001304

HTH_Tnp_1
rve
HTH_21 POI:

DUF2281
tRNA-synt_1_2

Anticodon_1

LptE DNA_pol3_delta

Transgly
DUF1451AAA_31

CbiA
ParA

GCA_903891355.1 | CAITEK010000090

Cas3
Cas3

Cas5
Cas8

Cas7 POI:
DUF2281

Cas4
Cas1

Cas2

IMG_3300024985 | a0208392_1000623

Cas3
Cas5

Cas8
Cas7 POI:

DUF2281
PIN Cas4

Cas1
Cas2

GCA_903866825.1 | CAIPPE010000277

Cas3
Cas3_Cas3

Cas5
Cas8

Cas7 POI:
DUF2281

GCA_903880255.1 | CAIROV010000007

Cas3
Cas5

Cas8
Cas7 POI:

DUF2281

IMG_3300021075 | 0194063_10007026

POI:
DUF2281

Cas4
Cas4

HTH_3

IMG_3300014167 | 0181528_10011778

Cas5
Cas8

Cas7 POI:
DUF2281

IMG_3300020163 | a0194039_1009788

Cas7 POI:
DUF2281

PIN Cas4
Cas1

Cas2

IMG_3300004174 | a0066406_1000727
ResIII
DUF3427
Helicase_C
DEAD
SWI2_SNF2 HTH_3POI:

DUF2281
PemK_toxin

GCA_903838955.1 | CAIMAL010000023

1kb

178



CO
UAS-93 (PAP_phosphatase_CorA)

GCA_015662405.1&&DQUE01000208&&5320_7480_-1 
63 / 127.1

Auxiliary

TPR_12

icity0106
Response_reg

GerE Peptidase_C14

SAVED
SMODS POI:

CorA cmr1 Cas10
cmr3 cmr4 cmr5 cmr6

EMBL_ERZ650158 | contig_560

csx1 POI:
CorA Cas10

csm4
csm3_csm3

csm3
icity0077

Peptidase_M50B

NLPC_P60

SPOR
TPR_1MltA

3DCAP
Hydrolase_4

UPF0227

Abhydrolase_1

IMG_3300002172 | 30J26740_1000212

POI:
CorA cmr1 Cas10

cmr3 cmr4 cmr5 cmr6HNH
DEAD
ResIII

TIGR03158

GCA_013373595.1 | JABXHO010000062

Glucosamine_iso

PGM_PMM_I
DUF4332

HHH_5

Cdd1
CBAH POI:

CorA cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 PARP

Peptidase_S46

Cas6
Cas2

NYN

EMBL_ERZ1767626 | contig_334

AAA Fer4_12

Radical_SAM

bPH_2Polbeta

NTP_transf_2
POI:
CorA
icity0077

HEPNPolbeta

NTP_transf_2

cmr1 Cas10
csm4

csm3_csm3

csm3_csm3

GCA_016208855.1 | JACQXF010000079

SMODS POI:
CorA cmr1 Cas10_Cas10

cmr3 cmr4 cmr5 cmr6 Cas6
TnpB_IS66DDE_Tnp_IS66

LZ_Tnp_IS66

zf-IS
66

rveDDE_Tnp_1_3

DDE_Tnp_1_3

IMG_3300032373 | 0316204_10002195

PGM_PMM_I
DUF4332

HHH_5
CBAH POI:

CorA cmr1 Cas10_Cas10
TIGR01888

cmr3gr5

Cas_Cmr3

cmr4_cmr4

cmr5 cmr6
WLM
YgjP-like

Peptidase_M48

icity0040
Cas1

Cas2
Cas6Glyco_hydro_9

CelD_N
Thump_like

EMBL_ERZ1767640 | contig_139

Bro-N
DUF2400

pfam13280

WYL POI:
CorA FGase

cmr1 Cas10_Cas10

cmr3gr5
cmr4 cmr5 cmr6 Cas1

Band_7
csx1OMP_b-brl

MFS_1

LacY_symp

GCA_001829655.1 | MIBY01000053

WYL
pfam13280

csx1 POI:
CorA Virulence_RhuM

Fic cmr1 Cas10 cmr3gr5

TIGR01888

cmr4 cmr5 cmr6 Cas1
Y1_Tnp
Y1_Tnp

GCA_018825615.1 | JAHJEB010000030

His_Phos_1

PPDK_N POI:
CorA TMEM208_SND2

cmr1 Cas10_Cas10

cmr3 cmr4 cmr5 cmr6

IMG_3300048577 | Ga0498944_005189

Glucosamine_iso

DUF4954
UPF0227

Abhydrolase_6

dTDP_sugar_isom

POI:
CorA cmr1 Cas10

cmr3 cmr4 cmr5Complex1_49kDa

NADHdhPCMT

RrnaAD

Methyltransf_25

DUF1232

GCA_002774355.1 | PEYN01000112

csx1 RNA_pol

RPOL_N POI:
CorA cmr1 Cas10

cmr3 cmr4 cmr5 cmr6 Cas1

IMG_3300028490 | 0256824_10000334

POI:
CorA
icity0077

cmr1 Cas10_Cas10

cmr3 cmr4 cmr5 cmr6PDDEXK_2

Cas6
NYNNA37

Vut_1
ClpS

EMBL_ERZ1767560 | contig_576

RNA_pol

RPOL_N POI:
CorA
icity0077

cmr1 Cas10
UNK_cmr3

cmr4 cmr5 cmr6 Cas1

IMG_3300028534 | a0256843_1001569

1kb

179



CP
UAS-28 (Y1 TPase type III)

GCA_017544725.1&&JAFYDR010000170&&27158_28184_1 
6 / 7.3

Auxiliary

HATPase_c

HisKA
csx1 Cas10_Cas10

cmr3 cmr4 cmr5 cmr6 cmr1 POI csx1 Cas1
Cas2

ACT_8

IMG_3300029305 | 0307249_10031234

Sigma70_r2

csx1 Cas10_Cas10

cmr3 cmr4 cmr5 cmr6 cmr1 POI:
Y1_Tnp

csx1 Cas1
Cas2

FtsK_gamma

IMG_3300033463 | 0310690_10001578

Radical_SAM

csx1 Cas10_Cas10

cmr3 cmr4 cmr5 cmr6 csm3 POI:
Y1_Tnp

csx1_csx1

csx1 Cas1
Cas2

EMBL_MGYG000294300 | MGYG000294300_8

csx1 Cas10_Cas10

cmr3 cmr4 cmr5 cmr6 cmr1_UNK
POI:
Y1_Tnp

csx1_csx1

Cas1
Cas2

DDE_Tnp_1

GCA_902799735.1 | CADCBG010000028

AlbA_2

HATPase_c_4

UPF0158
csx1 Cas10_Cas10

cmr3 cmr4 cmr5 cmr6 cmr1 POI:
Y1_Tnp

csx1 csm6
DHH csx3_UNK

Thymidylate_kin

His_Phos_1

GCA_017544725.1 | JAFYDR010000170

csx1 Cas10
cmr3 cmr4 cmr5 cmr6 cmr1 POI:

Y1_Tnp
csx1_UNK

NUDIX
csx1 Cas1

Cas2

GCA_017962315.1 | JAGCVN010000006

cmr1 POI:
Y1_Tnp

csx1 Cas1
Cas2 Bac_rhamnosid_C

F5_F8_type_C
Glyco_tran_WbsX

GDPD

IMG_3300032007 | 0310695_10003466

POI csx1

EMBL_ERZ1767623 | contig_22141

1kb
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CQ
UAS-94 (DUF3800_TPR)

GCA_017934005.1&&JAGBKJ010000834&&818_3053_-1 
8 / 14.3

Auxiliary

Trypan_PARP

Cas6
cmr1 Cas10_Cas10

cmr3 cmr4_cmr4

cmr5 cmr6_UNK

POI DEDDh
CorA Cas1

Cas2
icity0040

PrimPol

RVT_1

EMBL_MGYG000294502 | MGYG000294502_4

DEDDh
CorA Cas6

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 POI Cas2

UNK_Cas1

HTH_3 Putative_PNPOx

Pyrid_ox_like

PAS_4
Flavodoxin_5

Radical_SAM_N2

EMBL_ERZ791711 | contig_13

ABC2_membrane_3

ABC_transp_aux

DUF4340
cmr1 Cas10 TIGR01888

Cas_Cmr3

cmr3gr5
cmr4 cmr5 cmr6 POI CorA Cas6

Cas2

GCA_017625115.1 | JAGALT010000144

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 Cas6

CorA POI DUF4358
MBOAT DHHW

ALGX

WGS_QLIP01 | QLIP01062699

CorA Cas6
cmr1 UNK_Cas10

cmr3 cmr4 cmr5 cmr6 POI FHA
Pkinase

PK_Tyr_Ser-Thr

Kdo

GCA_017479295.1 | JAFVCJ010000234

CorA cmr1 Cas10
cmr3 cmr4_cmr4

cmr5 cmr6 POI Cas2
UNK_Cas1

Cas6

IMG_3300011008 | a0139362_1007421

DnaJ
HAD_SAK_2

CLP_protease

Thg1
HTH_3

R2K_3 T4SS-DNA_transf

TraG-D_C

TrwB_AAD_bind

cd06127

DEDDh
POIGntRABC_tran

AAA_23

EMBL_ERZ791640 | contig_607

Cas6
CorA cmr1 Cas10

cmr3 cmr4 cmr5 cmr6_UNK

POI

GCA_017934005.1 | JAGBKJ010000834

EAL
PAS_3

POI
RNA_lig_T4_1

AAA_33

Metallophos

LRR_5 Radical_SAM

Fer4_12
Chromate_transp

Chromate_transp

GCA_017408615.1 | JAFQUF010000131

CorA cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 POI Cas6

EMBL_ERZ778524 | contig_10057

cmr4 cmr5 cmr6 POI

IMG_3300019373 | a0187895_1004855

Cas10 cmr3gr5

TIGR01888

Cas_Cmr3

cmr4 cmr5 cmr6 POI

EMBL_ERZ501872 | contig_2578

POI

EMBL_ERZ1767638 | contig_15399

DUF5717_N
POI:
DUF5717_N

EMBL_ERZ838839 | contig_7700

1kb
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CR
UAS-95 (RAMA + DUF444 + PIN)

GCA_019359445.1&&JAHHHJ010000029&&16098_16602_1 
25 / 34.3

Auxiliary

EAL Cas3 POI:
RAMA

XisH XisI Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2pfam13280

WYL
Ycf66_N

CxxCxxCC
UPF0016

TauEUPF0016
HemolysinCabind

GCF_015207485.1 | NZ_JADEWU010000081

Cas12
Cas12 HEAT_2

ERAP1_C
Cas3 POI:

RAMA
XisH XisI Cas10d csc2gr7

Csc2
TIGR03157

csc1COG2378

WYL
UvrD_C_2

Pentapeptide

NERD

GCF_900010725.2 | NZ_LR734880

Chorismate_bind

TPP_enzyme_N

Cas3 POI:
RAMA

DUF433
Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2COG2378

WYLGlutaredoxin

GST_N_3
UbiA

GCA_020737805.1 | JAEQDF010000043

HemolysinCabind

icity0081
Cas3 POI:

RAMA
Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2WYL
pfam13280

Uma2
MerR_1

IMG_3300037311 | a0394881_0001573

Pentapeptide

Cas3 POI:
RAMA

DUF433DUF5615

PIN_10

Mut7-C
Cas10d csc2gr7

Csc2
TIGR03157

csc1
2OG
mkCas0200

2OG-FeII_Oxy_3

Cas6
23S_rRNA_IVP

Cas4
Cas1WYL

pfam13280

GCV_T
GCV_HGDC-P

Beta_elim_lyase

Aminotran_5

IMG_3300045911 | Ga0484947_000216

Cas3 POI:
RAMA

DUF433DUF5615

Mut7-C

PIN_10
Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2WYL
pfam13280

IF3_C
5-FTHF_cyc-lig

GCA_019359115.1 | JAHHHW010000167

Resolvase

Zn_ribbon_recom

Recombinase

Cas3 POI:
RAMA

DUF433DUF5615

PIN_10
Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2WYL
pfam13280

Uma2
Oxidored_nitro

Oxidored_nitro

GCF_001904745.1 | NZ_MRCD01000019

Cas3 POI:
RAMA

DUF433DUF5615

Mut7-C
Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2pfam13280

WYL
PGM_PMM_I

Peptidase_S41

Tricorn_C1

PDZ_6ResIII

DEAD
SWI2_SNF2

GCF_015207735.1 | NZ_JADEWG010000034

Chorismate_bind

TPP_enzyme_N

Polbeta

NTP_transf_2

DUF1016_N
POI:
RAMA

DUF433DUF5615

PIN_10

Mut7-C
Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas3

Cas6
Cas4

Uma2COG2378

WYLGlutaredoxin

GST_N_3
UbiAAbhydrolase_1

Hydrolase_4

EMBL_ERZ505514 | contig_1263

POI:
RAMA

DndB

ResIII
Helicase_C
DEAD
SWI2_SNF2DDE_Tnp_IS66

AAA_23

SMC_N
SLHDUF3370

Uma2
DndBLAGLIDADG_2

ROS_MUCR

cysHAAA_23
PemK_toxin

DndE

WGS_BDUB01 | BDUB01000001

csc2gr7

TIGR03157

Csc2
csc1

Cas3
Cas3 POI:

RAMA
DUF433

DUF5615
Cas10d csc2gr7

Csc2
TIGR03157

csc1
2OG
mkCas0200

2OG-FeII_Oxy_3

Cas6
Cas4

Cas1WYL
pfam13280

DUF2442

GCA_017114985.1 | JABXKP010000064

UbiA LDcluster4

FUR Cas3 POI:
RAMA

DUF433DUF5615

PIN_10

Mut7-C
Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2pfam13280

WYL

Tex_N
HHH_3
S1
YqgFPurSGATase_5

DJ-1_PfpI

SNARE_assoc

GCA_019359445.1 | JAHHHJ010000029

Transgly

Transpeptidase

TM2
SHOCTHHH_3

T2SSK
Cas3 POI:

RAMA
DUF433DUF5615

Mut7-C

PIN_10
Cas10d Glycos_transf_2

Glyco_tranf_2_2

Glyco_trans_1_4

Glycos_transf_1

ABC_tran

SMC_NCOG2378

WYL
Peptidase_S26

DUF1825
tRNA-synt_1b

S4OMPdecase

GCF_012912135.1 | NZ_QMEB01000040

Cas1
Cas1

Cas3 POI:
RAMA

DUF433DUF5615

PIN_10
Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2WYL
pfam13280

IF3_N
HEAT_2

cNMP_binding

GCF_002870205.1 | NZ_NHAD01000051

1kb
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CS
UAS-96 (unknown transmembrane protein)

GCA_020434175.1&&JAGRBH010000503&&340_1450_-1 
N/A

Auxiliary

Cas6
csx1_UNK

Cas10
cmr3 cmr4 csm6

POI cmr1 cmr4 cmr5 cmr6 23S_rRNA_IVP

icity0040
PDDEXK_3

Cas1
Epimerase

IMG_3300031576 | 0247727_10006668

YchF-GTPase_C

MMR_HSR1

Cas6
Cas10

cmr3 cmr4 POI cmr1Rhomboid
Glycos_transf_2

Glyco_tranf_2_3

GCA_012523655.1 | JAAYTV010000124

Cas6_Cas6

Cas10
cmr3 TIGR02580

cmr4gr7
POI cmr1 cmr4 cmr5 cmr6

IMG_3300031576 | 0247727_10014489

Cupin_2

AraC_binding

Cas6
DUF3800

Cas10
cmr3 cmr4 csm6

POI cmr1 cmr4 cmr5 cmr6

GCA_011526015.1 | WYBG01000313

cmr5 POI cmr1 cmr4 cmr5 cmr6 icity0040

23S_rRNA_IVP

Cas2

IMG_3300031576 | 0247727_10024091

POI:
icity0085

cmr1 cmr4 cmr5 cmr6 Cas1

IMG_3300031576 | 0247727_10026784

HATPase_c

PAS cmr3 cmr4 csm6 POI:
icity0085

cmr1

EMBL_ERZ404943 | contig_26530

cmr4_cmr5

csm6 POI:
icity0085

cmr1 cmr4

IMG_3300022556 | 0212121_10029010

cmr4_cmr5

csm6 POI:
icity0085

cmr1

GCA_020434175.1 | JAGRBH010000503

cmr4_cmr5

POI

EMBL_ERZ795125 | contig_7162

1kb
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CT
UAS-97 (Fic Cascade)

GCA_903847485.1&&CAINDV010000696&&9392_10559_-1 
2 / 4.2

Auxiliary

CotH
LTD Cas3_Cas3

POI:
Fic Cas8 Polbeta

NTP_transf_2

csm6
Cas10

csm3
csm4 icity0079

HEAT_2

IMG_3300028648 | a0268299_1000268

Chlor_dismutase

CSD Radical_SAM

HemN_C
ORF6N

ORF6N
Cas3_Cas3_Cas3

POI:
Fic Cas8

csb1
csb2

Cas4
icity0041

GCA_016209525.1 | JACQWK010000471

DUF4338
Cas3_Cas3

POI:
Fic Cas8

Cas7
csb2

Cas4_Cas4

Cas2

GCA_903847485.1 | CAINDV010000696

POI:
Fic Cas8

csb1_UNK

csb2 icity0079

HEAT_2

GCA_003445095.1 | DLVS01000627

Cas3_Cas3
POI:
Fic Cas8

IMG_3300044832 | a0467064_0017225

1kb
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CU
UAS-98 (TPR_MALT)

GCA_910584945.1&&CAJUDY010000014&&24554_26873_1 
5 / 6.3

Auxiliary

ABC_tran
OB_MalK
TOBE
SMC_N
Rad17

HTH_30

GGDEF_2 MafB19-deam

dCMP_cyt_deam_1

SNAD4
Acetyltransf_1

POI Cas13 pfam13280

WYLRadical_SAM

Fer4_14

EMBL_ERZ1026856 | contig_187

tRNA_NucTran2_2

HD DNA_binding_1

csx1 POI csx1 csx1 UPF0160
Cas10

csm3_csx10

csm3_csm3

EMBL_ERZ778492 | contig_3546

csx1 Cas10
csm3_csx10

csm3_csm3

csx19
csm3

POI csx1

GCA_910587495.1 | CAJUMT010000032

POI

IMG_3300018475 | 0187907_10075751

POI

IMG_3300029305 | 0307249_10300173

1kb
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CV
UAS-30 (UvrD_NERD nuclease)

GCF_000419585.1&&NZ_ATTH01000001&&941528_943577_-1 
6 / 6.0

Auxiliary

DUF21 DUF285

Por_Secre_tail

EcsC
csx1

POI:
NERD
UvrD_C_2
UvrD-helicase
AAA_19 Cas1

Cas2
Guanylate_cyc

FHA
Yop-YscD_cpl

csx1csx1DUF4258
Cas6

Omp85

GCF_000419585.1 | NZ_ATTH01000001

EcsC
csx1 Cas1

Cas2

POI:
NERD
AAA_19
UvrD_C_2

SNase

Excalibur
DUF1232

DUF4258
Cas6

Cas10

GCA_905336445.1 | CAJPAF010000004

Cas1
Cas2

csx1

POI:
AAA_19
NERD
UvrD-helicase
UvrD_C_2

AAA_23

SMC_Npfam00078

RVT_1
Response_reg

DUF4258
Cas6

cmr1

GCA_905336065.1 | CAJOYW010000009

csx1

POI:
AAA_19
UvrD_C_2
NERD
UvrD-helicaseDUF4258

Cas6

IMG_3300010232 | a0136447_1010523
POI:
AAA_19
UvrD-helicase
UvrD_C_2
NERD

EMBL_ERZ1034491 | contig_4287
POI:
AAA_19
UvrD_C_2
NERD
UvrD-helicase

EMBL_ERZ1034541 | contig_1657

1kb
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CW
UAS-99 (Radical SAM protein)

GCF_001029445.1&&NZ_LDOT01000053&&7692_9432_1 
20 / 37.7

Auxiliary

Cas6
Cas10

csm3_csx10

csm3
csm3

csm3
POI:
Radical_SAM

Fer4_14
HTH_19

Cas1

GCF_901873395.1 | NZ_CABFLP010000136

Cas6
CRISPR_Cas6

Cas10
csm3_csx10

csm3
csm3

csm3
POI:
Radical_SAM

Fer4_14
Cas1

Cas2
csx1_csx20

Cas1
Fic

GCF_002573475.1 | NZ_NJGJ01000001

CRISPR_Cas6

Cas10
csm3_UNK_csx10

csm3
csm3

csm3
POI:
Radical_SAM

Fer4_14
icity0102 MutL_C

DNA_mis_repair

HATPase_c_3

SPOUT_MTase

Transposase_mut

Transposase_mut

MULE

EMBL_ERZ1767258 | contig_205

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6

HTH_33

Terminase_5

GerE DDE_3

rve_3
POI:
Radical_SAM

Fer4_14 Radical_SAM

SPASM
EcsC

csx1
Cas_VVA1548

csx16

pfam09652

PEGA
SHOCT

Cas2
Cas2

Cas1
Histone_HNS

GCF_000025485.1 | NC_013852

Cas6
csx1 cmr1 Cas10

cmr3 cmr4 cmr5 cmr6
POI:
Radical_SAM

Fer4_14 pfam09652

Cas_VVA1548

csx16
csx1 Cas2

Cas2
Cas1

PcfJDUF488
DUF488

GCA_009928635.1 | SACG01000055

Y1_Tnp TIGR02620

pfam09652

Cas_VVA1548

MMR_HSR1 Dynamin_N

MMR_HSR1

FeoB_N MMR_HSR1

Dynamin_N POI:
Radical_SAM

Fer4_12
csx1 cmr1 Cas10_Cas10

cmr3 cmr4 cmr5 cmr6

GCA_022113955.1 | SGOQ01000032

POI:
Radical_SAM

Fer4_14
DUF1232

csx1 icity0040

RVT_1
UNK_Cas1

Cas2
Cas2
Cas2cd09743

Cas_VVA1548

Cas10
csm3

csx10
csx10

csm3_csm3

csx19
csm3

csm3
csm3

Cas6

GCF_003544875.1 | NZ_CP032093

csx1 MMR_HSR1

GTP_EFTU MMR_HSR1

IIGP
AIG1

MMR_HSR1

Septin

AIG1
POI:
Radical_SAM

Fer4_14
Cas10_Cas10

csm3
csx10

csm3_csm3

csx19
Cas1

Cas2
Radical_SAM

SPASM

Fer4_12LysR_substrate

HTH_1

GCF_011378715.1 | NZ_WTKU01000001

CBAH
VWA PP2C_2

Pkinase POI:
Radical_SAM

Fer4_12
HD Cas10

csm3
csx10

csm3_csm3

csx19
csm3

DUF535

GCA_016611405.1 | AAYRVG010000002

csx1 Cas6
Cas10

csm2
csm3

csm4
csm5

csx1
POI:
Radical_SAM

Fer4_12
DUF1232pfam09652

Cas_VVA1548

csx16
RHH_1

SNF2-rel_dom
Helicase_C
ResIII
DEAD

GCA_021736785.1 | JAIPFF010000043

Methyltransf_11

MerR_1

RDD HATPase_c
YcbB
Response_reg

POI:
Radical_SAM

Fer4_14
Cas10

csm3
PKHD_C

csm3_csm3

csx19
csm3

csm6

SBP_bac_3
HATPase_c
HisKA
PAS_9

Sigma54_activat
Response_reg
HTH_8
AAA_5

GCF_001748365.1 | NZ_BDHH01000034

Cas10
csm3_csx10

csm3
csm3

csm3
POI:
Radical_SAM

Fer4_14
HTH_19

Cas1

EMBL_ERZ1033741 | contig_604

AIRC

GMP_synt_C
GATase
NAD_synthase
Peptidase_C26 csx10

csm3
csm3

csm3
POI:
Radical_SAM

Fer4_14
icity0102

csx1 Cas2
Cas1

Cas1
csx20

Prenyltransf

EMBL_ERZ772798 | contig_558

VWA PP2C_2
Pkinase

Cas1
Cas2

POI:
Radical_SAM

Fer4_14
Cas6

csx1MMR_HSR1

AIG1
MMR_HSR1

RsgA_GTPase

Dynamin_NMMR_HSR1

Dynamin_N

RsgA_GTPase

pfam09652

Cas_VVA1548

GGDEF
DDE_Tnp_IS240

GCF_001029445.1 | NZ_LDOT01000053

1kb
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CX
UAS-100 (wWA + kinase)

GCF_001655635.1&&NZ_LSNH01000001&&2031044_2032025_-1 
6 / 9.9

Auxiliary

Radical_SAM

csx1 Cas_VVA1548

pfam09652

Cas1
Cas2

VWA PP2C_2 POI:
Pkinase

csm3
csx10

csm3_csm3

csx19
csm3

Cas6
csx1

GCF_003086275.1 | NZ_PYSI01000018

POI:
Pkinase

VWA PP2C_2 Radical_SAM

SPASM

Fer4_12
TPR_16

FGE-sulfatase

BatD
TRAPPC10

LysR_substrate

HTH_1
cmr1Cas10

cmr3cmr4cmr5cmr6Cas6
csx1pfam09652

Cas_VVA1548

GCF_016728995.1 | NZ_JAEHIS010000001

icity0040

RVT_1
UNK_Cas1

Cas2
Cas2
Cas2

VWA PP2C_2 POI:
Pkinase

HTH_23 UTRA
GntR
HTH_41

Spo0M
Acyl-CoA_dh_1

Acyl-CoA_dh_1

GGDEFArm-DNA-bind_3

Phage_integrase

cd09743

Cas_VVA1548

GCF_003544875.1 | NZ_CP032093

rve_2
VWA PP2C_2 POI:

Pkinase Radical_SAM

Fer4_12
HD PcfJ DDE_Tnp_IS1595

DDE_Tnp_IS240

DDE_Tnp_IS240

DDE_Tnp_IS240

GCF_021236765.1 | NZ_WMDA01000018

Casc1_N
VWA PP2C_2 POI:

Pkinase Abhydrolase_1

Hydrolase_4

YdjC
MOSC_N

FAD_binding_6

NAD_binding_6

adh_short_C2

KRHTH_1
HTH_1MFS_1

DUF6107
AAA_13

SMC_N

GCA_000316925.1 | ANBX01000128ResIII
EcoEI_R_C
SWI2_SNF2
HSDR_N
DEAD
Helicase_C

HsdM_N

UPF0020
Methylase_S

VWA PP2C_2 POI:
Pkinase

GCF_001655635.1 | NZ_LSNH01000001

POI:
Pkinase

VWA PP2C_2 HD
HDOD

CBScmr1Cas10
cmr3cmr4cmr5cmr6Cas6

csx1pfam09652

Cas_VVA1548

GCF_019048265.1 | NZ_CP077311

VWA PP2C_2 POI:
Pkinase

Cas1
Cas2 Radical_SAM

Fer4_14 MMR_HSR1

RsgA_GTPase

Dynamin_NMMR_HSR1

Dynamin_N

RsgA_GTPase

pfam09652

Cas_VVA1548

GGDEF
DDE_Tnp_IS240

GCF_001029445.1 | NZ_LDOT01000053

VWA PP2C_2 POI:
Pkinase

PLDc_2
Resolvase

Vsr SBD_N

NBD_C
PdxADeoRC

HTH_DeoR

Aegerolysin

Resolvase

Resolvase

UDG

GCF_000808615.1 | NZ_JWLZ01000065

AAA Peptidase_S8

VWA PP2C_2 POI:
Pkinase

IMG_3300017829 | a0189853_1003328

1kb
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CY
UAS-101 (DUF2204)

GCF_003668875.1&&NZ_RAWM01000178&&1907_2396_-1 
19 / 47.0

Auxiliary

DUF4136
Band_7

Band_7
POI YbjQ_1GGDEF

Response_reg

DUF72

IMG_3300032893 | 0335069_10000809

DUF4783
QRPTase_C

RecX
LysE POI Pan_kinase

NUDIX MreB_Mbl

FtsA
Actin pfam13640

2OG-FeII_Oxy_3
PrmA
MTS
Methyltransf_31

LEA_2Cys_Met_Meta_PP

Aminotran_5

Met_gamma_lyase

Peptidase_M90

DUF6326iPGM_N

Metalloenzyme

Phosphodiest
ABC_membrane

SMC_N

AAA_16
FUR

GCA_021298015.1 | JAJTGY010000015

Cyclase
HTH_3 Resolvase

HTH_7 POI:
NTP_transf_5

CMD
OsmC

Amidohydro_1

Peptidase_M78

HTH_3
Polysacc_deac_1

IMG_3300009038 | 0099829_10000014

Pyr_redox_2

Cas9_UNK

POI Cas1
Cas2

MFS_1

PTR2
Sugar_tr

DUF808
CdiA_CUPF0004

Radical_SAM

LGTAminotran_4

GCA_019638055.1 | JAHBUN010000002

MMPL

Sterol-sensing

Amidohydro_3

DUF2911
Cas9 POI:

DUF2204
Cas1

Cas2
SDH_beta

OEP HlyD_D23

Biotin_lipoyl_2

Aminotran_4

Thymidylat_synt

GCF_016464625.1 | NZ_JAEAGO010000001

MarR
HTH_27 3HCDH_N

ECH_1

ApbA
23S_rRNA_IVP

Thiolase_N

ketoacyl-synt

Acyl-CoA_dh_1

POI DUF885
Sigma70_r2

AhpC-TSA

PadRMacB_PCD

FtsXOsmC
YceI

GCA_017303795.1 | JAFLBR010000004

MarR
HTH_27

DUF2281
PIN

3HCDH_N

ECH_1

ApbA
23S_rRNA_IVP

Thiolase_N

ketoacyl-synt

Acyl-CoA_dh_1

POI Sigma70_r2

YqeY
PdxJ

Response_reg

PadRMacB_PCD

FtsXOsmC
YceI

GCA_019638315.1 | JAHBUA010000002

polyprenyl_synt

TPM_phosphatase

TPM_phosphatase

Sortilin
-Vps10

POI DUF1080
His_kinase

LytTR
Response_reg

MFS_1CarbopepD_reg_2

CarboxypepD_reg

Plug

IMG_3300037311 | a0394881_0000184

Glycos_transf_1

Glyco_trans_1_4

MarR
HTH_27 3HCDH_N

ECH_1
23S_rRNA_IVP

Thiolase_N

ketoacyl-synt

Acyl-CoA_dh_1

POI Peptidase_S9

Sigma70_r2

AhpC-TSA

PadRMacB_PCD

FtsXOsmC

EMBL_ERZ761602 | contig_1199

DUF1631
Chorismate_bind

Aminotran_4

Ank_2 SLT
SBP_bac_3

tRNA-synt_1c

Anticodon_2

POI Isochorismatase

Glyco_hydro_3

EamA
EPSP_synthase

Glyco_hydro_19

CBM_5_12
MCPsignal

HAMPHTH_18

AraC_binding
Lipocalin_2

VDE

GCF_013423785.1 | NZ_CP058952

Peptidase_S24

IMS
DUF4113

POI:
NTP_transf_5

DUF58
VWA_2

VWA_2
Polyketide_cyc2

Thioredoxin

Lactonase
Cytochrom_D1

LactonaseHisKA_3

HATPase_c

HAMP

Response_reg
GerE
Sigma70_r4_2
TIGR01884TauE

DUF1275
PGM_PMM_I

Peptidase_M48

TPR_16

GCA_003854875.1 | CP033953

ECH_1

4HBT POI:
NTP_transf_5

DUF1501
PPCDUF1800

DUF1501
YCII

CCP_MauG

Cytochrom_C

DHOR
DAHP_synth_2

GFO_IDH_MocA_C2

GCA_017303505.1 | JAFLCP010000015

Penicillinase_R

Peptidase_M56

PQQ_2
POI:
NTP_transf_5
AbiEii
DUF2204 Amidohydro_1

FGE-sulfatase

GCA_005798335.1 | SYJV01000444

Acetyltransf_1

Aminotran_5
tRNA-synt_2d

Phe_tRNA-synt_N

3HCDH_N

Acetyltransf_1
Epimerase

3Beta_HSD

NAD_binding_4

CarbopepD_reg_2

CarboxypepD_reg

POI OmdA
YicC_N

GldH_lipo
HATPase_c

HisKA Response_reg

Trans_reg_C
HAD_2

Hydrolase

Glyco_tran_28_C

PS_Dcarbxylase

adh_short

DUF1776
LpxD
Hexapep

DUF4197

WGS_MWVW01 | MWVW01000073

1kb

189



CZ
UAS-102 (DUF5343 + Helicase_HNH_ResIII)

GCF_016526145.1&&NZ_JADDUE010000010&&220137_220869_-1 
3 / 3.0

Auxiliary

Cas4
Cas2 POI:

DUF5343 ResIII

DEAD
HNH csm3

Cas10
csm3

csx10_csx10

csm3_csm3

Cas11
TetR_NPolyketide_cyc2

AHSA1
RHH_1

GCF_900108315.1 | NZ_FNVB01000002

rve_3
Phage_integrase

CorA Cas4
Cas2

POI
ResIII

DEAD
HNH csx10

csm3_csm3

Cas11
csb2rve_3

HTH_7IstB_IS21

Bac_DnaA

Phage_integrase

GCF_000062885.1 | NC_009142

DUF4442 DeoRC

HTH_DeoR

TIGR01884

Cas4
Cas2 POI:

DUF5343 ResIII

DEAD
HNH csm3

Cas10
csm3

csx10
icity0103

csb2
MFS_1

Peripla_BP_2
FecCD

ABC-3ABC_tran

AAA_21

GCF_016526145.1 | NZ_JADDUE010000010

1kb

190



DA
UAS-103 (TPR HATPase)

GCF_016757215.1&&NZ_JAESIY010000005&&313654_315544_1 
2 / 3.0

Auxiliary

POI:
HisKA_2
TPR_12
icity0106
HATPase_c_2 Guanylate_cyc

DDE_Tnp_1
Response_reg

LytTR
UNK_Cas10d

csf1csc1
Cas3

Cas6
Cas4

GCF_016775155.1 | NZ_JAEUGD010000042
POI:
TPR_12
HATPase_c_2
icity0106
HisKA_2 Endonuclease_NS

DUF481 DNA_pol3_delta2

AAA
RuvB_N SLT

LysMResponse_reg

DUF3078
Response_reg

LytTR
cas10d

csf1csc1
Cas3

Cas6
Cas4

GCF_016757215.1 | NZ_JAESIY010000005
POI:
TPR_12
HisKA_2
icity0106
HATPase_c_2

Response_reg

LytTR
UNK_Cas10d

csf1csc1
Cas3

Cas6
Cas4

GCF_009711405.1 | NZ_SMLW01000508

1kb

191



DB
UAS-104 (ATPase + Metallophosphatase)

GCF_018502485.1&&NZ_CP075546&&993250_997099_1 
3 / 3.0

Auxiliary

DDE_Tnp_1

TIR_2
Nudix_N_2

Metallophos POI:
AAA_27

SMC_N
DDE_5

csm3_csm3

PDDEXK_1

Cas1
Cas2

csx1NYN
icity0084

GCF_018502485.1 | NZ_CP075546

HD csx1 Metallophos POI:
AAA_27

SMC_N
csm3

csm3_csm3

PDDEXK_1

PDDEXK_1

Cas1
Cas2

csx1

IMG_3300022181 | a0228535_1000099

POI:
AAA_27

DUF2207

IMG_3300049640 | Ga0499518_033840

1kb

192



DC
UAS-105 (M78 peptidase)

