Supplementary Fig. 1 The chimera Library construction. MAD7 has the highest
editing efficiency in the initial test (Fig. 1b). Thus, we used MAD?7 (in black color) as
template and MAD7 original plasmid (in dark green color) as backbone. Using the
crossover points in Fig 1c, we designed each chimera library sequences (Table S1)
using a ~40bp homology arm with MAD7 and its plasmid. The chimera sequences
were shown in different colors expect black and dark green, and the homology arm
were shown in black and dark green, and linked to the chimera sequences. The library
construction for crossover 1 (a) and 2 (b) were used Gibson assembly method. (a) The
library construction used 1 crossover. The library variants for 1 crossover should be
48 (8 chimera sequences x 6 positions) theoretically. (b) The library construction used
2 crossovers. The library variants for 2 crossovers should be 512 (8 chimera
sequences X 8 chimera sequences X 8 combinations) theoretically. Thus, the total
number of variants should be 560 theoretically.
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Supplementary Figure 2 The amino acid sequence alignment of Cas12a proteins. The crossover points were labeled in red.
We used Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/) for the sequence alignment.
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Supplementary Fig. 3 The Phylogenetic Tree for the WT Cas12a and chimera Cas12a
like gene (a) and amino acid (b) sequences. We used Clustal Omega for the data analysis
and figure generation (https://www.ebi.ac.uk/Tools/msa/clustalo/). As_Casl2a and
Lb_Cas12a were reported by Feng Zhang group®'. M44, M21, M38, M43, and M8 were
chimera Cas12a like proteins. The numbers are the distance values which show the number
of substitutions (nucleotides or amino acid residues) as a proportion of the length of the
alignment (excluding gaps).
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Supplementary Fig. 4 The galK based growth selection and colorimetric screen for
Casl2a-type chimera library. (a) Schematic showing expected results using 2-DOG
selection and Macconkey color screening. Both methods were used to find the functional
MAD library variants. (b) Example plates showing the results of 2-DOG selection and
Macconkey color screening test using WT MAD7 (top) or AIMAD7 (bottom).
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Supplementary Fig. 5 The distribution of functional chimera Cas12a like protein
identified from the 2-DOG selection.
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Supplementary Fig. 6 The color screening of MAD7 and M44 with different gRNAs.
The edited cells in the galK/lacZ color screening should be shown as white color. The
unedited cells in the galK/lacZ color screening should be shown as red color.
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Supplementary Fig. 7 The transformation efficiency of different chimera variants
using different gRNA. The gRNA used in the test were (a) galK1 (b) galK2 (c) lacZ1 (d)

lacZ2. Transformation efficiency is defined as the number of colony forming units (cfu)
per pug of gRNA plasmid.
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Supplementary Fig. 8 The genome editing test in the different genomic positions for
chimera library variants. (a) The targeted genomic position. We integrated ga/K gene
individually in the different genomic position (SS1, SS3, SS5, SS7, and SS9) of
MG1655AgalK. (b) Representative plates for colorimetric screening of GalK activity
with variants M44 and M38 in different genomic position. (c) The editing efficiency of
chimera library variants in different genomic position.
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Supplementary Fig. 9 The example for this test using dM44 for DNA binding assay.
The behavior of chimera dCasl2a variants could be 1) Cutting: cells cannot grow with
kanamycin, but cells can grow with metronidazole; 2) DNA binding: cells cannot grow
with kanamycin or metronidazole; 3) No DNA binding: cells cannot grow with
metronidazole, but cells can grow with kanamycin
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Supplementary Fig. 10 The binding efficiency of dCasl12a using different gRNA
(galK_1 and galK 2). The binding efficiency was calculated by the following
formula.

Cells inthe LB agar plate with kanamysin

DNA binding efficiency = ( 1 ) X 100%

" Cells in the LB agar plate without kanamysin
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Supplementary Fig. 11 The PAM scan of chimera Casl2a like proteins. (a) The
experiment design of PAM scan. We constructed the reporter plasmid containing KanR
gene encoding for kanamycin resistance and the functional protospacer with NNNN
PAM library. We then transformed the chimera Casl2a like proteins and one of two
gRNA plasmids individually into the E. coli MG1655. One gRNA design is targeted on
the KanR gene, and another gRNA plasmid is non-targeting control. These two gRNA
plasmids were equivalent amount for the transformation. We collected the cells grown on
kanamycin media using different gRNA plasmids, and amplified the region of the PAM
library from the reported plasmid for the high throughput sequencing. The enrichment
score of PAM and accompanying sequence logo for one of two library replicates revealed
the PAM specificity among different chimera Casl12a like proteins. (b-h) The first round
PAM scan test of different variants. (b) AsCasl2a (¢) LbCasl2a (d) TX_Casl2a (e)
MAD7 (f) M44 (g) M21 (h) M38. The X- and Y- axis are normalized reads frequency.
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Supplementary Fig. 12 The enrichment score of all 2 rounds of PAM scan for M38.
The enrichment score means the frequency change (logz) of each PAM using different
gRNA plasmids (on-targeting and non-targeting gRNAs).
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Supplementary Fig. 13 The individual verification of unknown PAMs using
different CRISPR associated proteins. (a)ATTC (b) ATTA (c¢) GTTA (d) CCTC.



a WT Substitution Deletion Insertion

3 * *
\ACACCCGT--CGTGAACAGTGCGAAACCGG>698 WT
\ACACCERTIEGTGAACAGTGCGAEACCGG>123  Sequencing

Supplementary Fig. 14 The off-targeting test of MAD7 using 9 plasmids with
off-targeting design. (a) Representative plates for colorimetric screening of GalK activity
with 9 plasmids with the off-target spacers design. WT means the plasmid with a
wild-type spacer design. (b) The color screening of off-target test using design 5. (c¢) The
sequencing verification of white colony.



Supplementary Table 2 The Cas12a proteins sequence homology analysis

Casl2a proteins Percent Identify (%)
LbCas1?a 100.00
AsCasl1?2a 33.80

SD_Cas1?a 33.82
CT_Casl?a 34.78
TX_Casl2a 38.30
CA_Casl?a 34.09
PC _Casl2a 42.99
FB_Casl?a 40.44
CR_Casl12a 36.82
SC_Casl?a 33.80

MAD7 35.71

Note: The data analysis was used the BLAST
(https://blast.ncbi.nim.nih.gov/Blast.cgi) from the NCBI database.

We used LbCasl2a protein sequences as query sequence.
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