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Supplementary Figure 1
crRNA sequences.
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AAVS1 Relative indel frequency
(mismatched crRNA/matched crRNA)

LbCpfl  AsCpf1 P-value
matched crRNA vs.
mismatched crRNA

LbCpfl  AsCpfi
no criNA | 0.014 0.015
CTTACGATGGAGCCAGAGAGGAT | 1.0 1.0
tTTACGATGGAGCCAGAGAGGAT B 0.033 0.031
CTCACGATGGAGCCAGAGAGGAT [ 0.036 0.045
CTTAtGATGGAGCCAGAGAGGAT 0.062 0.050
CTTACGGTGGAGCCAGAGAGGAT |————— 0.55 0.38
CTTACGAT2GAGCCAGAGAGGAT | 1.0 0.45 0.67
@w | CTTACGATGGYGCCAGAGAGGAT —— . 1.1 0.59 0.38
g CTTACGATGGAGtCAGAGAGGAT | — 11 0.86 0.72
E CTTACGATGGAGCCgGAGAGGAT ___ : 1.1 0.58 0.79
O | CTTACGATGGAGCCAGYGAGGAT | —— 0.63 0.43
-qU) CTTACGATGGAGCCAGAGYGGAT . 1.0 0.82 0.54
'5 CTTACGATGGAGCCAGAGAGaAT |y 0.94 0.72
‘E CTTACGATGGAGCCAGAGAGGAC — 1.3 0.88 0.44
@0 | tcTRCGATGGAGCCAGAGAGGAT F 0.017 0.016
E | cTcgCGATGGAGCCAGAGAGGAT ¥ 0.018 0.015
& | cTTatanTceaGcCcAGAGAGGAT k 0.016 0.015
?t CTTACGgCGGAGCCAGAGAGGAT | 0.13 0.082
< | CTTACGATaaAGCCAGAGAGGAT I 0.046 0.017
CTTACGATGGgaCCAGAGAGGAT |————===— 0.54 0.086
CTTACGATGGAGLtAGAGAGGAT | 0.26 0.23
CTTACGATGGAGCCgaAGAGGAT | — 0.13 0.46
CTTACGATGGAGCCAGTaAGGAT & 0.017 0.024
CTTACGATGGAGCCAGAGgaGAT |y 1.2 0.71 0.67
CTTACGATGGAGCCAGAGAGagT I 0.99 0.76
CEEEEEERTTXITTTIRTEREE, © 10 20 ® w
Indel frequency (%)
uLbCpf1 mAsCpfi
Supplementary Figure 2

Specificity of Cpf1 examined using mismatched crRNAs at the AAVS1 sites.

Indel frequencies obtained with mismatched crRNAs were measured by targeted deep sequencing. Error bars represent s.e.m. (n = 3).
Some mismatched crRNAs appeared more active than the perfectly-matched crRNA but the differences were not statistically significant
(Student’s t-test, P > 0.4).
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Supplementary Figure 3
The number of Digenome-seq captured sites with LbCpf1, AsCpf1, and SpCas9.

In vitro cleavage sites were determined via mononoplex Digenome-seq with LbC?ﬂ (n = 8), AsCpf1 (n = 8), and SpCas9 (n = 2) in this
study and by multiplex Digenome-seq with SpCas9 (n = 11) in our previous study .
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Supplementary Figure 4

Sequence logos of Cpf1-mediated Digenome-captured sites.

Sequence logos of Digenome-captured sites obtained using AsCpf1 (Left) and LbCpf1 (Right). The number below sequence logos, n,

indicates the number of Digenome-captured sites.
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Supplementary Figure 5

Poor correlation between the number of Digenome-captured sites and the number of homologous sites with 6 or fewer mismatches in
the human genome.
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Supplementary Figure 6

Sequence logos of Digenome-captured sites.
Sequence logos were obtained via WebLogo using Digenome-captured sites. Note that just the single DNMT1-4 on-target site was
captured with LbCpf1 and AsCpf1.
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Supplementary Figure 7
Poor correlations between indel frequencies at on-target sites and genome-wide target specificities of Cpf1 and Cas9.

