
Table S5 Oligonucleotides and target sequences used in this study. 
 

ID # Assay Description Sequences (5’-3’) 
oligo-

001 
Cy5-labeled 

dsDNA cleavage of 

Casπ        

Forward PCR primer for cy5-

labeled dsDNA target 

amplification    

Cy5-CGGTACCCGGGGATCC 

oligo-

002 
Cy5-labeled 

dsDNA cleavage of 

Casπ 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification of Casπ  

HO-

TATGACCATGATTAGGCCAAGCT

TGTTCACCAGGGTGTCGCCCTGG

GCAGGATCCCCGGGTACCG 
oligo-

003 
Cy5-labeled 

dsDNA cleavage, 

cleavage sites 

determination and 

trans-cleavage 

assay of Casπ 

DNA non-target strand 

containing a TGCCC PAM 

(blue) and a protospacer region 

(red) for Casπ cleavage assay 

and cleavage sites determination

NH2-

CGGTACCCGGGGATCCTGCCCAG

GGCGACACCCTGGTGAACAAGCT

TGGCCTAATCATGGTCATA 

oligo-

004 
Cy5-labeled 

dsDNA cleavage, 

cleavage sites 

determination and 

trans-cleavage 

assay of Casπ 

Non-labelled complementary 

strand of oligo-003 and oligo-

006 

OH-

TATGACCATGATTAGGCCAAGCT

TGTTCACCAGGGTGTCGCCCTGG

GCAGGATCCCCGGGTACCG 

oligo-

005 
Cy5-labeled 

dsDNA cleavage, 

ssDNA cleavage, 

cleavage sites 

determination and 

trans-cleavage 

assay of Casπ 

DNA target strand for Casπ 

cleavage assay and  cleavage 

sites determination of Casπ 

NH2-

TATGACCATGATTAGGCCAAGCT

TGTTCACCAGGGTGTCGCCCTGG

GCAGGATCCCCGGGTACCG 

oligo-

006 
Cy5-labeled 

dsDNA cleavage, 

cleavage sites 

determination and 

trans-cleavage 

assay of Casπ 

Non-labelled complementary 

strand containing a TGCCC 

PAM (blue) and a protospacer 

region (red) of oligo-004 and 

oligo-005.  

OH- 

CGGTACCCGGGGATCCTGCCCAG

GGCGACACCCTGGTGAACAAGCT

TGGCCTAATCATGGTCATA 

Oligo-

007 
Cy5-labeled 

dsDNA cleavage 

and trans-cleavage 

assay of LbCas12a 

Reverse PCR primer for cy5-

labeled dsDNA target 

amplification and non-labelled 

DNA target strand for Cas12a 

trans-cleavage assay of 

LbCas12a. 

HO- 
TATGACCATGATTAGGCCAAGCT

TGTTCACCAGGGTGTCGCCCTGA

AAAGGATCCCCGGGTACCG 

Oligo-

008 
Trans-cleavage 

assay of LbCas12a 
Non-labelled DNA non-target 

strand containing a TTTTC 

PAM (blue) and a protospacer 

HO- 
CGGTACCCGGGGATCCTTTTCAG



region (red) for Cas12a trans-

cleavage assay. 
GGCGACACCCTGGTGAACAAGCT

TGGCCTAATCATGGTCATA 
Oligo-

010 
Trans-cleavage 

assay 
ssDNA substrate. NH2-

CTGAAAACTCGCAGCTACCTTAA

CGGCCGCCCATTCCTATGCGTAC

ATCTGGATCAAGCC 
Oligo-

011 
Casπ R-loop ternary 

complex 

reconstitution 

DNA non-target strand 

containing a TTTTC PAM 

(blue) and a protospacer region 

(red) for Casπ R-loop complex 

reconstitution. 

HO- 

CGGGATGCCCAGGGCGACAC

AAGTTGTCCAGATCC 

 

Oligo-

012 
Casπ R-loop ternary 

complex 

reconstitution 

DNA target strand for Casπ R-

loop complex reconstitution.  
HO- 

GGATCGTTCACCAGGGTGTCGCC

CTGGGCATCCCG 

 
Oligo-

013 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 1 (brown).  

