PCT/US2020/048411

WO 2021/045969

/24




WO 2021/045969

BSSREEEE -‘:‘;%
R N Rt e Y

2/24

a€

1%

0.8%

0
2.1%

*

— C OIS NN < O M N |

OO CI MY~ N CO N OO OO P
N CI 00 N TP |

TN LD - (O =

e aldblnalantdh ] WH]IFE ] N, W
D T e ¥ i | E

oo

<

S oe e Ie e e |
OOt ONF e GO 00 |

total 2750

100.0%

WORLD

PCT/US2020/048411

FIG. 2A



PCT/US2020/048411

WO 2021/045969

4 DI




PCT/US2020/048411

WO 2021/045969

4/24

o2
a2 3% L )
oo 3o s~ 3838 58 =
Tl M
MINI O MDD v Y v e | e
MY D =t € = LY P N O 1LY
WIS e NI ™S00 O
(X LLD we Ww..hu
j e

|

1.1%

100.0%

85 8.1%
35 3.4%
86 8.2%
12

B 298 28.5%
total 1044

C 528 50.6%

CB
D
DC

other

N

v v
|

FIG. 3A



PCT/US2020/048411

WO 2021/045969

/ SRR
COOBELZRRS
?»o.won.%w&

~EERIKS
&
<




PCT/US2020/048411

WO 2021/045969

g—

3 o 3

<2 &3 o

® e

. 8binisacy
Lad

1600 1800

400

200

1

t

f—

o = =
<> <> <
‘G abpianoy

o~ B

o2
o3
o0

® s

. afpssas
ey 82 J

i

t pos

1400 1600 1800

1200

ons

i

600 800
Alignmen

FIG. 44

% e 8
H
w -
5
2 i
BEEE
BE =
W Qx
&= 5 e
— e £=
e T o3
m34
B i3
s= £
- -
[ B
[ ]
Bame  Sama
W a2
£2. 2
£, ke
I3

Aignment posttions {ranked by coverage)

fotal 8-mers
w fo 7/8 malch
up fo 8/9 malch



WO 2021/045969

PCT/US2020/048411

7/24

Coverage

B
¢

AN\

800 1000 1200 1400 1600 1800

Exact malches by 3 episensus sequences
Exact matches by 2 episensus sequences
Exact mailches by 1 episensus sequences

FIG. 4B



PCT/US2020/048411

WO 2021/045969

8/24

t SEQUENCE

o
(4]
[,
Bt
fom)
[oa)
-
jo]
oo
(&)
[,
4 Bsd
fooin)
N (&
e
<
o]
o
LD
[
Bosd
e
NZ £
fa's]
o
el
o 4
s, &&\/\J\/\ g A4 D
P N \\ KK XA XA XA KX HK X FH X b
U G, 7 ANVAVAN NS, Lad
/m_\ 2NV AAY A AAYS [
Z T XK XX XX X XA [
N \ﬁ\/ A/\/ /\/\/\/\/\ﬁ\/ﬂ\/\/\/ N AVAVAYAVAVAVAVAWA I+ 5]
7 77 % YAAENAA AV NN S
K KK XK X2 TR KK KKK ioie]
AN %% AN o
VA2 L NCWINENT YA AR ]
V- G, g XX XX XXX > .
WH2, 7 Z| FAVAVEYAN PAVAVAVEVAVAYAV I ¥
Yz i NAVATAVAYL AVATAVAYAY =
T ST X XXX KX XX [&
N2 N FAVAVAVAVAVAVAY NN VAN Pa L an]
wa\imﬁ 72! NS NS g,
: iR KK F XX XA X X 0301
e e A e - R T
™~ w ok - 3 ™~ it <
<3 ) [ <2 [ <3 L=