SpCas9 indel frequencies at on-target sites and numbers of Digenome-seq positive sites were from our previous study”.
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TTcATCCTCCGGTTCTGGARCCAGALE  Emx1 OTS

TTCATCCTCCOOTTCTGOMECAIACE  Emyt_ OT4 TTTACATAAGATGAAGCCAGAGAGEAZ AAVSY OT4

TTIGTCCTCCAGATaTGEAACCAL IS Emx_OT3 TTTCCTTAtGATGAAGCCAGAGRAGET AAVS1_OT3

TTTCTCCTCAGGTICTGGAACCAataC  Emxd OT2 TTTCCaTACaATGGAGCCAGAGA-GAT AAVS1_OT2

TTTGTCCTCCGGTTCTGGAACCACACT On-target TTTGCTTACGATGGAGCCAGAGAGGAT On-target

|l'|”

0.001 0.01 041 1 10 100 0.001 0.01 0.1 1 10 100
Indel frequency (%)

Indel frequency (%)
= (+) LbCpi1 = (+) AsCpft = (-) Cpft = (+)LbCpf1  m(+)AsCpf1 = (-)Cpf1

TTTGCTCACCTGCTGGATTACATCARA HPRT-1_OT3

TTTGCTGACCTGCTaGATaACATCAAA HPRT-1_0T2 -

TTTGCTGACCTGCTGGATTACATCAAA On-target

CTTGGTGGGCARCLCGCTGGTCATSLT CCR5-1_0T3

TTTTGTGGGCARCATGCTGGTCGTCCT CCR5-1_0T2

w

TTTTGTGGGCAACATGCTGGTCATCCT On-target

0.001 0.01 0.1 1 10 100

0. Indel frequency (%)

8

1 0.01 0.1 1 10 100
Indel frequency (%)
u(+)LbCpfl  m(+)AsCpf1  m(-)Cpfi

= (+)LbCpf1 = (+)AsCpf1 = (-)Cpf1

TTTATGTCCCCTCTTGCCTGGTCATaa HPRT-4 OT3 -

TTTGCACTGAATtaTTECACTAACATT CCRS. OT3

TTTATaTCCCCTGTTGACTGGTCATTa HPRT-4_OT2

TTTATGTCCCCTGTTGACTGGTCATTC On-target —

TITTGCCTGAATGATTGCAGTALLTZC GGRE-Q OT2

TTTGGCCTGAATAATTGCAGTAGCTCT On-target
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Supplementary Figure 8
Indel frequencies at Digenome-captured sites.

Indel frequencies at Digenome-captured sites were determined via targeted deep sequencing in HEK293T17 cells transfected with
AsCpf1 (red) or LbCpf1 (blue) plasmids.
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AsCpf1

TTTCCTGATGGTCCACGCCTGTTAaca DNMT1_OT16

TTTCCTGATGGTCCATacCTGTTAaca DNMT1_0OT12

0.001

TTTCCTGATGGTCCACaTCTGTTAaca DNMT1_OT3
TTTCCTGATGGTCCATGTCTGTTACTC On-target
16 nt

Supplementary Figure 9

Specificity ratio
truncated crRNA/full length crRNA (23nt)

16nt 18nt 20nt 22nt
0.0030 29 1.4 0.80
0.022 91 0.84 0.96

0.011 3.7 1.0 0.87

0.1 1 10 100

Indel (%)

18 nt m20nt m22nt w23 nt ®mMock

Indel frequencies at on-target and off-target sites obtained with truncated and full-length crRNAs.

crRNAs truncated at the 3’ end (tru-crRNAs) were designed to match the DNMT1-3 target site. Each tru-crRNA was transfected with the
AsCpf1 expression plasmid into HEK293T cells using lipofectamine 2000. After 72 hr, genomic DNA was isolated and indel frequencies
at the on-target and off-target sites were measured by targeted deep sequencing. Error bars represent mean + s.e.m.
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a b