GCF_021531665.1&&NZ_JADYUH010000077&&9506_10499_-1 
5 / 5.6

Auxiliary

Phage_integrase

DUF5020 POI:
HTH_3

Peptidase_M78

Ribosomal_S14

Ribosomal_S8

Ribosomal_L6

Ribosomal_L18p

Ribosomal_S5_C

Ribosomal_L30

Ribosomal_L27A

SecY
Peptidase_M24

eIF-1a

RsgA_N
Ribosomal_L36

Ribosomal_S13

Ribosomal_S11

Ribosomal_S4

S4RNA_pol_A_CTD

Ribosomal_L17

Cas9
Cas1

Cas2

GCA_021153165.1 | JAGKTZ010000024

NTP_transferase

Melibiase_2
Lipase_GDSL_2

SASA POI:
HTH_19

Cas12
Cas4

Cas1
Cas2

UPF0004
Peptidase_U32

DUF3656
Dabb

EMBL_ERZ4560669 | contig_536

Glyco_hydro_106

F5_F8_type_C
SASA
Big_13

Glyco_hydro_2_C

POI:
HTH_3

Virulence_RhuM

BAAT_C

Hydrolase_4

Lipocalin_2

EMBL_ERZ808073 | contig_91

POI:
Peptidase_M78

HTH_3
Cas12

Cas4

Fer4_20
Pyr_redox_2
DHODB_Fe-S_bind
NAD_binding_8 DMT_6

GCF_021531665.1 | NZ_JADYUH010000077

OmpA POI:
HTH_19

Peptidase_M78

Cas12
Cas4

Lum_binding

GCA_900546465.1 | URCX01000082

POI:
HTH_19

Cas12
Cas4

Cas1
Cas2

EMBL_ERZ1034895 | contig_2392

1kb

193



DD
UAS-106 (DUF3800)

GCF_900453405.1&&NZ_UGPM01000003&&1785257_1786514_-1 
3 / 3.0

Auxiliary

Cas3
Cas5

Cas8
Cas7

Cas4 POI:
DUF3800

Cas1
Cas2 RNase_E_G

S1 tRNA-synt_2

tRNA_anti-codon

DUF218 Formyl_trans_N

ACTAbhydrolase_1

GCF_900453405.1 | NZ_UGPM01000003

Cas3 AAA_15

SMC_N
Cas5

Cas8
Cas7

Cas4
POI Cas1

Cas2
DUF465 A_deaminase

AMP_deaminase

PLDc_2
HMA

GCF_000952795.1 | NZ_KQ001421

Cas7
Cas4

POI

EMBL_ERZ772996 | contig_9477

1kb

194



DE
UAS-107 (Toprim)

GCF_902500215.1&&NZ_CABVOU010000021&&55311_56466_-1 
17 / 25.5

Auxiliary

IstB_IS21

Bac_DnaA

Phage_integrase

DUF927 POI:
Toprim_3

csx1 cmr1 Cas10
cmr3 cmr4 cmr5pfam09652

TIGR02620

csx1

GCF_902500215.1 | NZ_CABVOU010000021

Cas6
csx1 POI:

Toprim_3
DinG SSBCas2

Cas1
Cas2

csx1DarTMacro

GCF_001767295.1 | NZ_CP014944

HAD
Hydrolase

ACT_6 Ion_trans

PKD_channel

HMGL-like

LeuA_dimer
Elong-fact-P_C

EFP_N
tRNA-synt_2

POI Cas2
Cas1

Cas2
csx1 cmr1 Cas10pfam09652

TIGR02620

csx1Radical_SAM

Fer4_12

GCF_009363755.1 | NZ_CP045417

POI:
Toprim_3

DinG SSB OmpA
VWA PP2C_2

SpoIIE
Pkinase

PK_Tyr_Ser-Thr

KdoCas2
Cas1

Cas2
csx1DarTMacro

GCF_002836775.1 | NZ_PJAQ01000068

POI DUF1232
Cas10

csm3
csx10

csm3_csm3

csx19
csm3

Cas6
HTH_3HipA_C

Couple_hipA
RNase_T

cd06127DUF234

ATPase_2

AAA_14
HTH_37HipA_C

Couple_hipA

GCF_000280055.1 | NZ_ALAB01000029

Cas6 DarT
DUF3553

Macro POI:
Toprim_3

csx1Cas2
Cas1

Cas2
TPR_12adh_short

KRGFO_IDH_MocA

DDE_Tnp_1

DUF772
csx1

GCF_017168345.1 | NZ_JABFAT010000004

AlbA_2
HIT POI:

Toprim_3
csx1 csx1 Cas10

csm3
csx10

csm3_csm3

DoxX
AIRS

Thymidylat_synt

mCpol
Nitroreductase

GCF_002282865.1 | NZ_NRRC01000006

HTH_3
HipA_C

YafO_toxin
pfam09652

Cas_VVA1548

POI:
Toprim_3

Cas2
Cas1

Cas2
Cas6_Cas6

cmr1 Cas10
cmr3 cmr4csx1DUF4096

DDE_Tnp_1

F420_oxidored

Phasin_2

GCF_001651805.1 | NZ_CP015839

DUF1232
MMR_HSR1

Dynamin_NMMR_HSR1

AIG1
RsgA_GTPase

pfam09652

TIGR02620

DinG SSB POI:
Toprim_3

Cas2
Cas1

Cas2
DarT csx1

GCF_007923045.3 | NZ_CP031775

HNH_2 Arm-DNA-bind_2

Phage_integrase

POI cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 Cas6

HTH_26

GCF_000987765.1 | NZ_LAHP01000019

POI:
Toprim_3

csx1pfam09652

Cas_VVA1548

Cas6
csx1DinGSSBCas1

PcfJAIRS
Thymidylat_synt

TIGR02577

GCF_009727705.1 | NZ_WOBE01000069

5-nucleotidase

OMP_b-brl

POI MazE_antitoxin

PemK_toxin

GCF_020819615.1 | NZ_JAJHOG010000017

DUF488
DUF4326

POI:
Toprim_3

DinGCas2
Cas1

Cas2
SSBCas6

cmr1Cas10

IMG_3300049783 | a0491198_0001554

icity0062

DUF1874
POI:
Toprim_3

Cas2
Cas1

Cas2
ADP_ribosyl_GH

csx1csx1csx1DUF488

IMG_3300031219 | a0307973_1000720

1kb
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DF
UAS-108 (DUF433)

IMG_3300000574&&7J11328_10007417&&1272_1539_-1 
7 / 16.3

Auxiliary

MannoseP_isomer

Cupin_2
DJ-1_PfpI

Glyoxalase

MRJP
EamA SEC-C

DUF2384
POI:
DUF433

Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

Cas2
LON_substr_bdg

Unstab_antitox

Pribosyltran

Putative_PNPOx

GCA_016235775.1 | JACRIU010000122

Peptidase_M48_N

Pterin_4a
RsgA_GTPase

MMR_HSR1
COG2378

WYL SEC-C

DUF2384
HIRANPOI:

DUF433
Cas3

Cas5
Cas8

Cas7 Polbeta

NTP_transf_2

Cas4
Cas1

Cas2
CheW

MCPsignal
4HB_MCP_1
TarH
HAMP

RNase_T

cd06127

DUF5051
EF-hand_5

GCA_019635155.1 | JAHBZY010000025

Peptidase_M48_N

icity0083
Pterin_4a RsgA_GTPase

MMR_HSR1

ABC_tran
SEC-C

DUF2384
POI:
DUF433

Cas3
Cas5

Cas8
Cas7 NTP_transf_2

Polbeta
Cas4

Cas1
Cas2

PemK_toxin

CheW

MCPsignal
4HB_MCP_1
TarH
HAMP

RNase_T

cd06127

DUF5051
EF-hand_1

GCA_019745325.1 | JAIETK010000015

SNase

DUF4124
MgtE FMN_red

COG2378

WYLCOG2378

WYL
SEC-C

HIRANPOI:
DUF433

Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

Cas2
Na_Ala_symp

ABC_tran

GCA_016721865.1 | JADKHF010000004

HTH_26
EndoU_bacteria

pfam13280

WYL
HIRANPOI:

DUF433
Cas3

Cas5
Cas8

Cas7
Cas4

Cas1
Cas2

RHH_1
Aminopep

IMG_3300028648 | a0268299_1000425

HAD_2

Hydrolase

HIRANPOI:
DUF433

Cas3
Cas5

Cas8
Cas7

HicA_toxin

Cas4
Cas1

Cas2

HATPase_c
PAS_9
HisKA
dCache_1Response_reg

IMG_3300001592 | Draft_10001353

SEC-C
HIRANPOI:

DUF433
Cas1

Cas1
Cas3_Cas3_Cas3

Cas7
Cas5

Cas6
AhpC-TSA

RHH_1
PemK_toxin

IMG_3300007419 | Ga0099911_1002

SEC-C
HIRANPOI:

DUF433
Cas5

Cas8
Cas7

Cas3 NTP_transf_2

Polbeta
Cas4

Cas1
Cas2

VapB_antitoxin

WGS_SXGT01 | SXGT01848873

ParE_toxin
POI:
DUF433

Cas3
Cas5

Cas8
Cas7

IMG_3300045918 | a0485828_0010461

DUF1566
HIRANPOI:

DUF433
Cas1

Cas3_Cas3_Cas3

Cas7
Cas5

IMG_3300005118 | Ga0070414_1208

Cas3
Cas5

Cas8
Cas7 POI:

DUF433
Cas4

Cas1

IMG_3300000574 | 7J11328_10007417

COG2378

WYL POI:
DUF433

Cas3
Cas5

Cas8

GCA_001771895.1 | MEQM01000043

FMN_red
COG2378

WYL
SEC-C

HIRANPOI:
DUF433

Cas3

IMG_3300012956 | 0154020_10033575

POI:
DUF433

Cas3
Cas5

EMBL_ERZ1292633 | contig_16835

1kb
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DG
UAS-109 (DUF4407 + transpeptidase)

IMG_3300000574&&7J11328_10033202&&130_1651_1 
2 / 5.3

Auxiliary

csm3
csx1 DUF1874

icity0062
csx1 SWIM

csx1 DUF4258
POI:
DUF4407

Transgly

Transpeptidase

icity0040

RVT_1
Cas1

Cas2

IMG_3300044734 | a0467059_0001208

cmr6 csx1 csx1 DUF4258
POI:
DUF4407

Transgly

Transpeptidase

icity0040
icity0040

RVT_1
Cas1

Cas2
MFS_1

GCA_003223935.1 | QHXQ01000004

SAVED

icity0091
SWIM

csx1 DUF4258
POI:
DUF4407

Transgly

Transpeptidase

icity0040

RVT_1
Cas1

Cas2

IMG_3300044812 | a0467065_0002090

POI:
DUF4407

Transgly

IMG_3300045257 | a0467023_0012300

SWIM
csx1 DUF4258

POI:
DUF4407

IMG_3300003203 | 6J46586_10010651

POI:
DUF4407

Transgly

UvrB_inter

IMG_3300044899 | a0467083_0027451

POI:
DUF4407

IMG_3300000574 | 7J11328_10033202

1kb

197



DH
UAS-110 (mega peptidase)

IMG_3300001598&&EMG_10018732&&309_3072_1 
2 / 3.5

Auxiliary

Peptidase_S8

RicinB_lectin_2

Ricin_B_lectin POI:
Peptidase_S8
RicinB_lectin_2
Ricin_B_lectin csx1 Cas10

IMG_3300001598 | EMG_10018732
POI:
Peptidase_S8
RicinB_lectin_2
Ricin_B_lectin

Peptidase_S8

RicinB_lectin_2

Ricin_B_lectin

csx1 Cas10

IMG_3300001598 | EMG_10018732
POI:
Peptidase_S8
RicinB_lectin_2
Ricin_B_lectin ACP_syn_III_C

CBM26
UvrC_HhH_N

IMG_3300001598 | EMG_10018768

Cas10
csm2

csm3
csm4

Cas6

POI:
Peptidase_S8
RicinB_lectin_2
Ricin_B_lectin

IMG_3300001598 | EMG_10019732

1kb

198



DI
UAS-111 (TIR cascade)

IMG_3300002223&&7J26845_10007859&&1305_2472_1 
2 / 4.4

Auxiliary

Cas10 POI:
TIR-like

Cas5
csm3 icity0040

RVT_1
23S_rRNA_IVP

Cas1
Cas2

VapB_antitoxin

PIN

GCA_020057065.1 | JAGVGM010000202

Cas10 POI:
TIR-like

Cas5
csm3

Cas1
Cas2

23S_rRNA_IVP

GCA_020057065.1 | JAGVGM010000054

Cas10 POI:
TIR-like

Cas5
csm3 icity0040

RVT_1
Cas1

IMG_3300002223 | 7J26845_10007859

Cas10 POI:
TIR-like

Cas5
csm3

WGS_VAPH01 | VAPH01019588

Cas10 POI:
TIR-like

Cas5

IMG_3300004149 | 0066632_10009075

Cas10 POI:
TIR-like

Cas5

IMG_3300025164 | 0209521_10060189

1kb
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DJ
UAS-29 (Phage RNAPol)

IMG_3300003177&&DffDRAFT_1003423&&1014_3828_-1 
4 / 8.6

Auxiliary

MFS_1

Sugar_tr Flagellin_N

FliS_cochap

OMP_b-brl

csx1_UNK POI:
RNA_pol

RPOL_N
CorA cmr1 Cas10 TIGR01888

cmr3gr5

Cas_Cmr3

cmr4ThioredoxintRNA-synt_2b

HGTP_anticodon

tRNA_SAD

IF3_C
DDE_Tnp_1_4

WGS_FPHB01 | FPHB01000020

csx1_csx1_UNK

POI Metallophos

Fer4_7
OmpA

CorAcmr1Cas10_Cas10
NTP_transf_2

Polbeta
HEPN

mkCas0061

IMG_3300026512 | a0256842_1000555

POI CorA csx1_UNK

HNH_4
cmr1Polbeta

NTP_transf_2

Cas10
cmr3cmr4cmr5cmr6

IMG_3300026544 | 0256827_10001689

csx1_CorA

POICorAcmr1Cas10_Cas10
Polbeta

NTP_transf_2

NTase_sub_bind

cmr3cmr4cmr5

IMG_3300026544 | 0256827_10002240

csx1_UNK POI:
RNA_pol

RPOL_N
CorA cmr1 Cas10

IMG_3300026382 | a0256836_1001495

NTP_transf_2

Polbeta
HEPN

cmr4 cmr5 cmr6 csx1_UNK POI:
RNA_pol

RPOL_N

IMG_3300026521 | a0256828_1004045

csx1_UNK

POI

IMG_3300026484 | a0256837_1005005

POI
Resolvase

MerR
HTH_17

UNK_Cas12

IMG_3300026546 | 0256913_10009133

POI:
RNA_pol

RPOL_N
CorA

IMG_3300028534 | a0256843_1014174

POI

IMG_3300026546 | 0256913_10012463

POI:
RNA_pol

RPOL_N

IMG_3300003177 | DffDRAFT_1003423

POI

IMG_3300028534 | a0256843_1021638

1kb
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DK
UAS-112 (Csx20 operonized with Alpha Amylase)

IMG_3300004628&&a0070399_1037568&&498_2109_1 
N/A

Auxiliary

ADK
AAA_17

eIF-1a
Ribosomal_S13

Ribosomal_S11

Ribosomal_S4

S4 RNA_pol_A_CTD

Ribosomal_L17

FMN_red

Flavodoxin_2

Peptidase_M20

Acetyltransf_1

POI:
Alpha-amylase

Aldolase_II
Fe-ADH

Aldedh APH
Choline_kinase

TCAD9

EMBL_ERZ795390 | contig_63

tRNA_U5-meth_tr

Cons_hypoth95

Methyltransf_31

AAA_31HTH_26

Phage_CP76

DUF6471
DNA_methylase

RE_EcoO109I

Mrr_N

ResIII
DEAD
Helicase_C
HNH
SWI2_SNF2 csx20 POI:

Alpha-amylase

DUF5696
Phage_integrase

EMBL_ERZ1767641 | contig_2092

CAP csx20 POI:
Alpha-amylase

DUF3459
AAA
RuvB_NWYL

pfam13280

EMBL_MGYG000290318 | GYG000290318_113

FctA
5_nucleotid_C

Metallophos

CBM_X2
POI

HTH_18

AraC_binding

Cupin_2

IMG_3300012889 | a0163159_1003763

csm3
csx20 POI:

Alpha-amylase

DUF5696

WGS_SKEI01 | SKEI01010155

Cas6
csx20 POI:

Alpha-amylase

DUF5696

EMBL_ERZ1031126 | contig_7616

csx20 POI:
Alpha-amylase

IMG_3300004628 | a0070399_1037568

1kb

201



DL
UAS-113 (RNaseH)

IMG_3300005573&&a0078972_1000107&&101916_102516_1 
10 / 14.6

Auxiliary

Cas4
Cas1

Cas2
Cas4

POI:
RNase_H_2

DNA_pol_B_exo1

csm2
csm3

csm3
csm3

UNK_Cas10

csm3
csx10

csx1Cas6
Fer4AFOR_N

IMG_3300005573 | a0078972_1000107

MFS_1

Sugar_tr
PmbA_TldD_C

PmbA_TldD_C
POI:
RNase_H_2

DNA_pol_B_exo1

Cas10_Cas10

csm3
csm3

csx1csa3
AbiEii

MR_MLE_C

GCA_002010955.1 | MTLT01000066

PIN
POI:
RNase_H_2

DNA_pol_B_exo1

Cas10
csm3

csm3
csx1LMWPc

EMBL_ERZ529316 | contig_277

Cas4
Cas1

Cas2
Cas4

POI:
RNase_H_2

DNA_pol_B_exo1

Cas10
csm3

csm3
csx1RHH_1

MazE_antitoxin

PINgag-asp_proteas

Asp_protease_2

EMBL_ERZ1742239 | contig_5140

Cas4
POI:
RNase_H_2

DNA_pol_B_exo1

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 csx3 csx1csa3

IMG_3300027323 | a0209426_1001411

Phage_integrase

Cas4
Cas1

Cas2
Cas4

POI:
RNase_H_2

DNA_pol_B_exo1

Cas10
csa3Phage_integrase

GCA_021158145.1 | JAGGVG010000194

POI:
RNase_H_2

DNA_pol_B_exo1

Cas10
csm3

csm3_cmr3

csx1 MazE_antitoxin

PrlF_antitoxin

PIN ArsP_1

IMG_3300002182 | 1J26819_10006877

Radical_SAM

SPASM

Fer4_12 POI:
RNase_H_2

DNA_pol_B_exo1

Cas10_Cas10

csm3
csa3

EMBL_ERZ650341 | contig_6845

POI:
RNase_H_2

DNA_pol_B_exo1

Cas10
csm3

csm3_UNK

EMBL_ERZ584659 | contig_8285

POI:
RNase_H_2

Cas10
csm3

csm3
casR

GCA_021161925.1 | JAGGZR010000045

Ribosomal_S19e
POI:
RNase_H_2

DNA_pol_B_exo1

Cas10

IMG_3300021493 | a0190306_1001687

POI:
RNase_H_2

DNA_pol_B_exo1

Cas10_Cas10

csm3

EMBL_ERZ1669248 | contig_2433

POI:
RNase_H_2

Cas10
casR

zinc_ribbon_2

DZR
zf-ri

bbon_3Peptidase_C93

Transglut_core

DUF553

IMG_3300008019 | a0105158_1004272

POI:
RNase_H_2

Cas10
csm3

IMG_3300010284 | a0129301_1007334

1kb

202



DM
UAS-114 (Tfb2_Cas3Cterminus_WYL)

IMG_3300007521&&0105044_10068709&&481_2728_1 
5 / 5.5

Auxiliary

DUF4349 POI:
COG2378

WYL
DUF29

csm3
CSDAAA_15csx15

cd09766
csx1Cas6

TetR_N
Lactamase_B

Metallophos_2

GCA_014155665.1 | JAAEKE010000040

POI:
COG2378

WYL
csx10

csm3
csm3

csm6
Cas6

GCA_021405325.1 | QWII01000083
POI:
COG2378
WYL
Helicase_C_3 Cas6

IMG_3300010302 | 0116202_10014236

POI:
COG2378

WYL
Cas6

IMG_3300037422 | a0394882_0089938

POI:
pfam13280

WYL EAD1
VMAP-M1

Cas6

IMG_3300007521 | 0105044_10068709

POI:
COG2378

WYL
WD40

IMG_3300007799 | 0105049_10063177

POI:
WYL
pfam13280

IMG_3300009778 | 0116151_10044062

POI:
COG2378

WYL

IMG_3300007776 | a0105674_1097201

1kb

203



DN
UAS-115 (SLATT)

IMG_3300007964&&a0100400_1019481&&1335_1944_-1 
N/A

Auxiliary

Cas10
csm2

csm3
csm4

csm4
csm5

csm5
csm6

POI

Thioredoxin_8
AhpC-TSA
Redoxin
NHL TatA_B_E

SecG
Pterin_4a

SNF

EMBL_ERZ404942 | contig_7625

csm6 POI:
FtsL TetR_N

OEP HlyD_D23

Biotin_lipoyl_2

ACR_tran

MMPL Elong-fact-P_C

EFP

EMBL_ERZ404940 | contig_6952

Flg_bbr_C
Flagellin_N

FliW CsrA
2-Hacid_dh_C

PGDH_inter

ACT Thioredoxin

POI

AAA_2
ClpB_D2-small
Clp_N
TniB

EMBL_ERZ404940 | contig_17060

cmr1 cmr4 cmr5 cmr6 csm6
POI Cas6

FlgM Band_7 HisKA

GAF_2

PAS_4
dUTPase

EMBL_ERZ404943 | contig_17055

POI AF2212-like

AP_endonuc_2

IMG_3300020139 | a0197143_1004134

cmr6 csx1 POI TrwB_AAD_bind

DUF87

IMG_3300014149 | a0181613_1004421

POI csx20_csx20

Cas2

IMG_3300014149 | a0181613_1007088

csx15

cd09766
DUF3800

POI:
PrgI Cas1

Cas2

IMG_3300007964 | a0100400_1019481

POI Cas10

IMG_3300026509 | a0209809_1013763

1kb

204



DO
UAS-116 (Moca oxoreductase + SDR)

IMG_3300008252&&0105357_10033588&&329_1373_1 
21 / 38.1

Auxiliary

adh_short_C2

KR POI:
GFO_IDH_MocA

WG_beta_rep

HATPase_c_3

HNH_4
Methyltransf_25

cd09743

Cas_VVA1548

Cas6
csx1csx1icity0047

GCF_904846315.1 | NZ_CAJHAF010000001

DUF2357
DUF87 adh_short

KR POI:
GFO_IDH_MocA

HTH_Tnp_1rve
HTH_21

DDE_Tnp_IS240

Fer4_12

Radical_SAM

PHP TPR_19
rvecd09743

Cas_VVA1548

GCF_014119005.1 | NZ_JACGYX010000007

MMR_HSR1

GBP
MMR_HSR1

Dynamin_N

FeoB_N
csx1 pfam09652

Cas_VVA1548

TPR_19 adh_short

KR POI:
GFO_IDH_MocA

Cas2
Cas1

Cas2
csx1 Cas6_Cas6

Cas10

GCF_002157895.1 | NZ_CP021377

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 adh_short

KR POI:
GFO_IDH_MocA

pfam09652

Cas_VVA1548

HTH_28rve
HTH_28 MMR_HSR1

AIG1
Dynamin_N

MMR_HSR1
AIG1
Dynamin_N
DUF697icity0047

GCF_904848165.1 | NZ_LR884459

CoA_transf_3
HTH_IclR

IclR Plug pfam09652

Cas_VVA1548

TPR_12 adh_short

KR POI:
GFO_IDH_MocA

csx12OG-FeII_Oxy_2

DDE_Tnp_IS66_C

GCF_003024515.2 | NZ_PYIX02000017

POI:
GFO_IDH_MocA

MMR_HSR1

RsgA_GTPase

Dynamin_N
MMR_HSR1
DUF697
AAA_16
RsgA_GTPasecsm6adh_short_C2

NAD_binding_10

csx1UNK_Cas6

Cas10
cmr3cmr1cmr4cmr5

IMG_3300035703 | a0310140_0001548

cmr6 Cas6
csx1 Cas1

Cas2
TPR_12 adh_short_C2

KR POI:
GFO_IDH_MocA

DUF772

DDE_Tnp_1

Molybdopterin
Molydop_binding
Fer2_4
NADH-G_4Fe-4S_3
Molybdop_Fe4S4
Fer4_21

TOBE
HTH_1

TOBE
DDE_Tnp_1_5

FdsD

GCF_001644685.1 | NZ_CP014360

Cas10
cmr3 cmr4 cmr5 cmr6 csx1 Cas_VVA1548

pfam09652
adh_short

KR POI:
GFO_IDH_MocA

Cas6
2OG-FeII_Oxy_2

Cas2
Cas1

Cas2
Aconitase_2_N

GCF_000696305.2 | NZ_AOMT01000030

Cas2
Cas1

Cas2
TPR_12 adh_short

KR POI:
GFO_IDH_MocA

DDE_Tnp_1

DUF772
csx1Cas6DarT

DUF3553
Macro

Toprim_3
csx1TnpB_IS66

DDE_Tnp_IS66

LZ_Tnp_IS66

DUF1232

GCF_017168345.1 | NZ_JABFAT010000004

Cas3_UNK_UNK

adh_short_C2

KR POI:
GFO_IDH_MocA

TPR_12 HAD_2

Hydrolase

PGM_PMM_I
cd06127

RNase_T

DEDDh
RRM_1GATase

Peptidase_C26

Dus

HATPase_c
Response_reg
HisKA
PAScsx20

csx1

GCA_013044245.1 | JABEVK010000024

Pkinase
VWA_2

PP2C_2
csx1 adh_short_C2

KR POI:
GFO_IDH_MocA

csx1 csx1 icity0047

APG6_N
Cas1icity0062

DUF1874
UNK_csx1

IMG_3300006033 | 0075012_10002577

Cas6
csx1 Cas1

Cas2 adh_short

KR POI:
GFO_IDH_MocA

rve
HTH_29 DUF772

DDE_Tnp_1

DUF262
DUF4096

DUF4096

DDE_Tnp_1

GCF_016745425.1 | NZ_JAERVK010000027

VWA Pkinase
PP2C_2

csx1 adh_short

KR POI:
GFO_IDH_MocA

pfam09652

Cas_VVA1548

DUF1232
Cas6_Cas6

Cas10
csm3

GCA_012728415.1 | JAAYFD010000011

adh_short_C2

KR POI:
GFO_IDH_MocA

DUF2357
TIGR02620

pfam09652

GCF_014652375.1 | NZ_BMYR01000016

1kb

205



DP
UAS-117 (DUF4231)

IMG_3300009032&&0105048_10143319&&1427_2051_-1 
3 / 4.8

Auxiliary

Cas6
Cas6

Cas10
csm2

csm3
csm4

DUF4145
csm5

POI

GCA_017303875.1 | JAFLBP010000044

Cas10
csm2

csm3
csm4

csm5
POI

IMG_3300034107 | a0335037_0004221

cmr3 csm6
DUF1016_N

cmr4 cmr5 cmr6 POI Calci_bind_CcbP

IMG_3300045902 | a0484960_0014736

cmr6 POI Cas6
Cas2

IMG_3300009084 | 0105046_10134555

cmr6 POI KTSC
UPF0175

DUF3368

IMG_3300009032 | 0105048_10143319

TIGR01899

csm5gr7
TIR_2

POI KTSC

IMG_3300009032 | 0105048_10198696

1kb

206



DQ
UAS-118 (DUF3891)

IMG_3300009083&&0105047_10063153&&274_994_-1 
12 / 23.7

Auxiliary

csx15

cd09766
Cas10d

csc1
Cas8_Cas8

Cas7
Cas5

POI Cas3
Cas6

Cas3
Cas6

23S_rRNA_IVP

Cas4
Cas1

Cas2

IMG_3300028399 | a0256830_1000776

Cas10d_Cas10d

Cas8_Cas8

Cas7
Cas5

POI Cas3
Cas6

Csc2
csc2gr7

TIGR03157

csm3 icity0064

AAA_21
icity0042

cmr6

IMG_3300005493 | a0068672_1006826

COG2378

WYL
Cas8_Cas8

Cas7
Cas5

POI Cas3
Cas6

Cas4
Cas2

Antitox_RHH

GCA_003635255.1 | PYJC01000118

WYL
pfam13280

Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas3

POI Cas3
Cas6_Cas6

23S_rRNA_IVP

GCA_010119115.1 | JAACVG010000151

WYL
pfam13280

Cas8_Cas8

Cas7
Cas5

POI Cas3
Cas6

Cas4
Cas1

EMBL_ERZ1029222 | contig_903

WYL
pfam13280

Cas8_Cas8

Cas7
Cas5

POI Cas3
Cas6

IMG_3300011270 | 0137391_10005013

WYL
pfam13280

Cas8_Cas8

Cas7
Cas5

POI Cas3
Cas6

GCA_002238625.1 | MPMS01000221

Cas7
Cas5

POI Cas3
Cas6 WYL

pfam13280

Cas10d
Cas10d

IMG_3300012209 | 0137379_10009324

WYL
pfam13280

Cas8_Cas8

Cas7
Cas5

POI Cas3
Cas6

Cas1

IMG_3300012201 | 0137365_10007308

WYL
pfam13280

Cas8_Cas8

Cas7
Cas5

POI Cas3
Cas6

IMG_3300017971 | 0180438_10016669

WYL
pfam13280

Cas8_Cas8

Cas7
Cas5

POI Cas3
Cas6

GCA_011373735.1 | DRWE01000372

Cas8
Cas7

Cas5
POI Cas3

Cas6
Cas4

Cas2

GCA_009835485.1 | VXXG01000537

Cas8_Cas8

Cas7
Cas5

POI Cas3

EMBL_ERZ505355 | contig_7510

Cas7
Cas5

POI Cas3
Cas6

IMG_3300012206 | 0137380_10017576

1kb

207



DR
UAS-119 (DUF5679, zinc ribbon)

IMG_3300009175&&0073936_10076949&&1196_1451_-1 
6 / 9.9

Auxiliary

Cas3
Cas5

Cas8
Cas7 POI:

DUF5679
Cas4

23S_rRNA_IVP

Cas1
Cas2

Polysacc_deac_1

MMR_HSR1

Dynamin_N

IMG_3300048586 | a0498924_0002976

csa3_UNK

Cas3
Cas5

Cas8
Cas7

Fic POI:
DUF5679

Cas4
23S_rRNA_IVP

Cas1
Cas2

GCA_903919975.1 | CAIXKE010000053

HTH_18

AraC_binding

Cas3
Cas5

Cas8
Cas7 POI:

DUF5679
Cas4

23S_rRNA_IVP

Cas1
Cas2

URO-D

IMG_3300042402 | a0453663_0001540

Pyr_redox_2
POI:
DUF5679

ORF6N LacI
Peripla_BP_3

HSP20

ArsA_HSP20
HSP20

ArsA_HSP20
Ubie_methyltran

Methyltransf_11ParA
CbiA
AAA_31
FeS_assembly_P

Hydrolase

HMA

IMG_3300034068 | a0334990_0002478

Cas3
Cas5

Cas8
Cas7

POI Cas4
Cas1

Cas2ParD_like

ArcPIN

IMG_3300009175 | 0073936_10011761

Cas3
Cas5

Cas8
Cas7

POI Cas4

IMG_3300021354 | 0194047_10004213

Fic POI:
DUF5679

Cas4
23S_rRNA_IVP

Cas1
Cas2

IMG_3300007521 | 0105044_10049649

Cas5
Cas8

Cas7 POI:
DUF5679

IMG_3300010885 | 0133913_10252457

Cas8
Cas7 POI:

DUF5679
Cas4

Cas1

IMG_3300009175 | 0073936_10076949

Cas7
Fic POI:

DUF5679

IMG_3300009695 | 0123337_10068142

Cas3 POI:
DUF5679

IMG_3300020503 | a0208363_1004899

POI:
DUF5679

DUF6364
PIN Cas4

IMG_3300027749 | a0209084_1047991

1kb

208



DS
UAS-120 (DUF2225)

IMG_3300009503&&0123519_10124867&&69_1659_-1 
2 / 4.1

Auxiliary

Cas3
Cas3

POI Cas6
HEM4 GATase_3

CbiA
AAA_26

SBP_bac_5
NTP_transf_2

Polbeta
HEPN

TctAAAA_14TIGR01884

cls001593

Cas2
Cas4

GCA_012026795.1 | VEPM01000009

Cas3
Cas3

POI Cas6
Robl_LC7

MMR_HSR1_C

FeoB_N
Phage_integrase

TIGR01884

cd09655
Cas2

Cas4
cmr1icity0064

AAA_21
icity0042

GCA_018898145.1 | JAHIJV010000132

Cas3
Cas3

POI csf1 Cas1
Cas4

GCA_021792665.1 | JAJYUE010000010

Cas3
Cas3

POI Cas6TIGR01884

cls001593

Cas2
Cas4

Cas1

IMG_3300038455 | a0436474_0012265

POI

IMG_3300027888 | 0209635_10119640

POI

IMG_3300009503 | 0123519_10124867

1kb

209



DT
UAS-121 (RNAPol + Sigma_factor + unknown gene)

IMG_3300009585&&a0105160_1000939&&4188_8637_1 
15 / 41.0

Auxiliary

csm6 POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA_5
DarTMacro

DUF1232

IMG_3300034524 | Ga0310146_00003

csm6
cmr1 Cas10

cmr3 cmr4 cmr5 cmr6 DarT POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA_5 DZR
zinc_ribbon_2

GCF_014701195.1 | NZ_AP018712

Pkinase

PK_Tyr_Ser-Thr

ABC1
PP2C_2

FHA VWA_2
FHA Pkinase

csm6 POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA_5
csm6_UNK

GCF_011057735.1 | NZ_LNGG01000022

VWA_2
csm6 POI:

RNA_pol_Rpb2_6

Sigma54_activat

AAA_5
GDPD

GCF_011057715.1 | NZ_LNGH01000007

ABC_tran

icity0065
ABC2_membrane

CbiQ
ABC_tran

SMC_N

AAA_21 POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA csm6
cmr1 Cas10

GFO_IDH_MocA
S-methyl_trans

B12-binding

Pterin_bind

GCF_009936215.1 | NZ_AP019551

Mob_synth_C

Radical_SAM

Fer4_14
MoaC

MOSC PBP_like_2

SBP_bac_11

LysR_substrate

BPD_transp_1
ABC_tran

SMC_N

DO-GTPase2
Glycos_transf_2

Glyco_tranf_2_4

POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA csa3
DUF2961

ThuA
KduIadh_short_C2

KRCupin_2

AraC_binding

GCF_000828655.1 | NZ_AP014509

DUF5685
csm6 POI:

RNA_pol_Rpb2_6

Sigma54_activat

AAA Cas5
Cas3

Cas4
Cas1

Cas2
Cas10

csm2
csm3

csm4
csm5

csx22

GCF_002866025.1 | NZ_LNDE01000005

csm6 POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA AAA_11
Cas6

csm6
DUF1232

Cas10
csm2

csm3
csm4

csm5
csx22

GCF_002865985.1 | NZ_LNDD01000002

NYN
icity0084

POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA
Pkinase

PK_Tyr_Ser-Thr

FHA PP2C_2
DUF1599

GCA_011370415.1 | DTKQ01000029

POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA Cas6
Fic
HTH_29

Sigma70_r4

DarTMacro
Cas8

Cas7
Cas5

Cas3_Cas3

Cas4
Cas1

IMG_3300001567 | Draft_10002570

Cas8
Cas7

Cas5
Cas3

Cas4
Cas1

Cas2 POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA UvrD_C_2

icity0107

GCF_000745455.1 | NZ_JQJI01000021

csm6 POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA DUF2828
Fe-ADHAAA_19

Viral_helicase1

GCF_016908145.1 | NZ_JAFBDI010000014

Cas6
csm6 POI:

RNA_pol_Rpb2_6

Sigma54_activat

AAA_5
DUF1232

OSTbeta

GCF_003665005.1 | NZ_JGVT01000002

POI:
RNA_pol_Rpb2_6

Sigma54_activat

AAA PhoPQ_related

Bro-N
ResIII

AAA_19

UvrD_C_2

csm6
csm6

EMBL_ERZ795389 | contig_2763

1kb

210



DU
UAS-122 (PRiA3 + zf)

IMG_3300012931&&0153915_10003429&&308_1193_1 
15 / 36.2

Auxiliary

OCD_Mu_crystall

Shikimate_DH
POI:
PRiA4_ORF3

Trehalase

Bac_rhamnosid6H

Glyco_hydro_63

icity0106

TPR_12
TonB_dep_Rec
Plug
CarbopepD_reg_2
CarboxypepD_reg

SusD_RagB

SusD-like_3
HTH_18

Cupin_2
TonB_dep_Rec
Plug
CarbopepD_reg_2
CarboxypepD_reg

SusD-like_3

SusD_RagB
ADH_N

Glu_dehyd_C
ADH_N

Glu_dehyd_C

GCF_007997285.1 | NZ_VORX01000001

Patatin
Patatin

UvrD_C

UvrD-helicase

AAA_19
Sua5_yciO_yrdC

POI DNA_pol3_delta

UDG ECH_1
UbiA Lactamase_B_3

DcuC
CitMHS

DcuC
HSDR_N_2

Glycos_transf_2

Glyco_tranf_2_3

OmpA
Glu_synthase

EMBL_ERZ3421874 | contig_110

Cas9
POI Cas1

Cas2 HAD_2

Hydrolase

PRK Sigma54_DBD

PAP2
FKBP_NAsnC_trans_reg

HTH_AsnC-type

MarR_2PBP_like_2

SBP_bac_1

EMBL_ERZ795390 | contig_17

Peptidase_M1

Patatin
UvrD_C

UvrD-helicase

AAA_19
Sua5_yciO_yrdC

POI DUF819
DNA_pol3_delta

UDG ECH_1
UbiAPeptidase_C1_2

HSDR_N_2
Glycos_transf_2

Glyco_tranf_2_3

OmpAAbhydrolase_3

Peptidase_S9

DLHPeptidase_M20

M20_dimer

GCF_021728535.1 | NZ_JAKKDU010000019

Cas9
Y1_Tnp

Cas1
Cas2 POI:

PRiA4_ORF3

DUF349 Radical_SAM

HemN_C
FixQ

FixP_N

Cytochrome_CBB3

Cytochrom_C
Fer4_18

FixG_C
FixHDsbD_2

ParE_toxin

GCF_007097385.1 | NZ_VJZS01000004

Esterase_PHB

Peptidase_S9
POI:
PRiA4_ORF3

Na_Ca_ex
Pyrid_ox_like

Putative_PNPOx

TIR_2
AAA_31

CbiA
MipZ

ParBc
AntA

EMBL_ERZ781359 | contig_1799

SpoIIE

TPR_12

icity0106 SpoIIE

icity0106

TPR_12
Cas9

POI AAA_14

DUF4143
Cas1

Cas2
ParE_toxin

GCA_016183775.1 | JACPDY010000014

MutS_V
Cas9

PIN Cas1
POI Cas2OmdA

DUF1801
DUF4256

EMBL_ERZ778017 | contig_1492

HigB_toxin

POI Acetyltransf_18

csa3
Bac_DNA_binding

HU-HIG

HU-CCDC81_bac_2

DMT_YdcZ

Response_reg

Por_Secre_tail

Guanylate_cyc

HAMP

GCA_903881585.1 | CAIRTW010000368

TP_methylase

TP_methylase

CbiG_N
CbiJ POI CbiD

Glyco_hydro_31
DUF4968
Gal_mutarotas_2
DUF5110

GCF_008370685.1 | NZ_VTZU01000058

POI Cas1
Cas2

CCGYceI
LysE

IMG_3300001398 | 07J14881_1000510

IstB_IS21
AAA_14

ABM AAA_14

DUF4143
POI Cas1

HicA_toxin

IMG_3300025718 | a0209123_1003445

Cas9
POI Cas1

IMG_3300025679 | a0207933_1000505

Sugar_tr

MFS_1
HisKA

Response_reg

AMP-binding_C

ACAS_N
Ntox23

POI

GCA_903904855.1 | CAIVEH010000039

1kb
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DV
UAS-22 (Cut8_TPR)

IMG_3300012943&&0164241_10011111&&1329_2733_-1 
3 / 8.1

Auxiliary

DHBP_synthase

GTP_cyclohydro2
2-oxoacid_dh

Biotin_lipoyl

E3_binding
ABC_tran

AAA_21
GtrA Cas6 COG2378

WYL
POI Cas8

Cas7
Cas5

Cas3
UPF0158

Cas4
Cas1

GCF_003721595.1 | NZ_RJJR01000007

Usp Usp Cas6 COG2378

WYL
POI Cas3_Cas3

Cas8
Cas7

Cas5
Cas4

23S_rRNA_IVP

MFS_1

Sugar_tr
HisKA

EMBL_ERZ778017 | contig_213

Cas6 COG2378

WYL
DUF3800

POI Cas8
Cas7

Cas5
Cas3

UPF0158

IMG_3300031670 | 0307374_10004734

PfkB AAA_14
Cas6 COG2378

WYL
POI Cas3_Cas3

Cas8
Cas7

Cas5
AbiEi_1

AbiEii
AAA_14

GCA_020854215.1 | JADZFY010000338

Cas6
PRiA4_ORF3

COG2378

HTH_11
POI Cas8Peptidase_M28

PA

IMG_3300012943 | 0164241_10011111

WYL
COG2378

POI Cas5
Cas5

AAA_14
Cas4

HTH_3

IMG_3300025891 | 0209585_10002938

Cas6 COG2378

WYL
POI Cas8

IMG_3300012005 | a0120161_1009667

POI

WGS_JAEAME01 | JAEAME010011249

POI

IMG_3300014205 | 0172380_10094330

WYL
COG2378

POI

IMG_3300039210 | Ga0120169_032770

1kb
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DW
UAS-21 (Cas13b + CorA)

IMG_3300012983&&0123349_10003896&&1100_3251_1 
3 / 3.7

Auxiliary

Phage_integrase

Ferritin

Rubrerythrin
Glyco_hydro_97

GH97_N MS_channel

TM_helix
AAA POI Cas13

His_Phos_1
Cytochrom_C_asm

ResBPeptidase_M64

M64_NBeta_elim_lyase

Aminotran_1_2

GCA_017556585.1 | JAFYMP010000068

MFS_2
Glyco_hydro_130

Peptidase_M48

Peptidase_M15_4

NYN POI Cas13
PARP

HU-HIG

Bac_DNA_binding

HU-DNA_bdg

Peptidase_M3

Metallophos

EMBL_ERZ1767575 | contig_165

POI Cas13
AMP-binding

OMP_b-brl_3

TonB_dep_Rec

EMBL_ERZ1034216 | contig_1588

HTH_3 POI:
CorA Cas13

Cas1
Cas2

His_Phos_1

IMG_3300012983 | 0123349_10003896

1kb
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DX
UAS-123 (NACHT)

IMG_3300014149&&a0181613_1011337&&962_3059_-1 
2 / 3.2

Auxiliary

Phosphodiest

Sulfatase

Metalloenzyme

csx1_UNK

Cas10 POI:
AAA_22

csm2
csm3

csm4
csm5

csx1 csx1_csx1
csx15

cd09766
Cas6

Cas1Aminotran_5

Cys_Met_Meta_PP

AAA_32

Lon_C

GCA_003327455.1 | QOQU01000004

DeoRC

HTH_DeoR
GHMP_kinases_N

GalKase_gal_bdg

csx1_UNK

Cas10

POI:
NACHT
AlbA_2
AAA_16 csm2

csm3
csm4

csm5
csx1 csx1 csx15

cd09766
Cas6

23S_rRNA_IVP

Cas1
csx3BPD_transp_1

BPD_transp_1

GCA_903825565.1 | CAIKBD010000494

csx1_UNK

Cas10

POI:
AlbA_2
AAA_16
NACHT csm2

csm3
csm4

csm5
csx1 csx15

cd09766
Cas6

Cas1
Cas2

MazE_antitoxin

PIN

IMG_3300037308 | a0394872_0015884
POI:
NACHT
AlbA_2
AAA_16
Mg_chelatase csm2

csm3

IMG_3300014149 | a0181613_1011337

1kb
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DY
UAS-124 (unknown)

IMG_3300014153&&a0181527_1048931&&1181_2084_-1 
3 / 3.3

Auxiliary

Cas6
Cas10

csm2
csm3

csm4
POI csx1 SMODS

NTP_transf_2
PD-DExK

mkCas0090
Hpr_kinase_C

AAA_33
TetR_N

IMG_3300028028 | a0265292_1000759

Cas10
csm2

csm3
csm4

POI csx1 23S_rRNA_IVP

EMBL_ERZ1292645 | contig_1285

csm3
csm4

POI

WGS_JAEMOI01 | JAEMOI010038349

POI csx1_UNK

IMG_3300014153 | a0181527_1048931

1kb
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DZ
UAS-125 (UPF0158)

IMG_3300015214&&0172382_10011895&&7267_8365_1 
11 / 24.8

Auxiliary

Cas6
Cas3_Cas3

Cas8
Cas7

Cas5
AbiEii POI:

UPF0158
Cas4

Cas1
Cas2

CSD PK
HpcH_HpaI

Peptidase_S8

Por_Secre_tail

GCA_021767705.1 | JAASSU010000013

Cas6
PDDEXK_3

POI

Glyco_hydro_92
CHB_HEX_C_1
PA14
Fn3_assocThiolase_N

Ala_racemase_N

Na_Ca_ex
DUF3298

PdaCNa_Pi_cotrans

PhoU
HisKA_3

HATPase_c

TPR_12Response_reg

GerE
Sigma70_r4_2

WGS_PPCM01 | PPCM01000291

Cas6
Cas8

Cas7
Cas5

Cas3_Cas3

POI Cas4
Cas1

Cas2

IMG_3300028603 | 0265293_10000101

HTH_17
HTH_17

Cas6
Cas8

Cas7
Cas5

Cas3
Y1_Tnp

POI Cas4
Cas1

23S_rRNA_IVP

Cas2

GCA_015709215.1 | JACCQN010000025

GFO_IDH_MocA

PRiA4_ORF3
POI:
UPF0158

IMS

DNA_pol3_alpha
HHH_6
PHP
tRNA_anti-codon

HTH_19

Peptidase_S24

GCF_003046625.1 | NZ_QAAD01000004

Cas6
GIY-YIG HU-HIG

Bac_DNA_binding

Cas3_Cas3

Cas8
Cas7

Cas5 POI:
UPF0158

Cas4
PDDEXK_3

Cas1
Cas2

RelE

GCF_001270965.1 | NZ_LGIA01000171

POI:
UPF0158

RNA_ligase

Trypsin_2
TPR_MalT

icity0106
Por_Secre_tail

IMG_3300031645 | a0307990_1000182

DUF2442
POI:
UPF0158

RNA_ligase

Endonuc-EcoRV

Radical_SAM

Fer4_14
Epimerase
DUF1731
GDP_Man_Dehyd
NAD_binding_10Por_Secre_tail

Peptidase_C25

Propeptide_C25

Por_Secre_tail

IMG_3300031697 | a0307929_1000501

HTH_17
HTH_17

Cas6
Cas6

Cas5
Cas3

Cas8
Cas7

Y1_Tnp POI:
UPF0158

Cas4
Cas1

23S_rRNA_IVP

Cas2

WGS_NPID01 | NPID01000092

Cas8
Cas7

AbiEii
Cas5

Cas3_Cas3

POI Cas4
Cas1

Cas10
csm2

csm3
csm4

csm5
csx1

IMG_3300031369 | a0307422_1000852

Cas6
Cas6

Cas5
Cas3

Cas8
Cas7

UPF0158
POI Cas4

Cas1
Cas2

GCA_021740385.1 | JAIOZY010000016

Cas8
Cas7

Y1_Tnp
Cas5

Cas3_Cas3

POI Cas4
Cas1

Cas2

IMG_3300015214 | 0172382_10011895

POI Response_reg

HATPase_c

Sulf_transp

DUF2200
DUF1801

DUF4287
GFO_IDH_MocA_C2

AP_endonuc_2

GCA_020718815.1 | DYRI01000124

PRiA4_ORF3

POI tRNA-synt_1e

DALR_2
Peptidase_M28

DNA_pol_A

5_3_exonuc_N

EMBL_ERZ2484278 | contig_1842

1kb
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EA
UAS-126 (Cut8)

IMG_3300018012&&0187810_10022321&&90_1506_-1 
3 / 6.4

Auxiliary

Cas3
Cas5

cas8c

TIGR01863

Cas_Csd1

Cas7 NTP_transf_2

Polbeta
HEPN

POI PrlF_antitoxin

MazE_antitoxin

Polbeta

NTP_transf_2
HATPase_c_4

HTH_24
Cas4

Cas1
Cas2

IMG_3300033983 | a0371488_0006166

UvrD_C
Cas3

Cas5
Cas7

Polbeta
DUF86

POI

IMG_3300014199 | 0181535_10007592

Cas3
Cas5

Cas7
POI

IMG_3300031578 | 0307376_10011650

Cas8
Cas7 Polbeta

NTP_transf_2

DUF86
POI Polbeta

NTP_transf_2

HEPN
Cas4

Cas1

IMG_3300031712 | 0265342_10012143

POI Cas4
Cas1

Cas2

IMG_3300035696 | a0374055_0222972

RNA_ligase

POI

IMG_3300010339 | 0074046_10046541

DUF86
POI

IMG_3300018012 | 0187810_10022321

POI

IMG_3300014168 | 0181534_10043312

DUF488

DUF4326
POI

IMG_3300042091 | a0455670_0596509

POI adh_short

IMG_3300031524 | 0302320_10305537

1kb
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EB
UAS-26 (DUF87 + NurA 5' to 3' nuclease)

IMG_3300018407&&a0187900_1000594&&12585_14151_-1 
4 / 4.0

Auxiliary

DUF262
NurA POI Cas10

csm2_csm2

csm3
csm4

csm5
csx1 Cas6

Cas2
Cas1

IMG_3300019375 | a0187898_1000080

NurA POI Cas10
csm2_csm2

csm3
csm4

csm5
csx1 Cas6

Cas2
Cas1

IMG_3300018407 | a0187900_1000594

NurA POI:
DUF87

Cas10
csm2_csm2

csm3
csm4

csm5
csx1 Cas6

Cas2
Cas1

Cas1
Cas1

GCA_017430835.1 | JAFRMD010000052

NurA POICas2
Cas1

IMG_3300019376 | 0187899_10011456

1kb
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EC
UAS-127 (NACHT)

IMG_3300020192&&0163147_10009373&&460_1681_-1 
3 / 7.4

Auxiliary

cNMP_binding

HTH_Crp_2 POI:
AAA_16

NACHT
Glyco_trans_4_4

Glyco_transf_4

Glycos_transf_1

Wzy_C
GFO_IDH_MocA

DegT_DnrJ_EryC1

Aminotran_1_2

Cys_Met_Meta_PP

TIR_2
LexA_DNA_bind

MarR_2

HTH_Crp_2

PIN_3
Phage_integrase

Cupin_2

EMBL_ERZ795034 | contig_1635

Phage_integrase

POI:
AAA_16

Response_reg

TIR_2HsdM_N

UPF0020
TIR_2
TIR-like

HNH

AAA_19
NERD
UvrD_C
ResIIISH3_3TIR_2

DUF1863
HEAT_2

TIR_2

IMG_3300048579 | Ga0498946_001359

FGE-sulfatase

AAA_16
Cas6

Cas6 POI:
AAA_16

csx1_UNK

Cas10
csm3

csx10
csm3_csm3

csx19TIR_2
SAVED

DUF1863
MafMafDDE_Tnp_1_3

GCA_016717205.1 | JADKGC010000010

TIR_2 POI:
AAA_16

Cas6
cmr1Cas10

cmr3cmr4cmr5cmr6csx1

IMG_3300020192 | 0163147_10009373

Cas6
POI:
AAA_16

ATPase_2
csx1_UNK

Cas10TIR_2
DUF1863

SAVED

GCA_017304075.1 | JAFLCI010000351

csx1 POI cmr1 Cas10
rve_3

Cas6

IMG_3300048579 | Ga0498946_014016

BTAD
TPR_MalT

POI:
AAA_16

HTH_Crp_2

IMG_3300045107 | a0484955_0036339

csx1 POI:
AAA_16

IMG_3300020192 | 0163147_10047318

POI:
AAA_16

EMBL_ERZ781359 | contig_37040

1kb
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ED
UAS-128 (Mrr nuclease)

IMG_3300024353&&a0209979_1002041&&5779_7255_-1 
N/A

Auxiliary

UNK_Cas3

Cas8 POI:
HTH_17

cse2
Cas7

Cas5_Cas6

HicB_lk_antitox

HicA_toxin

IMG_3300024353 | a0209979_1002041

Cytochrom_C_asm

HTH_23
UNK_Cas3

Cas8 POI:
Mrr_cat

cse2
Cas7

Cas5
Cas6

Laminin_G_3
CarboxypepD_reg
Dockerin_1
SdrD_B
CohesinCohesin

GCA_016931185.1 | JAFGFI010000447

Cas3_UNK

Cas8
POI cse2

Cas7
Cas5

WGS_UOEU01 | UOEU01000577

Cas8
POI cse2

IMG_3300007521 | 0105044_10101432

cas8e
POI cse2

IMG_3300005839 | a0068707_1041656

1kb
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EE
UAS-129 (Tubulin + other protein + vWa)

IMG_3300024423&&a0190286_1002039&&2400_5370_-1 
16 / 43.6

Auxiliary

UvrD_C

UvrD-helicase

AAA_19
VWA POI:

Tubulin_2
DUF87

TrwB_AAD_bind

HTH_21

GCA_016887485.1 | CP069394

Ald_Xan_dh_C2
Trans_reg_C

AAA_22

NACHT VWA
Yop-YscD_cpl

POI:
Tubulin_2

CorA Methyltransf_11

Ubie_methyltran

BPD_transp_1

ABC_tran

GCA_016210495.1 | JACQUC010000128

Sigma70_r4

VWA POI:
Tubulin_2

RVT_3

RNase_H
DUF370 icity0040

RVT_1
Cas1

Cas2
Mg_chelatase

UPF0047
Cas10

csm3
csx10

GCA_019637775.1 | JAHBVA010000004

Sigma70_r4

HTH_19
VWA POI:

Tubulin_2
RVT_3

RNase_H
DUF370 icity0040

RVT_1
Cas1

Cas2 COG2378

WYL
Cas10

csm3
csx10

IMG_3300037501 | a0394875_0001877

Sigma70_r4

VWA POI:
Tubulin_2

RVT_3

RNase_H
DUF370 icity0040

RVT_1
Cas1

Cas2 COG2378

WYL
Cas10

csm3
csm3_csm3

IMG_3300044712 | a0453684_0005265

VWA POI:
Tubulin_2

DUF87

TrwB_AAD_bind

Peptidase_C39_2
NB-ARC
WD40
TIR_2
ANAPC4_WD40
NACHT
AAA_16Radical_SAM

IMG_3300010351 | 0116248_10002994

Sigma70_r4

VWA POI:
Tubulin_2

RVT_3

RNase_H
DUF370 icity0040

RVT_1
Cas1

Cas2 WYL
pfam13280

Cas10
cmr3cmr1cmr4cmr5

GCA_016234535.1 | JACRBH010000024

DUF87

TrwB_AAD_bind

TraG-D_C
VWA POI:

Tubulin_2
CHAT

GCA_003532515.1 | DOEX01000251

Sigma70_r4

UPF0122
VWA_2 POI:

Tubulin_2
RVT_3

RNase_H
DUF370 icity0040

RVT_1
Cas1

Cas2
Sigma70_r4_2

CHAT
TPR_12

SNAP

GCA_020061055.1 | JAGUZC010000152

N_BRCA1_IG

bact-PGI_C
zinc_ribbon_2

DZR HTH_Tnp_IS630

VWA_2 POI:
Tubulin_2

Cas6
DUF5362

GCA_012839565.1 | DUMZ01000006

Sigma70_r4

VWA_2 POI:
Tubulin_2

RVT_3

RNase_H
DUF370 icity0040

RVT_1
GAF_2

Response_reg

cmr1

WGS_JAANMT01 | JAANMT010001069

Sigma70_r4
POI:
Tubulin_2

RVT_3

RNase_H
DUF370 icity0040

RVT_1
Cas10

csm3
csm3_csm3

csx19

GCA_020721605.1 | DYML01000036

VWA
Yop-YscD_cpl

POI:
Tubulin_2

Tubulin_2
TIR_2

csx1csx15

cd09766
csx1Cas6

DUF4258
RNase_H

RVT_3

GCA_016783125.1 | JADHXE010000078

VWA POI:
Tubulin_2DUF87

TrwB_AAD_bind

FtsK_SpoIIIE

HEAT_2

EMBL_ERZ764804 | contig_2583

1kb

221



EF
UAS-130 (Tubulin system)

IMG_3300025717&&a0207419_1001204&&18142_19330_1 
5 / 13.1

Auxiliary

COG2378

WYL GAF_2

MerR_1
POI RVT_3 icity0040

RVT_1
Cas1

Cas2
Trypco1 SAVED

Trypsin_2
Cas6

GCF_004138135.1 | NZ_RYFD01000009

Peptidase_C14

mkCas0160

csx23
icity0105

GAF_2

MerR_1
POI DUF4236

RVT_3

RNase_H
icity0040

RVT_1
Cas1

Cas2
COG2378

WYL
Helicase_C_3

GCA_016717335.1 | JADKFS010000001

csm3
csx10

csm3
csm3

csm6
icity0085

HisKA_3 Response_reg

GerE
Sigma70_r4_2

POI RVT_3

RNase_H
icity0040

RVT_1
Cas1

Cas2 COG2378

WYL

GCA_903916565.1 | CAIWXH010000649

MerR_1
POI RVT_3 icity0040

RVT_1
Cas1

Cas2 COG2378

WYL
Cas6

IMG_3300044941 | Ga0484952_002751

Cas6 MerR_1

GAF_2
POI Cas1

Cas2 COG2378

WYL
HTH_17

IMG_3300009083 | 0105047_10010380

csm3
csm3

csm6
MerR_1

POI icity0040

RVT_1

GCA_012032475.1 | JAAUSY010000032

csm3
csx10

csm3
csm3

csm6
HisKA_3 GerE

Response_reg

POI

GCA_903877345.1 | CAIRDL010000542

MerR_1

GAF_2
POI RVT_3 icity0040

RVT_1
Cas1

Cas2 COG2378

WYL

IMG_3300044961 | a0484961_0006269

WYL
pfam13280

csx1
Peptidase_C39_2

DUF3335

fn3 MerR_1

GAF_2
POI RVT_3

RNase_H

EMBL_ERZ773281 | contig_3381

csm3
csx10

csm3
csm3

csm6
HisKA_3 Response_reg

GerE POI

IMG_3300025717 | a0207419_1001204

Zn_Tnp_IS1

HTH_23
zf-IS

L3
Phage_integrase

GAF_2

MerR_1
POICas12

GCA_018266315.1 | JAFEAS010000148

MerR_1

GAF_2
POI

IMG_3300001357 | 6J14442_10009397

MerR_1
POI

GCF_019599295.1 | NZ_JAIEWN010000102

MerR_1
POICas1

IMG_3300027664 | a0207873_1008808

1kb
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EG
UAS-131 (TIR2)

IMG_3300026304&&a0209240_1021588&&337_1153_1 
8 / 18.9

Auxiliary

Y1_Tnp
HTH_26

Cas10 POI:
TIR_2

Cas10
csm3

csx10
csm3

csm3
csx19

csm3_csm3
SAVED

icity0091
Hydrolase_4

Abhydrolase_6

IMG_3300012210 | 0137378_10001110

HTH_30
HTH_26 POI:

TIR_2
csm3

csx10
csm3

csm3
csx19

csm3_csm3

csx1_csx1

IMG_3300022557 | 0212123_10004552

UDPG_MGDP_dh

ACPS POI:
TIR_2

Cas10
csm3

csx10
csm3

csm3
csx19

csm3_csm3

Tyr_Deacylase

GCA_013694935.1 | JACDBK010000639

HTH_26mCpol

cas10 POI:
TIR_2

csm3
csm3

csx19
csm3_csm3

UNK_csx1_csx1

TIR_2
UNK_csx1_csx1

Pentapeptide

IMG_3300044521 | a0455969_0002406

FMN_red

Flavodoxin_2

DUF86 POI:
TIR_2

csm3
csm3

csx19
csm3_csm3

csx1_csx1

Cas6HxlR
MarR

IMG_3300012201 | 0137365_10003872

POI:
TIR_2

Cas10
cmr3cmr1cmr4cmr5cmr6

IMG_3300031520 | a0272428_1011954

POI:
TIR_2

Cas10
csm3

csx10
mCpol

Lactamase_B

Citrate_synt

IMG_3300005607 | 0070740_10010134

POI:
TIR_2 Sugar_tr

MFS_1
Aldo_ket_red

TMEM175

IMG_3300047462 | a0495311_0046089

POI:
TIR_2

Pkinase
PK_Tyr_Ser-Thr
WD40
eIF2A

IMG_3300027773 | a0209810_1014892

POI:
TIR_2

DDE_5icity0040

RVT_1

IMG_3300012350 | 0137372_10027589

POI:
TIR_2

csm3
csm3_csm3

csx1_csx1

IMG_3300031670 | 0307374_10042105

POI:
TIR_2

Cas10
csx3_csx3

Citrate_synt

IMG_3300005531 | 0070738_10022030

POI:
TIR_2

cmr1Cas10

IMG_3300049217 | a0495316_0050945

POI:
TIR_2

Cas1
Cas2

Cas4

GCA_019241515.1 | JAFAWW010000085

1kb

223



EH
UAS-132 (Cas9 associated Y1)

IMG_3300026516&&a0209573_1000325&&56350_57046_-1 
20 / 27.4

Auxiliary

Glyco_trans_1_4

Glycos_transf_1

PMT_2
Transglut_core

AAA-ATPase_like

PDDEXK_9

AAA_16
DUF2281

POI DUF2281
Y1_Tnp

Uma2
DUF2764

Collagen

IMG_3300026516 | a0209573_1000325

POI Topoisom_I

UDGDUF262
Macro

DUF2975
HTH_26ABC_tran

AAA_21
ABMAmidohydro_2

FTCD_N

GCA_016124585.1 | WGNL01000019

Sacchrp_dh_C

AlaDh_PNT_C

TrkA_N
DNA_pol_A_exo1

Cas9
POI Cas1

Cas2 Abhydrolase_1

Hydrolase_4

Sigma70_r2

DUF2807
UPF0029

MacB_PCD

FtsXMFS_1

Sugar_tr
DUF4442

DUF962
Acetyltransf_6

GCA_019638235.1 | JAHBUE010000001

LTD
Por_Secre_tail

DAO
NAD_binding_8

Thi4
DegT_DnrJ_EryC1

Aminotran_1_2

Cys_Met_Meta_PP

Hexapep GFO_IDH_MocA

NAD_binding_3

DapB_N
23S_rRNA_IVP

UDPG_MGDP_dh_N

NusG
POI UDPG_MGDP_dh_N

3HCDH_N GDP_Man_Dehyd

Epimerase

3Beta_HSD

23S_rRNA_IVP
Epimerase

GDP_Man_Dehyd

RmlD_sub_bind

PDDEXK_3

CpsB_CapC

Uma2
Uma2

GCA_020636095.1 | JACJYN010000005

GHMP_kinases_N

POI TIG TIG

bMG3
A2M_BRD
bMG6
bMG10
MG2
bMG5
TED_complementTGTLptF_LptG

EamA
Asp_Glu_race

NADHdh
HATPase_c
icity0106
TPR_12
HisKA

GCF_003990915.1 | NZ_BHXQ01000004

Na_H_antiporter

CitMHS
DNA_pol_A_exo1

Cas9_Cas9

POI Cas1
Cas2

DUF2807
Wzy_C

Bac_transf
UPF0029

DUF1949
MFS_1

Sugar_trTPR_12

icity0106

HisKA

GCA_019638255.1 | JAHBUD010000001

Cas9
POI Cas1

Cas2 Abhydrolase_1

Hydrolase_4

Sigma70_r2

Peripla_BP_2

Aminotran_5

HlyIII

GTP_EFTU
LepA_C
EFG_C
Ras
MMR_HSR1THF_DHG_CYH_C

Fer4_14

Radical_SAM

Chorismate_bind

Aminotran_4

GCA_016861405.1 | BOLF01000007

Cas6
Cas5

Cas3
Cas8

Cas7
Cas4

Cas1
Cas2

POI DoxX_2 Peptidase_M57

Reprolysin_5
HTH_18

AraC_binding
DUF5916

CBM9_1
DUF983

GCF_021389975.1 | NZ_CP089981

Cupin_2

ARD Cation_efflux

ZT_dimer
Methyltransf_31

Cas9
POI Cas1

Cas2 TrkA_N

Ion_trans_2

AA_permease_2

Aldo_ket_red

Ribonuc_L-PSP

GCA_019638285.1 | JAHBUB010000018

csf1 csc1
Cas3

Cas6
Cas4

Cas1
Cas2 POI:

Y1_Tnp TcA_TcB_BD

Neuraminidase

VRP1

GCF_016775155.1 | NZ_JAEUGD010000042
UvrB_inter
Helicase_C
ResIII
UVR Formyl_trans_N

DHFR_1 adh_short

KR Cas9_Cas9_Cas9

POI Cas1
Cas2

ABC_tran
TauE CinA

MoCF_biosynth

DUF4197
DUF2281

Aldedh

EMBL_ERZ794930 | contig_175

adh_short_C2

KR Cas9 POI:
Y1_Tnp

Cas1
Cas2

Fic OMP_b-brl_2

ECH_1
Abi_C

TOP_N
IMSCotH

Por_Secre_tail

OMP_b-brl

EMBL_ERZ1029217 | contig_171

Abhydrolase_1

Hydrolase_4 GATase_5

AIRS_C

FGAR-AT_linker

Cas9
POI Cas1

Cas2 TonB_dep_Rec

Plug PepSY_TM

FKBP_C MacB_PCD

FtsXAminotran_5

KilA-N
Sigma70_r2

GCA_021298355.1 | JAJTEH010000008

Cas9
POI Cas1

Cas2
DUF2892

DoxX_2
Sigma70_r2

WGS_VYLK01 | VYLK01000414

1kb

224



EI
UAS-133 (TPR Rho RNA binding)

IMG_3300026546&&0256913_10013832&&2_1481_1 
5 / 6.4

Auxiliary

csx1 csx20 pfam08800

VirE_N
Cas2

Cas1
csx1 POI Cas4pfam13280

WYL

GCF_003711225.1 | NZ_CP031032

PAP2
Metallophos

DUF6398 AAA_30

UvrD_C_2

icity0067
POI DDE_Tnp_1_4

DDE_5
DDE_Tnp_1_3

IMG_3300026549 | a0256404_1000614

csx1 Cas1 pfam08800

VirE_N
Cas2

csx1 POIpfam13280

WYL

IMG_3300007519 | 0105055_10007166

csx1_UNK AAA_30

icity0067

UvrD_C_2

POI

GCA_015484775.1 | WFUV01000056

POI csx1_csx1

csx1 csx20

IMG_3300026546 | 0256913_10013832

HEPN_RiboL-PSP

POI

IMG_3300005134 | Ga0070417_103651

HEPN_RiboL-PSP

POI

IMG_3300009032 | 0105048_10149570

1kb
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EJ
UAS-18 (toprim)

IMG_3300026546&&0256913_10022199&&462_1617_-1 
4 / 6.6

Auxiliary

POI:
Toprim_2 AAA_30

UvrD_C_2

icity0067
icity0107

AAAANAPC3
Cas1

IMG_3300026521 | a0256828_1002073

POI Cas1
Cas2

Cas2

IMG_3300007771 | a0105700_1007690

POI:
Toprim_2

Cas1
Cas2

Cas2
csx20

csx1pfam13280

WYL

IMG_3300028534 | a0256843_1006893

POI:
Toprim_2

Cas1
Cas2

Cas2

IMG_3300026518 | a0256829_1011231

POI:
Toprim_2

Cas2
Cas1

Cas2

IMG_3300026518 | a0256829_1014756

POI:
Toprim_2

Cas1
Cas2

Cas2WYL
pfam13280

IMG_3300026518 | a0256829_1015615

POI:
Toprim_2

UvrD_C_2

Cas2
Cas1

Cas2

IMG_3300026546 | 0256913_10022199

POI:
Toprim_2 AAA_30

UvrD_C_2

icity0067

IMG_3300028534 | a0256843_1021099

POI:
Toprim_2

Cas1
Cas2

Cas2

IMG_3300026382 | a0256836_1007017

POI:
Toprim_2

Cas1
Cas2

Cas2

IMG_3300005793 | Ga0079404_104414

POI Cas1
Cas2

Cas2

IMG_3300007771 | a0105700_1004788

1kb
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EK
UAS-134 (WYL operonized with cascade)

IMG_3300027878&&0209181_10066870&&0_1041_1 
15 / 29.8

Auxiliary

POI:
pfam13280

WYL
Cas3_Cas3

Cas8
Cas7

Cas5
DUF4926

Cas6
Cas1

Cas2
Cas4

RadC

GCA_016710325.1 | JADJXK010000002

APH DUF763 POI:
pfam13280

WYL
Cas4

UvrD-helicase
AAA_19
UvrD_C
PDDEXK_1 SortaseIlvN

F420_oxidored

AdoHcyase_NAD
PAS
HisKA_3

HATPase_c

KuLigD_N
F420H2_quin_red

EMBL_ERZ404940 | contig_417

Pyrophosphatase

Trypsin_2

PDZ_2 POI:
pfam13280

WYL
Cas8_Cas8

Cas7
Cas5

Cas3
Cas6

Cas1
Cas2

Cas4
SH3_3

IMG_3300037311 | a0394881_0000702

POI:
pfam13280

WYL
Cas8_Cas8

Cas7
Cas5

Cas3
Cas6

Cas1
Resolvase

GCA_013360465.1 | JABWBO010000037

ketoacyl-synt

Ketoacyl-synt_C
ACP_syn_III_C

Thiolase_N

FAE1_CUT1_RppA

POI:
pfam13280

WYL
Cas8

Cas7
Cas5

Cas3
Cas6 Pantoate_transf

PEP_mutase

Pantoate_ligase

Terpene_syn_C_2
NAD_binding_10

NmrA
Epimerase

MR_MLE_CP5CR_dimer

F420_oxidored

Sacchrp_dh_NADP

PALP

IMG_3300044941 | Ga0484952_000986

DDE_Tnp_1_3

Cas10
csm3

csx10
csm3_csm3

csx19
csm3 mkCas0160

csx23 POI:
COG2378

WYL
Cas8_Cas8

Cas7
Cas5

Cas3_Cas3

Cas6
Cas1

Cas2
Cas4TIR_2

DUF1863

EMBL_ERZ795034 | contig_2390

Response_reg

Hydrolase_like

HAD_2 POI:
pfam13280

WYL
Cas8

Cas7
Cas5

Cas3
Cas6

Pribosyltran

Sigma70_r2

RNA_pol_Rpb2_6

Endonuclease_5

PMT_2

IMG_3300044961 | a0484961_0001138

GAF
Guanylate_cyc

PAS_4
Oxidored_molyb

Bac_DNA_binding

POI Cas8
Cas7

Cas5
Cas3

Cas6
rveDDE_5

PMT_2

IMG_3300018336 | Ga0187078_121

HTH_Tnp_1 POI:
pfam13280

WYL
Cas8_Cas8

Cas7
Cas5

Cas3
Cas6

Cas1
Cas2

Cas4
RibD_C

IMG_3300037310 | a0394878_0000096

ATC_hydrolase
POI:
pfam13280

WYL
Cas8_Cas8

Cas7
Cas5

Cas3
Cas6

Cas1
Cas2

Cas4
Hist_deacetyl

IMG_3300037465 | a0394876_0011894

POI:
pfam13280

WYL
Cas3_Cas3_Cas3

DUF3800
Cas8

Cas7
Cas5

DUF4926
DUF6516

DUF104
Cas1

Cas2
Cas4

IMG_3300043331 | 0439260_00045956

Molydop_binding

Molybdopterin

Nitrate_red_del
POI:
pfam13280

WYL
Cas8_Cas8

Cas7
Cas5

Cas3
Cas6

Cas1
Cas2

Cas4

EMBL_ERZ761604 | contig_2332

PIN POI Cas8
Cas7

Cas5
Cas3_Cas3

Cas6
Cas1

Cas2
Cas4

IMG_3300009084 | 0105046_10013490

Response_reg
POI:
pfam13280

WYL
Cas8

Cas7
Cas5

Cas3
Cas6

Cas4

IMG_3300044993 | Ga0484945_005252

1kb
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EL
UAS-135 (ATPase_DUF4435 + Cas12)

