PCT/US2022/023453

WO 2022/216688

EL

L6T
66¢C

LET
6€C

LLT
6LT

LTT
61T

LS
09

| 914

86¢ |
ooe W

e o s
FHCX F ¥ FFFFFENY

#oxxtxixxxxrr’ x % “yxyryrixyd xid Sxeiyx
AATHITIDI AN IIIDANSONTIXNINANID I ASTINOMICTIVAVAIDLOI SIAADTXAA
ANZQHIDTAIAIIIIVINIOOSAXMAIAANDAT SAIOMMTATITIAAAIOLO T SIITONMAA
Syxxxtixiigs “x oxxx” wxxd0 x0°%xx xixxxiyxixy xyx x
HISONAQIIAYDSTHISUMSADINAI LI ININY ATYINS I TIVAVANAOM WY TTIDINTL
ATIVOTHATAANDAOHS IMNID TONTAMANINLOTYSAD IAAVIAATION IIATIOEN AL

%238

Rrxxexxxr” “xdxxyxerxt®x  Ixd  xx xixxoxx STiaxxx 83
SUDINXIOAIIIINADTAIONSTACIIZOTIILINNIIAITAI INAOVHATIHAHALTI AN
SUYDINZIOOVLIAWADHIOOATOMITIAHTAIILAINAIITIATIADSANTIAIHOAAIL

T

A% THRXIX X xR x¥RyRISS x¥xxoxxsxxyyx %7 xyxyxryoxxy’
MWAZAYAI AIMTdAAIAXAIMAASITYNAWIHO IWAYS LLAOILYOHIIS IHOASHALTTH
WAV IYATAONAdAAIAXAIMIALLAS D IDVALINALS LSAOAINDS T-II9ASHAITIS

St lxxyyyrypxxcs $OCXRRFIRFRY  ¥F T20T TOxIxyREERX XX¥
ITTINWASNIIAAILASTHO-LOMASIIDAINAIVIOdIOAQEI ~ - NI TV TIdN LIV

YIANSILINYIANALESATIOAIN TV IDATIdLVAAdALINAASHIN TSV TTAN0O IV

I

ar
ar

art
art

aTt
art

ar
ar

aTt
ar

ar
ar

ozs
0as

ods
oas

0as
o3s

0as
oas

oas
0as

0as
0das

asebTT ADEd
asebhTT ADIV

asebTT ADEd
9sebTT ADIV

asebTT ADEd
asebTT ADIV

asebTT ADEd
9sebTT ADIV

9sebTT ADEd
asebTT ADIV

asebTT ADEd
9sebTT ADIV



PCT/US2022/023453

WO 2022/216688

¥
STRUCTURAL MODEL OF AT(V-1 ENEYME

#M..a

:

) 29

FIG. 2A

ATCV-1 MOBEL SUPERIMPOSED OF PBCB-
{RYSTAL STRUCTURE

PDB ID: 2q2t

FIG. 2B



PCT/US2022/023453

WO 2022/216688

€94

(sepT309TOoNU 97) $9G0IIV-HVLLIDYOVIVIOVOODIOOVLIOOL-SoYds =S aI bes

(sepT300TonU 92) ,€ HO-OVIILIOVOVIVIDVOIIIOOVILIODIL-SOUdS 37 dI bes
{(sopT30sTonu $g) ,€ HO-DVLIDIOODIYOIILDIUODIOOVILOVI-WYAL € dI beos
(€ IHVILOIDIILOVOIILODIVOVYIOVOIVYIOOVIDIILOVIVIOLIOVYILD .G :Z aI bes

/31

ALIAILDV 3SY9IT JHL ONIAVSSY NI 3A0TdWI STININDIS YNQ ANV YNY 40 11dWv)3

INTTdS YNY INIdS VNY

(1w %
£ YNG QALY 8 + £ d.S £ )

$1804d YNQ




PCT/US2022/023453

WO 2022/216688

4731

VNG @Lvan

|

b I

4014300V
3181 Wi

|

T

ﬁ

g

1

0001
0002
-000E
-000¥
r000S
0009
r000£
-0008
r0006

85 95 S 25 0S 8y 9y b Ib Ov 85 95 ¥E Z€ OS 80 9¢ vZ & 0C 8L 91 vl Il Ol

f

g




PCT/US2022/023453

WO 2022/216688

53

INTdS VNY

£
950Uy

VNQ Q3LVI1

A
8

Wvd

¢4

INTdS VNY

AU v e m

$950uy

d.S.€
$3804d VNG

=<3
&

Wvd



PCT/US2022/023453

994

6/31

WO 2022/216688

4014V
VNG QaLyan 40NOG YNqddy aI138V1 W4
F QI138V1 S950HY e
¥ /\ L0007
c -000Y
10009
a 10008
¥0NOG o000t
L0007 L
QI138Y1 S950HY e
00081
00007
L0002¢
L0007