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGGGTGTCGCC

CGGGGCAGGATCCCCGGGTA

CCG 

 

Oligo-

014 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 2 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGGGTGTCGCC

ATGGGCAGGATCCCCGGGTA

CCG 

 

Oligo-

015 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 3 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGGGTGTCGCA

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

016 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 4 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGGGTGTCGAC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

017 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 5 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGGGTGTCTCC

CTGGGCAGGATCCCCGGGTAC

CG 



 

Oligo-

018 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 6 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGGGTGTAGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

019 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 7 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGGGTGGCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

020 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 8 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGGGTTTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

021 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 9 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGGGGGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

022 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 10 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGGTTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

023 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 11 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCAGTGTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

024 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 12 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCATGGTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 



Oligo-

025 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 13 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACCCGGGTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

026 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 14 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCACAAGGGTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

027 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 15 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCAACAGGGTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

028 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 16 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTCCCCAGGGTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

029 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 17 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTTAACCAGGGTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

030 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 18 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGTGCACCAGGGTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

Oligo-

031 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 19 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTGGTCACCAGGGTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 



Oligo-

032 

Cy5-labeled 

dsDNA mismatch 

cleavage assay 

Reverse PCR primes for cy5-

labeled dsDNA target 

amplification and mismatch 

cleavage assay with mismatch at 

position 20 (brown) 

HO-

TATGACCATGATTAGGCCAAG

CTTCTTCACCAGGGTGTCGCC

CTGGGCAGGATCCCCGGGTAC

CG 

 

RNA-

001 

In vitro plasmids 

cleavage 

crRNA containing target spacer 

(red) of Casπ-1 
ACACUCUAAAGGAAUGAAAGAG

GGCGACACCCUGGUGAAC 
 

RNA -

002 

In vitro plasmids 

cleavage 

crRNA containing target spacer 

(red) of Casπ-2 
AACGCUCUUAGGGAAUGAAAGA

GGGCGACACCCUGGUGAAC 

 

RNA -

003 

In vitro plasmids 

cleavage 

tracrRNA sequence of Casπ-1 GUCUGCCGAAGACGCCGCACGG

AGCCUGGGCCGGAAUCGUAGAU

CGAACGCGGCAUCGAAGCCCUG

CAGCCCUUCGGGGCCAAGGCGG

CGCAGCAAGCCUCUUUCAGGCG

GCAGAGUCCUUUAGAGUGU 

RNA -

004 

In vitro plasmids 

cleavage 

tracrRNA sequence of Casπ-2 GUCUCGACUAUGCCGUACCACU

AGACCGAGCCUACACGGCACGC

GGUCAUAGCGUUAACCAAGGCG

UGGUGACAAGCCUCUUUCAGGC

GUCGGACACUUAAGAGCGUU 

RNA -

005 

In vitro plasmids 

cleavage, cy5-

labeled dsDNA 

cleavage, cleavage 

sites determination, 

trans-cleavage and 

complex 

reconstitution 

sgRNA joint by tracrRNA and 

crRNA, which contained target 

spacer (red), with GAGAG loop 

(green) of Casπ-1 

GUCUGCCGAAGACGCCGCACGG

AGCCUGGGCCGGAAUCGUAGAU

CGAACGCGGCAUCGAAGCCCUG

CAGCCCUUCGGGGCCAAGGCGG

CGCAGCAAGCCUCUUUCAGGCG

GCAGAGUCCUUUAGAGUGUGAG

AGACACUCUAAAGGAAUGAAAG

AGGGCGACACCCUGGUGAAC 
 

RNA -

006 

In vitro plasmids 

cleavage, cy5-

labeled dsDNA 

cleavage, cleavage 

sites determination, 

trans-cleavage and 

complex 

reconstitution 

sgRNA joint by tracrRNA and 

crRNA, which contained target 

spacer (red), with GAGAG loop 

(green) of Casπ-2 

GUCUCGACUAUGCCGUACCACU

AGACCGAGCCUACACGGCACGC

GGUCAUAGCGUUAACCAAGGCG

UGGUGACAAGCCUCUUUCAGGC

GUCGGACACUUAAGAGCGUUGA

GAGAACGCUCUUAGGGAAUGAA

AGAGGGCGACACCCUGGUGAAC

 

