WO 2022/192186 PCT/US2022/019252

1/64
101
140 111
Y.
. ) \ (S1-1)
111' 112

113 1/21
(S2-1)
131 \
121
(S3-1)

()  Species specific repetitive element 140

FIG. 1A



WO 2022/192186

PCT/US2022/019252
2/64
102
150 140 /
Y
WS { 1(81-1)
( 70—
=) X L (812
YT N
o151
=
\ ; o ™~ 152
! (O (] (819) “\5 o
/) —/ \
\  5'P removal from
\
=
[] [ ](S2-1)
(S3-1)

[]: Protective element
A : Modified base

FIG. 1B



WO 2022/192186 PCT/US2022/019252

3/64

160 103

51504_/{
% ; 1(511)

140
(= =0 (1(512)
140
(== r——/@—5(81-3)
140
] C1(s2+1)
(S3-1)

@ : Cas-gRNA ribonucleoprotein

FIG. 1C



WO 2022/192186 PCT/US2022/019252

4/64
104
150 141 111
f < C1(s1-1)
141" 111" 142 112
. /
[ = \ [ 1(81-2)
143 1/13 142 12
((
[ R (] (S13)
143 113' 1/21
[] [ 1(S2-1)
131 \
121
(S3-1)

FIG. 1D



FIG. 1E

WO 2022/192186 PCT/US2022/019252
5/64
105
150 141
.///\', ( :l (81-1)
/\,\\{ )
/// ‘\141| 142
// D) T
e
g : (1(51-2)
\JZ?@@? e ZL
Tl N 48 142
TSy
- S (1 (S1-3)
143
- 1(S2-1)
(S3-1)
170
: Exonuclease



WO 2022/192186 PCT/US2022/019252

6/64
106
150 141 111
|__Z|:::::: :::::::Sf::::::::/::::D (S1-1)
141 111 142 112
D::::S}::::::::::::::::<::::|:| (S$1-2)
w3 3 M2
D::::::ﬁ::::::::::/:::::/::::D (S1-3)
143 113 1/21
[] {1(52-1)
131 \
121
(S3-1)
----- . Degraded polynucleotide

FIG. 1F



WO 2022/192186 PCT/US2022/019252

7/64
107
150 1/41 111
------------ ffmozzzzaztoneal T (8141)
141" 111 1/42 112
[|.—S§—/ ----------- (S1-2)
143 113 142 12

143 113 1/ 21
] [ 1(S2-1)
131 \
121’
(S3-1)
----- . Degraded polynucleotide

FIG. 1G



WO 2022/192186 PCT/US2022/019252

8/64
108
141 111
prr el g """"""" (S1-1)
141" 111" 1/42 112
((
-----)). -------- -/ """""" (81-2)
143 113 142 12

143 113 121
/ (S2-1)
131 \
121'
131'
(S3-1)

FIG. 1H



WO 2022/192186 PCT/US2022/019252

9/64
111
—L f (S1-1)
111" 112
((
f (S1-2)
13 112
((
{ (S1-3)
113

FIG. 1l



PCT/US2022/019252

WO 2022/192186
10/64
109
— f (S1-1)

((

) (51-2)
((
) (S1-3)

131

{ z" ~~: I < | !::(83-1)
131"
:::l:l . Y-shaped adapter pair with UM

FIG. 1J



WO 2022/192186 PCT/US2022/019252

11/64

1000

In mixture of first double-stranded polynucleotides from first
species and second double-stranded polynucleotides from
second species, protect ends of first double-stranded
polynucleotides and any ends of second double-stranded
polynucleotides

——1001

After protecting ends of first and second double-stranded
polynucleotides, selectively generate free ends within first
double-stranded polynucleotides

———1002

Degrade first double-stranded polynucleotides from free ends
toward protected ends