85 95 b5 5 0S 8 9y b b Ov 8E 95 VE Z€ OF 87 97 v 2 0C 8L 9L vL ZL OL 8 9 ¥ I O

f f f

Qg 9z Wyt



WO 2022/216688 PCT/US2022/023453

/3

100 | 1 !

(=) o
<> (=]
1 1
T T

i
[~
|
T

LIGATION EFFICIENCY (%)

10000 1000 100 10 1
[ATCV LIGASE] (nM)

FIG. 7



WO 2022/216688 PCT/US2022/023453

'Ioo 1 1 | | 1 I l 1

1M ATCV LIGASE

o
(=]
1
T

(-
<
1
T

whi
(=]
I
T

LIGATION EFFICIENCY (%)

0 I 1 | I I I
0 05 1 2 4 6 8 10

[Mg] (mM)

FIG. 8



WO 2022/216688 PCT/US2022/023453

'Ioo | 1 | 1 | ! |

1uM ATCV LIGASE
80 - -

60 B

LIGATION EFFICIENCY (%)

20 A -

0 I 1 I I 1 1 1 1
0 ] 3 10 30 100 300 1000

[ATP] (nM)

FI6.9



WO 2022/216688 PCT/US2022/023453

'Ioo | 1 | ]
) 1.0uM
101
80 - -
=
S 60 - -
S 4 !
S
20 - .
0
7 15 8 8.8
pH

FI6. 10



WO 2022/216688

PCT/US2022/023453

/3
25 1 ] 1
5nM RNA TEMPLATE
20+ -
15 i
10 -
5 i
0 T T !
ATCVT LIGASE PBCV-1 T4 DNA LIGASE
ENZYME
FIG. T1A
25 1 1 L
NO TEMPLATE
20 -
15 -
10 -
5 i
0 T T T
ATCV1 LIGASE PBCV-1 T4 DNA LIGASE
ENZYME

FIG. 118



WO 2022/216688

PCT/US2022/023453
13/3
] \
1. PROTEIN LADDER
2. FBCY
3. 1Y

F6. 12



WO 2022/216688 PCT/US2022/023453

13/%
MEDTAN PANEL GENES TN MOUSEBRAIN
VISIUM FOR FFPE
888 —
o
L b00- T T
% % [
Ee T
S0F 0o
e e Lo
=58
E
=2 300
b : s i s
\§ x§ %@\ ™
‘:\" @\ Ry Ry
'&@ ‘%\ %&@“ %‘&\
FiG. 134
MEDIAN PANEL UMIS IH MOUSE BRAIN
VISHUM FOR FFPE
3008 -
1500 T T
Exs _i‘
HEZ

=R 1000

READS P

MEDIAK
{OURTS AT




WO 2022/216688

PBCV-1

L

3
= a3
H w0 (S =t
= |

Hi g é

S 8 3 & & °
(%) ONIDL3 NOLLYIT

[~ =]

q

=

[ B

H §_ §
i = =
= =e

= S

T 2 'R

(%) DML NOLLYIT

<L

v

<5

PCT/US2022/023453

14/31

[~
H | &
[ =]
S —_
= £
® h 8 £
= T
= >
= s 2
s — <
=
HH <
e o o o o o
2 [-=] -~ = o~
(%) ONIDIHAI NOLLYITT -
Ly
iy
1)
| ]
[ .
[=]
| &
[ =]
-
(¥
(] o o=
® SE
S =
 m—
= 4 5= %
S ——
=
ey
Hi 3=
e o o o o o
[ =] [==] -3 = [ 7]
=

(%) DNIDIAI NOILYITT

FI6. 15A



PCT/US2022/023453

WO 2022/216688

15/31

ON-TARGET % [TOP] AND SENSITIVITY [BOTTOM]