{ Global

1€

1 best €
Natural

18

{ best B

episensus
sequence

episensus

episensus
sequence

Netural

seguence

FIG. 5A

T
Do
L2
o
rnn
o

DY off~by-1
DK A] Bxact




PCT/US2020/048411

2 SEQUENCES

9/24

WO 2021/045969

) AV AN AVATAVATAVA A
N LA 70K KX AN KK X KXL XXX ) -
N N ZYANVEN Lien 7, -
AN W7 Z AR D XXX X ] bt 28
N 7 Z N LN AN =3 3
7 774 AV V4 v VNSNS ATV NSNS S e L
7 AR NP TR, R KKK m g=
& NZ T AN AL NN AVAVAN ~7 VAV -
Y T \»mxx 7 HoX WXt Rt KK WX # X 1040}
K NN GH T A XX XXX X A=
N R0 AL : s
§ N7 T X XXX e w.em .
VLR LN Lok f @
A R TR A NN XK Y e VA ) a 2
NN VAP ANEAS VN LN 7 T RN P L s @
N V7 %»\ A K XS XS ST o Rl =
y N7 LR R D X T 2 KK F XK XRA XA = o~ B2 @
N IS ™ 9307 @ @
/m/ Z NN P NN N e
£ N AN TN~ N AVAVAVAVAVAV &
g 7 AR R XX i L I
£ N %, VA L — 2
7 XX % KX X & X 8=
N, % FAVAVAN VaN ) £ o
LSS AX XK T X KK XX o o~ =
_ W KAEX RKAEKKA 2l =
L e}
N : -
£ B S X e =
7 Zi AN VAV ALY TR TN e “ @
) 70, AVAVAYS AV ot n 2
K 7L - . RXFXFRAR X e c @
== 77 o 2 N N e ;v mws
A Z X A XXX XA X I X D, W XXX o o~ B @
NN\ I 7N AN ; - @ @
N %7 I SN o A AVAVA VA A AT A 7 Do} ~
N sz N NN N NN T 1.
£ G2 T 7R X% XX X R X XX | ess £ 5
N ; V7 N 7 b o - o3
A N\ 72 KX AKX AR LK KK ad - 2 S o
K AL P NN N NN A N NN A e = .
f NI 707 7t Y X T X ARXARL AT L A oy J H m
N7 VAVAVAV AN VAV A A A A AN AN ANV N NN [~ o~ = l A
7 Z ‘ VAVAVAVAVAVAVAVAVAVAVAVAVAY, ey / .
ENNNNNN77277/ 704 L, X ARXRRRXR XA X KRR AX bjo] l U
o o <

FlG. 5B



PCT/US2020/048411

10/24

WO 2021/045969

} § i m : } H O TR YO VN L SO SO VN UG T Y T VY AU TN VY VU WY T 1

% K NZ 7 Zl L NN NN PN NN AN A

F) 8 \Z \\mm Z 7 a [da)
= R/ A XXX T KK XXX XX - &
e K N 77 = 52 8
& INZ 74 SN N SN b WSO W Y5 YN [ sw m o
R RN Z NN A VN KKK PR R I e s 8 3
s [ENZ 7 N L X Y W SN SN L SN YN SN 10 N
£} NN\ T X R Zoin K2 KX R T X R =t n 2 2

NN77 27 [IG]]

A ==

N 2

i L.
Ao, Lad — 2 %
i o .W Z 2
T [45] [~ %
; - 5 B
o] ™ & »

o

3

Lo
L © 4
[ 7 m

[as] 3

< a8
iB40] @ =w

FIG. 5C

X Exact

X off-by—1
s

s

2

7

X2

V2777 off-~by~2
AN



WO 2021/045969

PCT/US2020/048411

R

‘\b

kGt
N

L) sbnienog

\ \\\\\

Discarded X
Protein

Rernoved highly variable region and
overlopping nuclectide homology

Removed 29
N-termingl AA

FIG. 6



WO 2021/045969

12/24

PCT/US2020/048411

! -
\ "
I\ -
IV .E

0.4 0.6
1 vs CHINA

04 0%
@

0.8 1.0

“vs NOT CHINA

=1 Dvae Genotype D voccine

Cref Genotype C reference sirain
~— CHn China Best Natural
e — (He Chinu Episensus sequence
ez GLn Global Best Natural
wemeemesna Gle Global Episensus Sequence
= 2CHGLe

FIG. 7A

Histograms:

PTE coverage
By 1000 rondomly

selected natural stroins




WO 2021/045969

13/24

PCT/US2020/048411

S

0.4 0.6

2 vs CHINA

0.4 0.6

0.8 1.0

2 vs NOT CHINA

o Dvac Genotype U vaccine

m (ref Genolype C reference strain
: — CHn China Best Notural

— — — — CHe China Episensus sequence
vvvvvvv = Gin Global Best Notural
seeesess GLe Global Episensus Sequence
=y 2CHGLe

FG. 7B

Histegrams:

PTE coverage
By 1000 rondomly

selected natural strgins




PCT/US2020/048411

WO 2021/045969

14/24

§ DId

g}
0t 911 14670 64870 } 7 196°0) 8¥8°0 &9 012660 ¥26°0 | et fpiiol dyTeuyTe i ¢
i030(5
uo peziuydo amﬂwguﬁ
£ GL ¥¥6°0) 6080 §1 0 Lyi086°0) 2LL0 b 0]146°0| 6/8°0 ] peublp tou) pup ‘pax} ‘oulyy ueh
paxy ig/ |  uo peziydo 1y jsay)
24850110} R A RA TR
& G4 [P0 1180 1 Lyi886°0| L8O b 016960 LS80 O e 1) L AR A
, . ' , . ' ipgo|3
B 1| SE6°0[LLLO] 6] LISIYO|6YL0] B, 0[956°0| 6780 £ oNousz | 7
€| LT 0S6'0[6LL0) £ §I06'0|60L°0] £ 1Z|SB60| G0 sy em douz 7|
, . u . . . BUIY)
6 7 [T6°0[SSL00 6 0| [68'0189C] 6] T |V86°0| Y680 oy iseq N7 | 7
a0 ¢ 10
L| 001 B6E0|6/9°0| 7| 15 6880|890, T 9|9z60| 1gro) PH R
g 2 i d3Tege T L 40
: . , : : : ipgely
¢ LT SIR0[ TS0\ T 6L 8IHO| €8S\ b L |LZ6°0| IBLO| e | oxou=t | 1
buy) 7 10
by 02%) €98°0) 08970 i L6 L2870 L4570 bi GLZ | 1E6°0 | 880 Emwﬁwsm_wn -
7 Bivd 1 dyTeum™y L 1]
DY
bl 612 19801 6%9°C i ¢y 64870 8/5°0 Vi L24 1606°0 1 9B (| Innpy ssg | PNTBUNGTE | ]
g L1 258°01 169°0 ¢l L0780 9850 & 01¢16°01 9690 {85186¢D0) suioDA) | |
b @P £88°0! £09°0 b % §GR'0| £59°0 b % 608°C | 8¥S0 {£8G£04) duidoag | |
funej | 10 pnog 103 funoj ¢ a3
210 150003 Hoy ponx3 50} Ise.oy 1ol Jopx3 210 lis0ioy {o) {oDX]] SJBiBIDIDY SUIDODA
[egqold BUIYY 10N DUIYD




WO 2021/045969

15/24

3 i i st i i 1
@ RN
=
8
21BN
= 5
—
[}
-
@
3
|-
2 R0
b
8 3
i
A RARs LR L Ll L L A L
e @ oy T O
SO o oo oo o
sb ﬂil(l‘llllhl‘ll(' sastisasbaaialcs Lsa
NN
olF
£ ™
= .
5
i
5
=
5| L&
<
7
k= .
fo] % -
o :
o B
b4 ,
3 =
i
¥ 1 Ll H T Y ) )
Torer @I S o O
PO OO
watats Bosssloeoclonocionan8cncnboncnlcosal
]
3
\i
\
fe]
£ \
= Bl
&
[P
[o]
g \
o |}
| .
@
g
a3
TS
§
LA R LA L ML L LA LA v
- S R R N

S OO OO oo S
sousnbhas isd unaw)
sbnisany

e ™97g
ids™19H0™Z
idsTHOTZ
s ™97y
ideTHO )
807
SDA'G"L

ida™97e
ida™9H 77
ide™Ho™Z
ids™ 97}
ids™HD T}
8074
SDA'G“;

™9™
ida™19HI T
ida™HI g
ids™97y
ids™H Ty
TR
31‘3;\'@"1

PCT/US2020/048411

FIG. 94



WO 2021/045969

16/24

I I RS WIS WA WIS WA SN R

2_CHGL_epi

SABCDEFGH

BCDEFGH
1_GL_epi

GH

D.vac

1

ABCDEF

=

[£ ]

(aauenbas iad upsw
sbpiero)

P
™~ AT oM o T
o T - S o T oo TR oo SR s S

PCT/US2020/048411

off-by—-2
off-by—1
Exact

&
<

X
X X
9,
D%

>
o
5
fota’s

X
&

%
9,
K

S
XX
%%

K2
»:

FIG. 9B



PCT/US2020/048411

17/24

WO 2021/045969

= [an]
¥ T 7 ] nnpw Y t 7 . nnaw

7%

|

@ _
o .‘ .. 2w = \ = =, B
o . . . P e T . \\\\\\\ = _
3 5% \ 7% . 2o S 7% _ \ " = = |
> s A i 5 55555655 ‘@ c@ Z s \m ‘@
A v o . s D e 7
= \\\\\\\\ \\\\\“\\\\\ @ B b . \\\\N\\“u\ oo © .
N . B =73 .
o LT, 7 83 f o 7 \0\\\ 7 L= £ e
= .\\m 7 m am \\\“m\\ \ m (4]
< 7 == 7
= \ . R \\\\\\\ = B2
ﬂw . . f=] 7 mD o=
iz — L H =
......... \\\\\\\\\N\Q & =L o T
) = ~5
o
<3
(o] Z
&~ . .
7 7 7 Z 7 Z 2, Z 7
S 7 s 7 7
- o = =t ™ < <
o < o )