IMG_3300028048&&0256405_10015800&&2772_4671_-1 
3 / 3.0

Auxiliary

POI:
AAA_15

MORN_2
Cas12

Cas4
Cas1

Cas2

IMG_3300010998 | a0139311_1004421

POI:
AAA_15

Cas12
Cas2Pept_S41_N

PDZ_2

IMG_3300028048 | 0256405_10015800

POI:
AAA_15

Cas12
Cas4

Cas1
Cas2

GCA_017525635.1 | JAFXSL010000467

1kb

228



EM
UAS-136 (DUF6155)

IMG_3300028191&&a0265595_1000410&&37454_38072_1 
4 / 6.7

Auxiliary

Cas6
Cas8

Cas7
Cas5

Cas3
AAA_21

RloB POI:
DUF6155

ATPase_2
Cas4

Cas1
Cas2

Formyl_trans_N

Bac_DNA_binding

HU-HIG

IMG_3300002172 | 30J26740_1000004

PhoH
AAA_30 DegT_DnrJ_EryC1

Aminotran_1_2

Cys_Met_Meta_PP

POI:
DUF6155

AbiEii
SAM_adeno_trans

DUF4340

IMG_3300028191 | a0265595_1000410

Cas6
Cas8

Cas7
Cas5

Cas3
Virulence_RhuM

POI:
DUF6155

Cas4
Cas1

IMG_3300013090 | a0163209_1000697

Cas6
Cas8

Cas7
Cas5

Cas3_Cas3
POI:
DUF6155

IMG_3300028156 | a0268281_1000266

POI:
DUF6155

Cas4
Cas1

Cas2
HTH_17

Bac_transf
CinA
MoCF_biosynth

PD40
Transglut_core2

GCA_007280875.1 | QYQJ01000113

AAA_21 POI:
DUF6155

ATPase_2

AAA_16
Cas4

Cas1
Cas2

IMG_3300028176 | a0268284_1003337

SAICAR_synt

23S_rRNA_IVP

DegT_DnrJ_EryC1

Aminotran_1_2

POI:
DUF6155

23S_rRNA_IVP

Herpes_UL69

EMBL_ERZ889078 | contig_7531

1kb
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EN
UAS-137 (Holliday Junction Resolvase)

IMG_3300031520&&a0272428_1002147&&25604_25976_-1 
6 / 6.7

Auxiliary

PDDEXK_1
WYL
pfam13280

POI Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

Cas2
ATPase_2

DUF234

AAA_16
DDE_5

DDE_Tnp_1

HTH_17

IMG_3300031520 | a0272428_1002147

Cas3
POI Cas5

Cas8
Cas7

Cas4
Cas1

Cas2

IMG_3300031520 | a0272428_1010271

POI Cas3
Cas5

Cas8
Cas7

Cas4

IMG_3300031520 | a0272428_1011671

Cas3
HTH_17

PIN_3
POI Cas5

Cas7

IMG_3300031448 | a0272438_1008382

Cas3
POI Cas5

Cas7
Cas4

IMG_3300031520 | a0272428_1013832

POI Cas5
Cas7

IMG_3300031449 | a0272429_1026519

Cas3
POI

EMBL_ERZ761577 | contig_15407

1kb
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EO
UAS-138 (TIR)

IMG_3300031631&&a0307987_1000023&&70180_70972_-1 
5 / 11.2

Auxiliary

UPF0175
Uma2 GIDA

AlaDh_PNT_C

DAO VWA_2
DUF2237 TIGR01884

cls001593

ATC_hydrolase

POI:
TIR_2 Methyltransf_25

RrnaAD
EIIA-man

PTS-HPrUvrD-helicase

UvrD_C

AAA_19
PAP2

2-Hacid_dh_C

PGDH_inter

ACT

ChlI
AAA_5
MCM
Lon_CECH_1

VWA

IMG_3300045107 | a0484955_0002060

AAA_14

DUF4143
Cas6

Cas10_Cas10

csm3
csm3_csm3

csm3_csm3
POI:
TIR_2

KilA-N
HEPNPolbeta

NTP_transf_2
DUF4065

MqsA_antitoxin

IMG_3300031631 | a0307987_1000023

csx1 Cas10
csm3

csx10
csm2

csm3
csm3

csm3 POI:
TIR_2

Cas6
Calci_bind_CcbP Y_Y_Y

HisKA_3
HATPase_c
Reg_prop

Response_reg

GerE

GCA_022072305.1 | JAJVIB010000028

Cas6
cmr1 Cas10

cmr3 cmr4 cmr5 cmr6 POI:
TIR_2 NTP_transf_2

Polbeta
HTH_3

PhdYeFM_antitox

PIN Fic RelA_SpoT

IMG_3300031631 | a0307987_1000259

PIN Cas10
csm2

csm3
csm4

Cas6
csx1 POI:

TIR_2
Metallophos_2

LDcluster4

Lysine_decarbox

DNA_processg_A

DUF2281
PemK_toxin

Bac_transf

Peptidase_S10

HEPN
Iso_dh

GCA_020723345.1 | DYJA01000090

Cas10
csm3_csx10

csm3_csm3

csx19
csm3

POI:
TIR_2
csx3

Peptidase_S8
BNR_2
FlgD_ig
Por_Secre_tail

OMP_b-brl
YfiO
TPR_6
Fez1
TPD52

IMG_3300031576 | 0247727_10011425

csx10
csm3_csm3

csx19
csm3_UNK

AAA_15
PIN_3

csm3
POI:
TIR_2
csx3 Zn_ribbon_recom

csx20
Cas6

GCA_011047125.1 | DSNU01000206

Cas6
cmr1 Cas10

cmr3 cmr4 cmr5 cmr6 icity0105
POI:
TIR_2

RNase_Y_N

SymE_toxin

IMG_3300032373 | 0316204_10002876

Cas6
csm2

csm3
csm5

csm3
Cas10

csm4 mkCas0160

csx23 POI:
TIR_2
csx3 Cas1

Cas2

EMBL_ERZ404940 | contig_2399

Cas10
csm2

csm3
csm4

Cas6
POI:
TIR_2
csx3 PNP_UDP_1

GCA_016223105.1 | JACRPR010000188

csm3_csm3 POI:
TIR_2
TIR-like

Y1_Tnp

IMG_3300017963 | 0180437_10056469

DUF1778
Acetyltransf_7

NTP_transf_2

Polbeta POI:
TIR_2

GCA_019306775.1 | JAFDKW010000179

1kb
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EP
UAS-139 (metal system)

IMG_3300031654&&a0315549_1044866&&183_2397_-1 
3 / 4.3

Auxiliary

PhdYeFM_antitox

PIN
icity0105

DUF6293

Cas_Cas02710

csx1_UNK

VWA_2
Tubulin_2

POI icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2 COG2378

WYLDEDD_Tnp_IS110

Transposase_20

EMBL_ERZ761562 | contig_254

icity0105

DUF6293
csx1_UNK

VWA_2
Tubulin_2

POI Cas1
DUF370

Cas2 COG2378

WYL
DDE_Tnp_1_6

IMG_3300033169 | a0334887_1000483

icity0105
csx1_UNK

VWA Tubulin_2
POI DUF697 icity0040

RVT_1
Cas1

DUF370RVT_3

RNase_H
Cas2 WYL

pfam13280

GCA_016930605.1 | JAFGGK010000579

Tubulin_2
POI

DUF697
FeoB_N
MMR_HSR1
SRPRB

icity0040

RVT_1
Cas1

DUF370
Cas2 COG2378

WYL

IMG_3300031358 | a0307438_1001316

POI

IMG_3300031654 | a0315549_1044866

1kb
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EQ
UAS-140 (DUF5919)

IMG_3300031670&&0307374_10003486&&16416_17127_1 
2 / 3.0

Auxiliary

AIRC
Fe-ADH_2

ATP-synt_B

ATP-synt_B

OSCP
ATP-synt_ab

ATP-synt
ATP-synt_ab

ATP-synt_DE_N

POI:
DUF5919

csm3
cmr6_cmr6

Cas10
cmr4 cmr3 Cas6

DUF2235

GCA_021818955.1 | JAKASR010000002

PRTRC_E
Prok_Ub

Prok-E2_D

ThiF POI:
DUF5919

csm3
cmr6 Cas10_Cas10

cmr4 cmr5 cmr3_Cas2

Cas6
PNP_UDP_1

CHAT
Peptidase_S41

IMG_3300031670 | 0307374_10003486
Sigma54_activat
Response_reg
AAA_5
HTH_8

POI:
DUF5919

csm3
cmr6 Cas10_Cas10

csm3
cmr3Cas6_Cas6

Cas1
Cas2

EMBL_ERZ795073 | contig_1335

1kb
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ER
UAS-141 (PRiA4 ORF3)

IMG_3300031911&&0307412_10000093&&68229_68721_-1 
2 / 3.9

Auxiliary

Cas3
Cas5

Cas8
Cas7 POI:

PRiA4_ORF3

Cas4
23S_rRNA_IVP

Cas1
Cas2 fn3

Pur_ac_phosph_N

IMG_3300022561 | 0212090_10001740

Cas3
Cas5

Cas8
Cas7 POI:

PRiA4_ORF3

Fic Cas4
Cas1

Cas2

IMG_3300031911 | 0307412_10000093

LYTB
Dabb

Cas3
Cas5

Cas8
Cas7 POI:

PRiA4_ORF3

Cas4
Cas1

PINCOG2378

WYL
Unstab_antitox

ParE_toxin

IMG_3300034023 | a0335021_0002101

NTase_sub_bind

Polbeta

NTP_transf_2

PIN POI:
PRiA4_ORF3

Fic

IMG_3300015360 | 0163144_10145773

Cas8
Cas7 POI:

PRiA4_ORF3

IMG_3300009527 | a0114942_1009376

1kb
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ES
UAS-142 (TPR Protein Kinase)

IMG_3300032272&&0316189_10000814&&17931_20814_1 
3 / 7.2

Auxiliary

SIR2_2

CHAT
SAVED SMODS

NTP_transf_2
ThiF
Prok-E2_B

POI:
Pkinase
PK_Tyr_Ser-Thr
TPR_12 Cas6

Pkinase

PK_Tyr_Ser-Thr

Kdo

IMG_3300032272 | 0316189_10000814

GH3 SMODS
POI Cas10_Cas10

cmr3cmr4cmr5cmr6SIR2_2
csb2

IMG_3300032373 | 0316204_10000280

cmr4 cmr5gr11
cmr6 SIR2_2

SAVED

POI:
Pkinase
PK_Tyr_Ser-Thr
TPR_12 Sigma70_r2 CHAT

SIR2_2

SAVED

GCA_016712315.1 | JADJRG010000028

EPSP_synthase

tRNA_U5-meth_tr

Acetyltransf_3 POI:
Pkinase
PK_Tyr_Ser-Thr
TPR_12 Tubulin

Sigma70_r4_2

Phasin
Bactofilin

ECH_1
PaaA_PaaC

CAP
FHA
Yop-YscD_cpl

WD40

EMBL_ERZ650344 | contig_328
POI:
Pkinase
PK_Tyr_Ser-Thr
TPR_12
ABC1

SIR2_2

Sigma70_r4_2

CHAT
csb2

Cas10
cmr3cmr1cmr4cmr5cmr6SMODS

IMG_3300028029 | a0256845_1001462

csm3_csx10

csm2
csm3

csm3
csm3

POI:
Pkinase
PK_Tyr_Ser-Thr
TPR_12 Sigma70_r4_2

SIR2_2

CHAT

IMG_3300006056 | 0075163_10002176
POI:
Pkinase
PK_Tyr_Ser-Thr
TPR_12Cas6

Cas1

IMG_3300025882 | 0209097_10014652

POI

IMG_3300009032 | 0105048_10093483

1kb
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ET
UAS-143 (EamA _ F420H2_quin_red)

IMG_3300033167&&a0334898_1003770&&3048_4593_-1 
3 / 3.0

Auxiliary

zf-C
DGSH

Cas3_Cas3

Cas8
csb1_UNK

csb2
POI:
F420H2_quin_red

EamA
Cas4

Cas2

GCA_002423485.1 | DIWH01000016

Cas3_Cas3

Cas8
csb1_UNK

csb2
POI:
F420H2_quin_red

EamA

IMG_3300033167 | a0334898_1003770

zf-C
DGSH

Cas8
csb1_UNK

csb2 POI:
EamA

GCA_002425855.1 | DINA01000101

1kb
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EU
UAS-144 (TPR)

IMG_3300033463&&0310690_10163143&&217_2491_-1 
24 / 48.9

Auxiliary

Glyco_hydro_9

CelD_N

CBM_4_9
POI SpoIIE

5TM-5TMR_LYT

Transgly_assoc

PTS_EIIA_1

PTS_EIIC
MFS_1

Response_reg
HATPase_c
HisKA
SBP_bac_3
Hpt

GCF_000526935.1 | NZ_JAHA01000007

DHFR_1
Mem_trans

TPP_enzyme_N

ALS_ss_C

ACT_5
DegV PadR

HTH_34
DUF1700

DUF4097
POI Topoisom_bac

DUF4145 Pkinase

PK_Tyr_Ser-Thr

Kdo AAA_11
ECF-ribofla_trS

Aminotran_5

EMBL_ERZ4561840 | contig_1057

Lactamase_B_3

MIF Fructosamin_kin

APH Isochorismatase

ABC_trans_CmpB

FMN_red

Flavodoxin_2

DUF2971
MMR_HSR1

DUF697
HTH_3

POI Cas13 Pkinase

PK_Tyr_Ser-Thr

APH HTH_3
TF_Zn_Ribbon

IMG_3300010270 | a0129306_1000175

GGGtGRT

Cas13
Cas2

UNK_Cas1

POI HTH_3
HAD_SAK_2

Response_reg

CLP_protease
T4SS-DNA_transf

TraG-D_C

TrwB_AAD_bind

GGDEF
GGDEF

EMBL_ERZ509110 | contig_2

Acetyltransf_10

FR47
Acetyltransf_1

APH Cas13
UNK_Cas1

Cas2
POI AAA-ATPase_like

PDDEXK_9

Mor DUF1062
MFS_1

GGDEF
DNA_alkylation

EMBL_ERZ4561837 | contig_2213

POI csx20
Cas6

Cas10
csm3

csx10
csm3_csm3

csx19
csm3

Transpeptidase
T4SS-DNA_transf

TraG-D_C

TrwB_AAD_bind

EMBL_MGYG000292174 | MGYG000292174_13

HNH Cas13
POI TIR_2

PP2C_2
Pkinase

EMBL_ERZ1689228 | contig_573

Cas1
Cas2

POI Cas13
DUF4230

PHP Acetyltransf_CG

Cupin_2

AraC_binding

GCF_000711825.1 | NZ_JONJ01000012

pfam13280

WYL
HTH_38

Resolvase

icity0107
csx1 POI csx20

Cas10
csm3

zinc_ribbon_2

zf-ri
bbon_3

DZRPhdYeFM_antitox

EMBL_ERZ791824 | contig_263

CxxCxxCC
pfam13280

WYL
Cas13

POI FBPase_2
Radical_SAM

Fer4_14
SBP_bac_11

BPD_transp_1

ABC_tran

AAA_23
MoCF_biosynth

HTH_3COG2378

WYL
Zn_ribbon_2

GCA_910575405.1 | CAJTER010000049

AAA_13
CorA POI DZR VWA_2

FHA Pkinase

PK_Tyr_Ser-Thr

IMG_3300018475 | 0187907_10016468

LysR_substrate

HTH_1 HAD_2

Hydrolase_like

Cas13
HTH_3

POI zinc_ribbon_2
EamA
PUNUT

GCA_017558865.1 | JAFYTM010000185

Hydrolase_3

GtrA Caps_synth

Gly_transf_sug

Glycos_transf_2

LicD AAA-ATPase_like

AAA-ATPase_like

PDDEXK_9

POI
Pkinase

PK_Tyr_Ser-Thr

APH

WGS_OWAD01 | OWAD01001367

zinc_ribbon_2

PP2C_2
VWA_2

FHA Pkinase
POI Peptidase_M48

DUF4145
WYL
pfam13280

EMBL_MGYG000290852 | MGYG000290852_76

1kb
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EV
UAS-145 (transmembrane NARF)

IMG_3300034107&&a0335037_0001347&&11328_12051_-1 
5 / 10.7

Auxiliary

DUF1697 POI:
NARF
icity0087

Cas10
csm2

csm3
csm4

csm5
EAD11

EMBL_ERZ794931 | contig_778

Cas1
Cas6

POI:
NARF
icity0087

Cas10
csm2

csm3
csm4

csm5
EAD11 NTP_transf_2

Polbeta

IMG_3300007519 | 0105055_10005917

Cas6
POI:
NARF
icity0087

Cas10
csm2

csm3
csm4

csm5 NARF
icity0087

Cas6 MTES_1575

DUF559 Glycos_transf_2

Glyco_tranf_2_3

IMG_3300037311 | a0394881_0009019

Laminin_G_3

Por_Secre_tail Cadherin
Cohesin
HYR
Dockerin_1 Cas6

POI:
NARF
icity0087

Cas10

EMBL_ERZ650282 | contig_1306

DUF6089

OMP_b-brl

Cas6 POI:
NARF

Cas10
csm2

csm3
csm4

csm5UnbV_ASPIC

FG-GAP_3

IMG_3300001239 | Draft_10009213

Cas6
POI:
NARF
icity0087

Cas10
csm2

csm3
csm4

csm5
TIR_2

IMG_3300034107 | a0335037_0002992

Cas6 POI:
NARF

Cas10

IMG_3300005989 | 0075154_10013649

HTH_18
Cas6 POI:

NARF
Cas10

Cas10

IMG_3300012533 | 0138256_10050377

Cas2 pfam00078

RVT_1
Cas6

POI:
NARF
icity0087

Cas10

IMG_3300037308 | a0394872_0116539

POI:
NARF
icity0087

Cas10

IMG_3300007799 | 0105049_10120832

POI:
NARF
icity0087

Cas10

IMG_3300010355 | 0116242_10169857

Cas6
PRiA4_ORF3

POI:
NARF
icity0087

Cas10

IMG_3300007986 | 0100380_10080335

1kb
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EW
UAS-25 (NACHT_PDDEXK + cascade)

IMG_3300035698&&Ga0374944_616918&&9967_11707_-1 
8 / 12.8

Auxiliary

WYL
pfam13280

MazE_antitoxin

PrlF_antitoxin

PIN ORF6N

Phage_pRha

Cas1
23S_rRNA_IVP

Cas2
Cas6

POI:
ATPase_2
HTH_45
AAA_16 Cas8

Cas7
Cas5

Cas3_Cas3

Cas4
Cas4

DUF6516
Cas4AP_endonuc_2

DUF1858
TusAAIRS_C

GCA_004193595.1 | RPGQ01000011

Cas1
Cas2

POI:
AAA_16

ATPase_2
Cas8

Cas7
Cas5

Cas3
Cas6

Cas4

MG-RAST_mgm4840855.3 | NODE_773_length_

Cas3

POI:
ATPase_2
AAA_16
TIGR01884
cls001593 csf1 csc1

Cas6
AbiEii

Cas4
DDE_Tnp_1_6

GCA_019307815.1 | JAFDIV010000009

Cas1
ORF6N POI:

ATPase_2

AAA_16
Cas8

Cas7
Cas5

IMG_3300011118 | 0114922_10004378

Cas2
POI:
AAA_16

ATPase_2
Cas8

Cas7
Cas5

Cas3_Cas3

Cas6
Polbeta

Cas4

IMG_3300035698 | Ga0374944_616918

Cas1
Cas2

Cas4
Cas3

Cas3
csf1 csc1

POI:
ATPase_2

AAA_16
DUF104

Cas6
DUF104

IMG_3300010302 | 0116202_10001714

Cas1
Cas2

Cas6

POI:
ATPase_2
AAA_14
MarR Cas8

Cas7
Cas5

Cas3_Cas3

Cas4

IMG_3300013103 | 0164318_10006341

Cytidylate_kin2

Cas1
Cas2 MazE_antitoxin

PrlF_antitoxin

PIN ORF6N
Cas6

POI:
AAA_16
ATPase_2
PDDEXK_10 Cas8

IMG_3300031657 | a0307991_1003434

Cas6
POI:
HTH_20

PDDEXK_10

Cas8
Cas7

Cas5
Cas3_Cas3

Cas4

IMG_3300035698 | Ga0374944_026750

Cas3
POI:
ATPase_2

AAA_16
Cas10d

csf1 csc1
Cas6

IMG_3300020074 | 0194113_10016020

Cas1
Cas2 DUF1016_N

COG4804 POI:
AAA_16

ATPase_2
Cas8

Cas7
Cas5

IMG_3300018080 | 0180433_10018995

ORF6N POI:
AAA_16

Cas8
Cas7

Cas5
Cas3

GCA_016735285.1 | JAERRT010000273

POI:
ATPase_2

cd09655
Cas10d csc2gr7

Csc2

IMG_3300014149 | a0181613_1006832

Cas1
Cas2

POI:
ATPase_2

AAA_16
Cas8

IMG_3300018016 | a0187880_1020277

1kb
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EX
UAS-146 (EAD11)

IMG_3300037311&&a0394881_0008304&&11617_12277_1 
5 / 8.2

Auxiliary

Cas6
Cas10

csm3
csx10

csm3_csm3

csx19
csm3

DUF1016_N
POI:
EAD11

TonB_dep_Rec
CarbopepD_reg_2
Plug
CarboxypepD_reg

RVT_1

pfam00078

EMBL_ERZ795105 | contig_41

cmr1 AAA_21
Cas9

Cas10
cmr3 cmr4 cmr5 cmr6 POI:

EAD11
Cas6

PemK_toxin
AAA-ATPase_like

PDDEXK_9

Sigma70_r4_2

pfam00078

RVT_1
SPOR

SPOR

GCF_000212735.1 | NC_015510

Cas10
cmr3 csm6

YhcG_C

DUF1016_N

COG4804

cmr4 cmr5 cmr6 POI Cas6 Polbeta

NTP_transf_2
Sigma70_r4_2

GerE pfam00078

RVT_1
Cas1

YhcG_C

COG4804

DUF1016_N

Cas2
SPOR

IMG_3300037311 | a0394881_0008304

POI:
EAD11

Cas6
Cas10

csm2
csm3

csm4
csm5 EAD11

Pentapeptide

Peptidase_S8

GCA_016715565.1 | JADJZS010000008

Cas10
cmr3 cmr4 cmr5 cmr6 POI:

EAD11
Cas6

Phage_integrase

XisH XisICas1

EMBL_ERZ505514 | contig_11986

csm2
csm3

csm4
csm5 Pentapeptide_4

NACHT
EAD11

icity0087
POI:
EAD11

DUF1016_N

IMG_3300048592 | a0498931_0007532

Cas6
Cas10

csm2
csm3

csm4
csm5

TIR_2 POI:
EAD11

Aldedh

GCA_014879775.1 | JACSRK010000124

cmr3 cmr4 cmr5 cmr6 Calci_bind_CcbP

icity0087
POI:
EAD11

Cas6 pfam00078

RVT_1
Cas1

Cas2

EMBL_ERZ794913 | contig_1519

POI:
EAD11 PSD1

PSCyt2

PSCyt1
DUF1501

IMG_3300009084 | 0105046_10049463

1kb
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EY
UAS-147 (WYL I-D)

IMG_3300037509&&a0394184_0000482&&19069_20062_1 
36 / 66.5

Auxiliary

adh_short
DDE_Tnp_Tn3

DUF4158 POI:
WYL
pfam13280

Relaxase
ALP_N

Mob_Pre Bac_DNA_binding

HU-HIG
GST_N

Cas3
Cas10d

DUF3732
DDE_Tnp_1_6

GCF_020091585.1 | NZ_CP083583

POI:
WYL
pfam13280

NMO
IMPDH

KilA-N DDE_Tnp_4

HTH_Tnp_4

DUF2786
IMSCas3

Cas10dcsc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4

GCF_016056305.1 | NZ_JAECZC010000055

POI:
WYL
pfam13280

DUF3134
Fasciclin

dCache_1

Response_reg

Response_reg

HATPase_c

Pentapeptide
ATP-grasp

Dala_Dala_lig_C

CPSase_L_D2

Uma2
Cas3
Cas3

Cas10dcsc2gr7

Csc2
TIGR03157

GCA_019359595.1 | JAHHGZ010000001

POI:
WYL
pfam13280

tRNA-synt_1f

Anticodon_2

TPR_11Biotin_lipoyl_2

HlyD_3MacB_PCD

FtsXCas3
Cas10dcsc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

GCF_000346485.2 | NZ_KQ976354

POI:
WYL
pfam13280

HTH_26 tRNA-synt_2b

HGTP_anticodon

Cas3
Cas10dcsc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2

GCA_015272395.1 | JACYLQ010000033

POI:
pfam13280

WYL
TPR_16 Fer4_NifH

AAA_31

CbiAOxidored_nitro

Oxidored_nitro

Oxidored_nitro

HSDR_N
Bac_luciferase

Bac_luciferase

Cas3
Cas10dcsc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4

GCA_019358935.1 | JAHHIK010000035

DUF29 POI:
WYL
pfam13280

CCG Polyketide_cyc2
DXP_reductoisom

DXPR_C

TPR_1
Cas12

Uma2
TM_helix

PP-binding
ketoacyl-synt

Ketoacyl-synt_C

Cas3
Cas10dcsc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4

GCA_000380225.1 | KB904821

POI:
WYL
pfam13280

S-methyl_trans
S-methyl_trans

Pterin_bind

CdhD B12-binding_2

Pterin_bind

Met_synt_B12

Semialdhyde_dh

DUF4230
Cas12

Uma2
Cas3

Cas3
Cas10d

Cas10dcsc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

EMBL_ERZ1941734 | contig_0

POI:
WYL
pfam13280

MarR_2

HTH_Crp_2

Zip PRCHTH_3
Cas3

Cas10dcsc2gr7

Csc2
TIGR03157

GCF_001275395.1 | NZ_LIRN01000074

POI:
pfam13280

WYL
Ald_deCOase

Shikimate_DH

Semialdhyde_dh

2-Hacid_dh_C

BPD_transp_1

Haemagg_actGAF
HATPase_c
PAS_4
HisKAUma2

Cas3
Cas10dcsc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

Cas2

GCF_021596505.1 | NZ_PJIZ01000011

POI:
WYL
pfam13280

DUF4231

Phage_lysozyme

EcsCGSHPx

AhpC-TSAEpimerase

NAD_binding_10

3Beta_HSDPNK3P

HAD_2

Hydrolase

Cas3
Cas10dcsc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4

IMG_3300044961 | a0484961_0000219

POI:
WYL
pfam13280 AAA_31

CbiA
ParA ParBc

Thioredoxin_4

Aldo_ket_red

Fer2_2 FAD_binding_5

CO_deh_flav_C

Ald_Xan_dh_C

adh_short_C2

KR XdhC_C
Cas3

Cas10d
Cas10dcsc2gr7

Csc2
TIGR03157

Polbeta

NTP_transf_2

csc1
Cas6

Cas4

IMG_3300037310 | a0394878_0004355

DUF29 POI:
pfam13280

WYL
PPC CCG

Pyr_redox_2

FAD_binding_2

NAD_binding_8

Fer4_8
CCGcsa3

Rhodanese

Lactamase_B
Rhodanese

DUF2892
Photo_RC

Cas3
Cas10dcsc2gr7

Csc2
TIGR03157

csc1
Cas6

GCF_000021825.1 | NC_011729

POI:
WYL
pfam13280

Ferritin
-like

Pentapeptide
Glucodextran_N

Glyco_hydro_15

HMA_2
Peptidase_M24

Cas3
Cas10dcsc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1

GCF_000147335.1 | NC_014533

1kb

241



EZ
UAS-27 (methyltransferase + cascade)

IMG_3300041417&&a0439242_0072051&&1423_2242_1 
2 / 3.2

Auxiliary

Cas5
Cas8

Cas7
ResIII

POI MqsA_antitoxin

Transgly
AAA_28

IMG_3300046656 | a0495458_0001235

Cas5
Cas8

Cas7
POI

IMG_3300014162 | 0181538_10007298

Cas5
Cas8

Cas7
POI

IMG_3300035696 | a0374055_0116558

POI

IMG_3300041417 | a0439242_0072051

1kb
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FA
UAS-148 (mega Cas8-like)

IMG_3300042340&&a0453917_0000106&&32810_35291_-1 
37 / 51.3

Auxiliary

Chorismate_bind

TPP_enzyme_N

POI:
Cas8

Cas7
Cas5

Cas3
Cas6

Cas4
Cas1

Cas2WYL
pfam13280

Glutaredoxin

GST_N_3
UbiAAbhydrolase_1

Hydrolase_4

GCA_004294035.1 | RDZK01000121

Polbeta

NTP_transf_2
Polbeta

NTP_transf_2

DUF86
Cas10d csc2gr7

Csc2
TIGR03157

csc1 POI:
Cas8

Cas7
Cas5

Cas3
Uma2

Cas6
Cas12pfam13280

WYL

GCF_015207185.1 | NZ_JADEXI010000003

DUF433
Uma2 Polbeta

NTP_transf_2

DUF86
DUF433DUF5615

PIN_10 POI:
Cas8

Cas7
Cas5

Cas3
DUF5674

Uma2
Cas6

Cas4
DUF499

Fn3_assoc

CHB_HEX_C_1

DUF3780
Uma2

DUF2283

IMG_3300014060 | 0119967_10000672

Glycos_transf_1

Glyco_trans_1_4

Wzy_C
Sulfotransfer_3

HpcH_HpaI

2OG-Fe_Oxy_2

POI:
Cas8

Cas7
Cas5

UNK_Cas3

Cas6
Cas4

Cas1
Cas2COG2378

WYL
DUF711

DUF1176

GCA_011331985.1 | DSPX01000251

POI:
Cas8

Cas7 DUF559

MTES_1575

Cas5
Cas3

Cas6
Cas4

Cas1pfam13280

WYL
PGM_PMM_I

Peptidase_S41

Tricorn_C1

PDZ_6ResIII

DEAD
SWI2_SNF2

AAA_23

SMC_N
Uma2

GCF_001904725.1 | NZ_MRCE01000014

Resolvase

Zn_ribbon_recom

Recombinase

DUF433 POI:
Cas8

Cas7
Cas5

Cas3
Cas6

Cas4
Cas1

Cas2COG2378

WYL
Oxidored_nitro

Oxidored_nitro

Oxidored_nitro

GCF_002368415.1 | NZ_AP018290

DZR
HTH_31 POI:

Cas8
Cas7

Cas5
Cas3

Cas3
Cas6

Cas4
Cas1

Cas2pfam13280

WYLPhage_integrase

BPD_transp_1

NMT1_2ABC_tran

AAA_16
ExoD

GCF_001693295.1 | NZ_CP016489
HATPase_c
Response_reg
HisKA
PAS_4
GAF_2 Uma2

icity0081
POI:
Cas8

Cas7
Cas5

Cas3
Cas6

Cas4
23S_rRNA_IVP

pfam13280

WYL
ODP
Flavin_Reduct

Lactamase_B

GCF_018739885.1 | NZ_JADOES010000007

Rhodanese

DUF4388
AAA_35
Pkinase
PK_Tyr_Ser-Thr
ABC1

POI:
Cas8

Cas7
Cas5

UNK_Cas3
mkCas0061

PD-DExK
Cas6

Cas4
Cas1

Cas1pfam13280

WYL
PALP

CAPDNA_pol_A_exo1

GCF_014695895.1 | NZ_JACJPD010000011

PhzC-PhzF

DUF433DUF5615

PIN_10
DUF1016_N

Polbeta

NTP_transf_2

DUF86
icity0081

POI:
Cas8

Cas7
Cas5

Cas3
Cas6

Cas4
Cas1

Cas2WYL
pfam13280

Pentapeptide

Aminotran_1_2

RimM
PRCPhosphorylase

GCF_014698965.1 | NZ_JACXAE010000057

KdpA Hydrolase

E1-E2_ATPase

Potass_KdpF

KdpC
icity0081

DUF433Polbeta

NTP_transf_2
POI:
Cas8

Cas7
Cas5

Cas3
mkCas0061

PD-DExK

HSDR_N_2

csc1
Cas6

23S_rRNA_IVP

Cas4
COG2378

HATPase_c

HisKAResponse_reg

GerE

GCF_015207875.1 | NZ_JADEVZ010000005
GTP_EFTU
RF3_C
MMR_HSR1
EFG_III

POI:
Cas8

Cas7
Cas5

Cas3 mkCas0061

PD-DExK
Cas6

Cas4
Cas1WYL

pfam13280
WYL
pfam13280

Pyrid_ox_like

Putative_PNPOx

CAPSulfate_transp

STAS
UspSulfate_transp

STAS

GCA_019358875.1 | JAHHIF010000009

Cas3
DUF86

Polbeta

NTP_transf_2

Cas10d
csc1 POI:

Cas8
Cas7

Cas5
Cas3

Cas6
Cas4

Cas1
Cas2WYL

pfam13280

IMG_3300009455 | 0114939_10000988

HTH_19 POI:
Cas8

Cas7
Cas5

Cas3
Cas6

Cas4
Cas1

Cas2
COG2378

GCA_003326215.1 | LXQD01000022

1kb

243



FB
UAS-149 (vWA + Tubulin)

IMG_3300043390&&Ga0454692_000076&&4479_7614_1 
N/A

Auxiliary

Cas6
VWA POI:

Tubulin_2
DUF4126

Cas10
cmr3 cmr1 cmr4 cmr5

IMG_3300005607 | 0070740_10001355

POI:
Tubulin_2

Cas10
csm3_UNK_csx10

csm3_csm3

csx19
csm3COG2378

WYL

IMG_3300045107 | a0484955_0003445

VWA_2 POI:
Tubulin_2

csx1 Cas10
csm3

csx10
csm3_csm3

IMG_3300019360 | 0187894_10002686

STIV_B116-like

icity0062
SAVED

icity0091
POI:
Tubulin_2

csx1 DUF4258
icity0040

RVT_1
Cas1

Cas2

IMG_3300043390 | Ga0454692_000076

csx19
UNK_csm3

Cas6_Cas6
STIV_B116-like

icity0062
csx1 VWA POI:

Tubulin_2
csx1 DUF4258

icity0040

RVT_1

IMG_3300020170 | 0179594_10000248

POI:
Tubulin_2

Trypsin_2
rve IstB_IS21

AAA_16
DUF6788

IMG_3300009503 | 0123519_10017025

VWA POI:
Tubulin_2

csx15

cd09766

IMG_3300006865 | 0073934_10023656

POI:
Tubulin_2

Cas6

IMG_3300043331 | 0439260_00605099

POI:
Tubulin_2

IMG_3300037465 | a0394876_0118595

1kb

244



FC
UAS-150 (APH_EcKinase)