———1003

FIG. 1K



WO 2022/192186 PCT/US2022/019252

12/64
201
10 220
=O 2 O D O=f ¢
=O %, O D O={ c2
=O ) O O O] c23

O . Sequences spaced apart by approximately first
" number of base pairs

@ . Sequences spaced apart by approximately second
" number of base pairs

FIG. 2A



WO 2022/192186 PCT/US2022/019252

202
P
Z = B B )

=" S = 2 B 3

D : First set of Cas-gRNA RNPs
D 1 Second set of Cas-gRNA RNPs

FIG. 2B 203
approximately
X basipairs 26

S)E( X { Cf
= = ¢

(@)

= =i 23

FIG. 2C



WO 2022/192186 PCT/US2022/019252

14/64
204
210 220 230
S 2 O 2 O= c
FO 2 O 2 O=]j c2
%, Y. (O={ c23

O . Sequences spaced apart by approximately first
" number of base pairs

@ . Sequences spaced apart by approximately second
" number of base pairs

. Sequences spaced apart by approximately third
" number of base pairs

FIG. 2D




WO 2022/192186 PCT/US2022/019252

15/64

& @-ﬁjczs

: Third set of Cas-gRNA RNPs
FIG. 2E 206

approximately
Y base pairs
(XZY) 270

= { 23

FIG. 2F



WO 2022/192186 PCT/US2022/019252

16/64
207
210
O O O= cf
O O O 2

FO O O c23

O . Sequences spaced apart by approximately first
" number of base pairs

FIG. 2G

0
(

!
(L)
b

FIG. 2H



WO 2022/192186 PCT/US2022/019252

17164
approximately 209
Z base pairs
LEX#EY
( X ) 280
— )S

FIG. 2
2000

Hybridize set of Cas-gRNA RNPs to sequences in whole genome
that are spaced apart from one another by approximately first ——2001
number of base pairs

Respectively cut sequences with set of Cas-gRNA RNPs to
generate set of whole genome fragments each having ——2002
approximately the same number of base pairs as one another

FIG. 2J



WO 2022/192186 PCT/US2022/019252

18/64

2010

Hybridize first set of Cas-gRNA RNPs to first sequences in whole
genome that are spaced apart from one another by
approximately first number of base pairs

——2011

Hybridize second set of Cas-gRNA RNPs to second sequences in
whole genome that are spaced apart from one another by
approximately second number of base pairs

———2012

Respectively cut first and second sequences with first and second
sets of Cas-gRNA RNPs to generate first set of whole genome
fragments each having approximately same number of base pairs
as one another

——2013

FIG. 2K



WO 2022/192186 PCT/US2022/019252

19/64

301

_ - First subsequence

> . Second subsequence

: Third subsequence
: Fourth subsequence

FIG. 3A



WO 2022/192186 PCT/US2022/019252

20/64

302

351

OR

OR

OR

. Cas-gRNA RNP for first subsequence
O\ Cas-gRNA RNP for second subsequence

: Cas-gRNA RNP for third subsequence

. Cas-gRNA RNP for fourth subsequence
FIG. 3B




WO 2022/192186

21/64

w
(S%]
—_

PCT/US2022/019252

303

OR

334 OR

FIG. 3C



WO 2022/192186

PCT/US2022/019252

22/64
331
" 332 OR )
OR
333
/ 360 33  OR

"0 Y-shaped adapter pair with optional UMI

FIG. 3D

304

M1 or
M2

M1 or
M2

M1 or
M2

M1 or
M2



WO 2022/192186 PCT/US2022/019252

23/64

3000

Contact, in fluid, first and second molecules of target 3001
polynucleotide with plurality of first and second Cas-gRNARNPs [

v

Hybridize one of first Cas-gRNA RNPs to first subsequence in first
molecule ——3002

v

Hybridize one of second Cas-gRNA RNPs to second subsequence
in second molecule, second subsequence only partially ——3003
overlapping with first subsequence

v

Inhibit, by the one of first Cas-gRNA RNPs, hybridization of any of
the second Cas-gRNA RNPs to second subsequence in first  —~—3004
molecule

v

Inhibit, by the one of second Cas-gRNA RNPs, hybridization of any
of the first Cas-gRNA RNPs to first subsequence in second  F—~~—3005

molecule
Cut first molecule at first subsequence ——3006
Cut second molecule at second subsequence ——3007

