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Figure S1. Locations of HypaCas9 and SniperCas9 mutations in the Cas9-RNA-DNA. (PDB ID: 5F9R(1)).
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Figure S2. Locations of FRET probes for smFRET DNA unwinding experiments and E time-traces of DNA
unwinding by SniperCas9-X20. (a) Schematic of Cas9-RNA-DNA complex. crRNA hybridized with tracrRNA
is the guide-RNA, and the denoted red sequences hybridize with one of the strands (target strand) in the
DNA. The strand complementary to target strand in the DNA is the non-target strand which also contains
the PAM (5’-NGG-3’) as indicated. Highlighted in grey is a 22 nt biotin-labeled strand which is used as an
adaptor for surface immobilization of the DNA. The donor and acceptor labels are conjugated to the 6%
nucleotide (from PAM) in target strand and 16™ in the non-target strand. Cas9-RNA binds the DNA leading

to the unwinding of the DNA which results in an increase in distance between FRET labels and thus a



decrease in E. (b) Representative E time-traces of DNA unwinding by SniperCas9-X20 for different DNA

targets.
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Figure S3. Schematic of the smFRET unwinding assay involving non-canonical gRNAs.

(a) Extended gRNAs. (b) Truncated gRNAs.
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Figure S4. Unwinding by extended gRNA.

(a) Schematic and naming convention of extended gRNA used in the unwinding assay. gX20 or ggX20 are
gRNA with 5’g and 5’ gg non-hybridizing extensions respectively with canonical lengths of 20 bp in target
strand hybridizing region. (b-c) E histograms of unwinding by extended gRNA. Each row corresponds to a
particular labeled Cas9. Each column corresponds to a particular DNA target. (b) Histograms by gX20. (c)
Histograms by ggX20. (d) funwound VS. nep for different Cas9s with gX20. (e) funwound VS. nep for different Cas9s
with ggX20.
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Figure S5. Unwinding by truncated gRNA.

(a) E histograms of unwinding by truncated gRNA. Each row corresponds to a particular labeled Cas9 and
gRNA combination. Each column corresponds to a particular DNA target. (b) funwound VS. nep for different
Cas9s with truncated gRNAs. (c) funwound VS. funn activation for X20 and X17 (Red) for DNA targets with

different npp



uwuﬁw«mﬁmﬁﬁﬁwu/ I
: . .mwwp\ ~ IoLD" "
® ** IOD¥, oy " oL
< O Mu 4\ N .
o DDLOLOYIDLIIVIVD Avi
£ -D90VOYDNYOVVYNVYNOND -, G
" nonb
; J
' 0
©
x —
(>)
DDOVOVOLVYOVYVYIVIO o .H.Uh/
= : .dﬁon\ - 1o
%, ** 10DV, ¢\5¢w. :
- Kowaoauﬁoaaaﬁﬁ _Udn.
= € -090VIVONYIVYYNYNIND- ,§
; 40
" nonb
~ =
x~ =
— 5
.w he]
T eg
== 2¥ uwuﬁﬂma@w%ﬁaw.ﬂ > I5
2. o, N\ mwwn\ . ¥oI0" _H/
x |M"0 / 100%) 4\.9@
E B « Kowsuauﬁoasamaﬁ qu
———o 58 Z-c-DDOvOVDNVDHVVYNYNONs- G
5
K- LX) [ T =) * D
aw cw ] o . .
% m nm. % o ﬂ:oo pazijewioN b DU.D..U




Figure S6. Unwinding by truncated gRNA.

(a) E histograms of unwinding by truncated gRNA. Each row corresponds to a particular labeled Cas9. Each
column corresponds to a particular gRNA and DNA target. (b) Sequences of DNA and crRNA (of truncated
gRNAs). X18/gX18 guide RNA forms the same Watson-Crick base pairing with nep=0, nep=1, and npp=2 DNA

targets.
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Figure S7. PAM distal end of Cas9-RNA-DNA complex.