IMG_3300044730&&a0453757_0004423&&6344_8234_-1 
3 / 3.0

Auxiliary

POI:
APH
TCAD9

SAVED
Cas10

cmr3 cmr4 cmr5 UNK_cmr6
PD-DExK

mkCas0090

IMG_3300034118 | a0335053_0001688

POI:
APH
TCAD9

SAVED
Cas10

cmr3 cmr4 cmr5 TIR_2
Cas1

Cas2

IMG_3300044730 | a0453757_0004423

POI:
APH
TCAD9

SAVED
Cas10

IMG_3300042521 | a0453220_0093697

1kb

245



FD
UAS-151 (Cas8_Fic fusion)

IMG_3300045107&&a0484955_0013512&&3038_6074_-1 
2 / 5.0

Auxiliary

COG2378

WYL
DUF6364

PIN_3
Cas3_Cas3

POI csb1_UNK

csb2
Cas4

Cas2

IMG_3300009593 | 0115011_10000003

Aldedh COG2378

WYL
DUF6364

PIN_3
Cas3_Cas3 POI:

Cas8
Fic csb1_UNK

csb2
Cas4

RHH_1
PINAldedhNAD_binding_8

DAO
Pyr_redox_2

IMG_3300001739 | 58J20074_1000256

COG2378

WYL
Cas3_Cas3

POI:
Fic csb1_UNK

csb2
Cas4

Cas2
DUF4143

AAA_14

HTH_IclR

IMG_3300047678 | a0495312_0014709

COG2378

WYL
Cas3_Cas3

POI:
Fic Cas7_UNK

csb2
Cas4ResIII

HSDR_N_2
ResIII

SWI2_SNF2

IMG_3300045107 | a0484955_0013512

Cas3_Cas3

POI csb1_UNK

csb2
DUF104

Cas2
Cas4

IMG_3300020214 | 0194132_10012705

1kb

246



FE
UAS-152 (RNaseT)

IMG_3300046534&&a0491194_0030312&&2144_2783_-1 
4 / 7.4

Auxiliary

pfam00078

RVT_1
Cas1

Cas2 POI:
DUF5051

CorA cmr1 Cas10_Cas10

cmr3gr5
cmr4 cmr5 cmr6 Cas6

IMG_3300037285 | Ga0400245_000422

Por_Secre_tail

Cu-binding_MopE

SdrD_B POI:
DUF5051

CorA cmr1 Cas10_Cas10

UNK_cmr3

cmr4 cmr5 cmr6 Cas6CbiA
AAA_31

HicBHTH_3
Rep_3

GCF_900110645.1 | NZ_FOFB01000012

AA_kinase

Beta_helix

MlaE
ABC_tran

Asparaginase_2

PcrB
His_biosynth

Pyr_redox_2
POI:
DUF5051

CorA cmr1 Cas10
TIGR01888

cmr4 cmr5 cmr6 Cas6
Nitroreductase

GCF_014197245.1 | NZ_JACIFF010000008

POI:
DUF5051

CorA cmr1 Cas10_Cas10

cmr4 cmr5 cmr6 Cas6

IMG_3300011186 | a0136553_1000366

POI:
DUF5051

CorA cmr1 Cas10
cmr3 cmr4

IMG_3300037327 | Ga0400262_003402

Amidase POI:
DUF5051

CorAMlaE
ABC_tran

IMG_3300046534 | a0491194_0030312

POI:
DUF5051

CorA cmr1

IMG_3300037330 | a0400266_0029519

POI:
DUF5051

CorA

IMG_3300046534 | a0491194_0172686

1kb

247



FF
UAS-153 (SNF2 instead of Cas3)

IMG_3300047317&&a0495604_0021803&&2293_4057_-1 
7 / 9.9

Auxiliary

EPSP_synthase

HD_4 Glyco_hydro_15

DUF5911
TPR_12

icity0106 AAA_16

NB-ARC

TPR_12 POI:
ResIII

Cas8_cse2

Cas7
Cas5

Cas6 Transposase_mut

MULE
AAA_33

GCF_001514145.1 | NZ_KQ948674

HATPase_c_2

PCC HTH_31 POI:
ResIII

SNF2-rel_dom

Cas8_cse2

Cas7
Cas5

Cas6
Acetyltransf_3

Pkinase2_5_RNA_ligase2

LigT_PEase

IMG_3300029951 | 0311371_10000666

EPSP_synthase

Glyco_hydro_15

DUF5911 TPR_12

AAA_16

NB-ARC POI:
ResIII

Cas8_cse2

Cas7
Cas5

Cas6
RrnaAD

Methyltransf_11

TPR_21

GCA_014360625.1 | JACIXF010000089

DUF742
ATP_bind_1

Acyl-CoA_dh_N

NUDIX DUF5753

HTH_31
TPR_12 POI:

ResIII
Cas8_cse2

Cas7
Cas5

Cas6 Glyco_tranf_2_3

Glycos_transf_2

GCF_000148465.1 | NZ_CM001018

TPR_12

AAA_22

NB-ARC TPR_12

icity0108
Zincin_2

TetR_N AAA_16

ATPase_2
POI Cas8_cse2

Cas7
Cas5

Cas6
HTH_31

IMG_3300046674 | a0495588_0000468

TPR_12
POI Cas8_cse2

Cas7
Cas5

Cas6 TPR_12

AAA_16

IMG_3300028786 | 0307517_10005273

HTH_32

DDE_3
Phage_integrase

Cas7
Cas5

Cas6 POI:
ResIII

Cas8
Cas12_Cas12

IMG_3300009985 | Ga0105036_100008

POI:
ResIII

SNF2-rel_dom

Cas8_cse2

Cas7

IMG_3300047317 | a0495604_0021803

POI:
ResIII

SNF2-rel_dom
DDE_Tnp_ISL3

HTH_23

IMG_3300012209 | 0137379_10031638

TPR_12
POI Cas8

IMG_3300046459 | a0495629_0041712

Cas6 POI:
ResIII

IMG_3300009984 | Ga0105029_100176

1kb

248



FG
UAS-154 (HIRAN Cas9, one case ATPase)

IMG_3300048583&&a0498911_0096679&&1007_1916_1 
28 / 44.9

Auxiliary

LemA
Glyco_tran_28_C

Cas9_Cas9
ATPase_2

AAA_22
Cas1

Cas2 POI:
HIRAN

DDE_Tnp_ISL3
GDC-P

Aminotran_5

Beta_elim_lyase

CdiA_C
CdiA_C

GCA_013297755.1 | JAAFIH010000009

Peptidase_M3

LGT
DUF4203

POI:
HIRAN

Peptidase_M20

Trp_dioxygenase
Chal_sti_synt_C

ACP_syn_III_C

FAE1_CUT1_RppA

DUF4861
Glyco_hydro_42

DUF4440RsgA_GTPase

MMR_HSR1

eIF-1a
TKReg_prop

Peptidase_M1

HEAT_2
Peptidase_S51

IMG_3300037311 | a0394881_0000125

Aminotran_3
TPR_16

PrimPol
Shikimate_dh_N

Cas9 POI:
HIRAN

Y1_Tnp
Cas1

Cas2
DUF349

Radical_SAM

FixHDsbD_2

GCF_002797935.1 | NZ_PGER01000001

HATPase_c

GAF_2

HisKA Transglut_core

DUF553
Cas9 POI:

HIRAN
Cas1

Cas2 YoeB_toxin

ParE_toxin

Beta_elim_lyase

GCF_016623585.1 | NZ_JAEHFY010000003DAO
Pyr_redox_2
Fer2_BFD
NAD_binding_8
FAD_binding_3
Fer4_9 YceD

Ribosomal_L32p

FA_synthesis

ACP_syn_III_C

POI:
HIRAN PK

HpcH_HpaI

LptCDUF21

CorC_HlyC
SurA_N_2

Rotamase_3

Pribosyltran

MntpEndonuclease_1

Por_Secre_tail

PTPS
Peptidase_U32

PHPGlyco_transf_5

GCA_002426025.1 | DINP01000015

PMT_2
Acetyltransf_10

POI:
HIRAN

DUF4325
PIN PK

DUF21

CorC_HlyC

CBSSurA_N_2

Rotamase_3
Pribosyltran

DZR_2
MntpEndonuclease_1

Por_Secre_tail

PTPS
N6_N4_Mtase

ResIII
Peptidase_U32

PHP

GCA_016788045.1 | JAEUTG010000015

HSDR_N_2

DUF4407
Cas9

Cas1
Cas2 POI:

HIRAN
DnaJRhomboid

DUF1751
Peptidase_M1

adh_short_C2

GCF_000243115.2 | NZ_CP007035

Collar
Por_Secre_tail

SHOCT Phage_int_SAM_5

Arm-DNA-bind_5

pfam13280

WYL
RmuC POI:

HIRAN N6_Mtase

Methylase_S

HATPase_c
N6_Mtase

HsdM_N
Methylase_S

DUF488
DUF488

GCA_019638495.1 | JAHBTQ010000006

NAD_synthase

CN_hydrolase

Peripla_BP_2

RRM_1 POI:
HIRAN

Abi_2Abi_2
HEPN_Apea

TaqI_C Eco57I

TaqI_C

N6_Mtase
Resolvase

HTH_38GDP_Man_Dehyd

Epimerase

RmlD_sub_bind
Epimerase

GDP_Man_Dehyd

RmlD_sub_bind

Polysacc_synt_3

EMBL_ERZ1669374 | contig_242

DUF1343
Cas9

Cas1
Cas2 POI:

HIRAN
HicA_toxin

HATPase_c

HisKA_3 Response_reg

GerE
Sigma70_r4_2

IMG_3300008028 | Ga0099752_1024

Cas9_Cas9
POI:
HIRAN

Cas1
Cas2

RmuC
YceI

TetR_C_23
ABC1
PkinaseEpimerase

DUF1731

GDP_Man_Dehyd

YafQ_toxin

PseudoU_synth_2

IMG_3300005986 | 0075152_10001507

pfam13280

WYL POI:
HIRAN

GRDP-like

N6_Mtase
MTS
HATPase_c
Methylase_S
Methyltransf_31HTH_17

IMG_3300020160 | 0211733_10226366

Succ_DH_flav_C

FAD_binding_2

Fer2_3

Fer4_8
Cas9 POI:

HIRAN
Cas1

Cas2
CpsB_CapC

Poly_export

SLBB Wzz
GNVR

DUF3800

GCA_004292865.1 | RDXP01000156

PKD_4

CHU_C POI:
HIRAN

FTPPorP_SprF

IMG_3300048837 | a0498921_0002695

1kb

249



FH
UAS-20 (Cas12 + bzip)

IMG_3300048589&&a0498927_0037426&&1005_1464_1 
7 / 7.4

Auxiliary

DUF3799
RecT cd06127

RNase_T
Cas12

POI IstB_IS21
RusA

HTH_7

GCA_020852965.1 | JADYZV010000027

CsrA DUF3799
AAA_23

DUF4461
Cas12

POI DUF6475
SNase

RadC

IMG_3300034019 | a0334998_0000789

HTH_17
DNA_methylase

Cas12
POI CsrA Acetyltransf_1

YqaJ
Phage_integrase

IMG_3300034071 | a0335028_0000410

HTH_17
Cas12

POI Acetyltransf_1
AAA_30

icity0067

HHH_4

IMG_3300020192 | 0163147_10002956

Cas12
POI SNF2-rel_dom

ResIII
Inhibitor_I78

AAA_25

IMG_3300048589 | a0498927_0037426

Cas12
POI

IMG_3300017788 | 0169931_10095670

POI

IMG_3300045911 | Ga0484947_052814

Cas12
POI

WGS_WPCI01 | WPCI01393560

1kb

250



FI
UAS-155 (transmembrane_vWA + DUF4407)

IMG_3300048987&&a0467049_0000162&&19133_19934_1 
3 / 4.4

Auxiliary

POI cmr3cmr1cmr4cmr5cmr6csx1csx1Cas1
Cas2

Cas6

IMG_3300048987 | a0467049_0000162

POI cmr3cmr1cmr4cmr5cmr6csx1csx1

IMG_3300044832 | a0467064_0000005

POI cmr1cmr4cmr5cmr6csx1csx1UNK_Cas1

Cas2

IMG_3300018476 | 0190274_10002155

POI Gp49
Cas6

GCA_019639255.1 | JAHBSF010000145

POIUNK_Cas1

IMG_3300019360 | 0187894_10033934

1kb

251



FJ
UAS-156 (Mrr nuclease + ATPase)

WGS_CADHRT01&&CADHRT010000022&&25862_26885_1 
N/A

Auxiliary

Cas10
csm3

csx10
csm3_csm3

csx19
csm3

AAA_15
POI csx1 Cas10

csm2
csm3

csm4

EMBL_ERZ404940 | contig_6395

Cas10
csm3

csx10
csm3_csm3

csx19
csm3

AAA_15
POI csx1

IMG_3300003844 | 0056914_10002014

csm3
AAA_15

POI csm5
csm6

csx1

IMG_3300009430 | a0114938_1005555

AAA_15
POI DUF5678

IMG_3300037422 | a0394882_0078056

1kb

252



FK
UAS-33 (Prok_E2 + ThiF + ThiS + NYN + CorA)

WGS_JAAUYB01&&JAAUYB010070855&&3244_3730_1 
34 / 50.0

Auxiliary

csx3_csx3

csx3 icity0040

RVT_1
Cas1

Cas2 NYN
icity0084

CorA POI:
Prok-E2_E

ThiF DUF433
DUF5615

RESHDADP_ribosyl_GH

COP23
Trypsin_2

mkCas0075

TIGR03985

HD_4icity0084

NYN

GCA_019359615.1 | JAHHHA010000006

Peptidase_M23

Ricin_B_lectin

RicinB_lectin_2

T2SSE icity0040

RVT_1
Cas1

Cas2 NYN
icity0084

CorA POI:
Prok-E2_E

ThiF AAA_lid_8

bpMoxR
VWA_2

WGRDDE_3

HTH_33NYN
icity0084

GCF_000317495.1 | NC_019753

icity0040

RVT_1
Cas1

Cas2 NYN
icity0084

CorA ThiS-likePOI:
Prok-E2_E

ThiF mkCas0075

TIGR03985

HD_4
csx1csx3_csx3

icity0084

NYNGp49
HTH_37

PIN

GCF_000447295.1 | NZ_ALVX01000004

mkCas0075

TIGR03985

HD_4 icity0040

RVT_1
Cas1

Cas2 NYN
icity0084

CorAThiS-likePOI:
Prok-E2_E

ThiF icity0083

Peptidase_M48

csx3icity0084

NYN

GCF_000582685.1 | NZ_ALWD01000163

Glyco_trans_1_4

Glycos_transf_1

icity0040

RVT_1
Cas1

Cas2 NYN
icity0084

CorA POI:
Prok-E2_E

ThiF mkCas0075

TIGR03985

HD_4
csx1csx3_csx3

icity0084

NYNGlycos_transf_2

GCF_014697425.1 | NZ_JACJRU010000003

csx1 NYN
icity0084

CorA ThiS-likePOI:
Prok-E2_E

ThiF Methyltransf_25

Peptidase_C26

GATase
NO_synthase
FAD_binding_1
Flavodoxin_1
NAD_binding_1Beta-lactamase2

HigB_toxin

Glyco_transf_28

Glyco_transf_28

Tn7_Tnp_TnsA_N

AAA_22

TniBTniQ

GCF_000346485.2 | NZ_KQ976354

icity0040

RVT_1
Cas1

Cas2 NYN
icity0084

CorA ThiS-like
POI ThiF csx3_csx3

Cas10
cmr3 cmr4 cmr5 cmr6CDO_ITauD

CsiDHMGL-like

GCF_003003775.1 | NZ_PVWJ01000073

mkCas0075

TIGR03985
icity0040

RVT_1
Cas1

Cas2 Dynamin_N

MMR_HSR1
NYN
icity0084

CorAThiS-likePOI:
Prok-E2_E

ThiF Virul_fac_BrkB

DUF4112
Abhydrolase_1

AbrBDUF1838

GCF_003991935.1 | NZ_RSCM01000010

NYN
icity0084

CorA POI:
Prok-E2_E

ThiF icity0040

RVT_1
Cas1

Cas2
csx3csx3ResIII

RE_endonuc

GCA_003003725.1 | PVWI01000004

NYN
icity0084

CorA ThiS-likePOI:
Prok-E2_E

ThiF
Prok-JAB

Cas10
cmr3 cmr4 cmr5 cmr6 mkCas0075

TIGR03985

HD_4
Cas2

IMG_3300033979 | a0334978_0000040

Cas1
Cas2 NYN

icity0084
CorA POI:

Prok-E2_E

ThiF csm3
csx10

csm3_csm3

csx19
csm3

GIY-YIG
23S_rRNA_IVP

GCA_010692575.1 | JAAHGZ010000027

TniQ TnsD
Pentapeptide

NYN
icity0084

CorAThiS-likePOI:
Prok-E2_E

ThiF icity0040

RVT_1
Cas1

Cas2
Pkinase

PK_Tyr_Ser-Thr

APH

GCF_015207825.1 | NZ_JADEWC010000004

icity0040

RVT_1
Cas1

Cas2 NYN
icity0084

CorA ThiS-likePOI:
Prok-E2_E

ThiF icity0104

SAVED
Cas10

cmr3 cmr4 cmr5 cmr6

SNF2-rel_dom
Helicase_C
ResIII
DEAD

GCF_900009135.1 | NZ_LT797705

GrpE
Cas1 NYN

icity0084
CorA POI:

Prok-E2_E

ThiF mkCas0075

TIGR03985

Cas10
cmr3cmr3 DDE_Tnp_1

cmr3gr5
cmr4

GCA_003389435.1 | QQWB01000015

1kb

253



FL
UAS-157 (RecJ_HD)

WGS_MTBK01&&MTBK01177382&&2891_4688_1 
19 / 25.4

Auxiliary

cmr3 cmr4 cmr5 cmr6 Yip1 Cas_VVA1548

pfam09652
POI:
HD Tubulin_2

ABC_tran

AAA_21
ABC2_membrane_2

CarboxypepD_reg

CARDB
csa3

IMG_3300001784 | 25J20221_1000037

Cas6
cmr1 Cas10

cmr3 cmr4 cmr5 cmr6 Cas_VVA1548

pfam09652
POI:
HD DJ-1_PfpI

NTP_transf_2

Polbeta Radical_SAM

SPASM

Fer4_12
AsnC_trans_reg2

AsnC_trans_reg2

HTH_AsnC-type
Radical_SAM

SPASM

Fer4_12NTP_transf_2

Polbeta
DUF86

HDPemK_toxin

GCF_000784355.1 | NZ_KN360931

POI:
HD HTH_32DDE_3

rve Beta-lactamase

DUF3471
NHLcsx1DDE_Tnp_1

csx1Tubulin
Transglut_core

ATPase_2

GCF_018502485.1 | NZ_CP075546

cmr3 cmr4 cmr5 cmr6 csx1 Cas1
Cas2 POI:

HD Peptidase_M48

icity0083
HTH_17

DUF5919
TPR_19

PqqDRadical_SAM

SPASMRadical_SAM

Fer4_14

IMG_3300033169 | a0334887_1001199

Cas2
PIN Yip1 POI:

HD Tubulin_2

IMG_3300012886 | a0160425_1000789

Cas6_Cas6

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 csx1

POI:
Cas_VVA1548
pfam09652
HD Holin_BhlA

Tubulin_2

EMBL_ERZ724025 | contig_1576

csx1 Cas1
Cas2

icity0040

RVT_1

GIIM Cas_VVA1548

pfam09652

POI DDE_Tnp_1

IMG_3300002172 | 30J26740_1000018

Cas6_Cas6

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 csx1 Cas_VVA1548

pfam09652
POI:
HD HATPase_c

IMG_3300000568 | Draft_10069122

LAGLIDADG_2

tRNA_edit
POI:
HD polyprenyl_synt

IMG_3300021509 | a0190304_1000974

Cas6_Cas6

Cas10
csm3

UNK_csm3

csm2
csm3

csm3_csm3
POI:
HDcsx1

IMG_3300009692 | 0116171_10002405

csx1 Tubulin_2
POI:
HD csx1 cmr1csx1

GCA_020216685.1 | JAIWNS010000188

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 csx1

POI:
Cas_VVA1548
pfam09652
HD

IMG_3300015214 | 0172382_10015144

Tubulin_2
POI:
HDAmidohydro_1

CMD

GCA_903857535.1 | CAIOFJ010000258

Cas_VVA1548

pfam09652
POI:
HD Tubulin_2

VAPB_antitox

ParE_toxin

EMBL_ERZ795026 | contig_10289

1kb

254



FM
UAS-34 (DarT DarG toxin-antitoxin ribosylation)

EMBL_ERZ1033877&&contig_98&&37922_38591_-1 
15 / 22.9

Toxin-Antitoxin

csx20
csx1 POI:

DarT Macro
Cas6

Cas1
Cas2pfam13280

WYLRadical_SAM

Fer4_14Radical_SAM

Fer4_12MTS
Methyltransf_25

GCF_900573985.1 | NZ_UWOK01000002

POI:
DarT Macro

HicA_toxin

HicA_toxin

TetR_N
Response_reg

HATPase_c

HisKATonB_dep_Rec

PlugPIN

IMG_3300021070 | 0194056_10000018

Cas6
Cas10

csm2
csm3

csm4
csm5

csx1 UPF0160
pfam13280

WYL POI:
DarT Macro

Cas2
Cas1

Cas2 DUF4172

Fic DUF4145
Trypsin_2

GCF_009068765.1 | NZ_CP035534

csx1 csx20
Cas1

Cas2 mkCas0160

csx23 POI:
DarT Macro WYL

pfam13280

csx1 Cas6 FAD_binding_2

DAOCytochrom_c3_2

Cytochrom_NNT

dCache_1

HATPase_c
Response_reg

Trans_reg_C

GCF_900060165.1 | NZ_FIZQ01000005

Phage_integrase

AAA_14

RuvB_N
Gp49

HTH_3
csx20

csx1 POI:
DarT Macro

Cas6
Cas10

csm2
csm3

csm4
csm5pfam13280

WYL

EMBL_ERZ1033877 | contig_98

csm2
csm3

csm4
csm5 AAA_14

DUF4143
csx20 mkCas0160

csx23
csx1 pfam13280

WYL POI:
DarT Macro

Cas2
Cas1

Cas2

GCA_021166685.1 | JAJPEU010000006

Peptidase_M20 NFACT-R_2
tRNA_Me_trans
ThiI
Arginosuc_synthPeripla_BP_2

PhdYeFM_antitox

ParE_toxin

ParE-like_toxin

csx20
csx1 POI:

DarT Macro pfam13280

WYL

EMBL_ERZ772974 | contig_137

csx20
csx1 POI:

DarT Macro
Cas6

Cas10
csm2

csm3
csm4

Cas1
Cas2pfam13280

WYL

GCF_902460685.1 | NZ_CABPUO010000012

Cas2
Cas2 POI:

DarT Macro
UPF0160

WYL
pfam13280

Cas12
AAA_14

AAA

IMG_3300026510 | a0256840_1001773

Lar_N
DUF362

DUF111 NAD_synthase

Asn_synthase

AIRC
DUF2809

csx20
csx1 POI:

DarT Macro pfam13280

WYL

EMBL_ERZ772785 | contig_2404

csx20
csx20

csx1 POI:
DarT Macro

Cas6
Cas1

Cas2pfam13280

WYL

EMBL_ERZ1740092 | contig_1109

csm2
csm3

csm4
csm5

Fic POI:
DarT Macro

Cas2
Cas1

Cas2 RelE
ParE_toxin

IMG_3300049387 | Ga0499482_0834

WYL
pfam13280

Ank_2
Response_reg

POI:
DarT Macro

IMG_3300026512 | a0256842_1004333

csm3
csx1 pfam13280

WYL
AAA_14 POI:

DarT Macro
Cas2

Cas1
Cas2

GCA_002428085.1 | DJAA01000028

1kb

255



FN
UAS-35 (addiction gene orf associated with Cas9)

EMBL_ERZ1505400&&contig_18950&&117_258_1 
9 / 9.0

Toxin-Antitoxin

FixH DsbD_2
Cas9_Cas9

POI GIY-YIG
OstA_2

Aminotran_3
TPR_19

PrimPol
Shikimate_dh_N

Cas1
Cas2

DUF349
Radical_SAM

GCF_015751645.1 | NZ_JADOVC010000008

Cas9_Cas9

Cas9_Cas9

POI OstA_2
Aminotran_3

TPR_19

PrimPol
Shikimate_dh_N

Cas1
Cas2

DUF349
Radical_SAM

GCF_001637185.1 | NZ_LVJE01000010

DUF5670
YtxH Phage_holin_3_6

Cas9_Cas9

POIABC_tran

GCA_020161455.1 | JAIUNZ010000012

Cas9
POITetR_NABC_tran

AAA_21
Biotin_lipoyl_2

IMG_3300048589 | a0498927_0029229

Cas9
POI Cas1

Cas2

EMBL_ERZ3455857 | contig_8353

Cas9_Cas9

POI

IMG_3300007516 | 0105050_10026068

Cas9
POI

IMG_3300013368 | Ga0122036_100306

POI

EMBL_ERZ1505400 | contig_18950

POI GIY-YIG

IMG_3300036670 | Ga0400276_013672

1kb

256



FO
UAS-158 (AbiE + DUF87)

EMBL_ERZ1742239&&contig_29570&&162_1638_1 
8 / 18.7

Toxin-Antitoxin

IU_nuc_hydro

Radical_SAM
Radical_SAM

Fer4_12
HTH_17

Cas12
POI

DUF87

DUF853

HAS-barrel

AMP-binding

Methyltransf_11

Radical_SAM

Lactamase_B

Polbeta
DUF86SPOUT_MTase_2

THUMP5_nucleotid_C

Metallophos

EMBL_ERZ1742239 | contig_46

YdjM MazE_antitoxin

PIN VAPB_antitox

PIN Bactofilin
Rce1-like

POI:
NurA

DUF87
DUF853
HAS-barrel
P-loop_TraG Cas4

Cas1
Cas5

Cas3_Cas3

HTH_45
Phosphodiest

Glyco_hydro_3_C

Fn3-like

EMBL_ERZ1742239 | contig_536

POI
DUF87

AAA_10

TrwB_AAD_bind

Cas6
Phage_int_SAM_5

csm3
HDPBECR2

DUF2283
csm3

EMBL_ERZ584659 | contig_1773

Cas1
Cas2

Cas4
POI Cas8_Cas8

Cas11
Cas7

Cas5
Cas3

Cas6

IMG_3300014911 | 0180301_10002145

Cas6
POI:
HTH_11

NurA PINHe_PIG

IMG_3300022544 | a0212120_1000588

Cas7
Cas5

Cas8
Cas3

Cas3
POI HEPN

Cas6
Cas6

IMG_3300022188 | a0190313_1001565

POI

DUF87
DUF853
TrwB_AAD_bind
HAS-barrel PIN HEPN

DUF2797
NTP_transf_2

Polbeta
HEPN

HEPN
MazE_antitoxin

MazE_antitoxin

PrlF_antitoxin

GCA_019056875.1 | DXJA01000506

POI:
HTH_11

DUF87
Cas6

EMBL_ERZ584659 | contig_11442

POI

IMG_3300014913 | 0164310_10011383

POI DUF87
Cas4

Cas1
Cas2

Cas4

EMBL_ERZ650669 | contig_8609

POI Cas6

IMG_3300014911 | 0180301_10021366

POI DUF87

DUF853
PaREP1

EMBL_ERZ584659 | contig_16578

POI:
HTH_11 DUF87

TrwB_AAD_bind

Cas1
Cas2

Cas4

GCA_020833305.1 | JAJHQP010000180

POI:
HTH_11

DUF87
TrwB_AAD_bind
AAA_10
HAS-barrel Cas6

EMBL_ERZ1742239 | contig_29570

1kb

257



FP
UAS-159 (Nucleotidyltransferase HEPN, antitoxin)

EMBL_ERZ511474&&contig_784&&79398_79716_-1 
18 / 48.1

Toxin-Antitoxin

Cas6
Cupin_3

Cas8
Cas7

Cas5
Cas3

POI:
NTP_transf_2

Polbeta
HEPN

Cas4
Cas1

Cas2
RHH_3

TP_methylase
DDE_Tnp_ISL3

HTH_Tnp_ISL3

zf-IS
L3Bac_DNA_binding

HU-HIG

GCA_021646415.1 | SOEU01000007

Oxidored_molyb

AAA_14

DUF4143
Cas6

Polbeta
Cas8

Cas7
Cas5

Cas3
POI:
NTP_transf_2

PolbetaNTP_transf_2

Polbeta
Cas4

Cas1
Cas2

Fic NTP_transf_2

Polbeta
DUF86

Big_5

GCA_021787355.1 | JAJYMA010000004

UPF0004
Cas6

Cas3_Cas3

Cas8
Cas7

POI:
NTP_transf_2

Polbeta
HEPN

DUF4258
DUF2283

Cas4
PDDEXK_3

Cas1
Cas2

Polyketide_cyc

PBECR2

Phage_Mu_F

Phage_tail_S

GCA_021793435.1 | JAJYST010000006

FTCD_N ATG22

MFS_1
Dehyd-heme_bind

POI:
NTP_transf_2

Polbeta
Trypsin_2

CorA

Sigma54_activat
Response_reg
AAA_5
FleQHATPase_c

Pentapeptide_4

Lactamase_B

MazE_antitoxin

FicCytochrome_C554

Cytochrom_CIII

Cytochrom_c3_2

Cytochrome_C7
Hydrolase_4

DLH
Abhydrolase_1

Glutaredoxin

GCA_021646465.1 | SOET01000007

NTP_transf_2

Polbeta
DUF86

Glyco_transf_92
POI:
NTP_transf_2

Polbeta Peptidase_S8

FlgD_ig

Inhibitor_I9
Peptidase_M6
FlgD_ig
Por_Secre_tail
CHU_C

IMG_3300031553 | a0315547_1000027

POI:
NTP_transf_2

Polbeta
RACo_C_ter

NMT1

Phosphonate-bd

BPD_transp_1

ABC_tran

AAACarbam_trans_C
MTS
PrmA
Methyltransf_31

Radical_SAM

Fer4_12Frankia_peptide

LigASLHLptCLptD_N
ABC_tran

Sigma54_DBD

Ribosom_S30AE_C

Ribosomal_S30AE

PTS_EIIA_2

Hpr_kinase_C
ATP_bind_2

AAA_18
EIIA-man

PTSIIB_sorb

EII-Sor

EMBL_ERZ1292631 | contig_251

PdxA
Transketolase_N

DXP_synthase_N

E1_dh
FG-GAP_3 POI:

NTP_transf_2

Polbeta
HEPN

Por_Secre_tail

tRNA-synt_2d
Invasin_D3

Big_1
Invasin_D3

PilOPan_kinaseN6_N4_Mtase

Mrr_cat

Methyltransf_25

Zn-ribbon_8

FlpDFer4
Molybdopterin

Molydop_binding

Molybdop_Fe4S4

Molybdop_Fe4S4

Molybdopterin

GCA_016208615.1 | JACQXS010000092

DUF1080
NTP_transf_8

Cas6
Cas8

Cas7_Cas7

Cas5
Cas3

POI:
NTP_transf_2

Polbeta
HEPN

Cas4
Cas1

Cas2
MazE_antitoxin

GCA_011525665.1 | WYAU01000025

Mur_ligase_M

PALP
His_biosynth

Dus
NMO

POI:
NTP_transf_2

Polbeta
HEPN PEP-utilize

rs_C

PPDK_N FrhB_FdhB_C

Fer4_9
Methyltransf_11

DUF218
LPG_synthase_TM

ThiF

EMBL_ERZ511474 | contig_784

PQQ_2 POI:
NTP_transf_2

Polbeta
HEPN

ResIII

Mrr_cat_2

Helicase_C

DDE_Tnp_1
Radical_SAM

Fer4_14Radical_SAM

B12-binding

RHH_1
PemK_toxin

IMG_3300036980 | a0393263_0000651

Rrf2
HrcA_DNA-bdg

POI:
NTP_transf_2

Polbeta
HEPN DnaJ

icity0029
FMN_red

Flavodoxin_2
FAD_binding_2

DAO

IMG_3300009616 | a0116111_1000943

DUF374
Glycos_transf_N

LpxK
Lip_A_acyltrans ATP-grasp_5

Succ_CoA_lig
CoA_binding_2
Ligase_CoA_2

Virulence_RhuM

Fic ATP-grasp_5

AIPR
POI:
NTP_transf_2

Polbeta
HEPN DRTGG

AAA_26
MotA_ExbB

ExbD
GTP_EFTU

GATase_5

DJ-1_PfpI

GCA_016234925.1 | JACRNI010000008

POI:
NTP_transf_2

Polbeta
HEPN Polbeta

NTP_transf_2

DUF86
PDDEXK_3

Sigma54_activat

AAA_5

EMBL_ERZ405284 | contig_43

Cas5_Cas5

Cas6
DUF2283

Cas8
Cas7

ORF6N
Cas5

Cas3_Cas3

Cas6
POI:
NTP_transf_2

Polbeta
PrlF_antitoxin

PIN Cas1
23S_rRNA_IVP

Cas2
Cas4

IMG_3300045136 | Ga0484957_005227

1kb

258



FQ
UAS-160 (DUF86 + Nucleotidyltransferase)

GCA_013285545.1&&JAAXLU010000071&&33674_34109_-1 
104 / 173.3

Toxin-Antitoxin

Response_reg

Cas3
icity0081

DUF433
DUF5615

DUF1016_NPOI:
Polbeta

NTP_transf_2

DUF86
Cas10d csc2gr7

TIGR03157

Csc2
csc1

Cas6
Cas4

Cas1
Cas2WYL

pfam13280

PHY
PAS_2
HATPase_c
GAF
HisKAResponse_reg

GCA_019359545.1 | JAHHHB010000035

Peptidase_M16

Fructosamin_kin

APH DUF433DUF5615

Mut7-C
DUF433DUF5615

PIN_10DUF5615

PIN_10
Cas3

DUF433
DUF5615POI:

Polbeta

NTP_transf_2

DUF86
Cas10d csc2gr7

Csc2
TIGR03157

csc1
2OG
mkCas0200

2OG-FeII_Oxy_3

Cas6
Cas4

Cas1
Cas2WYL

pfam13280

GCF_002218065.1 | NZ_BDUB01000001

BPD_transp_1

OppC_N
Cas3

DUF433 YhcG_C

DUF1016_N

COG4804 POI:
Polbeta

NTP_transf_2

DUF86
Cas10d csc2gr7

TIGR03157

Csc2
csc1

2OG
mkCas0200

2OG-FeII_Oxy_3

Cas6
Cas4

Cas1
Cas2WYL

pfam13280

GCF_014697625.1 | NZ_JACJSG010000040

Cu_amine_oxidN1

TMF_DNA_bd

APG6_N DAGK_cat

YegS_C

MBG_2
Cadherin-like
SLH
Big_3_5
Beta_helix_3

POI:
Polbeta

NTP_transf_2

DUF86 ABC_tran

AAA_16
BPD_transp_1

NMT1_2

Phosphonate-bd
HATPase_c
Response_reg
7TMR-DISM_7TM
His_kinase
HisKA

Response_reg

BTAD
Trans_reg_C

Cu_amine_oxidN1

Uma2

PhdYeFM_antitox

GCA_016841725.1 | JAENYP010000006

DUF4277

DDE_Tnp_1

DUF433DUF5615

PIN_10

Mut7-C
Cas3

POI:
Polbeta

NTP_transf_2

DUF86 YhcG_C

DUF1016_N

COG4804

Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas1COG2378

WYLCOG2378

WYL
DDE_Tnp_1

GCF_000317435.1 | NC_019751

Cas10d
csc1

Cas3
POI:
Polbeta

NTP_transf_2

DUF86
Cas6

Cas4WYL
pfam13280

IMG_3300009500 | 0116229_10010140

icity0081POI:
Polbeta

NTP_transf_2

DUF86
Cas10d

csc1
Cas3

Cas6
Cas4

Cas1

IMG_3300013006 | 0164294_10004709

Cas3
DUF433POI:

Polbeta

NTP_transf_2

DUF86
Cas10d csc2gr7

Csc2
TIGR03157

csc1
Cas6

Cas4
Cas4

Cas1
Cas2

GCA_012032745.1 | JAAUQQ010000155

Cas3
POI:
Polbeta

NTP_transf_2

DUF86
Cas10d csc2gr7

Csc2
TIGR03157

csc1WYL
pfam13280

EMBL_ERZ1694528 | contig_1810

POI:
Polbeta

NTP_transf_2

DUF86 YhcG_C

DUF1016_N

COG4804

Cas10dWYL
pfam13280

IMG_3300012094 | 0136638_10002286

Pyr_redox_2

FAD_binding_3

NAD_binding_8
POI:
Polbeta

NTP_transf_2

DUF86pfam13280

WYL

IMG_3300034020 | a0335002_0033315

POI:
Polbeta

NTP_transf_2

DUF86

GCA_903913405.1 | CAIWLC010000684

1kb

259



FR
UAS-161 (Cas9 HicAB TA)

GCF_003337175.1&&NZ_NETH01000035&&6357_6546_1 
3 / 3.0

Toxin-Antitoxin

Cas9
Cas1

Cas1
Cas2

Csn2 POI:
HicA_toxin

HicB_lk_antitox

NDK GTP_EFTU

MMR_HSR1LepA_C
EFG_C
GTP_EFTU_D2
RF3_C EPSP_synthase

EPSP_synthase

SKI
AAA_18 PDT

ACT

EMBL_ERZ504650 | contig_3

Cas9
Cas1

Cas2
Csn2 POI:

HicA_toxin

HicB_lk_antitox

NDK

GTP_EFTU
LepA_C
EFG_C
RF3_C
MMR_HSR1 EPSP_synthase

SKI
AAA_18

PDT PBP1_TM
HTH_38

GCF_003337175.1 | NZ_NETH01000035

Radical_SAM

HemN_C
Acyl-ACP_TE

Hydrolase_6

HAD_2
DUF1461

Cas9
Cas1

Cas2
Csn2 POI:

HicA_toxin

HicB_lk_antitox

NDK

GCF_002735805.1 | NZ_PEBL01000012

1kb

260



FS
UAS-162 (Cas9 TA system)

GCF_012037625.1&&NZ_JAAVJS010000002&&280535_280832_-1 
25 / 36.4

Toxin-Antitoxin

HSDR_N_2

Cas9
Cas9 POI:

ParE_toxin

Exo_endo_phos

Cas1
Cas2

GCF_900129405.1 | NZ_FQVQ01000011

Sigma70_r4_2

HATPase_c

HisKA
Cas9_Cas9

POI:
ParE_toxin HTH_24

AsnC_trans_reg

MarR DUF1684
MFS_1

Pyr_redox_3

Glyoxalase

Cas1
Cas2

GCF_012037625.1 | NZ_JAAVJS010000002

TPR_12
Response_reg

YidD SH3_3
Cas9_Cas9

POI:
ParE_toxin

LuxE
Ribul_P_3_epim

DCC1-like

DUF3810
Cas1

Cas2

GCF_001995115.1 | NZ_MUAW01000001

Transket_pyr

Transketolase_C

PFOR_II
23S_rRNA_IVP

DUF5686

CarbopepD_reg_2

CarboxypepD_reg

POI:
ParE_toxin

Reprolysin_4

Por_Secre_tail

tRNA-synt_2

tRNA_anti-codon

LTXXQ
Pmp3

HisKA_2
icity0106
TPR_12
HWE_HK

Response_reg

LytTR

GCF_000429125.1 | NZ_AUBG01000006

4HBT
Chorismate_bind

PIG-L
Cas9 POI:

ParE_toxin

Cas1
Cas2

IMG_3300046373 | Ga0494103_000017

SusD-like_2

N-glycanase_N

BNR_2 Peptidase_M28

Nicastrin
Cas9 POI:

ParE_toxin HATPase_c

PAS_4

HisKA
FAD_binding_3

Cas1
Cas2

GCF_020026925.1 | NZ_JAIQDW010000005

DUF3810
Sigma70_r2

DUF4268
Cas9_Cas9

POI:
ParE_toxin

Glyco_transf_4

Caps_assemb_Wzi

Sua5_yciO_yrdC

PDDEXK_3
PolyA_pol
HD
TIGR01596
tRNA_NucTran2_2COX15-CtaA

Cas1
Cas2

NUDIX
Acyltransferase

WGS_PNRO01 | PNRO01000145

Cas9 POI:
ParE_toxin

HTH_3
PLA1

Cas1
Cas2

HTH_18Abhydrolase_1

Hydrolase_4

Glyoxalase_4

GCF_009674775.1 | NZ_WKKE01000015

DUF21

CorC_HlyC
S4
PseudoU_synth_2

ATPase_2

AAA_14 POI:
ParE_toxin

AraR_C

NUDIX
DUF2480ATP-grasp

CPSase_L_D2

Dala_Dala_lig_C

Methyltransf_25

DUF4494Putative_PNPOx

PNP_phzG_C

Pyridox_oxase_2

Peptidase_M16

RelE
AhpC-TSA

Redoxin

1-cysPrx_C

Thioredoxin

IMG_3300049811 | a0498932_0000010
DNA_pol3_alpha
PHP
cd06127
HHH_6
RNase_T Thioredoxin

DUF58

VWA_2 GIY-YIG

T5orf172
POI:
ParE_toxin

Cas9_Cas9

Ribosomal_S16

RimM
PRC

MTS
Methyltransf_25

PrmA

EMBL_ERZ3421830 | contig_21

TPR_12
KTSC

Cas9_Cas9
POI:
ParE_toxin

Exo_endo_phos

Pribosyltran_N

Pribosyl_synth

Ribosomal_L25p

Pept_tRNA_hydro

Cas1
Cas2

Glyco_hydro_53

IMG_3300033992 | a0334992_0000767

POI:
ParE_toxin NAD_binding_1

Fer2
FAD_binding_6

UPRTase

Pribosyltran

DUF6341
GARS_A

ATP-grasp_3

DUF6427
DUF4254

Glyco_transf_9

DUF5687
ABC_tran

AAA_21
OsmC

Thioredoxin_2
AhpC-TSA

Redoxin

Thioredoxin_8
CarboxypepD_reg

CarbopepD_reg_2

GCF_002251775.1 | NZ_NOXX01000178

FixH Cas9
POIDUF349

IMG_3300018084 | 0184629_10000016

Cas9_Cas9

POI Cas2

IMG_3300009684 | 0114958_10001969

1kb

261



FT
UAS-163 (nucleotidyltransferase + HTH)

IMG_3300001380&&6J14229_10033242&&787_1210_1 
4 / 6.9

Toxin-Antitoxin

NTP_transf_2

Polbeta
HEPN

Cas8
Cas7

Cas5
Cas3_Cas3

Cas6
POI Polbeta

NTP_transf_2

Cas6 AAA_14

DUF4143
Cas1

Cas2
cmr1_UNK

NTase_sub_bind

DUF86
Cas10

cmr3

IMG_3300035698 | Ga0374944_611407

Cas3
Cas3

csf1 csc1
POI Polbeta

NTP_transf_2

Cas6
23S_rRNA_IVP

Cas1
23S_rRNA_IVP

Cas2
Cas4

DUF1566
Methyltransf_12

GCA_021646465.1 | SOET01000016

Cas3
Cas10d

csf1 csc1
POI Polbeta

NTP_transf_2

Cas6
Cas1

Cas2
Cas4

RelBParE_toxin

Gp49

WGS_MTLD01 | MTLD01000655
ATP-grasp_5
Succ_CoA_lig
CoA_binding_2
Acetyltransf_1
Ligase_CoA_2 PIN Cas3

Cas3
csf1 csc1

POI
Polbeta

NTP_transf_2

TrmB
Cas6 NTP_transf_2

Polbeta
HicA_toxin

Cas1
Cas2

Cas4

GCA_016873615.1 | VGWX01000046

POI Polbeta
Cas6

YhcG_C

DUF1016_N

COG4804

Rv0078B

IMG_3300025326 | 0209342_10068530

POI Polbeta
Cas6 NTP_transf_2

Polbeta
HEPN

IMG_3300025167 | 0209642_10029147

POI Polbeta

NTP_transf_2

Cas6
Cas1

IMG_3300025126 | a0210025_1027972

POI Polbeta

NTP_transf_2

Cas6

IMG_3300001380 | 6J14229_10033242

1kb

262



FU
UAS-164 (AbiEii)

IMG_3300005452&&a0068706_1004208&&1242_2085_1 
2 / 5.2

Toxin-Antitoxin

Cas6
AbiEi_2 POI:

AbiEii
Cas8

Cas7
Cas5

Cas3
Cas1

Cas2
Cas4DAGK_cat

YegS_C
NTP_transf_4

IMG_3300020074 | 0194113_10002375

DDE_Tnp_1

Cas6
AbiEi_2 POI:

AbiEii
Cas8

Cas7
Cas5

Cas3
Cas1

Cas2
Cas4

GCA_903821895.1 | CAIJMX010000077

AbiEi_2
POI Cas8

Cas7
Cas5

Cas3
PIN_2

Cas6

IMG_3300018348 | Ga0180450_1010

pfam13280

WYL
Cas6

AbiEi_2
POI Cas8

Cas7
TIGR01895

Cas3

WGS_RRYU01 | RRYU01004324

PEMT

ICMT
DUF1295

Fructosamin_kin

APH AbiEi_2
POI Cas8

IMG_3300031245 | a0308395_1007479

AbiEi_2
POI Cas8

Cas7
Cas5

IMG_3300005452 | a0068706_1004208

1kb

263



FV
UAS-165 (TA DUF3368 _ UPF0175)

IMG_3300009455&&0114939_10000745&&24543_24870_1 
11 / 16.6

Toxin-Antitoxin

COG2378

WYL
Cas3

Cas8
cse2

Cas7
Cas5

Cas6 POI:
UPF0175

DUF3368
Cas1

Cas2
TctC CoA_transf_3

ECH_1
HMGL-like

AMP-binding

GCA_016195915.1 | JACPYS010000015

Cas3
Cas8

cse2
Cas7

Cas5
Cas6 POI:

UPF0175
DUF3368

Cas1
Cas2

OKR_DC_1
Methyltransf_31

DOT1

IMG_3300044961 | a0484961_0000013

ABG_transport

Cas3
Cas8

cse2
Cas7

Cas5
Cas6 POI:

UPF0175
DUF3368

Cas1
Cas2

IMG_3300037465 | a0394876_0024723

DUF899
YCII YgbB COG2378

HTH_11
Cas6 POI:

UPF0175
Cas1

HemolysinCabind

AHSA1

IMG_3300019487 | 0187893_10010148

Guanylate_cyc

Response_reg

Cas3
Cas8

cse2
Cas7

Cas5
Cas6 POI:

UPF0175
Cas1

Cas2DOT1
Methyltransf_31

IMG_3300009455 | 0114939_10000745

Guanylate_cyc

Response_reg

Cas3
Cas8

cse2
Cas7

Cas5
Cas6 POI:

UPF0175
DUF3368

Cas1
Cas2DOT1

Methyltransf_31

IMG_3300037465 | a0394876_0008925
Pkinase
PK_Tyr_Ser-Thr
cNMP_binding
ABC1 Glyoxalase

EarP EFP_N adh_short

KR POI:
UPF0175

DUF3368
SWIMPyr_redox_2

Fer4_20
GSHPx

IMG_3300044521 | a0455969_0001813

Cas6 POI:
UPF0175 DAO

Methyltransf_30

NAD_binding_8

tRNA-synt_1c

Anticodon_2 ABC_tran

oligo_HPY

SMC_N
Hydantoinase_B

TctCK_trans

GCA_009693475.1 | SHXG01000074

POI:
UPF0175

SEC-C Glucodextran_N

Glyco_hydro_15

RHH_1
PemK_toxin

IMG_3300005529 | 0070741_10042576

POI:
UPF0175

DUF3368
ABC_membrane

OpuAC
MazE_antitoxin

GCA_016183605.1 | JACPEE010000934

UPF0175
POI:
UPF0175

Snapin_Pallidin

DUF1664
MFS_1

IMG_3300025311 | 0209343_10042847

SWIM
Cas6POI:

UPF0175
DUF3368

Cas1
Rhodanese

IMG_3300036836 | a0376028_0034668

POI:
UPF0175

CRS1_YhbY

IMG_3300012350 | 0137372_10058912

NTP_transf_5
POI:
UPF0175

Unstab_antitox

IMG_3300002104 | 7J26621_10017142

1kb

264



FW
UAS-166 (AbiEi + AbiEii)

IMG_3300013103&&0164318_10140015&&1204_2056_1 
N/A

Toxin-Antitoxin

COG2378

WYL
Cas6

Cas8
Cas7

Cas5
Cas3

Calci_bind_CcbP

POI:
AbiEii AMPK1_CBM

CBM_48
CorACN_hydrolase

Acetyltransf_1

Pyr_redox_2

NAD_binding_8
Beta-Casp

Lactamase_B

RMMBL

GCA_021740905.1 | JAIOYV010000086

Y1_Tnp
Cas3_Cas3

Cas8
Cas7

Cas5 POI:
AbiEii

Cas4
23S_rRNA_IVP

Cas1
Cas2

IMG_3300032373 | 0316204_10000223

Cas6
Cas8

Cas7 POI:
AbiEii

Cas5
Cas3_Cas3

Cas4
Cas1

Cas10
csm2

csm3
csm4

GCF_000191885.1 | NZ_AEWI01000004

Cas8
Cas7 POI:

AbiEii
Cas5

Cas3_Cas3

Cas4
23S_rRNA_IVP

Cas1
Cas2

IMG_3300009702 | 0114931_10001639

pfam13280

WYL
HIRAN

Cas6
Cas8

Cas7 POI:
AbiEii

Cas5
Cas3_Cas3

Cas4
Cas1

Cas2

IMG_3300026534 | a0256841_1000480

COG2378

WYL
Cas8

Cas7 POI:
AbiEii

Cas5
Cas3_Cas3

Y1_Tnp
Cas6

Cas4
23S_rRNA_IVP

Cas1
Cas2

IMG_3300027784 | 0207421_10005308

POI:
AbiEii

Cas4
Cas1

Cas2
DUF4276

DUF4168
DUF4190

GCA_003559475.1 | PWLF01000056

Cas6
Cas8

Cas7 POI:
AbiEii

Cas5
Cas3_Cas3

Cas4
Cas1

Cas2

GCA_018432285.1 | JAHDKX010000039

Cas8
Cas7

AbiEi_1
AbiEii

Cas5
Cas3_Cas3

POI:
AbiEii

UPF0158
SWIM

Cas4
Cas1

IMG_3300005916 | 0075120_10002402

Cas8
Cas7

AbiEi_1 POI:
AbiEii

Cas5
Cas3_Cas3

AbiEii
UPF0158

SWIM
Cas4

IMG_3300005916 | 0075120_10002402

Cas6
Cas6

Cas8
Cas7

Cas5
Cas3 POI:

AbiEii
Cas4 ATPase_2

AAA_16

GCA_021739995.1 | JAIPAQ010000044

Cas6
Cas5

Cas3
Cas8

Cas7 POI:
AbiEii

IMG_3300031697 | a0307929_1000222

Cas6
Cas5

Cas3
Cas8

Cas7 POI:
AbiEii

Cas4
Cas1

Cas2

IMG_3300005917 | 0075115_10001297

Cas6
Cas8

Cas7 POI:
AbiEii

Cas5
Cas3_Cas3

Cas4
Cas1

Cas2

IMG_3300005936 | 0075124_10001176

1kb

265



FX
UAS-167 (TA system)

IMG_3300014205&&0172380_10021645&&1390_1759_1 
7 / 7.3

Toxin-Antitoxin

ABC_trans_aux

2_5_RNA_ligase2

LigT_PEase

Cas3
Cas8

cse2
Cas7

Cas5
Cas6

DUF433POI:
DUF5615

Cas1
Cas2

Bac_GDH

GCA_021732745.1 | JAKFUK010000002

Cas8
cse2

Cas7
Cas5

Cas6
DUF433POI:

DUF5615
Cas1

Cas2
Nitroreductase

DUF3422

WGS_UEXO01 | UEXO01000003

Cas8
cse2

Cas7
Cas5

Cas6
DUF433POI:

DUF5615
Cas1

Cas2

EMBL_ERZ534008 | contig_1662

Cas7
Cas5

Cas6
DUF433POI:

DUF5615
Cas1

Cas2

IMG_3300014205 | 0172380_10018683

Cas6
DUF433POI:

DUF5615

IMG_3300014205 | 0172380_10021645

Cas6
DUF433POI:

DUF5615
Cas1

Cas2

IMG_3300013092 | a0163199_1039430

DUF433POI:
DUF5615

COG2378

WYL

IMG_3300037851 | a0394877_0245122

DUF433POI:
DUF5615

Cas1
Cas2

IMG_3300017789 | 0136617_10146528

1kb

266



FY
UAS-168 (PHD + PIN TA)

IMG_3300025308&&0209211_10037079&&3340_3646_-1 
3 / 3.9

Toxin-Antitoxin

csa3 POI:
PhdYeFM_antitox

PIN_3
BPD_transp_1

BPD_transp_1

SBP_bac_8

VanZMazG-like

MazGCas3
PhdYeFM_antitox

cas8c

TIGR01863

Cas_Csd1

Cas7
Cas7

Cas4
Cas1

Cas2
2Fe-2S_thioredx

iPGM_N

Metalloenzyme

Peptidase_M23

ERMPDZ_2
ThiF

GCA_018336195.1 | JAGXQV010000056

POI:
PhdYeFM_antitox

PIN_3
Ank_2COG2378

WYL
PRiA4_ORF3

Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

IMG_2209111015 | 2218418327

POI:
PhdYeFM_antitox

PIN_3
Cas4

IMG_3300025308 | 0209211_10037079

POI:
PhdYeFM_antitox

PIN_3
csb2_csb2

Cas4

IMG_3300012682 | 0136611_10039736

PhdYeFM_antitox

PIN POI:
PhdYeFM_antitox

Cas4

IMG_3300009777 | 0105164_10036446

1kb

267



FZ
UAS-169 (DUF370 + RNaseH TA)

IMG_3300031358&&a0307438_1001316&&8395_8671_1 
3 / 5.2

Toxin-Antitoxin

Tubulin_2
DUF697
FeoB_N
MMR_HSR1
SRPRB

icity0040

RVT_1
Cas1 POI:

DUF370
Cas2 COG2378

WYL

IMG_3300031358 | a0307438_1001316

Cas6 csx15

cd09766
csx1 csx1 csx1

MMR_HSR1
DUF697
SRPRB
FeoB_N Cas1 POI:

DUF370

IMG_3300017963 | 0180437_10003372

icity0040

RVT_1
Cas1 POI:

DUF370
Cas2 pfam13280

WYL

IMG_3300017963 | 0180437_10026457

DUF697
Cas1 POI:

DUF370
Cas2

IMG_3300032029 | a0315546_1007948

SRPRB

FeoB_N

MMR_HSR1
icity0040

RVT_1
Cas1 POI:

DUF370RVT_3

RNase_H

EMBL_ERZ778604 | contig_27245

Cas1 POI:
DUF370

Cas2
23S_rRNA_IVP

IMG_3300017987 | 0180431_10068420

1kb

268



GA
UAS-170 (DUF2442 + DUF4160)

IMG_3300034066&&a0335019_0002251&&7799_8117_-1 
3 / 3.0

Toxin-Antitoxin

Iso_dh
RuvC

NfeD Guanylate_kin

AAA_18
Cas9

DUF4160
POI:
DUF2442

Cas1
Cas2

DUF4160
DUF2442

Lon_2

MIT_CFAD_binding_7

DNA_photolyase

Pyr_redox_2
CN_hydrolase

LNT_N

GCA_018970325.1 | JAGWWP010000026

RuvC
NfeD Guanylate_kin

AAA_18
Cas9

DUF4160
DUF2442

Cas1
Cas2

DUF4160
POI:
DUF2442

PglZ
Phosphodiest

Lon_2

MIT_CFAD_binding_7

DNA_photolyase

Pyr_redox_2

GCA_018970325.1 | JAGWWP010000026

Cas9
DUF4160

DUF2442
Cas1

Cas2
DUF4160

POI:
DUF2442

LRR_4
Endonuc-BglII

MT-A70FAD_binding_7

DNA_photolyase

IMG_3300034066 | a0335019_0002251

1kb

269



GB
UAS-171 (small ORFs)

IMG_3300044960&&Ga0484958_001236&&27209_27470_-1 
43 / 48.3

Toxin-Antitoxin

DDE_Tnp_1 AAA_22

NB-ARC

NACHT icity0106

TPR_12
Cas1

Cas2
POI Cas10

cmr3 cmr4 cmr5

GCF_000147335.1 | NC_014533

DDE_Tnp_ISL3

zf-IS
L3

HTH_7
23S_rRNA_IVP

UNK_Cas1

Cas2
POI DUF4384

TPR_12
TPR_12 TPR_12

icity0106
CHAT

Cas1
HTH_26

HTH_31
Haemagg_act

GCA_019359035.1 | JAHHIC010000060

icity0040
Cas1

Cas2
POI PemK_toxinDUF2887

Yae1_N

Sigma70_r4

Cas10
cmr3cmr4cmr5csm3_cmr6_UNK

DUF4384

GCF_000346485.2 | NZ_KQ976354

Cas1
Cas2

POI DUF4384
Cas1

Cas10
csm3

csx10
csm2

csm6
csm3

GCA_015272395.1 | JACYLQ010000005

DUF4351
DUF4351

Cas1
Cas2

POI HD_4
Cas10

cmr3cmr4cmr5cmr6_UNK

GCA_019359625.1 | JAHHGW010000067

Cas1
Cas1

Cas2
POI HTH_23 ABC_membrane

Peptidase_C39

cNMP_binding

HlyD_3

Biotin_lipoyl_2

Glycos_transf_2

Glyco_tranf_2_3

Ricin_B_lectinUPF0004

Radical_SAM

TRAMDUF4384

HTH_3

GCA_019359545.1 | JAHHHB010000016

Cas1
Cas1

Cas2
POI Cas6

XisI icity0086
csm2

csm3
csm3

csx19
csm3

csx21
PhdYeFM_antitox

PINPINDUF4384

GCF_000316625.1 | NC_019676

Cas1
HNH Cas1

Cas2
POI Cas6

icity0086
csm3

csx10
csm2

csm3
csm3

csx19
csm3

csx21DUF4384

HTH_3

GCF_000316575.1 | NC_019682

Cas1
Cas1

Cas2
POI

pfam13280
AAA_33
WYL
KTI12DDE_Tnp_ISAZ013

DDE_Tnp_ISAZ013

DUF4384
CHAT
TPR_12

GCF_000317435.1 | NC_019751

Cas1
Cas1

Cas2
POI Cas10

cmr3 cmr4 cmr5ParD_antitoxin

ParE_toxin
DUF4384

HTH_26

GCF_019977735.1 | NZ_AP025018

Cas1
DUF4351

Cas1
Cas2

POI Cas6
icity0086

csm2
csm3

csm3
csx19

csm3
csx21

DUF4384

GCF_002218085.1 | NZ_BDUC01000011

DDE_5
Cas1

Cas1
Cas2

POI DDE_5 AAA_31

CbiA
CBP_BcsQ

MarR_2 DnaB_C

AAA_25

ATPase
ALP_N

DUF4384
DDE_Tnp_1

GCF_002949795.1 | NZ_CP026692

Cas1
XisI Cas1

Cas2
POI DDE_Tnp_1

DUF4384

GCF_013393945.1 | NZ_CP040297

icity0040

RVT_1icity0040

RVT_1
DDE_Tnp_1

Cas1
Cas1

Cas2
POI Cas10

Cas10
Cas10

Cas10
cmr3 cmr4 cmr523S_rRNA_IVP

HTH_32
DDE_3

DUF4351

GCF_013393945.1 | NZ_CP040299

1kb

270



GC
UAS-172 (RHH TA system)

IMG_3300045747&&a0485825_0053347&&1617_1944_1 
23 / 35.0

Toxin-Antitoxin

CN_hydrolase

PmbA_TldD_C

DUF2934
DAHP_synth_1

DAHP_synth_1
POI:
RHH_1

DUF6290
PemK_toxin

PhdYeFM_antitox

PINCOG2378

WYL
Cas3

Cas5
cas8c

Cas_Csd1

TIGR01863

Cas7
HicA_toxin

Cas4
Cas1

Cas2

GCF_007992375.1 | NZ_BKAD01000013

POI:
RHH_1

DUF6290
PemK_toxin

MFS_1
Cas3_Cas3_UNK

Cas8
csb1_UNK

csb2
Cas4

Cas2
PlugDUF1838

DctPDUF1838

GCA_016860825.1 | BOKE01000002

DegT_DnrJ_EryC1

Cys_Met_Meta_PP

NTP_transf_2

Polbeta
WbqC Methyltransf_24

TylF Methyltransf_24

POI:
RHH_1 Radical_SAM

SPASM

Fer4_14
Methyltransf_31

Methyltransf_23

Hexapep
Methyltransf_23

Methyltransf_25

Ubie_methyltran

IMG_3300009146 | 0105091_10000061

AAA_assoc_2

RuvB_N POI:
RHH_1

PemK_toxin

Bax1-I Lactonase

Cytochrom_D1

Polysacc_deac_1

FA_hydroxylase

NUDIXHSP90

HATPase_c
Nudix_N_2

NUDIXtRNA_U5-meth_tr

TRAM
Methyltransf_31

csa3
Oxidored_FMN

adh_short

KRGlyco_hydro_1

MFS_1
Sulfotransfer_3

Histone_HNS

GCA_010435995.1 | JAAGNR010000039

Slp Slp Lyase_1

ASL_C2 POI:
RHH_1

DUF6290
PemK_toxin

TauE MazG-like

MazG RsmJ
cNMP_binding

HTH_Crp_2

CrpPEMT

ICMT
His_kinase

Response_reg

LytTR

ATP-grasp
CPSase_L_D2
Dala_Dala_lig_C
Epimerase

GCA_021794595.1 | JAJYQN010000047

dTDP_sugar_isom
RmlD_sub_bind

Epimerase

GDP_Man_Dehyd
GDP_Man_Dehyd

Epimerase

RmlD_sub_bind

NTP_transferase

PGM_PMM_I

PhdYeFM_antitox

POI:
RHH_1

PemK_toxin

DUF6364
PIN Poly_export

Glycos_transf_1

Glyco_trans_1_4

Capsule_synth

Capsule_synth

adh_short

KR Sulfatase

GCA_021801265.1 | JAJYYE010000004

TonB_dep_Rec

Plug CobA_CobO_BtuR

Co_AT_N
Nitroreductase

CobD_Cbib

AmpE
Aminotran_1_2

GATase_3

AAA_26

CbiA CobU POI:
RHH_1

PemK_toxin AhpC-TSA

Redoxin

Thioredoxin_8
FemAB_like

Acetyltransf_6

Cytochrom_C

Cytochrome_CBB3

DUF938

Methyltransf_25

DBI_PRT
CobS

His_Phos_1

ZapA

GCF_003864975.1 | NZ_BHGL01000001

PhdYeFM_antitox

PHD_like
YoeB_toxin

Phage_integrase

pfam00078

RVT_1
POI PemK_toxin

Toprim_2
DUF3363

MobLMPTase-PolyVal

ArdcN
DUF2726T4SS-DNA_transf

TraG-D_C

TrwB_AAD_bind

SSBbPH_2
PhdYeFM_antitox

YoeB_toxin

ParE_toxin

VirB8

EMBL_ERZ1669248 | contig_168

TP_methylase

POI:
RHH_1

PemK_toxin
Mltc_N

SLT Patatin Chorismate_bind

Anth_synt_I_N
HTH_Crp_2

cNMP_binding

Crp CCP_MauG

Cytochrom_C

COX1
MORN

LppC
UPF0102

SIS_2
BONCTP_transf_like

Ubie_methyltran

Methyltransf_25

DUF4145

GCA_001801055.1 | MGWP01000073

Glycos_transf_2

Glyco_tranf_2_3

Formyl_trans_N
Epimerase

GDP_Man_Dehyd

3Beta_HSD
POI:
RHH_1

PemK_toxin

CN_hydrolase

PmbA_TldD_C

HTH_11
SEC-C

COG2378

DUF4258
DUF2283

Cas4
Cas1

SLTPolyA_pol

HD

GCA_008080515.1 | VIKH01000012

POI:
RHH_1

PemK_toxin

Unstab_antitox

ParE_toxin

Cas8
Cas7

Cas4
Cas1

Cas2
DUF150

NusA_N
KH_5
HHH_5
S1

IF-2
GTP_EFTU
IF2_N
MMR_HSR1
RasRBFA

GCA_001771895.1 | MEQM01000096

ACR_tran
POI:
RHH_1

PemK_toxin

DUF3018
PemK_toxin

N6_Mtase

HsdM_N
Methylase_S

Unstab_antitox SWI2_SNF2
HSDR_N
ResIII
DEAD

GCA_002257465.1 | NCKR01000001

EAL
GGDEF

HpcH_HpaI

Meth_synt_2
POI:
RHH_1

SpoU_methylase

His_Phos_1

AMP-binding

GST_N_3
PD40

GCA_020851975.1 | JADZBS010000104

POI:
RHH_1

PemK_toxin
COG2378

WYL
Cas3

Cas8
csb1

csb2
MazE_antitoxin

PINCas4
Cas2

GCA_011526045.1 | WYBE01000076

1kb
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GD
UAS-173 (DUF3368 TA system)

MG-RAST_mgm4611649.3&&465870&&0_567_1 
42 / 56.2

Toxin-Antitoxin

COG2378

WYL
Cas3

Cas8
cse2

Cas7
Cas5

Cas6 UPF0175

PhdYeFM_antitox

POI:
DUF3368

Cas1
Cas2

DUF839
PEP-CTERM

MazE_antitoxin

GCA_018780585.1 | JADMJL010000027

COG2378

WYL
Cas3

Cas8
cse2

Cas7
Cas5

Cas6 UPF0175

PhdYeFM_antitox

POI:
DUF3368

Cas1
Cas2

Oxidored_FMN

FMN_dh
Ceramidase

Unstab_antitox
YhcG_C

COG4804

DUF1016_N

YhcG_C

GCA_017302295.1 | JAFLDS010000008

COG2378

WYL
Cas3

Cas8
cse2

Cas7
Cas5

Cas6 UPF0175

PhdYeFM_antitox

POI:
DUF3368

Cas1
Cas2 FMN_red

Flavodoxin_1

GCA_021819435.1 | JAKARB010000016

Cas3
Cas8

cse2
Cas7

Cas5
Cas6

UPF0175
POI:
DUF3368

Cas1
Cas2

IMG_3300045107 | a0484955_0000183

S4 Cas3
Cas8

cse2
Cas7

Cas5
Cas6 UPF0175

PhdYeFM_antitox

POI:
DUF3368

Cas1
Cas2

MFS_1 Abhydrolase_1

Hydrolase_4
HDOD

HD STAS_2
Proteasome

AAA

GCA_907163075.1 | CAJQTY010000001

Cas6 UPF0175

PhdYeFM_antitox

POI:
DUF3368

Cas1
Cas1 Aldedh

Pro_dhAAA_3

bpMoxR
DUF58TgpA_N

Transglut_core

DUF4129
SLT_2Polbeta

NTP_transf_2

DUF86
UvrA_inter

PDDEXK_1

GCA_016713705.1 | JADJOQ010000011

EAL
GGDEF

Cas3
Cas8

cse2
Cas7

Cas5
Cas6 UPF0175

PhdYeFM_antitox

POI:
DUF3368

Cas1
Cas2

EamA
Transposase_mut

GCA_018779985.1 | JADMKF010000189

COG2378

WYL
Cas3

Cas8
cse2

Cas7
Cas5

Cas6 UPF0175

PhdYeFM_antitox

POI:
DUF3368

Cas1
Cas2

DUF1223
GST_N_3

DNA_binding_1
Tex_N
HHH_3

S1

GCA_013815685.1 | JACDFR010000003

Cas3
Cas8

cse2
Cas7

Cas5
Cas6

UPF0175
POI:
DUF3368

Cas1
Cas2

Mrr_cat
BPD_transp_2

Abhydrolase_6

Hydrolase_4

DUF1778
Acetyltransf_10

FR47

GCA_014879745.1 | JACSRM010000308

EAL
GGDEF

Cas3
Cas8

cse2
Cas7

Cas5
Cas6 UPF0175

PhdYeFM_antitox

POI:
DUF3368

Cas1
Cas2

IMG_3300032278 | 0310345_10000421

DUF433
Cas3

Cas8
cse2

Cas7
Cas5

Cas6
UPF0175

POI:
DUF3368

Cas1
Cas2

IMG_3300048592 | a0498931_0006373

COG2378

WYL
Cas3

Cas8
cse2

Cas7
Cas5

Cas6 UPF0175

PhdYeFM_antitox

POI:
DUF3368

Cas1
Cas2

GCF_003226565.1 | NZ_QKOE01000009

DctM COG2378

WYL
Cas3

Cas8
cse2

Cas7
Cas5

Cas6
UPF0175

POI:
DUF3368

Cas1
Cas2

IMG_3300001592 | Draft_10004960

Cas3
Cas8

cse2
Cas7

Cas5
Cas6

UPF0175
POI:
DUF3368

Cas1
Cas2

Acetyltransf_1

GCA_019635335.1 | JAHBZR010000100

1kb
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GE
M2 (massive defense genes)

EMBL_MGYG000003147&&MGYG000003147_7&&47692_56296_-1 
3 / 3.0

Giant

DUF2397
DUF2398

SbcCD_C

AAA_23 DUF3323

DUF2399

POI:
Lipase_GDSL_2
NPCBM
BNR_2
Sialidase
Flg_new
Big_2
fn3
Laminin_G_3 Bac_rhamnosid6H

EMBL_MGYG000003147 | MGYG000003147_7

Cas7
Cas5

Cas3_Cas3

Cas4
Cas1

Cas2

POI:
Lipase_GDSL_2
NPCBM
BNR_2
Sialidase
Flg_new
Big_2
fn3
Laminin_G_3 DUF1062

Sigma70_r4_2

HTH_23
Response_reg

Fer4_21
Fer4_5

GCF_000797495.1 | NZ_JTGN01000003

Cas5
Cas3_Cas3

Cas4
Cas1

Cas2
tRNA-synt_2

tRNA_anti-codon

GAD

POI:
Lipase_GDSL_2
NPCBM
BNR_2
Sialidase
Flg_new
Big_2
fn3
Laminin_G_3 DUF1062

Sigma70_r4_2

HTH_23

EMBL_MGYG000000287 | MGYG000000287_7

1kb
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GF
M1 (massive defense system)