FIG. 3E



WO 2022/192186 PCT/US2022/019252

24/64
401
410 420
/—'[ {|
‘ - )-5 P1
> . First subsequence
. Second subsequence
FIG. 4A
402
430 440
o \;%1\@442
——{37% | P1

420

(3y) - First Cas-gRNA RNP / transposase fusion protein

™ . Second Cas-gRNA RNP /
». transposase fusion protein

FIG. 4B




WO 2022/192186 PCT/US2022/019252

25/64

403
432 442

5 P1

FIG. 4C
404
450
- ::: P1

FIG. 4D
434, 444
J
x
N\ y J
Y
X



WO 2022/192186 PCT/US2022/019252

26/64

430 or 440

430 or 440

430 or 440

‘ e

L)

FIG. 4H



WO 2022/192186 PCT/US2022/019252

27/64

430 or 440

4000

Contact, in fluid, target polynucleotide with first and second L4001
fusion proteins each including Cas-gRNA RNP coupled to
transposase having amplification adapter coupled thereto

While promoting activity of Cas-gRNA RNPs and inhibiting activity
of transposases: (i) hybridize first CasgRNA RNP to first 4002
subsequence in target polynucleotide and (ii) hybridize second
Cas-gRNA RNP to second subsequence in target polynucleotide

While promoting activity of transposases: (i) use first transposase

to add first amplification adapter to first location in target ——4003
polynucleotide and (ii) use second transposase to add second

amplification adapter to second location in target polynucleotide

FIG. 4J



WO 2022/192186 PCT/US2022/019252

28/64
501

523 522 522 512
(:::fé)::::::: - £§;==ﬂ P2
&) © First sequence

. First protein
@ Second sequence

O - Chromatin : Second protein 502

533
502 522%°53,

d= ek

Qéj@ . First Cas-gRNA RNP with tag

511 512

@ : Second Cas-gRNA RNP with tag

FIG. 5B
503

522 522

;40 dﬁ | 93
4 éﬂ 512

2




WO 2022/192186 PCT/US2022/019252

29/64
540 523 522 522 539
541 542
S 4; 550 -LA;
Substrate
FIG. 5D

| Substrate

FIG. 5E

540 523
7 X "/

FIG. 5F




WO 2022/192186 PCT/US2022/019252

30/64

504

52

/ )
e First%%izgonucleotide J: i?rignﬁ)%g
. Second oligonucleotide % : Second antibody
™\ : Third oligonucleotide ~ £°\Q : Third antibody
p : Fourth oligonucleotide ﬂﬂﬂlmﬂ] : Fourth antibody
FIG. 5G 505

" 552

\_g
o
a
Bﬁf\
D
N
||



WO 2022/192186 PCT/US2022/019252

31/64

) : Transposase with oligonucleotide

FIG. 51
{? [

¢

506

507



WO 2022/192186 PCT/US2022/019252

32/64

5000

s

Contact target polynucleotide with first and second Cas-gRNA

RNPs ——5001
v

Respectively hybridize first and second Cas-gRNA RNPs to first
and second subsequences in target polynucleotide, wherein
proteins are coupled to respective loci of target polynucleotide ——>5002

between first and second subsequences

v

Cut target polynucleotide at first subsequence using first Cas-

gRNA RNP and at second subsequence using second Cas-gRNA |—___5(()3

RNP to form fragment, wherein proteins are coupled to
respective loci of fragment

v

Use corresponding oligonucleotides to respectively label each of

the proteins coupled to respective loci of fragment ——>5004
Sequence corresponding oligonucleotides ——5005