PBCV-1
_*_
2

LIGASE

ATV
__?_
_;.:.._
Bl

85
80
75
70
65
60

(3ddVW ATSNONITEWYNN 10dS ¥3d SAVIY TINVd
NV 1394V NO SAvIY MVY 40 NOLDVYd 0052 L SINNOGD IWN TINYd NVIGIW

0.90
0
0
0
0
0
0
0.55
0.50
800
750 1
700
650
600
550 1
500 1
450

FIG. 16



WO 2022/216688 PCT/US2022/023453

ALLEN “BRAIN” ISH
HIPPOLARPUS

DA PROBES ATCV1

CHIMERIC PROBES T4RNLZ

S
= o
b pied
[~ =
—t R S
= e - P
i iz e s
i EX HES
b L o P
o3 T o &= T e 2

3 L] L]

IRROD 2R J JLIHIRE HINER y




WO 2022/216688 PCT/US2022/023453

17/31
R
fCYCLI(
N\
STAININ/(j & RNA
@GING
N
ROLLING CIRCLE
RNA

PADLOCK PROBE TE]
PADLOCK PROBE G

RNA

RNA

\ ) FG.18



WO 2022/216688 PCT/US2022/023453

18/31

ASSEY TO EVALUATE LIGASE ACTIVITY AND EFFICIENCY
DNA PROBES/ROCK PROBES EAM

FAM
5 35P A ¥ LGATIDDNA %
LIGASE >
RNA SPLINT + RNA SPLINT
206 B 10T V4161810 70 24 06 78 30 30 3 % 38 40 40 4446 48 50 0 54 5 5%
9000 25
7000 8000,
6000,
50008008
30001000
looom% A
FAM LABELED LIGATED DNA
PROBE
FIG. 19

ATCV-1_HU ENZYME TITRATION
50nM SUBSTRATE, 1X BUFFER, 30 MINUTES, 37¢

LIGATION EFFICIENCY (%)

20

] 10 100 1000 10000
[LIGASE] (nM)

FI6. 20



WO 2022/216688 PCT/US2022/023453

1§/31

EFFICIENCY COMPARISON
50nM SUBSTRATE, 1X BUFFER, 30 MINUTES, 37°C

UNIT IS DEFINED AS THE AMOUNT OF LIGASE NEEDED TO CONVERT 50% OF A TRIPARTITE
SUBSTRATE TO LIGATED PRODUCT IN 30 MINUTES IN TX BUFFER IN 30 MINUTES AT 37°C

MOLAR CONCENTRATION TITRATION

100
=< 804
=
= 60 -
E 40
é 2 —a— ATCY-1 HU
= 204 —— ATCVTTI0N T
. —— JYCY-1 {Ara)
10 100 1000 10000
[LIGASE] {nM)
FIG. 21
EFFICIENCY COMPARISON

50nM SUBSTRATE, 1X BUFFER, 30 MINUTES, 37°C

UNIT IS DEFINED AS THE AMOUNT OF LIGASE NEEDED TO CONVERT 50% OF A TRIPARTITE
SUBSTRATE TO LIGATED PRODUCT IN 30 MINUTES IN 1X BUFFER IN 30 MINUTES AT 37°C

UNIT ACTIVITY TITRATION
100 - : -
< 804
>
=
S 60-
= 4
S —a ATOVI_HU
201 —o— ATCI IO T
0 —a— ATCV-T {Ara)
0.01 ' 100

1
[LIGASE] (U/pL)
FIG. 22



WO 2022/216688 PCT/US2022/023453

20/31

LigAT AND LigAT_HU EXHIBIT HIGHER LIGATION EFFICIENCY
THAN PBCV-1 IN THE PRESENCE OF HIGH SALT

50nM SUBSTRATE, 1X BUFFER, 1puM LIGASE, 30 MINUTES, 37°C

100
Y-
<80
=]
&5 60+
§40~
= —s— ATV
= £V —e— FB(V-1
0 —a— JTCV-1HU
0 100 200 300 100 500
[NaCl] (mM)
FIG. 23

LIGATION OF RNA TEMPLATED DNA PROBES WITH 3'
RIBONUCLEOTIDE BASE

50nM SUBSTRATE, 1X BUFFER, 30 MINUTES, 37°C

100

5280 :

=

£ 60

= 40 -

3 20 —— AT(V-]