WGS_BOFR01&&BOFR01000007&&165916_179089_-1 
6 / 13.3

Giant

DUF1983
Gly-zip

per_YMGG POI:
LPD39
Helicase_C
ResIIIMazE_antitoxin

PemK_toxin

GCF_009763905.1 | NZ_CP046819

DUF1983
OMP_b-brl

Gly-zip
per_Omp

Bacteriocin_IIc
POI:
LPD39
SNF2-rel_dom
Helicase_C
ResIII

GCF_002150885.1 | NZ_MVKY01000141

DUF1983
Gly-zip

per_YMGG POI:
LPD39
Eco57I
Helicase_CMazE_antitoxin

PemK_toxin

GCA_015810645.1 | AAXOKI010000007

DUF1983 POI:
LPD39

Helicase_C

GCF_012274885.1 | NZ_CP051102

cmr1 Cas10
cmr3 cmr4 cmr5 cmr6 PD-DExK

mkCas0090

Cas6

POI:
LPD39
Eco57I
Helicase_C

GCF_002283805.1 | NZ_NMSJ01000002

DUF1983 POI:
LPD39

Helicase_C

GCF_001597935.1 | NZ_LOBR01000104

Ntox15 GAD-like

DUF1851
GAD-like

DUF1851 POI:
LPD39

Helicase_C

WGS_BOJB01 | BOJB01000008

cmr3 cmr4 cmr5 cmr6 PD-DExK

mkCas0090

Cas6
POI:
LPD39

Helicase_C

GCA_015816125.1 | AAXOTA010000006

DUF1983
Gly-zip

per_YMGG
POI:
LPD39

Helicase_C

MazE_antitoxin

PemK_toxin

WGS_BOFR01 | BOFR01000007

SBP_bac_3
POI:
LPD39
Eco57I
Helicase_C
ResIIIPeptidase_M23

GCF_017426905.1 | NZ_MSTE01000005

Cas10
cmr3 cmr4 cmr5 cmr6 csx23

mkCas0160

Cas6
POI:
LPD39

Helicase_C

GCA_015809915.1 | AAXOLO010000022

POI:
LPD39

Helicase_C

GCA_015810565.1 | AAXOKY010000031

DeoRC

HTH_DeoR

COG2378
POI:
Eco57I
Helicase_C
ResIII
Eco57I

Helicase_C

ResIII
Peptidase_M23

NAD_binding_2

3HCDH_N

AlaDh_PNT_C
SBD_N

NBD_C
Aldolase_II

AP_endonuc_2
Epimerase

GDP_Man_Dehyd

3Beta_HSD

GCA_009746825.1 | QZVN01000007

POI:
LPD39

Helicase_C

WGS_JAHMFU01 | JAHMFU010034388

1kb
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GG
(GGDEF tRNA array)

EMBL_ERZ650666&&contig_7067&&448_2380_1 
174 / 347.6

Non-CRISPR_tRNA_arrays

QueC
POI:
EAL
GGDEF

Rnf-Nqr FeS
Fer4

Complex1_51K
RnfC_N
NQRA
Fer4_10
SLBB NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
OKR_DC_1

Beta_elim_lyase

Aminotran_5
MatE
Polysacc_synt_C

UvrB
ResIII

Methyltrans_SAM

Methyltransf_31

Cons_hypoth95

Methyltransf_18

TrmK
PEMT

NnrU
ICMTFer4_14

Radical_SAM

IMG_3300037296 | Ga0400260_000178

QueC
PspB

POI:
EAL
GGDEF

Rnf-Nqr FeS
Fer4_10

RnfC_N
SLBB
Fer4_7
NQRA NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH HTH_38
rve Acetyltransf_7

MatE
Polysacc_synt_CUvrB_inter

Helicase_C
UVR
ResIII

Methyltrans_SAM

Cons_hypoth95

Methyltransf_31

Methyltransf_18

TrmK
PEMT

ICMT
DUF1295

Fer4_14

Radical_SAM

GCA_018402495.1 | JAGYIU010000001

DUF218
Fe-ADH LysR_substrate

HTH_1 OMP_b-brl

OmpA_membrane

POI:
EAL
GGDEF

Rnf-Nqr Fer4_21

FeS

Complex1_51K
RnfC_N
Fer4_10
SLBB
NQRA NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
EndIII_4Fe-2S

MatE
Polysacc_synt_CUvrB_inter

Helicase_C
ResIII
UVRGST_N_2

GCF_001482385.1 | NZ_CP013611

Acetyltransf_10
POI:
EAL
GGDEF

Rnf-Nqr FeS
Fer4_10

Complex1_51K
RnfC_N
NQRA
SLBB
Fer4_10 NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
EndIII_4Fe-2S

Rhomboid

UDGBcrAD_BadFG

SIS_2
DUF1343

Response_reg

GerE

UvrC_HhH_N
GIY-YIG
UVR
HHH_5CDP-OH_P_transf

GCA_015491935.1 | WGGB01000001

POI:
EAL
GGDEF

Rnf-Nqr Fer4_21

FeS

Complex1_51K
RnfC_N
SLBB
Fer4_10
NQRA NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
EndIII_4Fe-2S

Glyoxalase

Sigma70_r2
MatE
Polysacc_synt_CUvrB_inter

Helicase_C
UVR
ResIII
AAA_30AI-2E_transport

TonB_dep_Rec

OMP_b-brl_3

PlugLRR_5

GCF_000300815.1 | NZ_AMRX01000007

POI:
EAL
GGDEF

Rnf-Nqr Fer4_21

FeS

Complex1_51K
RnfC_N
Fer4_7
NQRA
SLBB NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
EndIII_4Fe-2S

Acetyltransf_1

Cytochrom_NNT

DUF150NusA_N

KH_5
HHH_5

IF-2
GTP_EFTU
IF2_N
MMR_HSR1
RasRBFATruB_N

TruB-C_2
Ribosomal_S15RNase_PH

S1
PNPase
KH_1TPR_9

GCF_018860755.1 | NZ_JAHKPW010000028

Peptidase_M2
POI:
EAL
GGDEF

Rnf-Nqr Fer4_21

FeS

Complex1_51K
RnfC_N
Fer4_7
SLBB
NQRA NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
EndIII_4Fe-2S

Acetyltransf_1

Abhydrolase_1

Hydrolase_4
MatE
Polysacc_synt_CUvrB_inter

Helicase_C
ResIII
UVR

Methyltrans_SAM

Cons_hypoth95

DUF2164
DUF2254

Sulfate_transp

GCF_016469335.1 | NZ_CP059888

PALP
QueC

Rhomboid POI:
EAL
GGDEF

Rnf-Nqr Fer4_21

FeS

Complex1_51K
RnfC_N
SLBB
Fer4_10
NQRA NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH Glyoxalase

Plug

UvrB_inter
Helicase_C
UVR
ResIII

Fer4_14

Radical_SAM

Ribosomal_S4Pg

DUF406
EAL
GGDEF
GAF
PAS_9

GCF_016757755.1 | NZ_CP068437

PALP
QueC

Rhomboid POI:
EAL
GGDEF

Rnf-Nqr Fer4_21

FeS

Complex1_51K
RnfC_N
SLBB
Fer4_10 NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
EndIII_4Fe-2S

Glyoxalase

PGM_PMM_IUvrB_inter
Helicase_C
UVR
ResIII

Fer4_14

Radical_SAM

Ribosomal_S4Pg

DUF406
EAL
GGDEF
GAF
PAS_9

GCF_018596335.1 | NZ_JAHEPS010000007

tRNA-synt_1g

tRNA_bind

Anticodon_3

AMP-binding
POI:
EAL
GGDEF

Rnf-Nqr Fer4_21

FeS

Complex1_51K
RnfC_N
SLBB
Fer4_10
NQRA NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
EndIII_4Fe-2S

PRK
dNK
AAA_18MatE

Polysacc_synt_CUvrB_inter
Helicase_C
ResIII
UVR

ParA
CbiA
AAA_31

GCF_018860285.1 | NZ_JAHKPC010000016

Kelch_6 tRNA-synt_2b

tRNA_edit

HGTP_anticodon

TK GGDEF

GAF
POI:
EAL
GGDEF

Rnf-Nqr FeS
Fer4_10

RnfC_N
SLBB
NQRA
Fer4_10 NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
EndIII_4Fe-2S

Glyoxalase

LON_substr_bdg

Virul_fac_BrkB

MatE
Polysacc_synt_CUvrB_inter

Helicase_C
ResIII
UVRPorin_7

MAPEG
DUF2750

EMBL_ERZ869903 | contig_4

POI:
EAL
GGDEF

Rnf-Nqr Fer4_21

FeS
RnfC_N

Fer4_7

NQRA
NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
EndIII_4Fe-2S

CHASE

HATPase_c

HisKA
DUF150NusA_N

KH_5
HHH_5

IF-2
GTP_EFTU
IF2_N
MMR_HSR1
RasRBFATruB_N

TruB-C_2
Ribosomal_S15RNase_PH

S1
PNPase
KH_1

EMBL_ERZ3820729 | contig_32

PALP
QueC

Rhomboid POI:
EAL
GGDEF

Rnf-Nqr Fer4_21

FeS

Complex1_51K
RnfC_N
NQRA
SLBB
Fer4_10 NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH
EndIII_4Fe-2S

PEP_mutase

DNA_binding_1UvrB_inter
Helicase_C
UVR
ResIII

Fer4_14

Radical_SAM

Ribosomal_S4Pg

DUF406
EAL
GGDEF
GAF
PAS_9

GCF_019457595.1 | NZ_CP080419

PALP
QueC

Rhomboid POI:
EAL
GGDEF

Rnf-Nqr Fer4_21

FeS

Complex1_51K
RnfC_N
NQRA
SLBB
Fer4_7 NQR2_RnfD_RnfE

FMN_bind

Rnf-Nqr HhH-GPD

HHH Glyoxalase

Plug

UvrB_inter
Helicase_C
UVR
ResIII

Fer4_14

Radical_SAM

Ribosomal_S4Pg

DUF406
EAL
GGDEF
GAF
PAS_9

GCF_019457515.1 | NZ_CP080421

1kb
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GH
(tRNA array DEDDh)

GCF_016469335.1&&NZ_CP059888&&1400143_1401604_1 
483 / 551.2

Non-CRISPR_tRNA_arrays

SBP_bac_3

DUF2750
PepSY_TM_like_2

DUF2271
DUF4198

GSHPx
TauE DUF2892 cd06127

RNase_T

DEDDh
POI EAL

GGDEF TonB_dep_Rec

Plug OsmC
S1-P1_nuclease

GDPD
RNase_H

PPK2ABC_tran

AAA_21

GCA_017302255.1 | JAFLDV010000010

PepSY_TM_like_2

DUF2271

FlgD_ig DUF4198

DUF6795

CarboxypepD_reg

GSHPx
TauE DUF2892 cd06127

RNase_T

DEDDh
POI PRiA4_ORF3

ADH_N
SelOGGDEF

PAS_7
OsmC

Abhydrolase_3

BD-FAE

Chlorophyllase2

SGLRNase_H
Glycos_transf_1

Glyco_trans_1_4

Glyco_transf_25

Crystall
PPK2

GCF_001669775.1 | NZ_LXWK01000015

Acetyltransf_10
cd06127

RNase_T

DEDDh
POI CNNM

CBS
ABC_tran

SMC_N

AAA_29 FtsX
MacB_PCD

Big_1
Invasin_D3

AstBRNase_H
SSFEAL

HDOD
cysHAPS_kinase

AAA_33
Inositol_P

GTP_EFTU

MMR_HSR1

GCF_021532655.1 | NZ_JAKGAS010000001

DUF2750
PepSY_TM_like_2

DUF2271

FlgD_ig DUF4198

DUF6795
GSHPx

DUF3421
Glyco_transf_9

TauE DUF2892 cd06127

RNase_T

DEDDh
POI CheW

Response_reg

CarboxypepD_reg

DcuC
CitMHS

Amidohydro_1

RNase_H
PPK2

IMG_3300034072 | Ga0310127_000272
DUF3418
OB_NTP_bind
HA2
Helicase_C
DEAD PilZ

cd06127

RNase_T

DEDDh
POI

ABC_tran

SMC_N

AAA_29 FtsX
MacB_PCD

Big_1
AstBSDFRNase_H

Methyltrans_SAM
PUA_3
Cons_hypoth95
Methyltransf_31

RNase_T

cd06127

IMG_3300037330 | a0400266_0000010

DUF2750
PepSY_TM_like_2

DUF2271

FlgD_ig DUF4198

CarboxypepD_reg

DUF6795
GSHPx

TauE DUF2892 cd06127

RNase_T

DEDDh
POI PRiA4_ORF3

ADH_N
SelOPAS_7

OsmC
SGLDUF4382

RNase_H
Glyco_trans_1_4

Glycos_transf_1

Glyco_transf_25

PPK2

EMBL_ERZ511485 | contig_275

SBP_bac_3

DUF2750
PepSY_TM_like_2

DUF2271

FlgD_ig DUF4198

CarboxypepD_reg

GSHPx
TauE DUF2892 cd06127

RNase_T

DEDDh
POI EAL

GGDEF
Plug OsmC

S1-P1_nuclease

GDPD
RNase_H

PPK2ABC_tran

AAA_21

IMG_3300036770 | a0310126_0000231

RraA-like
AsmA

BsuPI
Methyltransf_11

HTH_1 cd06127

RNase_T

DEDDh
POI Response_reg

CheC
CheX HisKA

HATPase_c_5
Response_reg

HD_5HATPase_c

HisKA

HATPase_c
Response_reg
HisKA
Hpt
dCache_1RNase_H

HAGH_C

Lactamase_B
SLT
LysM

GCF_000485795.1 | NZ_AXZL01000038

Asparaginase_2

DUF3418
OB_NTP_bind
HA2
Helicase_C
DEAD
AAA_19 PilZ

RNase_T

cd06127

DEDDh
POI

ABC_tran

SMC_N

AAA_29 FtsX
MacB_PCD

Big_1
Invasin_D3

AstBRNase_H
Methyltrans_SAM
PUA_3
Cons_hypoth95
Methyltransf_31

GCF_015595035.1 | NZ_JADNRN010000001

CBS

DUF3418
OB_NTP_bind
HA2
Helicase_C
DEAD PilZ DUF2061

Acetyltransf_7

ADH_zinc_N_2

DUF2834 cd06127

RNase_T

DEDDh
POI FGGY_N DeoRC

HTH_DeoR adh_short_C2

Aldolase_II

KR AP_endonuc_2

FMN_dh
RNase_H

Methyltrans_SAM
PUA_3
Cons_hypoth95
Methyltransf_31

GCA_017794925.1 | CP051238

DUF2750
PepSY_TM_like_2

DUF2271

FlgD_ig DUF4198

DUF6795

CarboxypepD_reg

GSHPx
Glyco_transf_9

TauE
cd06127

RNase_T

DEDDh
POI DUF3375

DUF4194
AAA_29DUF2220

DUF3322
HipA_C

HipA_C
HTH_3

RNase_H
Glycos_transf_1

Glyco_trans_1_4

GCF_004005945.1 | NZ_SACS01000019

Peptidase_S49_N

SDH_sah
TonB_dep_Rec

Plug MarC
cd06127

RNase_T

DEDDh
POI

Beta-lactamase

Amidase_2

PG_binding_1

Na_H_antiporter

DcuC
G_glu_transpept

HTH_6
RNase_H

MerR_1

MerR-DNA-bind

ArsP_1

GCA_001660395.1 | LXWE01000002

Asparaginase_2
DUF3418
OB_NTP_bind
HA2
Helicase_C
DEAD PilZ

RNase_T

cd06127

DEDDh
POI ABC_tran

SMC_N FtsX
MacB_PCD

Big_1
Invasin_D3

AstBRNase_H
Methyltrans_SAM
PUA_3
Cons_hypoth95
Methyltransf_31

RNase_T

cd06127

GCF_003203515.1 | NZ_BGNG01000001DUF3418
OB_NTP_bind
HA2
Helicase_C
DEAD
AAA_22 PilZ DUF2061

ADH_zinc_N cd06127

RNase_T

DEDDh
POI EAL

CSS-motif ABC_tran

SMC_N

DUF87 FtsX
MacB_PCD

Big_1
RNase_H

Methyltrans_SAM
PUA_3
Cons_hypoth95
MTS

GCF_001632825.1 | NZ_CP015346

1kb
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GI
(tRNA array ribonuclease)

IMG_3300012943&&0164241_10000118&&68729_72041_1 
104 / 112.6

Non-CRISPR_tRNA_arrays

T6SS_VipA

VipB T6SS_HCP

GPW_gp25 AAA_2

ClpB_D2-small

Clp_N
ImpA_N MerR-DNA-bind

MerR Hydrolase_4

Abhydrolase_6
POI:
RNB
OB_RNB
CSD2
S1 SpoU_methylase

Hexapep
DUF480

Pro_isomerase

Metallophos
GntR
Rrf2ABC_tran

AAA_21
Phasin_2

GCF_012849555.1 | NZ_CP051685

TPR_19
T6SS_VipA

VipB T6SS_HCP

GPW_gp25 AAA_2

ClpB_D2-small

Clp_N
ImpA_N MerR-DNA-bind

MerR_1
POI:
RNB
OB_RNB
S1

RNB
OB_RNB
CSD2
S1 SpoU_methylase

DUF480
Pro_isomerase

Pro_isomerase

Metallophos_2

GntR
Rrf2ABC_tran

AAA_21
Phasin_2

GCA_014841525.1 | JACYUC010000003

T6SS_VipA

VipB T6SS_HCP

GPW_gp25 AAA_2

ClpB_D2-small

Clp_N
ImpA_N MerR-DNA-bind

MerR_1 POI:
RNB
OB_RNB

RNB
OB_RNB
CSD2
S1 SpoU_methylase

Hexapep
DUF480

ABC2_membrane_5

Abhydrolase_6

Hydrolase_4

Phasin_2
T6SS-SciN

GCF_020708045.1 | NZ_JAJFES010000001

TPR_19

DUF2333
T6SS_VipA

VipB T6SS_HCP

GPW_gp25
AAA_2

ClpB_D2-small

ImpA_N
MerR

POI:
RNB
OB_RNB
CSD2
S1 SpoU_methylase

Hexapep
DUF480 GntR

Rrf2ABC_tran

AAA_21
ABC2_membrane_5

Phasin_2
T6SS-SciN

IMG_3300046522 | a0495643_0000171

POI DUF480
Phasin_2

IMG_3300028585 | 0265797_10000287

POI DUF480
Phasin_2

IMG_3300028586 | 0265798_10000120

TPR_19
T6SS_VipA

VipB T6SS_HCP

GPW_gp25
AAA_2

ClpB_D2-small

ImpA_N MerR-DNA-bind

MerR

RNB
OB_RNB
CSD2
S1

POI:
RNB
OB_RNB

SpoU_methylase

Hexapep
DUF480 GntR

Rrf2ABC_tran

AAA_21
ABC2_membrane_5

Phasin_2
T6SS-SciN

GCF_001424165.1 | NZ_LMOJ01000022

Gly_transporter

NUDIX GTP_EFTU

EFG_C

MMR_HSR1
POI:
RNB
CSD2
OB_RNB
S1

RNB
CSD2
OB_RNB
S1 SIMPL

Cpta_toxin AhpC-TSA

Redoxin

1-cysPrx_C

CCP_MauG

FecCD
ABC_tran

Transgly_assoc

FecCD
Acyl_transf_3

tRNA-synt_1g

tRNA_bind

Anticodon_3DUF2345

Phage_GPD

T6SS_Vgr

GCF_014645555.1 | NZ_BMLY01000003

SecD_SecF

MMPL Ketoacyl-synt_C

ketoacyl-synt

Thiolase_N
adh_short_C2

KR
ketoacyl-synt

Ketoacyl-synt_C

Thiolase_N ketoacyl-synt

Ketoacyl-synt_C

Thiolase_N
FAD_binding_3

Trp_halogenase
POI:
RNB
OB_RNB
CSD2
S1 SpoU_methylase

Rib_5-P_isom_A
DUF3418
HA2
OB_NTP_bind
Helicase_C
DEAD
NACHT

AA_kinase

Acetyltransf_1

Iron_traffic

Polysacc_deac_1

IMG_3300049218 | a0495317_0000024

PHB_acc_N
AHSA1

Polyketide_cyc2
Radical_SAM

TRAM_2

UPF0004 ThiF
Sacchrp_dh_NADP

NAD_binding_7
POI:
RNB
CSD2
OB_RNB
S1 GST_N_3

SIMPL HemS

ChuX_HutX

Peripla_BP_2

FecCD
ABC_tran

Response_reg

TPR_16MarR
HTH_27MFS_1

Sugar_trHxlR
HTH_27

3-dmu-9_3-mt

GCF_000374805.1 | NZ_KB895339

Gly_transporter

NUDIX GTP_EFTU

EFG_C

MMR_HSR1
POI:
RNB
CSD2
OB_RNB
S1 SIMPL

Cpta_toxin AhpC-TSA

Redoxin

1-cysPrx_C
CCP_MauG

Cytochrom_C

FecCD
ABC_tran

Lipase_GDSL_2

Transgly_assoc

FecCDTransgly_assoc

DUF5518
Acyl_transf_3

tRNA-synt_1g

tRNA_bind

Anticodon_3

GCF_014645535.1 | NZ_BMLX01000002

Hist_deacetyl

tRNA_edit

TPR_16
Cob_adeno_trans POI:

RNB
CSD2
OB_RNB
S1 SIMPL

Acetyltransf_1
TonB_dep_Rec

Plug
OMP_b-brl_3

HemS

ChuX_HutX

Peripla_BP_2

FecCD
ABC_tranEAL

GGDEF

PAS_3Response_reg

TPR_16
SelOPHO4

GCF_009848685.1 | NZ_WXTX01000003

Radical_SAM

TRAM_2

UPF0004 ThiF
Sacchrp_dh_NADP

NAD_binding_7
POI:
RNB
CSD2
OB_RNB
S1 GST_N_3

SIMPL HemS

ChuX_HutX

Peripla_BP_2

FecCD
ABC_tran

Response_reg

TPR_16MarR
HTH_27MFS_1

Sugar_tr

GCF_005048205.1 | NZ_SUMF01000010

Hist_deacetyl

SBP_bac_3

Lig_chan-Glu_bd

BPD_transp_1

BPD_transp_1

tRNA_edit

Cob_adeno_trans

MFS_1

POI:
RNB
CSD2
OB_RNB
S1 SIMPL

OEP
HlyD_D23

CusF_Ec

HMBD
ACR_tranHTH_18

AraC_binding

Cupin_2
SelOPHO4

GCF_014652315.1 | NZ_BMYO01000002

1kb

277



GJ
(DUF3800 standalone)

EMBL_ERZ795038&&contig_16642&&892_1681_1 
12 / 12.0

Non-CRISPR_hypervariable_repeat

HTH_AsnC-type

AsnC_trans_reg

MarR_2
Gly_kinase

POI:
DUF3800

FG-GAP_3
Response_reg

Trans_reg_C HATPase_c

HisKA

HAMP adh_short_C2

KR CoxIIa

Asp4COX2

Cupredoxin_1

COX1
Nitroreductase

cobW
CobW_C

Ribosomal_L33

Cupin_2

AraC_binding

Lactamase_B_2

csa3
CLP_protease

GCF_015844595.1 | NZ_LDFY01000081

POI:
DUF3800

Phage_integrase

ANTHTH_26DUF4379

HTH_24PhageMin_Tail

Peptidase_M23

Sipho_tail

IMG_3300011211 | Ga0122836_100029

malic
Malic_M

TerC PTS-HPr
TetR_C_17

POI:
DUF3800

FRG BPD_transp_1

SBP_bac_1

Glyco_hydro_43

MCPsignal

YCIISigma70_r2

TPR_8
Cadherin-like

RGI_lyase

FG-GAP_3
SLH
Big_2

GCF_021513275.1 | NZ_CP090978

FecCD
FecCD ABC_tran

AAA_21 POI:
DUF3800

ATPgrasp_YheCD

Cass2
Sortase5_nucleotid_C

SLH
Metallophos

COG2378

HTH_11
Acetyltransf_3

Glycos_transf_2

GtrA
Glyco_tranf_2_3

Glycos_transf_2

PilZ

GCF_007680105.1 | NZ_VEHS01000001

DUF4190
POI:
DUF3800

Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

Cas2
HTH_26

TetR_NABC2_membrane_3

DUF3533
DUF4763

GCF_014844075.1 | NZ_CP062165

Mrr_cat PdaC
DUF3298

POI:
DUF3800

Cas3
Cas5

Cas8
Cas7

Cas4
Cas1

Cas2
HTH_26

GCF_002843485.1 | NZ_PJFA01000008

Acetyltransf_1

HTH_17 POI:
DUF3800

SIR2_2
DUF87

TF_Zn_Ribbon

DUF5986
Peptidase_M78

HTH_3
TIR_2

SIR2_2
DUF1863

GCA_008764355.1 | VTRA01000034

BPD_transp_1

BPD_transp_1

DUF3502

SBP_bac_8

DUF1861
Glyco_hydro_130

APH POI:
DUF3800

RicinB_lectin_2

Ricin_B_lectin

His_Phos_1

Sigma70_r4_2

Cu_amine_oxidN1

WGS_BDQX01 | BDQX01000084

Usp POI:
DUF3800

DoxX
DoxDIMPDH

CBS

Peptidase_S11
PBP5_C
Beta-lactamase2
Beta-lactamase

SOR_SNZ

ThiG
SNO
GATase_3

DJ-1_PfpI
tRNA-synt_2b

Seryl_tRNA_N

MFS_1

IMG_3300033802 | Ga0373398_007264

POI:
DUF3800

Enoyl_reductase

Eno-Rase_NADH_b

EMBL_ERZ795038 | contig_13025

POI:
DUF3800

EMBL_ERZ795038 | contig_16642

POI:
DUF3800

GCF_000520735.1 | NZ_ASSC01000547

1kb

278



GK
(PDDEXK + Metallophosphatase)

EMBL_ERZ825177&&contig_7965&&5053_8428_1 
44 / 47.4

Non-CRISPR_hypervariable_repeat

MnmE_helical
TrmE_N
MMR_HSR1
FeoB_N

POI:
PDDEXK_1 SBP_bac_11

Flg_new

DUF11
Beta_elim_lyase

MFS_2ABC_membrane

SMC_N
Metallophos_2

UNK_cysH_UNK

DUF111PRK
AAA_18

Cytidylate_kin

BPD_transp_1

BPD_transp_1

SBP_bac_1

EMBL_MGYG000290304 | MGYG000290304_13

LysR_substrate

HTH_1
MnmE_helical
TrmE_N
MMR_HSR1
FeoB_N

POI:
PDDEXK_1 SBP_bac_11

Flg_new

DUF11
Beta_elim_lyase

MFS_2
ABC_membrane

Collagen
Metallophos

DUF3990FAD_binding_2

FMN_bind

DAOLysR_substrate

HTH_1

GCA_017484085.1 | JAFUTW010000041
MnmE_helical
TrmE_N
MMR_HSR1
FeoB_N

POI:
PDDEXK_1

FGE-sulfatase

HTH_18
Glyco_transf_5

Glyco_hydro_4C

Metallophos_2GMP_synt_C
NAD_synthase
ATP_bind_3
ThiIXan_ur_permease

Bac_transfGlycos_transf_1

Glyco_trans_1_4

DUF1972
Glycos_transf_1

Glyco_trans_1_4

GCA_017547805.1 | JAFYOR010000010

Glyco_hydro_20

Voltage_CLC

Esterase
MnmE_helical
TrmE_N
MMR_HSR1
FeoB_N

POI:
PDDEXK_1

AstE_AspA

AstE_AspA
MatE
Polysacc_synt_C

Glycos_transf_1

Glyco_transf_4

Glyco_transf_5

Metallophos_2

Nitroreductase

GCA_017521565.1 | JAFXCE010000005

PMT_2
Phosphorylase

SH3_3 DAHP_synth_1

NeuB POI:
PDDEXK_1

PG_binding_1

SdrD_B
Flavin_Reduct

Aminotran_1_2

DegT_DnrJ_EryC1

LysR_substrate

HTH_1
Aconitase

Metallophos_2

PfkB

EMBL_ERZ1690696 | contig_173

Phosphorylase

HAD DHDPS POI:
PDDEXK_1

PG_binding_1

Flavin_Reduct

LysR_substrate

HTH_1
Aconitase

Metallophos_2

SBP_bac_3
MatE
Polysacc_synt_C

GCA_020025205.1 | JAHHSO010000006

Voltage_CLC

Esterase
LRR_4 POI:

PDDEXK_1

Metallophos_2

Nitroreductase

IMG_3300031555 | 0318466_10026296

Response_reg

Trans_reg_C

HTH_3 Phage_integrase

Arm-DNA-bind_4 MnmE_helical
TrmE_N
MMR_HSR1
FeoB_N

POI:
PDDEXK_1

ParBc

HTH_ParB

HTH_3
Glyco_H_20C_C

TauE
Glyco_transf_5

Glycos_transf_1

SCP2
MetallophosGMP_synt_C

NAD_synthase
ATP_bind_3
Asn_synthasePhage_rep_org_N

IstB_IS21

Bac_DnaA

AAA

GCA_017938795.1 | JAGBAV010000101

CBM_6
Voltage_CLC

POI:
PDDEXK_1

AstE_AspA

AstE_AspA
MatE
Polysacc_synt_C

Metallophos_2

IMG_3300029305 | 0307249_10041720

Voltage_CLC
POI:
PDDEXK_1

Spore_GerAC

Metallophos_2

NAGPA
NAGPA

IMG_3300029305 | 0307249_10054774

Lipase_GDSL_2

Voltage_CLC
POI:
PDDEXK_1

AstE_AspA

Metallophos_2

Nitroreductase

LysR_substrate

HTH_1

IMG_3300029305 | 0307249_10030782
MnmE_helical
TrmE_N
MMR_HSR1
FeoB_N

POI:
PDDEXK_1

ParBc

HTH_ParB

Glyco_H_20C_C

TauE
Glyco_transf_5

Glycos_transf_1

SCP2Big_2
LRR_5

Metallophos_2GMP_synt_C
NAD_synthase
ATP_bind_3
Asn_synthase

GCA_017936375.1 | JAGBFR010000066
MnmE_helical
TrmE_N
MMR_HSR1
FeoB_N

POI:
PDDEXK_1

PDDEXK_1
DNA_binding_1

Methyltransf_1N

PALP GATase_7

Pribosyltran

Peptidase_S51

tRNA_edit

DUF3048
Metallophos_2

UNK_cysH_UNK

GCA_004555535.1 | SFHU01000010

Exo_endo_phos

MFS_1_like

Voltage_CLC

Nitroreductase

Glyco_hydro_127 MnmE_helical
TrmE_N
MMR_HSR1
FeoB_N

POI:
PDDEXK_1 Glycos_transf_1

SCP2
Glyco_trans_1_4

DUF3048_C

Metallophos_2

GCA_017436605.1 | JAFSCW010000012

1kb

279



GL
(PDDEXK_ATPase)

EMBL_ERZ842383&&contig_35002&&108_1647_-1 
37 / 39.4

Non-CRISPR_hypervariable_repeat

RlaP AAA_33
Thg1 pfam13280

WYL
POI:
AAA_14

DUF4143
ADP_ribosyl_GH

cd06127

DUF5051

RNase_T
NRDD

ATP-cone
Fer4_12

Radical_SAM Epimerase

GDP_Man_Dehyd

RmlD_sub_bind

Glyco_hydro_115

GH115_C
icity0040

RVT_1
TROVE

EMBL_MGYG000294153 | MGYG000294153_14

Por_Secre_tail

DUF285 POI:
AAA_14

DUF4143
Ala_racemase_N

YitT_membrane

DUF2179
Ribul_P_3_epimMethyltrans_SAM

PUA_3
Cons_hypoth95
MTS TonB_C

GTP_cyclohydroI

LolA AAA_15

SMC_N
TsaD BPD_transp_1

HydF_tetramer

MMR_HSR1

DHFR_1

GCA_017545365.1 | JAFWOP010000073

Glycos_transf_1

Glyco_transf_4

Glyco_trans_1_4

Glycos_transf_1

ELFV_dehydrog

NAD_binding_7
POI:
AAA_14

DUF4143 UvrD-helicase

UvrD_C

AAA_19tRNA-synt_1d

DALR_1

Arg_tRNA_synt_N

Bax1-I
OPTPeptidase_M15_3RNase_PH

S1
KH_1
PNPase

Radical_SAM

UPF0004

TRAM

EMBL_MGYG000293163 | MGYG000293163_7

Sigma70_ECF

MatE
Polysacc_synt_C

Gp49
HTH_3 POI:

AAA_14 Melibiase

Glyco_hydro_36NDXP_synthase_N
Transket_pyr
Transketolase_C
TPP_enzyme_CMethyltransf_11

adh_short
Peptidase_C10

Inhibitor_I69

EcoRI_methylase

DUF262
VWAMazG

EMBL_ERZ1026804 | contig_20

SusD-like_2

DUF1343
HGSNAT_cat

BcrAD_BadFG

SIS POI:
AAA_14

SSF Beta-lactamase

Transglut_core

DUF1343

EMBL_ERZ4560391 | contig_1861

TPR_16

ANAPC3

YfiO DUF481
WG_beta_rep

POI:
AAA_14 CarbopepD_reg_2

Plug
CarboxypepD_reg

DUF4876
Peptidase_M16

LPG_synthase_TM

Sacchrp_dh_NADP

EMBL_ERZ1026812 | contig_366

Phos_pyr_kin

PfkB TMP-TENI
CHB_HEX_C_1

Fn3_assoc POI:
AAA_14

DUF4143
MutS_V

Smr FecR
DUF4974

Plug
TonB_dep_Rec
CarbopepD_reg_2
CarboxypepD_reg

SusD-like_3

SusD_RagB

GCA_002296725.1 | DBIZ01000064

TPP_enzyme_C

HTH_18
CBM_48 POI:

AAA_14
OmpA Helicase_C

PLDc_2

SNF2-rel_dom

AlbA_2
CobU

DBI_PRT
CobS

His_Phos_1

GCA_017428925.1 | JAFRPY010000101

DUF6249
Sigma70_r2

POI:
AAA_14

DUF4105
SecA_DEAD

SEC-C
MFS_1

CBM_20Alpha-amylase

DUF3372

GCA_902796935.1 | CADBQX010000036

ABC_tran

AAA_21 Epimerase

GDP_Man_Dehyd

3Beta_HSD
POI:
AAA_14
DUF4143
NERD

Pyr_redox_2

FAD_binding_3

Cytidylate_kin2B3_4
tRNA_synthFbeta
FDX-ACB
B523S_rRNA_IVP

Transcrip_reg

GTP_EFTU
LepA_C
EFG_C
RF3_C
Ras
MMR_HSR1cNMP_binding

Helicase_C

GCA_902798045.1 | CADBVH010000103

POI:
AAA_14

DUF4143
DinG_UNK_UNK

PIN_3 DUF4143

AAA_14
Big_2 AAA_14

DUF4143
Glyco_hydro_25

EMBL_ERZ4561837 | contig_6210

PFOR_II
TPP_enzyme_C POI:

AAA_14
DUF4143
ATPase_2

Flavin_Reduct

Por_Secre_tail

AhpC-TSA
ATP_bind_3

TilS_C

Thioredoxin_7
DsbD
DsbC
Thioredox_DsbH PNP_UDP_1

Metallophos
Peptidase_M20

M20_dimer

GCA_902774495.1 | CACYIE010000008

POI:
AAA_14

DUF4143
Plug DUF4625

DUF4625
Porph_ging

ORF6N
DDE_Tnp_ISL3

DUF6364

EMBL_ERZ833048 | contig_789

POI:
AAA_14

DUF4143
Transpeptidase

PBP_dimer

FTSW_RODA_SPOVE
AAA_2
zf-C4_ClpX
ClpB_D2-small
MCM QueC

PTPS Radical_SAM

Fer4_14
HSDR_N_2

GCA_017448905.1 | JAFSKP010000142

1kb

280



GM
(PLMP_corA-like)

GCA_014804555.1&&JAAUZO010000014&&4635_6039_-1 
37 / 48.3

Non-CRISPR_hypervariable_repeat

Peripla_BP_3

LacI
POI

HTH_18

AraC_binding

Cupin_2 DUF2229

HGD-D

BcrAD_BadFG

Epimerase

GDP_Man_Dehyd

Fe-ADH
Glyco_hydro_36

DUF4130HTH_18

AraC_binding

Cupin_2

GCA_017615545.1 | JAFZZY010000008

Glyco_transf_28

Mntp GerA
zinc_ribbon_2

DUF5640

DZR zinc_ribbon_2

POI MatE
Polysacc_synt_C

Sulfatase
HTH_3HTH_3

FHIPEP
DUF3048

DUF3810
Polysacc_deac_1

WGS_JAAGKN01 | JAAGKN010000411

Radical_SAM

UPF0004 GATase_5

AIRS_C

FGAR-AT_linker

POI
G5
3D
DUF348

NUDIXHlyD_3

CusB_dom_1
MacB_PCD

FtsXDUF6514
PTS-HPr

PTS-HPr

EMBL_ERZ4560598 | contig_41

FliE YscJ_FliF
FliG_C FliH

vATP-synt_E

HrpE T3SS_ATPase_C

ATP-synt_ab_N

FliJ MgtE_N
DUF4230 POI:

TACC_C

CEP63
Flg_hook

FlgD Flagellar_put

Flg_bbr_C

MotA_ExbB
MotB_plug

OmpA

EMBL_MGYG000291316 | MGYG000291316_5

PTS-HPr
PTS-HPr

Aminotran_4

Fucose_iso_N2

POI HlyD_D23

CusB_dom_1
MacB_PCD

FtsX AstE_AspA

Peptidase_M14

Fe_dep_repr_C

DUF6429
Lactamase_B

Big_2
RCC1Radical_SAM

UPF0004

GCA_017829075.1 | JAGAJA010000109

Flg_bb_rod

Flg_bbr_C

FliE YscJ_FliF
FliG_C FliH

vATP-synt_E

HrpE ATP-synt_ab

T3SS_ATPase_C

FliJ MgtE_N POI:
CorA Flg_hook

FlgD Flagellar_put

Flg_bbr_C

MotA_ExbB
MotB_plug

OmpA

GCF_000424565.1 | NZ_AUKD01000009

SecD_SecF

MMPL
POI DUF4901

RrnaAD

Methyltransf_25

MFS_3
Patatin

Acetyltransf_7

Thioredoxin

Pribosyltran

F420_ligase

EMBL_ERZ779615 | contig_34

DUF6514
PTS-HPr

POI HlyD_D23
Fe_dep_repr_C

DUF6429
Big_2
RCC1

IMG_3300010275 | a0129310_1000666

TSCPD
Glyco_transf_28

Mntp GerA POI ABC_trans_CmpB

Sulfatase
HTH_3HTH_3

FHIPEP
DUF3048

DUF3810
Acetyltransf_7

Polysacc_deac_1

DUF436AAA_21

DUF2813

SMC_N

GCA_910578815.1 | CAJTSE010000006

TSCPD
Glyco_transf_28

Mntp GerA POI:
Apolipoprotein

DUF5906

D5_N
DUF6471

Mob_Pre
DUF4368
Recombinase
Resolvase
Zn_ribbon_recomFHIPEP

DUF3048
DUF3810

Acetyltransf_1

HicA_toxin

HicB_lk_antitox

Polysacc_deac_1

DUF436AAA_15

DUF2813
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Fig. S15. 
 