FIG. 5K



WO 2022/192186 PCT/US2022/019252

6000
6001~ /( i

C L
CasK12 |/ 6003

6005~ 2
6004
FIG. 6A
/-6010
6000
6000 K K
CasK12l Cask12 @”
Low Mg2+ 2 2

CasK12t¥ [CasK12F |CasK12¥
Complexes Immobilised T— T— T—
on Bead, Excess DNA

Washed Away

|Cas@ |CasK1 2%
& @=_===

High Mg2+, Tagmentation

U

Gap-Fill-Ligate

Heat to Release from Beads & Sequence
FIG. 6B



WO 2022/192186 PCT/US2022/019252

34/64
701
710 720
{|
/‘K { P3
> . First subsequence
. Second subsequence
FIG. 7A
702
730 740
733
\ 5%1@742
= P3

2 . First Cas-gRNA RNP with tag / transposase
3., fusion protein

2. Second Cas-gRNA RNP with tag /
.. transposase fusion protein

FIG. 7B



WO 2022/192186

35/64

PCT/US2022/019252

703
740
733
Ny 741 -
o
== P3
- ii
Substrate |
FIG.7C
704
730 740
733
Y 741 249
{ .
— )5 P3
Substrate |

FIG. 7D



WO 2022/192186 PCT/US2022/019252

36/64
705
1 Q

= X P3

| Substrate |

FIG. 7E
706
760

- ::: P3

FIG. 7F

734, 744
733

FIG. 7G



WO 2022/192186 PCT/US2022/019252

37/64

D B) 3 P/ TARGET/] A

s——C(_)
) 5’
Targeted Fragments are
E @ Eluted from Beads
c I ————— >

[ TARGETZ/

(R

FIG. 8A



WO 2022/192186

PCT/US2022/019252

38/64

! B;:

Non-Targeted Fragments
Remain Bound to Beads

820
610 ey O(j
ORI S B

7T
B @ + Polymerase
C ——————— >
o ___ZTARGETZ

51 ey CQ
TR0 :B

@ + Polymerase Q
—————— >

[OFF TARGET

FIG. 8B



WO 2022/192186 PCT/US2022/019252

39/64

, 3,
Gy y
i Ly,

D3inge
SEIEETIET N>
820 810 .
iy a3 3
Ot e g
| + Polymerase
R e —— v
ST e

FIG. 8C



WO 2022/192186 PCT/US2022/019252

40/64

1 ME’ 3
:
s

810 820
| S
p (AU ME URGEDT o LlE (B)

A

.

==
mfim

(B ME" —=3" { ME_[LUAT4]
‘ fwd
+Polymerase Stalls at Uracil
¢ AU ME | UTARGEA . >
“““““ < 1 ME P UA14/

5’ % E + Template Switch Oligo
UTARGET]

FIG. 8D



WO 2022/192186 PCT/US2022/019252

41/64
9’ gap
iz, o
Jd ME >3’
A (BIME]S CME % P4
' 9’ gap 820
Sy
Wi [ME '@

50 810 ‘
Gy Lo

C @ ME | 3 IIARCET] CME ]

+ Polymerase

—_VTARGEL

FIG. 8E



WO 2022/192186

820~

PCT/US2022/019252

42/64

810 rey
WARSRONY {B
13— VZIARGETZ ’

fwd
IARCET @‘

X |

rev
3 /IARGETZ] 3" @
fwd
= q
PR 71.\: 6107/ h"_’
A

FIG. 8F



WO 2022/192186 PCT/US2022/019252

43/64

9'c

810 rey
7 TARGET’/ZI/ > J'e @
:( B ——3' )
A

fwd
@ + Polymerase

Y/ TARGETZA

rev

fwd 810
95’( 7 TARGET’/‘ZI/ @
B K J 3’ C )
B @ + Polymerase




WO 2022/192186 PCT/US2022/019252

44/64

8000

Couple double-stranded polynucleotide to solid support(s) ——38001

v

Respectively hybridize first and second Cas-gRNA RNP nickases to
first and second subsequences in double-stranded
polynucleotide, wherein first subsequence is 3' of target 8002
sequence along first strand of double-stranded polynucleotide,
and second subsequence is 3' of target sequence along second
strand of double-stranded polynucleotide

v

Cut first strand at first subsequence using first Cas-gRNA RNP
nickase and cut second strand at second subsequence using
second Cas-gRNA RNP nickase

v

Use polymerase to extend first and second strands from 8004
[ ~—
respective cuts and elute target sequence from solid support(s)

y

Sequence eluted target sequence ——8005

——38003

FIG. 8H



WO 2022/192186

45/64

PCT/US2022/019252

A g 23 PG
@ Blunting
B 2 33
@ Phosphorylation
C i 2 p
@ A-Tailing
D P-5'¢C DA-3’
3'-AC D 5'-P
Adaptor Ligation
(All Fragments)
E ) 2 v XE g%m&@ 3
3’ &M %5’
@ PCR + Sample Indexes