= & —o— PR(V.1 |
0 —a— ATCV-1_HU
0.01

0.1
[LIGASE] (U/puL
FIG. 24



PCT/US2022/023453

WO 2022/216688

1/

)€ 'SUNOH Z “¥344nd X1

TARE
4 N\
TR LY ~ TR ALY ~
) ) o 50~ T Iﬂou Q0.0 m R 55 %‘Qccm
0Wo= % g QK 00=
1 oS i/ 7 N 7 // ° Hipo =
NEE E NN N B
— \WW M/ W= NS ° _ | e w0
A\ 3 ‘ B00S ! 3 2 H w WOS
—F—— — E = L%T 1 + = NE
Zv MG | V34V EDAN - (ZESO0LLY) [X0Ud = [Z€SOLIV) LX0Ud =
- TR V] o 3 A ALY 1Y -
e 20002 I =
1 o~ ] . w - % IMI Im % %\ vcd m
2 000 E — 9005
. 0002 | NN )| S
; = L= 2 Wi 2 800 =
+— +— 9000 5 2N ¢ SO S| gy
: (00 E 1 = wisto||” 8
(0650LLV) IALLVOIN = (NZV9OLLY) ZHIVS to=



WO 2022/216688 PCT/US2022/023453

2/3

SENSTTIVITY FOR ATCV-T_HU IS SEVERAL FOLD BIGHER THAN ATCV-1 BASED
(3N THE DATA IN THE CORTEX

0.04
0.035
0.03
0.025
0.02 -
0.015 -
0.01

0.005 - |—| | | |
IR I

‘%‘@}\f @/ @/ @/

[—]

DETECTED OBJECT COUNT PER NUCLEL AREA (COUNT/pM2)

AT(Y-1_HU @ 1.0pM HAS 8X HIGHER SENSITIVITY THAN LigAT @ 0.5uM.
ATCV-1_HU @ 0.3pM HAS 2.5X HIGHER SENSITIVITY THAN LigAT @ 0.5pM.

FIG. 26



WO 2022/216688 PCT/US2022/023453

PETEN
=
: E
® ...c.' <j ;I
< jl

SuM

i}
AN
3 HU 0.3

o~
D
| e |
oo
® ® -
o |8 1=
o ofs l
[ @ -
® el o =
|
[ ]
1
[—]
.. ®® [ ] .m|
° o]
IR
® ° =
|
[~ [ S~ T - B [~ S -~ R~ T — ]
[—=] [— S — N — S — ] [~ 2 — N — B~ |
N [V T —— I ¥ e | [V D — N s |
=3 = M & N N =

[3d] NvaW ONNOY¥SXIVE T)01 JA0EY ALISNILNI TYNOIS 1DIrd0 (3D3L3a



WO 2022/216688

FRACTION OF RAW READS ON TARGET AND
UNAMBIGUOUSLY MAPPED

MEDIAN PANEL UMI COUNTS AT 2500
PANEL READS PER CELL

/N

PCT/US2022/023453

PERFORMANCE METRICS BY LIGASE ENZYME, FIXED JURKAT CELLS

0.975
] P9y Lod
0.951
0.925
0.9
1600- o
o o
1550-
J [e]
1500 ATV POV

ENZYME

FIG. 28



WO 2022/216688 PCT/US2022/023453

/N

PERFORMANCE METRICS BY LIGASE ENZYME, FIXED JURKAT CELLS

0.975-
1]

0951 ese

FRACTION OF RAW READS ON TARGET AND
UNAMBIGUOUSLY MAPPED

0.9251

09-

7800-
7600 o o
7400-

7200

(e]e)

MEDIAN PANEL UMI COUNTS AT
10000 PANEL READS PER CELL

7000+

6800

ATCV-1_HU PBCV-1
ENZYME

FIG. 29



PCT/US2022/023453

WO 2022/216688

0€ 94

TH) ¥3d SAvIY TINVd NVIW
0000Z  000SL  00OCL 000§

0

/

MR ——

000t
0001
000¢
000v
000¢

TH) ¥3d SAVIY TINV NVIW
0000Z  000SL  000OL 000§

0

/

TH) ¥3d SIN9 TINVd NVIGIW

TH) ¥3d SIWN TINVd NVIGIW

0052
000§
00¢.
00001
005zl
00051

T13) ¥3d STWN TINVd NYIQIW



PCT/US2022/023453

WO 2022/216688

0N

1€ I

-

TH) ¥3d SQVIY TINVd NVIW

0005L 00S¢1 0000L 005/ 0005 00SC

0

/

/

008

0001
005t
0002

TH) ¥3d SINI9 TINVA NVIGIW

0052

T13) ¥3d SAVIY TINVA NVIW

00051 00SZL 00OOL 00SZ 000S o00S¢ O

/

/

TH) ¥3d SIWN TINVd NYIQIW

0001

0002

000€
000

TH) ¥3d SIWN TINVd NVIQIW



WO 2022/216688 PCT/US2022/023453

- 910) SILADONOW

- 710 SILDONOW

- JILIYANIA

28/
£ @NwELonn
N —_
7 - NN L
=p - RNONIW YL
= p L 3N L
|
S5 22t KON
X g B
o D g r@' 4003 L
= - 9INTIEN00 L
: = M.
S i = "M
[
= } sumvg