RNA -

007 

In vitro plasmids 

cleavage, cy5-

labeled dsDNA 

cleavage, 12nt 

sgRNA joint by tracrRNA and 

crRNA, which contained target 

spacer (red), with GAGAG loop 

GUCUGCCGAAGACGCCGCACGG

AGCCUGGGCCGGAAUCGUAGAU

CGAACGCGGCAUCGAAGCCCUG

CAGCCCUUCGGGGCCAAGGCGG



truncated A-II 

region 

(green) and 12nt truncated A-II 

region of Casπ-1 
CGCAGCAAGCCUCUUUCAGGCG

GCAGAGUCCUUUAGAGAGUAAA

GGAAUGAAAGAGGGCGACACCC

UGGUGAAC 

RNA -

008 

In vitro plasmids 

cleavage, cy5-

labeled dsDNA 

cleavage, 24nt 

truncated A-II 

region 

sgRNA joint by tracrRNA and 

crRNA, which contained target 

spacer (red), with GAGAG loop 

(green) and 24nt truncated A-II 

region of Casπ-1 

GUCUGCCGAAGACGCCGCACGG

AGCCUGGGCCGGAAUCGUAGAU

CGAACGCGGCAUCGAAGCCCUG

CAGCCCUUCGGGGCCAAGGCGG

CGCAGCAAGCCUCUUUCAGGCG

GCAGAGUGAGAGAAUGAAAG 

AGGGCGACACCCUGGUGAAC  

RNA -

009 

In vitro cy5-labeled 

dsDNA cleavage, 

and trans-cleavage 

sgRNA of LbCas12a, which 

contained target spacer (red) 
GAGAUUUCUACUCUUGUAGAUA

GGGCGACACCCUGGUGAAC 

π-sg1 Cell genome editing EGFP gene target 1 of Casπ, 

PAM of the targets: CCT 

CTGCTCAGGTGGAGATGAAC 

π-sg2 Cell genome editing EGFP gene target 2 of Casπ, 

PAM of the targets: CCC 

GCTTCTTGTTCATCTCCACC 

π-sg3 Cell genome editing EGFP gene target 3 of Casπ, 

PAM of the targets: CCC 

GAGCTCAGCCACACTGTCCG 

π-sg4 Cell genome editing EGFP gene target 4 of Casπ, 

PAM of the targets: CCC 

CGAGCTCAGCCACACTGTCC 

π-sg5 Cell genome editing EGFP gene target 5 of Casπ, 

PAM of the targets: CCT 

TCTCCAGCTTCTGCTTCACC 

π-dest Cell genome editing EGFP gene non-target of Casπ, GGAAGAGCGAGCTCTTCC 

12a-sg1 Cell genome editing EGFP gene target 1 of Cas12a, 

PAM of the targets: TTTC 

CCGCTTCTTGTTCATCTCCA 

12a-sg2 Cell genome editing EGFP gene target 2 of Cas12a, 

PAM of the targets: TTTC 

TGAAACTCAGTTTCCCGCTT 

12a-sg3 Cell genome editing EGFP gene target 3 of Cas12a, 

PAM of the targets: CTTC 

TTCCGAAGAGCGGCTGCTGT 

12a-sg4 Cell genome editing EGFP gene target 4 of Cas12a, 

PAM of the targets: CTTC 

GGAAGAAGCACGCGGACAGT 

12a-sg5 Cell genome editing EGFP gene target 5 of Cas12a, 

PAM of the targets: CTTC 

TCCTTCTCCAGCTTCTGCTT 

12a-dest Cell genome editing EGFP gene non-target of 

Cas12a 

GGAAGAGCGAGCTCTTCC 

Cas9-sg1 Cell genome editing EGFP gene target 1 of 

SpyCas9, PAM of the targets: 

AGG 

GTTCATCTCCACCTGAGCAG 

Cas9-sg2 Cell genome editing EGFP gene target 2 of 

SpyCas9, PAM of the targets: 

GGG 

GGTGGAGATGAACAAGAAGC 



Cas9-sg3 Cell genome editing EGFP gene target 3 of 

SpyCas9, PAM of the targets: 

GGG 

CGGACAGTGTGGCTGAGCTC 

Cas9-sg4 Cell genome editing EGFP gene target 4 of 

SpyCas9, PAM of the targets: 

GGG 

GGACAGTGTGGCTGAGCTCG 

Cas9-sg5 Cell genome editing EGFP gene target 5 of 

SpyCas9, PAM of the targets: 

AGG 

GGTGAAGCAGAAGCTGGAGA 

Cas9-

dest 

Cell genome editing EGFP gene non-target of 

SpyCas9 

GGAAGAGCGAGCTCTTCC 

ccdB-T Bacterial plasmids 

interference 

ccdB gene target of Casπ CGATAACGGAGACCGGCACA 

CcdB-

dest 

Bacterial plasmids 

interference 

ccdB gene non-target of Casπ GGAAGAGCGAGCTCTTCC 

B2M-1 Cell genome editing B2M gene target 1 of Casπ, 

PAM of the targets: CCC 

GATATTCCTCAGGTACTCCA 

B2M-2 Cell genome editing B2M gene target 2 of Casπ, 

PAM of the targets: CCT 

GAATCTTTGGAGTACCTGAG 

TP53-1 Cell genome editing TP53 gene target 1 of Casπ, 

PAM of the targets: CCC 

ACCATGAGCGCTGCTCAGAT 

 