F 4 17 TC YA TN S
3 ZZZZAZD AC T & S
5 v TC YAz >
IS 7 AC DT %)

Total ds DNA Library Prepared

FIG. 9A



WO 2022/192186

PCT/US2022/019252

46/64

910
A 32 23 5 = TARGET”A/——,’3’5, P6
@Blunting
B g:i Ig: g(_; TARGET ,1:,’5:
@ Phosphorylation
cPE: 3, Ple=rmere=i,
4 L A-Tailing
D5 5P SAS R4

O

E No Library Prepared

@Targeted Adaptor Ligation

:‘; EX:V TARGET 4::4‘%2
@PCR + Sample Indexes

5’( y.¢ )T( ¥ 1 )A(/( >
31( y, )A( 1 TARGET/: )T X >
5’( (_L)T( T I )A(L( 2
31( Y )A( /TARGET A )T =< 2

Targeted ds DNA Library Prepared

FIG. 9B



WO 2022/192186 PCT/US2022/019252




WO 2022/192186 PCT/US2022/019252

48/64

Guides

SSSSSSSSSI

916\\@
U TARGET 7]

A pg

B SSSSSSsSsS3

Guides — ===

FIG. 9E



WO 2022/192186 PCT/US2022/019252

49/64

9000

Respectively hybridize first and second complexes to first and

second subsequences in double-stranded polynucleotide, each

complex including CRISPR-associated protein guide RNA ——9001

ribonucleoprotein (Cas-gRNA RNP) coupled to amplification
adaptor

v

Respectively ligate amplification adaptors of hybridized first and
second complexes to first and second ends of double-stranded
polynucleotide

v

Remove Cas-gRNA RNPs of first and second complexes from 9003
double-stranded polynucleotide

y

Sequence double-stranded polynucleotide having amplification
adaptors ligated thereto ——3004

——9002

FIG. 9F



WO 2022/192186

50/64

PCT/US2022/019252

1g10
5¢ Z > 3
A g V77 TARGEL 72222 5 P8
B 5:( | FWD WZZZTARGET ZZZZ] REV | )3:
J'c k)
1051
i @‘ fwd
U 3 v
I 7 =1\ 3,
C 3 vV ThRGET 5
\ \
%— < —
D S ——>_VZZTRRGET 7220 =
AW ANLY RBISNHZINPTY
E U7 TARGET ZZZZ
P55 A147 RB15NN7IRP7 N

FIG. 10A




WO 2022/192186 PCT/US2022/019252

51/64
1051 1051'
1013 (( 1010101\3'
, N
A g —V2 TARGELA—<__ P8
1011 1011’
, \ , 1050
B 5 POH== 3 U TARGET2Z 3«
1016
Fwd Adaptor Rev Adaptor 1060"
1060 1066 ’
5Q {_CGACT AACGT—__iB>°
ME 5 .3 ME 2
C ME 3 | VW TARGETZ. .5 ME
3,@ GCTGA TTGCA % |
1065 )
UMI 13" OH
’ 5-POH
Ml GCTGA

\3
CGACT AACGT ME,

D V. TARGETZ ]
GCTGA  TTGCA ME5,
S A B AT NE | V= N R NI
E P'5"%tl5’ R4 ME —LIARCElZ —ETBTE |7EP' 7
TN SRR : NE PATZ VS P5
BN RB15 ME —LARCELZA e T AT 61 P5