Experiment 1 Experiment 2
CCGTTTGTACTTTGTCCTCCEGT TCTGCARACCACACCTTCACCTGGGCCAGGGAGCGAGGGGCACAG
CCETTTETACTTTGTCCTCOGETT. —-—CTGGGCCARGEAGGGAGEGECACAG —18
-18 -18 COETTTSTACTTTETCCTCOGE—— —TTCACCTGEGCCAGGEAGEGAGEGECACAG —15
1000 500 CCETTTETACTTTETCCTCOGET TETEGA- ——ACACCTTCACCTGEGCOAGGEAGGGAGEGGCACAG —3
CCGTTTSTACTTTGTCCTCOGETTCTSCA————— ACCTTCACCTGEGCCAGEGAGCEAGGEECATCAG —5
c -15 -15 CCGTTTGTACTTTGTCCTCOGGTICTGEA-——————————, ACCTGGGCCAGGGAGCEAGGGECACAG ~11
(+) LbCpf1 8 250 CCETTTETACTITGTCCTCCGETTIC TG ———CACACCTTCACCTGGGCCAGGGAGGGAGGGGCACAG —4
O 500 CCGTTTGTACTITGTCCTCCGETTCTIGGAACC—————————— GGGCCAGGGAGGGAGGGGECACAG —12
CCGTTITETACTITGT - CTTCACCTGGGCCAGGGAGGGAGGGECACAG —20
CCGTTTETAC T T TGTCOTCC -~~~ —————mmmmm o mmm oo e GGAGGGAGGEGGCACAG 31
U O d CCGTTTGTACTTTGTCCTCOGGT T~ e e e e e CTTCACCTGGGCCAGGGAGGGAGGGGCACAG ~12
-100 -50 0 50 -100 -50 0 50
CCETTTETACTTTETCCTCOGET TETEGARCCACACCTTCACCTGEGCOAGGEAGGGAGEGGCACAG
-5-3 1000 -3 CCGTTTGTACTTTGTCCTCOGETTCTGEA -~ -ACACCTTCACCTGEGCCAGCGAGECAGGEGCACAG —3
CCGTTTGTACTTTGTCCTCCGGTTCTGEA————— ACCTTCACCTGGGCCAGGGAGEGAGGGGCACAG —5
- 500 .18 -1 3,5 CCGTTTSTACTTTGTCCTCOGETT CTGGGCCAGEGAGCEAGEGGCACAG —18
c CCGTTITGTACTITGTCCTCCGETTICIGGAA - ————— CTTCACCTGGGCCAGGGAGGCAGGGGECACAG —6
(+) ASC pf1 8 500 CCETTTETACTITGTCCTCCGETICTGG————— CACCTTCACCTGGGCCAGGGAGGGAGGGECACAG —5
[&] 250 CCGTTTGTACTTTGTCCTCOGETTCTG-———— ACACCTTCACCTGGGCCAGGGAGGGAGGGGCACAG -5
CCOTTTGTACTTTGTCOTCOSE TTCACCTGGGOCAGGGAGGGAGGEGOACAG ~15
CCGTTTGTACTTTGTCCTCCGETTCTEG- - - —~ACACCTTCACCTGEGGCCAGGGAGGGAGEGGCACAG -4
0 04 |‘ | Ll | ' CCETTTETA aG —54
~100 50 0 50 100 50 0 50 CCETTTGTACTITGTCCTCCGETTCTEGA—————————— ACCTGGGCCAGGGAGGGAGEGGCACAG —12
CCETTTCTACTTTGTCCTCC-CETTCTGRAACCACACCTTCACCTEGGCCAGGCGAGGGAGGGGCACAG
1500 -1 1 COETTTETACTTTETCCTCC- -G T TCTGEAACCACACCTTCACCTEGECCAGEGAGGGAGGGGCACAG ~1
2000 COETTTETACTTTETCCTCOgEGTTOTGERAACCACACCT TCACCTEGEECAGEGAGEGAEGGGECACAG +1
1 +1 COETTTETACTTT ————————~— GTTCTGEARCCACACCT TCACCTGGECCAGGGAGGEAGGEECACAG —8
b= 1000 CCGTTTGTACTTTGTCC—— TCCGGAACCACACCT TCACCTGGECCAGGGAGGGAGGEGCACAG —€
(+) SPCGSQ 3 CCGTTTGTACTTTGTCCTCE - —~GGAACCACACCTTCACCTGGGCCAGECAGEGAGEGGCACAG —7, +1
O 500 1000 CCGTTITGTACTITGTCCTC— —CGGGAACCACACCTTCACCTGGGCCAGGGAGGGAGGGGCACAG -5
CCETTITETACTITGICE AACCACACCTTCACCTGGGCCAGGGAGGGAGGGGCACAG ~10,+1
CCGTTTGTACTITGTCCT GAACCACACCTTCACCTGGGCCAGGGAGGGAGGGGCACAG -8
0 CCGTTTGTACTTTGICCTC - - -GITCTGRAACCACACCT TCACCTGGGCCAGGGAGGGAGGGGCACAG ~-2
-100 50 0 50 _1 00 _50 0 50 CCETTTETACTTTGTICCTC —————————————————~ CTTCACCTEGGCCAGGCAGGGAGGEGCACAG -17
Number of basepair Number of basepair

Supplementary Figure 10
Mutation signatures of LbCpf1, AsCpf1, and SpCas9.