(a) 5’ end of the gRNA is occluded and capped by the RuvC nuclease domain in Cas9-X20-DNA. PDB ID:
5F9R(1). (b) The gRNA and target strand of Cas9-ggX20-DNA and Cas9-X20-DNA after aligning the residues
of Cas9 between the two structures (Cas9-ggX20-DNA; PDB ID: 5Y36(2) and Cas9-X20-DNA; PDB ID:
5F9R(1) ). With the extensions, the RNA-DNA hybrid at the PAM-distal end has been considerably
repositioned, compared with its position with the canonical gRNA. The 215" and 22" nucleotide, counting
from PAM, of the target strand are not base-paired with the non-target strand nucleotides, but are rather
flipped towards the gg of the ggX20. (c) The relative changes in positions of RNA-DNA hybrid and Cas9-
HF1 mutations between Cas9-X20-DNA and Cas9-ggX20-DNA.



Table S1: gRNA and DNA targets used for Cas9-RNA induced DNA unwinding smFRET assay.

DNA

Sequences

0/

20 nucleotide biotinylated adaptor for surface immobilization
5/ —*-AACGCAACGTCGTCAGCTGTCT GCACAGCAGAAATCTCTGCTGATGATAAAGATGAGACGCTGGAGTACAAACGTCAGCTTGCT -3/
3’ -GCGTTGCAGCAGTCGACAGA-CGTGTCGTCTTTAGAGACGACTACATATTTCTACHCTGCGACCTCATGTTTGCAGTCGAACGA-5"

5" -=*-AACGCAACGTCGTCAGCTGTCT GCACAGCAGAAATCTCTGCTCATG.ATAAAGATGAGACGCTGGAGTACAAACGTCAGCTTGCT—3’

1 37 —GCGTTGCAGCAGTCGACAGA—CGTGTCGTCTTTAGAGACGAGTACATATTTCTACICTGCGACCTCATGTTTGCAGTCGAACGA—5’
2 5’ -*~AACGCAACGTCGTCAGCTGTCT GCACAGCAGAAATCTCTGCTCTTG.ATAAAGATGAGACGCTGGAGTACAAACGTCAGCTTGCT—3’
37 —GCGTTGCAGCAGTCGACAGA—CGTGTCGTCTTTAGAGACGAGAACATATTTCTACICTGCGACCTCATGTTTGCAGTCGAACGA—5’
3 57 -*~AACGCAACGTCGTCAGCTGTCT GCACAGCAGAAATCTCTGCTCTAG.ATAAAGATGAGACGCTGGAGTACAAACGTCAGCTTGCT—3’
37 fGCGTTGCAGCAGTCGACAGA*CGTGTCGTCTTTAGAGACGAGATCATATTTCTACICTGCGACCTCATGTTTGCAGTCGAACGA*5 !
4 5’ -*-AACGCAACGTCGTCAGCTGTCT GCACAGCAGAAATCTCTGCTCTACIATAAAGATGAGACGCTGGAGTACAAACGTCAGCTTGCT73 !
37 fGCGTTGCAGCAGTCGACAGA*CGTGTCGTCTTTAGAGACGAGATGATATTTCTACICTGCGACCTCATGTTTGCAGTCGAACGA*5 !
RNA Sequences
Ca nonica | 5’ -GAUGUAUAAAGAUGAGACGCGUUUUAGAGCUAUGCUGUUUUG-3"
crRNA
(X20)
X17 5’ ~-GUAUAAAGAUGAGACGCGUUUUAGAGCUAUGCUGUUUUG-3"
crRNA
X18 5’ ~-UGUAUAAAGAUGAGACGCGUUUUAGAGCUAUGCUGUUUUG-3"
crRNA
gxzo 5’ -gGAUGUAUAAAGAUGAGACGCGUUUUAGAGCUAUGCUGUUUUG-3"
crRNA
ggxzo 5’ -ggGAUGUAUAAAGAUGAGACGCGUUUUAGAGCUAUGCUGUUUUG-3"
crRNA
gX18 5’ ~-gUGUAUAAAGAUGAGACGCGUUUUAGAGCUAUGCUGUUUUG-3"
crRNA

tracRNA

5’ ~-GGACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUU-3"




Thymine modification for €y3 and - labeling. *Biotin. PAM.DNA sequences complementary to guide RNA are shown in red
(Cognate). RNA sequences complementary to the protospacer in a cognate DNA target are shown in red (Cognate).
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