 
Fig. S15. AlphaFold2 predictions of CasMu-I system 

AlphaFold2-multimer structural prediction of Cas8 interaction with CasMuC. PAE plot shown 
on the right.   
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Fig. S16. 

 
Fig. S16. CasMu-V Transposon ends and homing spacer  

CasMu-V CRISPR array along with a cryptic spacer outside of the array is shown along with the 
spacer’s target site 68 bp downstream from the right end of the transposon. The transposon end 
repeats are present in copies of two, and the exact boundary of the transposon contains the motif 
TGT which is consistent with Mu-like transposon ends. A target site duplication of length 4 
outside of the transposon is detectable as well.  
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Fig. S17. Structural comparison of DUF3800-TPR protein 
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Fig. S17. Structural comparison of DUF3800-TPR protein 
(A) The structure DUF3800-TPR protein from the Cas12a2 associated system was predicted 
using AlphaFold2 and superimposed with the RNaseH domain from the HIV reverse 
transcriptase domain (PDH: 1HRH). All catalytic residues from the RNaseH fold was found in 
the DUF3800 protein, barring one catalytic rearrangement (E11), which takes place of E478 
from the HIV reverse transcriptase RNaseH domain. The DUF3800 domain contains an 
additional segment of alpha helices that are not found in the typical RNaseH fold. (B) The TPR 
domain is apparently connected to the DUF3800 protein via a linker but makes multiple contacts 
with the DUF3800 domain. 
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Fig. S18. Small RNA-seq of Cas12 RNPs from new Type-V associated systems 
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Fig. S18. Small RNA-seq of Cas12 RNPs from new Type-V associated systems 
Small RNA-seq of affinity purified Cas12 RNPs from (A) CasMu-V, (B) Cas12 + TPR-
DUF3800, (C) Cas12 + TPR-DUF3800 + UvrD + TPR, (D) Cas12-IscB and (E) Cas12-Cas3. 
Cas12s from (B) and (C) were co-expressed with a CRISPR array expressed under a pJ23119 
promoter, and all other Cas12s were co-expressed with the full locus encoding the system, with 
RNA components under control of natural promoters in the locus. All Cas12s co-purified with 
ncRNA overlapping with the predicted CRISPR array, as shown. 
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Fig. S19. PhageCas9 compared to a corresponding Cas9 in the host organism 
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Fig. S19. (cont’d) 
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Fig. S19. (cont’d) 

 
Fig. S19. PhageCas9 compared to a corresponding Cas9 in the host organism 
(A) HHpred of the phage Cas9 protein from Riemerella columbipharyngis strain DSM 24015-
infecting phage along with the catalytic sites shown with black arrows. The RuvC-I and RuvC-
III domains are inactivated. (B) HHpred of the host Cas9 protein from Riemerella 
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columbipharyngis strain DSM 24015 along with the catalytic sites shown with arrows. All 
catalytic residues are present. (C) Gene locus architectures of the phage Cas9 along with the 
corresponding host Cas9. The phage Cas9 system has a PhageCas9 along with a SNF2 helicase, 
a potentially linked methyltransferase, followed by a tracrRNA. 6 CRISPR spacers from the host 
Cas9 system (with 4 unique sequences) have matches directly to the Phage Cas9 system. (D) 
Matching spacers along with their protospacer sequences in the phage Cas9 system. All hits are 
exact matches, indicating ongoing conflict between the two systems. (E) Comparison of the 
tracrRNAs from the host Cas9 and the phage Cas9 as they anneal to the host CRISPR direct 
repeats. Secondary structure predictions were performed with RNAFold from the Vienna RNA 
package at an annealing temperature of 37°C. (F) AlphaFold2 predictions and structural 
comparison of the phage Cas9 and the host Cas9, which is substantially larger. The two Cas9s 
are superimposed onto the RNA components from the structure of NmeCas9 (PDB: 6KC8) with 
the NmeCas9 protein not shown.  
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Fig. S20.  
 

 
Fig. S20. Additional interspaced repeat array systems 

(A) Systems identified in this study associated with repeat arrays interspaced with hypervariable 
sequences with no association to known CRISPR-Cas genes. All enhanced CRISPR association 
scores are shown below the system name as determined by the pipeline with the numerator 
corresponding to the number of repeat-associated loci in a given cluster and the denominator 
being the effective sample size of that cluster. * denotes the gene for which the score is 
calculated where multiple genes are present in the system. (B) Small RNA-seq of E. coli 
heterologously expressing PD(D/E)XK loci from plasmids. (C) Small RNA-seq of native 
organisms harboring instances of the GGDEF system. 
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Fig. S21. Alignments of various tRNA associated systems with variable spacer regions. 
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Fig. S21. (cont’d) 
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Fig. S21. Alignments of various tRNA associated systems with variable spacer regions. 
Alignments of representative tRNA arrays from example identified tRNA array systems with 
variable spacer regions (A) GGDEF tRNA system. (B) DEDDh/DNA Pol III epsilon + RNaseH 
+ TIGR03503 tRNA system. (C) Ribonuclease R tRNA system.   
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Table S1. CRISPR association scores of clusters passing filters 

Data for main CRISPR association analysis of passing clusters. Columns are as follows: 
 
c30_id:  cluster id 
N_cr:  number of CRISPR-associated, non-redundant loci,  
N_cr_search:  number of CRISPR-associated, non-redundant loci including DRs 
 found from BLAST search of representative DR for the cluster,  
N:  Number of non-redundant loci,  
N_eff:  Effective number of non-redundant loci, as determined by weighting 
function 
N_eff_search: Effective number of non-redundant loci, incorporating DRs found 
 from BLAST search, as determined by weighting function 
weighted_icity: Weighted association score (N_cr / N_eff) 
weighted_icity_search:  Weighted association score with DRs found with BLAST 
 (N_cr_search / N_eff_search) 
aa_seq:  Amino acid sequence of the representative cluster member 

Table S2. Redundant names for Cas proteins   

Example equivalences from legacy Cas names to add clarity to the discussion. 

Table S3. Pipeline comparisons 

Comparison of 5 pipeline variations in their ability to recover key hits found in the study using 
comparable thresholds. 

Table S4. Guide sequences, data and statistical analysis related to genome editing 
experiments 

Sequence, indel, and statistical testing information from the mammalian genome editing 
experiments. 

Table S5. Taxonomic distribution of β-CASP proteins 

Distribution of the types of organisms that various β-CASP proteins are found in. 

Table S6. List of plasmids used in this study and links to sequences 

Information or plasmids used in the experiments. 
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Data S1. Appearance of CRISPR systems in public data 
Files contain the data for appearance of CRISPR systems in public data. Each entry in the list of 
data contains 3 columns. The first column contains the system identifier. The second column 
contains the list of p_id’s (protein identifiers with the format genome_name && contig_name 
&& start _ end _ strand),, c30_ids (30% cluster ids), and with their date of appearance (time at 
which 4 non-redundant proteins (90% clusters) found within the 30% cluster appeared in the 
public data). The third columns contain the list of p_id’s (protein identifiers with the format 
genome_name && contig_name && start _ end _ strand), c90_id’s, and and dates of appearance 
for all non-redundant proteins (90% clusters) within the first 30% cluster to appear in the public 
data. 

Data S2. Genbank files of all redundant loci associated with the manually curated set of 
hits 
Protein IDs list the original contig accession of each cluster, and start, end and strand of the 
protein of interest are noted for each as in Data S1. Available on Zenodo. 

Data S3. Representative proteins from systems identified in this study 
Fasta format file of all proteins associated with CRISPR-linked systems identified in this study, 
using the uas#A, uas#B… nomenclature.  

Data S4. Protein-protein association analysis results 
Tabular format table with all protein-protein association scores against passing clusters identified 
in the CRISPR association pipeline. Accession information is encoded in c30_ids as described in 
Data S1: (genome_name && contig_name && start _ end _ strand) for retrieving protein 
sequence ids from public data. Available on Zenodo. 

Data S5. Spacer analysis for candidate type VII system 
All spacer hits and search for the experimentally studied candidate type VII system.  

Data S6. Genbank files of all plasmids 
All plasmid maps for plasmids used in this study. 
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	00018_R_Cas-Fusions_IMG_3300001592&&Draft_10000135&&23396_24782_1 (Cas6_Cas5_fusion)
	00019_S_Cas-Fusions_IMG_3300021472&&a0190363_1001919&&8327_9779_1 (Csa5_Csa4 fusion)
	00020_T_Cas-Fusions_WGS_JABLTL01&&JABLTL010073043&&184_2911_1 (Cas8_Cas5 fusion)
	00021_U_Acquisition_EMBL_ERZ724514&&contig_3192&&343_1033_-1 (DUF3761)
	00022_V_Acquisition_GCA_002358875.1&&DEPS01000038&&15824_19211_-1 (RVT + group II intron PrimPol)
	00023_W_Acquisition_GCA_013359445.1&&JABWBV010000281&&2844_3129_-1 (DUF370)
	00024_X_Acquisition_GCA_016179065.1&&JACOSD010000405&&5712_7455_-1 (vWA + RDD)
	00025_Y_Acquisition_GCA_016223105.1&&JACRPR010000238&&1_1870_1 (Tbf2 WYL)
	00026_Z_Acquisition_GCA_016840085.1&&JAEOTA010000034&&18467_19766_-1 (DUF2797 large zinc finger protein)
	00027_AA_Acquisition_GCA_016876015.1&&VGOD01000184&&7922_8489_1 (RNaseH)
	00028_AB_Acquisition_GCA_018238085.1&&JABCUA010000354&&227_1190_-1 (DUF2797)
	00029_AC_Acquisition_GCA_018712075.1&&DVHN01000112&&0_1944_1 (DUF1882_primase)
	00030_AD_Acquisition_GCA_019359625.1&&JAHHGW010000067&&164750_165512_-1 (DUF4384 + TPR)
	00031_AE_Acquisition_GCA_020629965.1&&JAHDCG010000247&&2680_3286_1 (DUF3761)
	00032_AF_Acquisition_GCA_903844205.1&&CAIMSW010000586&&959_2393_-1 (HlfK)
	00033_AG_Acquisition_GCF_002075285.3&&NZ_CP021983&&497963_498752_-1 (23S rRNA IVP + DUF2325 + RT sometimes)
	00034_AH_Acquisition_GCF_014695895.1&&NZ_JACJPD010000040&&5457_6090_-1 (type II secretion GspH)
	00035_AI_Acquisition_IMG_3300009499&&0114930_10001113&&3299_5312_-1 (Tbf2)
	00036_AJ_Acquisition_IMG_3300012091&&a0136625_1012864&&2_971_1 (WYL)
	00037_AK_Acquisition_IMG_3300015360&&0163144_10061397&&188_1256_1 (Ras GTPase)
	00038_AL_Acquisition_IMG_3300019992&&Ga0197015_1040&&6129_7227_-1 (Cas2 + 3'-_5' proofreading exonuclease)
	00039_AM_Acquisition_IMG_3300026484&&a0256837_1016836&&561_990_-1 (FlhB)
	00040_AN_Acquisition_IMG_3300026531&&a0256835_1021849&&344_1451_1 (DUF4407 + other protein)
	00041_AO_Acquisition_IMG_3300027532&&a0209544_1004784&&1334_3008_1 (SWIM)
	00042_AP_Acquisition_IMG_3300035668&&a0372944_0001891&&1173_5076_-1 (Acquisition-associated NACHT)
	00043_AQ_Acquisition_IMG_3300037311&&a0394881_0014120&&7964_8594_-1 (DUF3761)
	00044_AR_Acquisition_WGS_JACDJC01&&JACDJC010011245&&1712_3152_-1 (TPR + DNA polA)
	00045_AS_Acquisition_WGS_RRYU01&&RRYU01005723&&198_2535_1 (large WYL)
	00046_AT_CARF_EMBL_ERZ404942&&contig_42542&&228_1605_-1 (CARF_RelA)
	00047_AU_CARF_EMBL_ERZ773005&&contig_5&&212166_213489_1 (SAVED_TIR2)
	00048_AV_CARF_EMBL_ERZ795034&&contig_47960&&1548_2448_-1_organized extraction (CARF_Sigma)
	00049_AW_CARF_EMBL_ERZ894180&&contig_692&&8871_11661_-1 extraction (CARF_DUF859 + many nearby genes)
	00050_AX_CARF_GCA_016712315.1&&JADJRG010000028&&300098_302447_1 (SIR2 _ CHAT _ SAVED + SMODS)
	00051_AY_CARF_GCA_020634195.1&&JACKCE010000043&&1971_2784_-1 (EAD7 _ SAVED)
	00052_AZ_CARF_GCA_900541305.1&&UQJJ01000039&&1337_4901_1 extraction (CARF_DUF859_ATPase + many nearby genes)
	00053_BA_CARF_GCF_000024805.1&&NC_013440&&7674710_7676006_1 (SAVED TIR)
	00054_BB_CARF_GCF_000224065.1&&NZ_AFWT01000006&&121441_122968_1_organized extraction 2 (CARF_ATPase_HTH + RNAPol)
	00055_BC_CARF_IMG_3300002498&&TOLCLC_10008146&&3727_6961_-1 extraction (CARF_CYTH_HD)
	00056_BD_CARF_IMG_3300009523&&a0116221_1002542&&6420_8025_-1_loci_to_order (CARF_SIR2)
	00057_BE_CARF_IMG_3300020198&&0194120_10015339&&5702_6689_1 extraction (CARF_TIR_Mrr)
	00058_BF_CARF_IMG_3300026484&&a0256837_1008848&&1106_4061_-1 (csx1 + Phage RNAPol)
	00059_BG_CARF_IMG_3300031539&&0307380_10010365&&4440_5463_-1 (CARF_2p_deoxyribosyltransferase)
	00060_BH_CARF_IMG_3300031566&&0307378_10017289&&164_1499_1_organized extraction (CARF_EAD7)
	00061_BI_CARF_IMG_3300031994&&0310691_10021322&&2165_3863_1 extraction (CARF_5p_nucleotidase)
	00062_BJ_CARF_IMG_3300034111&&a0335063_0013299&&1300_3253_1 (SAVED_APH_TCAD9)
	00063_BK_CARF_IMG_3300042939&&a0453142_0007685&&8027_9725_-1 (Cutinase_Lipase_SAVED)
	00064_BL_CARF_IMG_3300046790&&a0495499_0000077&&7424_8333_1 (SMODS + SAVED CHAT)
	00065_BM_Auxiliary_EMBL_ERZ1030305&&contig_263&&8899_9757_1 (methyltransferase)
	00066_BN_Auxiliary_EMBL_ERZ1699236&&contig_1829&&258_2607_-1 (vATP-synt_E)
	00067_BO_Auxiliary_EMBL_ERZ1764562&&contig_378&&16539_17331_1 (NERD)
	00068_BP_Auxiliary_EMBL_ERZ3455816&&contig_9406&&2751_3312_1 (multi-gene system including greA greB)
	00069_BQ_Auxiliary_EMBL_ERZ405284&&contig_1793&&4535_5441_1 (Mrr nuclease)
	00070_BR_Auxiliary_EMBL_ERZ4560480&&contig_4482&&7569_10323_-1 (PKinase)
	00071_BS_Auxiliary_EMBL_ERZ4560494&&contig_2628&&7202_8435_1 (Sigma_factor + Csx1 + large Csx1)
	00072_BT_Auxiliary_EMBL_ERZ4560656&&contig_7640&&76_1108_-1 (HTH _ M78 peptidase)
	00073_BU_Auxiliary_EMBL_ERZ584659&&contig_1773&&510_1521_-1 (DUF2283)
	00074_BV_Auxiliary_EMBL_ERZ650341&&contig_14933&&186_501_1 (Nif11)
	00075_BW_Auxiliary_EMBL_ERZ653703&&contig_1622&&2425_3673_-1 (XRE HTH regulator operonized with Cas effectors)
	00076_BX_Auxiliary_EMBL_ERZ724078&&contig_5708&&5799_7854_-1 (RepA replication)
	00077_BY_Auxiliary_EMBL_ERZ724507&&contig_6357&&940_1633_-1 (DUF4145)
	00078_BZ_Auxiliary_EMBL_ERZ772753&&contig_7251&&225_1815_-1 (pentapeptide + unknown domain)
	00079_CA_Auxiliary_EMBL_ERZ773219&&contig_530&&18381_19626_1 (Recep domain + 4 unknown genes)
	00080_CB_Auxiliary_EMBL_ERZ773360&&contig_3930&&5259_6435_-1 (MazF)
	00081_CC_Auxiliary_EMBL_ERZ778503&&contig_16504&&109_2353_-1 (Kinase)
	00082_CD_Auxiliary_EMBL_ERZ778607&&contig_14514&&540_2586_-1 (betalactamase)
	00083_CE_Auxiliary_EMBL_ERZ779846&&contig_3976&&4008_5559_-1 (large Sigma_factor)
	00084_CF_Auxiliary_EMBL_ERZ795109&&contig_975&&4795_5770_1 (vwa + PPC + kinase system) 
	00085_CG_Auxiliary_EMBL_ERZ827088&&contig_3603&&12691_12832_1 (RNaseT)
	00086_CH_Auxiliary_EMBL_ERZ842392&&contig_23636&&3690_4530_1 (Sigma_factor + Csx1)
	00087_CI_Auxiliary_EMBL_MGYG000290606&&MGYG000290606_2&&40_988_-1 (Cas9 or Cas12 associated WYL)
	00088_CJ_Auxiliary_GCA_001508235.1&&LGFR01000093&&2560_3565_-1 (unknown + DUF2791 + DUF2791_ATPase)
	00089_CK_Auxiliary_GCA_001570385.1&&BBYL01000030&&535_1639_-1 (unknown accessory)
	00090_CL_Auxiliary_GCA_003086515.1&&QEFL01000015&&20967_22101_-1 (nurA dsDNA break repair + DUF87)
	00091_CM_Auxiliary_GCA_011362195.1&&DTDN01000009&&39236_40742_-1 (vWA + FHA + PP2C)
	00092_CN_Auxiliary_GCA_013140405.1&&JABFSV010000514&&13559_13769_-1 (DUF2281)
	00093_CO_Auxiliary_GCA_015662405.1&&DQUE01000208&&5320_7480_-1 (PAP_phosphatase_CorA)
	00094_CP_Auxiliary_GCA_017544725.1&&JAFYDR010000170&&27158_28184_1 (Y1 TPase type III)
	00095_CQ_Auxiliary_GCA_017934005.1&&JAGBKJ010000834&&818_3053_-1 (DUF3800_TPR)
	00096_CR_Auxiliary_GCA_019359445.1&&JAHHHJ010000029&&16098_16602_1 (RAMA + DUF444 + PIN)
	00097_CS_Auxiliary_GCA_020434175.1&&JAGRBH010000503&&340_1450_-1 (unknown transmembrane protein)
	00098_CT_Auxiliary_GCA_903847485.1&&CAINDV010000696&&9392_10559_-1 (Fic Cascade)
	00099_CU_Auxiliary_GCA_910584945.1&&CAJUDY010000014&&24554_26873_1 (TPR_MALT)
	00100_CV_Auxiliary_GCF_000419585.1&&NZ_ATTH01000001&&941528_943577_-1 (UvrD_NERD nuclease)
	00101_CW_Auxiliary_GCF_001029445.1&&NZ_LDOT01000053&&7692_9432_1 (Radical SAM protein)
	00102_CX_Auxiliary_GCF_001655635.1&&NZ_LSNH01000001&&2031044_2032025_-1 (wWA + kinase)
	00103_CY_Auxiliary_GCF_003668875.1&&NZ_RAWM01000178&&1907_2396_-1 (DUF2204)
	00104_CZ_Auxiliary_GCF_016526145.1&&NZ_JADDUE010000010&&220137_220869_-1 (DUF5343 + Helicase_HNH_ResIII)
	00105_DA_Auxiliary_GCF_016757215.1&&NZ_JAESIY010000005&&313654_315544_1 (TPR HATPase)
	00106_DB_Auxiliary_GCF_018502485.1&&NZ_CP075546&&993250_997099_1 (ATPase + Metallophosphatase)
	00107_DC_Auxiliary_GCF_021531665.1&&NZ_JADYUH010000077&&9506_10499_-1 (M78 peptidase)
	00108_DD_Auxiliary_GCF_900453405.1&&NZ_UGPM01000003&&1785257_1786514_-1 (DUF3800)
	00109_DE_Auxiliary_GCF_902500215.1&&NZ_CABVOU010000021&&55311_56466_-1 (Toprim)
	00110_DF_Auxiliary_IMG_3300000574&&7J11328_10007417&&1272_1539_-1 (DUF433)
	00111_DG_Auxiliary_IMG_3300000574&&7J11328_10033202&&130_1651_1 (DUF4407 + transpeptidase)
	00112_DH_Auxiliary_IMG_3300001598&&EMG_10018732&&309_3072_1 (mega peptidase)
	00113_DI_Auxiliary_IMG_3300002223&&7J26845_10007859&&1305_2472_1 (TIR cascade)
	00114_DJ_Auxiliary_IMG_3300003177&&DffDRAFT_1003423&&1014_3828_-1 (Phage RNAPol)
	00115_DK_Auxiliary_IMG_3300004628&&a0070399_1037568&&498_2109_1 (Csx20 operonized with Alpha Amylase)
	00116_DL_Auxiliary_IMG_3300005573&&a0078972_1000107&&101916_102516_1 (RNaseH)
	00117_DM_Auxiliary_IMG_3300007521&&0105044_10068709&&481_2728_1 (Tfb2_Cas3Cterminus_WYL)
	00118_DN_Auxiliary_IMG_3300007964&&a0100400_1019481&&1335_1944_-1 (SLATT)
	00119_DO_Auxiliary_IMG_3300008252&&0105357_10033588&&329_1373_1 (Moca oxoreductase + SDR)
	00120_DP_Auxiliary_IMG_3300009032&&0105048_10143319&&1427_2051_-1 (DUF4231)
	00121_DQ_Auxiliary_IMG_3300009083&&0105047_10063153&&274_994_-1 (DUF3891)
	00122_DR_Auxiliary_IMG_3300009175&&0073936_10076949&&1196_1451_-1 (DUF5679, zinc ribbon)
	00123_DS_Auxiliary_IMG_3300009503&&0123519_10124867&&69_1659_-1 (DUF2225)
	00124_DT_Auxiliary_IMG_3300009585&&a0105160_1000939&&4188_8637_1 (RNAPol + Sigma_factor + unknown gene)
	00125_DU_Auxiliary_IMG_3300012931&&0153915_10003429&&308_1193_1 (PRiA3 + zf)
	00126_DV_Auxiliary_IMG_3300012943&&0164241_10011111&&1329_2733_-1 (Cut8_TPR)
	00127_DW_Auxiliary_IMG_3300012983&&0123349_10003896&&1100_3251_1 (Cas13b + CorA)
	00128_DX_Auxiliary_IMG_3300014149&&a0181613_1011337&&962_3059_-1 (NACHT)
	00129_DY_Auxiliary_IMG_3300014153&&a0181527_1048931&&1181_2084_-1 (unknown)
	00130_DZ_Auxiliary_IMG_3300015214&&0172382_10011895&&7267_8365_1 (UPF0158)
	00131_EA_Auxiliary_IMG_3300018012&&0187810_10022321&&90_1506_-1 (Cut8)
	00132_EB_Auxiliary_IMG_3300018407&&a0187900_1000594&&12585_14151_-1 (DUF87 + NurA 5' to 3' nuclease)
	00133_EC_Auxiliary_IMG_3300020192&&0163147_10009373&&460_1681_-1 (NACHT)
	00134_ED_Auxiliary_IMG_3300024353&&a0209979_1002041&&5779_7255_-1 (Mrr nuclease)
	00135_EE_Auxiliary_IMG_3300024423&&a0190286_1002039&&2400_5370_-1 (Tubulin + other protein + vWa)
	00136_EF_Auxiliary_IMG_3300025717&&a0207419_1001204&&18142_19330_1 (Tubulin system)
	00137_EG_Auxiliary_IMG_3300026304&&a0209240_1021588&&337_1153_1 (TIR2)
	00138_EH_Auxiliary_IMG_3300026516&&a0209573_1000325&&56350_57046_-1 (Cas9 associated Y1)
	00139_EI_Auxiliary_IMG_3300026546&&0256913_10013832&&2_1481_1 (TPR Rho RNA binding)
	00140_EJ_Auxiliary_IMG_3300026546&&0256913_10022199&&462_1617_-1 (toprim)
	00141_EK_Auxiliary_IMG_3300027878&&0209181_10066870&&0_1041_1 (WYL operonized with cascade)
	00142_EL_Auxiliary_IMG_3300028048&&0256405_10015800&&2772_4671_-1 (ATPase_DUF4435 + Cas12)
	00143_EM_Auxiliary_IMG_3300028191&&a0265595_1000410&&37454_38072_1 (DUF6155)
	00144_EN_Auxiliary_IMG_3300031520&&a0272428_1002147&&25604_25976_-1 (Holliday Junction Resolvase)
	00145_EO_Auxiliary_IMG_3300031631&&a0307987_1000023&&70180_70972_-1 (TIR)
	00146_EP_Auxiliary_IMG_3300031654&&a0315549_1044866&&183_2397_-1 (metal system)
	00147_EQ_Auxiliary_IMG_3300031670&&0307374_10003486&&16416_17127_1 (DUF5919)
	00148_ER_Auxiliary_IMG_3300031911&&0307412_10000093&&68229_68721_-1 (PRiA4 ORF3)
	00149_ES_Auxiliary_IMG_3300032272&&0316189_10000814&&17931_20814_1 (TPR Protein Kinase)
	00150_ET_Auxiliary_IMG_3300033167&&a0334898_1003770&&3048_4593_-1 (EamA _ F420H2_quin_red)
	00151_EU_Auxiliary_IMG_3300033463&&0310690_10163143&&217_2491_-1 (TPR)
	00152_EV_Auxiliary_IMG_3300034107&&a0335037_0001347&&11328_12051_-1 (transmembrane NARF)
	00153_EW_Auxiliary_IMG_3300035698&&Ga0374944_616918&&9967_11707_-1 (NACHT_PDDEXK + cascade)
	00154_EX_Auxiliary_IMG_3300037311&&a0394881_0008304&&11617_12277_1 (EAD11)
	00155_EY_Auxiliary_IMG_3300037509&&a0394184_0000482&&19069_20062_1 (WYL I-D)
	00156_EZ_Auxiliary_IMG_3300041417&&a0439242_0072051&&1423_2242_1 (methyltransferase + cascade)
	00157_FA_Auxiliary_IMG_3300042340&&a0453917_0000106&&32810_35291_-1 (mega Cas8-like)
	00158_FB_Auxiliary_IMG_3300043390&&Ga0454692_000076&&4479_7614_1 (vWA + Tubulin)
	00159_FC_Auxiliary_IMG_3300044730&&a0453757_0004423&&6344_8234_-1 (APH_EcKinase)
	00160_FD_Auxiliary_IMG_3300045107&&a0484955_0013512&&3038_6074_-1 (Cas8_Fic fusion)
	00161_FE_Auxiliary_IMG_3300046534&&a0491194_0030312&&2144_2783_-1 (RNaseT)
	00162_FF_Auxiliary_IMG_3300047317&&a0495604_0021803&&2293_4057_-1 (SNF2 instead of Cas3)
	00163_FG_Auxiliary_IMG_3300048583&&a0498911_0096679&&1007_1916_1 (HIRAN Cas9, one case ATPase)
	00164_FH_Auxiliary_IMG_3300048589&&a0498927_0037426&&1005_1464_1 (Cas12 + bzip)
	00165_FI_Auxiliary_IMG_3300048987&&a0467049_0000162&&19133_19934_1 (transmembrane_vWA + DUF4407)
	00166_FJ_Auxiliary_WGS_CADHRT01&&CADHRT010000022&&25862_26885_1 (Mrr nuclease + ATPase)
	00167_FK_Auxiliary_WGS_JAAUYB01&&JAAUYB010070855&&3244_3730_1 (Prok_E2 + ThiF + ThiS + NYN + CorA)
	00168_FL_Auxiliary_WGS_MTBK01&&MTBK01177382&&2891_4688_1 (RecJ_HD)
	00169_FM_Toxin-Antitoxin_EMBL_ERZ1033877&&contig_98&&37922_38591_-1 (DarT DarG toxin-antitoxin ribosylation)
	00170_FN_Toxin-Antitoxin_EMBL_ERZ1505400&&contig_18950&&117_258_1 (addiction gene orf associated with Cas9)
	00171_FO_Toxin-Antitoxin_EMBL_ERZ1742239&&contig_29570&&162_1638_1 (AbiE + DUF87)
	00172_FP_Toxin-Antitoxin_EMBL_ERZ511474&&contig_784&&79398_79716_-1 (Nucleotidyltransferase HEPN, antitoxin)
	00173_FQ_Toxin-Antitoxin_GCA_013285545.1&&JAAXLU010000071&&33674_34109_-1 (DUF86 + Nucleotidyltransferase)
	00174_FR_Toxin-Antitoxin_GCF_003337175.1&&NZ_NETH01000035&&6357_6546_1 (Cas9 HicAB TA)
	00175_FS_Toxin-Antitoxin_GCF_012037625.1&&NZ_JAAVJS010000002&&280535_280832_-1 (Cas9 TA system)
	00176_FT_Toxin-Antitoxin_IMG_3300001380&&6J14229_10033242&&787_1210_1 (nucleotidyltransferase + HTH)
	00177_FU_Toxin-Antitoxin_IMG_3300005452&&a0068706_1004208&&1242_2085_1 (AbiEii)
	00178_FV_Toxin-Antitoxin_IMG_3300009455&&0114939_10000745&&24543_24870_1 (TA DUF3368 _ UPF0175)
	00179_FW_Toxin-Antitoxin_IMG_3300013103&&0164318_10140015&&1204_2056_1 (AbiEi + AbiEii)
	00180_FX_Toxin-Antitoxin_IMG_3300014205&&0172380_10021645&&1390_1759_1 (TA system)
	00181_FY_Toxin-Antitoxin_IMG_3300025308&&0209211_10037079&&3340_3646_-1 (PHD + PIN TA)
	00182_FZ_Toxin-Antitoxin_IMG_3300031358&&a0307438_1001316&&8395_8671_1 (DUF370 + RNaseH TA)
	00183_GA_Toxin-Antitoxin_IMG_3300034066&&a0335019_0002251&&7799_8117_-1 (DUF2442 + DUF4160)
	00184_GB_Toxin-Antitoxin_IMG_3300044960&&Ga0484958_001236&&27209_27470_-1 (small ORFs)
	00185_GC_Toxin-Antitoxin_IMG_3300045747&&a0485825_0053347&&1617_1944_1 (RHH TA system)
	00186_GD_Toxin-Antitoxin_MG-RAST_mgm4611649.3&&465870&&0_567_1 (DUF3368 TA system)
	00187_GE_Giant_EMBL_MGYG000003147&&MGYG000003147_7&&47692_56296_-1 (massive defense genes)
	00188_GF_Giant_WGS_BOFR01&&BOFR01000007&&165916_179089_-1 (massive defense system)
	00189_GG_Non-CRISPR_tRNA_arrays_EMBL_ERZ650666&&contig_7067&&448_2380_1 (GGDEF tRNA array)
	00190_GH_Non-CRISPR_tRNA_arrays_GCF_016469335.1&&NZ_CP059888&&1400143_1401604_1 (tRNA array DEDDh)
	00191_GI_Non-CRISPR_tRNA_arrays_IMG_3300012943&&0164241_10000118&&68729_72041_1 (tRNA array ribonuclease)
	00192_GJ_Non-CRISPR_hypervariable_repeat_EMBL_ERZ795038&&contig_16642&&892_1681_1 (DUF3800 standalone)
	00193_GK_Non-CRISPR_hypervariable_repeat_EMBL_ERZ825177&&contig_7965&&5053_8428_1 (PDDEXK + Metallophosphatase)
	00194_GL_Non-CRISPR_hypervariable_repeat_EMBL_ERZ842383&&contig_35002&&108_1647_-1 (PDDEXK_ATPase)
	00195_GM_Non-CRISPR_hypervariable_repeat_GCA_014804555.1&&JAAUZO010000014&&4635_6039_-1 (PLMP_corA-like)
	00196_GN_Non-CRISPR_hypervariable_repeat_GCF_000442645.1&&NC_021915&&2150743_2152009_1 (DUF222_HNH)
	00197_GO_Non-CRISPR_hypervariable_repeat_GCF_002262875.1&&NZ_NKYE01000003&&91808_93059_-1 (GGDEF + MFS + Phospholipase)

	SupplementaryInformation_hardcoded_refs