(a) The number of mutant sequence reads binned by the deletion/insertion size in base pairs. Mutation signatures at the EMX1-2 site
were obtained in HEK293T cells transfected with LbCpf1, AsCpf1, or SpCas9 plasmids using targeted deep sequencing. (b) Mutant
sequences induced at the EMX1-2 target site. The most frequently-identified sequences are shown. PAM sequences are shown in blue.
crRNA/sgRNA target sites are shown in red. Microhomology sequences are underlined and in blue. The number of deleted or inserted
bases are shown on the right.
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Supplementary Figure 11
Full-length gel images

Full-length gel images of Fig. 1a. Unrelated lanes are indicated by cross.
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Score at position i =

Z (F; — 1) (Ri—14a — 1) X (F; + Ri—14q — 2)

Dl 1+a

Riz»—1 F; -1
Z ( i+2 - ) ( i—3+a ) x (Ri+2 +Fi—3+a _ 2)
1+

Di-3+a

F; : Number of forward sequence reads starting at position i
R; : Number of reverse sequence reads starting at position i

D; : Sequencing depth at position i

Position i

stlele|Ticlc]alT]elT]c|T]a|[T][T]Aalc|[T][ciT|ae[T[T][A]c[T]c]®

Forward strandcount |00 0{0 |0 |0|0 | 0|0/ 0|0/3/9|2/0|0|O0O|0C|0|0O |0 /0|0 O|ODO:0}0DO
Reversestrandcount |0 0|0 0C |0 0|0 00O !0C Oj0 0|08 |0|C|O|C|Oj0Q|0O|C|O|C:0]0O
Depth |8 :8  8{8 8 & |8 | 8|8 8 8 1120|2222 /14 /1414|1414 /14 14|14 14|14 14|14

Score at position i
= (9-1)/20 * [(0-1)/20 * (9+0-2) + (0-1)/22 * (9+0-2) + (8-1)/22 * (9+8-2) + (0-1)/14 * (9+0-2) + (0-1)/14 * (9+0-2)]
+(8-1)/22* [(0-1)/8* (8+0-2) + (3-1)/11 * (B+3-2) + (9-1)/20 * (8+9-2) + (2-1)/22 * (8+2-2) + (0-1)/22 * (8+0-2)]

=346
Supplementary Figure 12

In vitro DNA cleavage scoring system for Cpf1 Digenome-seq analysis.
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Supplementary Information

Genome-wide target specificities of Cpf1 nucleases in human cells

Supplementary Table 1. Cpf1 and Cas9 target sites.

DNA sequences, positions, and indel frequencies of Cpf1 and Cas9 target sites are shown.

Cpf1 PAMs and Cas9 PAMs are shown in blue and red, respectively.

Indel frequency (%)

TargetlD | Gene |Chromosome | Position Target site

LbCpf1 AsCpf1 SpCas9
DNMT1

DNMT1-3 (intron) Chr 19 10133739 | taatgTTTCCTGATGGTCCATGTCTGTTACTCgCctgtcaagtggcgty 31+35 42 + 8.1 51 +72
DNMT1-4 DNMT1 Chr 19 10133686 | ttcctTTTATTTCCCTTCAGCTARRATARAGGaggaggaagetgctaag 64 +26 97 +15 12+15
EMX1-2 EMX1 Chr2 72933764 | tgtacTTTGTCCTCCGGTTCTGGARCCACACCttcacctgggccaggga 18+ 58 13+ 3.0 38+78
AAVST Intergenic Chr 19 55115548 | taaggTTTGCTTACGATGGAGCCAGAGAGGATCCtgggagggagagett 19+35 23+42 36 +6.9
CCR51 CCR5 Chr3 46373006 | tttggTTTTGTGGGCARCATGCTGGTCATCCTcatcctgataaactgea 1315 10+ 13 23+35
CCR5-9 CCR5 Chr3 46373664 | aattcTTTGGCCTGAATAATIGCAGTAGCTCTaacaggttggaccaage 18 + 38 21+54 20 + 4.9
HPRT1-1 | HPRT1 ChrX 134475241 | aattcTTTGCTGACCTGCTGGATTACATCARAGCactgaatagaaatag 20+ 1.4 20:23 36 + 24
HPRT1-4 HPRT1 Chr X 134486436 | ttactTTTATGTCCCCTGTTGACTGGTCATTCtagttaaaaaaaaaaaa 65+ 1.7 48 £ 45 4323
VEGFA-2 | VEGFA Chré 43770839 | gaaacTTTTCGTCCAACTTCTGGGCTGTTCTCget teggaggagecgty 13+0.20 5.4 +0.81 43:6.0
HBB HBB Chr 11 5226711 | ggttcTTTGAGTCCTTTGGGGATCTGTCCACTCctgatgctgttatggg 231024 33 +053 1938
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