0.25 -
0.20 -
0.15 5
0.10 -
0.05 -
0.00



PCT/US2022/023453

WO 2022/216688

-

£€ 90
A
THD ¥3d SOV3Y TINVA NVAW TH) ¥3d SOV3Y TANY NVAW
00000008 0009  000v 000z 0 o 0000L 0008 0009 000v 0002 0 o

” = \ =
\ 0oL S \ ot
| \ = 00z =
—f oo 2 \ =
W \ = 1 00g &=
pamulE \\ 00y &
..... ”\1“' |l‘..|‘|||hl|n“|\l.lq||\\hn\ ) o H
0% 5 005
— I Y POUs et cco —

A —

TH) ¥3d SIWN TINVd NYIGIW



JbE 30

PCT/US2022/023453

WO 2022/216688

NOLLISOd HOLVWSIW
SEZaEEC - = =
J’w C : ﬁ 2 | \\. c i \,. Q
o /- ’ ] QN ot £ ) —
Z m Z Z " m
. 7 { ] cv m % Z m
Z : \\ = / =
mm ;zm 4 . L] Z 2 (%M
Z = 3 \ . I
. — L ’ =
s - T E I — N
VR0 m N

Ve 31

SYLLIOYOVIVIOVIIILIOVILOOL /S0UdS/ DYLIDIODOVIIIOVIODOVIOVL/HYA-9S/ 0Z:ON aI 0FS EHHAS
OVIIIOVOVIVIOVIOILOOVEIOVL /80UdS/ DYLIDLODOVIDIONYIIDOVIOVL/HYA~9S/ 6TSON aI 0FS ZWHAS
OYLLOIVIVIYIIVIOIIDIVLEO0D /SOUdS/ IVLIDLIDIYDOLOVIOIDVIOVL/HYI-9S/ BTION QI OFS THHAS
OYILOOVIVIVIOYIOIEOOVLIOOL /S0UdS/ DVYLOIDIOVOOIOVIODOVIOVL/HYI~9S/ LT:ON AT 0FS THHAE
OVIEIOVOVIVIOVOIDEOOVELO0L /S0UdS/ DILIOLDOOVDILIVIIOOYLIIOVI/HYI~9S/ 9T:0N aI 0FS ZWHAS
OVILIOVOVIVIOVOIDIOOVELO0L /S0YdS/ TYLIOLODOVDDLOYIIOOVIOVL/HYA-9S/ ST:0N aI O3S THHAS

OVILIOVIVIVIOVIOOLIOVELOOL /S0UdS/ IVLIDIOOIVODLIOVIODINIOVL/WYA-9S/  $T:0N QI JEFS TId
& M [ m & m [1 m



PCT/US2022/023453

WO 2022/216688

1/

g5€ 9i

_ 1Sv8 HOLYWSIW
g ww Y ww oy ww

L]

5

%) DNIDI43 NOLLYIN

2

i
D

V77277777707

(

(=4
(=4
e

Ve 9H

OVILOOVOVIVIOVIDIIOOVLLDOD/S0UdS/ OYLIIIODOVIDLOVIIDIOVIOVL/HYI-9G/
OVLIOOVOVIVIOVOIIIOIVLIDDD/SO0UdS/ DVLLILODIVDILOVIIIOVIOVL/HYA-9G/
OVLIDOVIVIVIOVIODIOOVLIOON/SO0UdS/ DYLIILODIYDIIOVIIIIVIOVL/WYI-9G/
OVILIOOVOVIVIOVIODIDOVLIOOL /S0UdS/ DVLLDLODIVIDLOUDIDDVILOVL/WYA-9G/
OLVVOILOLYLVDLIDDYDDLYYOOY ——~— =~~~ DILVYIYIIDLIDUDLIDIILYDLY

G208 aI 38 D TWWAS
FZION I BES O TWWAS
£2:08 a1 035 ¥ TWWAS
77308 I BES TIDS
1Z:0N I 0ES " HIVIAWAL