abpisany abnisaoy abpisany

FIG. 10A

Alignment positions



PCT/US2020/048411

18/24

WO 2021/045969

1200
1200

1000
1000

2= Be g Se £
2 . =5Fa K _
=Y .. I G- \\\\\ \
® e S O - 1)
& / N . 2 o
& .\w\«\\\%\\\ . \\\\ = O -
3 \\\\\\\\\\m\\\ \\\\\\\ P =L 2 =
; ; o =L o B : <2
) < -~ e N
[ o]
S Pt
) 77 .
= . o « = o™ o
< <3 < <

abpioany sboisany sbisany

FG. 10B

Alignment positions



PCT/US2020/048411

WO 2021/045969

19/24

od =d ‘O
8107 =9

< S 7] 48piosd 3dS
| : “_ VRS WL O 0K 7Seag K 1SoHd

009't  95¥'l 00t 000 008 99¢ 99}

. <% S TS Y TSI - LKLY 0dS
009's  95¥') 00c'i 000} 009 007 002

KZS8Id K 1S84d_ <] Z-IWLY OdS
009's 957l 007 002

(TSI IS 0dS

009')  9g¥'l 00¥ 00z

I A I G 17 I 4 8107 <] 7 1ALV dSD
| m 3— (DM O = , : _ _

009't  95¥'s 00z't 000t 008 009 00y 002

A I G 1.7 I 4 5107 1 7 1ALV dSD
009't  95¥L 00zt 000" 008 009 00¥ 002

K S A" I G - 5107 <] ds0

m .wam Wum.m- ,:.ﬂﬂmmﬁhmmwﬁ U\YE { Q“ i ] § i t

09’ oshl 007t , 0000 008 009 00¥ 002

gL esi't oozt ookt ol 009 00y 002

o PRSHL THL AL



PCT/US2020/048411

WO 2021/045969

20/24

eomce Gl DK

8407 =)

u_ﬁ ] ] H ] @L@u mz.
60y 000V 008°s 009°s Q0¥'s 07°s Q00°s |

|

< 5307 4 “

60t  97¥ 877 87 002 000 |

|

8157 “

.”A ] ] § ] ] ] m

G607 787 ¥87 78 00¥°s 002 000°s |

8107 73 u

660y 000y 008°c 009 00¥'s 002' 000 |
|

HA ] i ] ] ] m

S60°Y 008 009°s 00¥'c 00Z'c 000°c |

|

GEO'Y000'Y  008'S 008 00Y'e 00z 000t |

|

Bd

MA ' ' i § ! ! t—t i
$60°Y 000 008' 009'S 007°s 002’ 000° |
817 000y 008°s 003°s 007°s 002 000°s m
|



PCT/US2020/048411

I DI

21/24

00y jod K s Kzsaudk sead | -1WIVOdS

sy j0d KL s Kzsoadk ygeud | Z-1HIVOdS

a0y K 104 UL S Kgsedd ysead | 74-0dS
10d K g Kzgead jsaad 803 | y-INLVASD
104 AT s Kesed jgead K 8100 | Z-IMLVAS)
I°d T s TKesaudd ysaud K 803 | 14-dSO

WO 2021/045969

PSRl CRL INL



WO 2021/045969 PCT/US2020/048411

22/24

{Predicted Mol Wi for full length epi)

~197kd

popioss 3dS

T TVARS
Z-1ALVDdS
2dS

¥~ H1VdS)
2~ LNLVdSD
450

R

non—boiled lysates

pspioad 0dS

7= HLY2dS o o
7~ INLVOdS S g
3dS =g

7~ IHLVdSD o
Z-1KLVdSD T2
T A2

dS0
430K

FIG. 11D



PCT/US2020/048411

Vel Ol

23/24

0i0) |- £78~109v -] i0d s KK isead || jod ¥ yp-0ds
2i0) | --009- 0¥ od K s Kgda K 1sead || jod % pig-0dS
80) | lod [-807—+62v~] K S Ko K 1sead || 1od % puz-0ds
si0) I o 00—y s (e asead || jod Y sl-0dS
o@ |z~ baY GB~ D@ ¢y~

L\ 1od __ Auo jo4d

GA

a0y K I°d 5 Kl Jseid | 74-0dS

WO 2021/045969



WO 2021/045969

24/24

o L2810V
3009-107V.
£ 007-1027

| £78-1097
2009~ 10vV
£ 0071077
0021V

8400 4+ §

jod

140dS

$o0p

PCT/US2020/048411

FIG. 128