FIG. 10B



WO 2022/192186 PCT/US2022/019252

52/64

10000

Hybridize first CRISPR-associated protein guide RNA
ribonucleoprotein (Cas-gRNA RNP) to first sequence in
polynucleotide

——10001

v

Hybridize second Cas-gRNA RNP to second sequence in
polynucleotide

——10002

v

Cut first and second sequences with first and second Cas-gRNA
RNPs to generate fragment including first and second ends and
target sequence therebetween, first end having first 5' overhang
of at least one base, second end having second 5' overhang of at
least one base

——10003

FIG. 10C



WO 2022/192186 PCT/US2022/019252

)

1158 1157
FIG. 11A



WO 2022/192186 PCT/US2022/019252

54/64
1150'~ 1151'
1103' 1150~
1110
K 77 TARGET
1110
7%, TARGET
1110 S /1170
c 3 [ATE? ME’5 7 TARGET 5ME
1115'
5 R 1110
D 157 & ME :I'///TARGET ] ME FA147]3
3 A141 ME’

ME 1157
5’
1110

B15J_ME VA [ ME’ A14’j[l5’ P
E P7jEﬁEB15’ TME ARG A== A J 151 P5
5 Bl A4/ ME VE ] BN/ RPT
13 A14j| ME™ — AR ZZ=—" i [ B15 IYjEP' N
1110
FIG. 11B




WO 2022/192186

55/64

PCT/US2022/019252

1150\

5, i
A 3 1 TARGET

5 .
B 3 ¥ TARGET
C g Y TARGET 5',\/|E’ LA1473

&
D g: ~ TARGET 5|’V|E, 3’
2

E 5’@1%, ME ——1 TARGETL 5',\/|E’ YA1443
77 R BT5Y ME ME AT4 05
P77 RBI5Y ME A ARCELZ—"11E EAM 5

=
PS5

FIG. 11C



WO 2022/192186

PCT/US2022/019252

1150~
5 i
A 3 1 TARGET
B g ¥ TARGET
C g Y TARGET 5ME’ ANLVK}
dCas9
2
p S N\ gtz JE AT
07
e SNBBYMEl— e ME TATA3
3 ME 5
P77 EB15J ME ME [PATA051/P5
B7NN7 R B15Y ME = AR =" E " AT4} 151/ P5

FIG. 11D




WO 2022/192186 PCT/US2022/019252

57/64

Random Nextera Fragmentations CRISPR

N

V. TARGETZ) : g:

5'tB15Y ME | R [ ME' PAT473'

5’
5RB15Y ME A '5ME’ VA1473
5L8B15N ME R 5ME’ PA14A3
58B15y ME E——=— ME' [A14']3
IARGET/=—="’
5FB15J ME I=I5ME’ LA1443
FIG. 11E
T N Positi CRISPR
argeted Nextera Position GRNA Target
5’ . . . 77771 .3’
3 1 TARGET 1 5
SLB15Y ME | I [ TARGET | :5',\/|E’ LAT43

FIG. 11F



WO 2022/192186 PCT/US2022/019252

58/64

11000

Contact CRISPR-associated protein guide RNA ribonucleoprotein
(Cas-gRNA RNP) with polynucleotide including first and second
strands, gRNA including primer, amplification adaptor site, and

CRISPR protospacer, Cas protein binding CRISPR protospacer

———11001

v

Hybridize CRISPR protospacer to first strand

——11002

v

Hybridize primer to second strand

——11003

FIG. 11G



PCT/US2022/019252

WO 2022/192186

59/64

¢l Ol

00¢1

00¢)



PCT/US2022/019252

WO 2022/192186

60/64

00¢t

ABIE

00¢)



PCT/US2022/019252

WO 2022/192186

61/64

vl 'Ol




PCT/US2022/019252

WO 2022/192186

62/64

Gl "old

00¢t




PCT/US2022/019252

WO 2022/192186

63/64

91 'Ol




PCT/US2022/019252

WO 2022/192186

64/64

JARDIE

GE~ yictep jelispr-yo vesy
008~ ypdep jebie; uraly

g

o gyetuoush epquie

>

speal 9pG1



