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ABSTRACT

Disclosed herein is a genetically-modified cell comprising in
its genome a modified human T cell receptor alpha constant
region gene, wherein the cell has reduced cell-surface
expression of the endogenous T cell receptor. The present
disclosure further relates to methods for producing such a
genetically-modified cell, and to methods of using such a
cell for treating a disease in a subject.

Specification includes a Sequence Listing.



Patent Application Publication Jul. 8,2021 Sheet 1 of 62 US 2021/0207093 A1

A,

TREZ
Half-gite

TRE 1-2 TGGO
Recognition Sequence 7

AL

TRCS TRE4
Hali-Site Half-8ite

TRC 3-4
Recognition Seguance TOTTTAC

TROT TROE

TRC V-8
Recognition Beguence O

First Subunit Second Subunit

N\ ©N

HBYR1 Linkey
Second Subunit First Subunit
: o
: N %.X\
EX:E%%éﬁ' i%ﬁzgﬁ

HYRZ Linkexr HYRL

FIGURE 1



US 2021/0207093 A1

Jul. 8,2021 Sheet 2 of 62

Patent Application Publication

Ve JdeNOid

HO&

NI TN T

JERS

L oG




US 2021/0207093 A1

Jul. 8,2021 Sheet 3 of 62

ion

t

Patent Application Publica

re

a3 C

e

g¢ JdNo

=

wf




US 2021/0207093 A1

,2021 Sheet 4 of 62

Jul. 8

Patent Application Publication

Ve J6no

-

TImATSO

RS 10

08 {(ZyadY 2

af

o




US 2021/0207093 A1

8,2021 Sheet 5 of 62

Jul.

tion

Patent Application Publica

ge Junoid

3
P Y
i
3
QLAY I
Giny I
x4 2
A I
4 dH T
FrE £L8




Patent Application Publication Jul. 8,2021 Sheet 6 of 62 US 2021/0207093 A1

FIGURE 4

OPFE

- ey
.
FOLOPEY




Patent Application Publication Jul. 8,2021 Sheet 7 of 62 US 2021/0207093 A1

FIGURE S




Patent Application Publication Jul. 8,2021 Sheet 8 of 62 US 2021/0207093 A1

FIGURE 6A

[RagsF 4




Patent Application Publication Jul. 8,2021 Sheet 9 of 62 US 2021/0207093 A1

FIGURE 6B

By, 7

I
jaten




Patent Application Publication Jul. 8,2021 Sheet 10 of 62  US 2021/0207093 A1

FIGURE 7A




Patent Application Publication Jul. 8,2021 Sheet 11 of 62  US 2021/0207093 A1

344

w0
P
il
o
-
O
S T

o8 B el
Fod
P o




Patent Application Publication Jul. 8,2021 Sheet 12 of 62  US 2021/0207093 A1

e,
i,
o
e,

PRPEPE
i
e

FIGURE 8



US 2021/0207093 A1

Jul. 8,2021 Sheet 13 of 62

Patent Application Publication

L

d45%

PR BRI~ i o

LBRE-T WL
PEEOT L
OERE-T O
LLRET L
09RE-T 3EL
BHRI-T L
ST AR A Q). 5 §
QERI-T Rl
BRT-T L
GRE-T 3¥lL
SHET AL
PEET OHD
g -1 Wl

T ELTHE-T DML

ESTXE-T ML

DETRE-T i

SOTRE-T

PE-EL OHD

s -1 aulL

FIGURE 9



US 2021/0207093 A1

Jul. 8, 2021 Sheet 14 of 62

Patent Application Publication

£ETTNE-T ML
£ ETTME-T DL
PENT-T YL
OR'XZ-1 4l
TLHE-T DL
OURZ-T YL
G5KE-T L
SEHT-T DHL

i rat i ge 1]
8HE-T ML
9'RE-T DHL

BLRP-E ML

EaPE ML

PE-EL OHD

LR ARl A1

FIGURE 9 (cont.)



US 2021/0207093 A1

Jul. 8,2021 Sheet 15 of 62

Patent Application Publication

By 00 P A0 0 R P
d45%

PLRE-L 3HL

&'88-L Jdl

PE-vd OHO

sqZ-TOuL

£t

LR

ot
o
o
P
L3
e
L8

FIGURE 9 {(cont.)



Patent Application Publication Jul. 8,2021 Sheet 16 of 62  US 2021/0207093 A1

(5.

60
50
o a0
;{% 243
= 3
10
o

& g &

% % 9

& &5 &

o & =

Lo L
vl £
= = e

FIGURE 9 (cont.)



Patent Application Publication Jul. 8,2021 Sheet 17 of 62  US 2021/0207093 A1

7@ ......................................................................................
6@ ................
ey i
01 Day 4
EQ ........ oy
Biay B
& 4%} ........ @ Dy 12
32
= 30
20
10
Q .............

TRC 1-2x.87 OF TRC 1-2x.87 £EQ TRC 1-2x.87 EE

FIGURE 10



Patent Application Publication Jul. 8,2021 Sheet 18 of 62  US 2021/0207093 A1

TRC 1-2%x5  TRC1-2x.6  TRC1-2x.8 TRC 1-2%.20 TRC1-2x.25

-+ -+ -+ -+ -+

TRC 1-2x55 TRC1-2x60 TRCI1-Zx.72 TRC1-2x.80 TRC1-Ix.84

-+ -+ -+ -+ -+

TRC 1-2x.105  TRC 1-2x.113/2 TRC 1-2x.113/3
-+ -+ -+

FIGURE 11



Patent Application Publication Jul. 8,2021 Sheet 19 of 62  US 2021/0207093 A1

LA05 «113/77

% 113/3

3

o 3

FIGURE 12



US 2021/0207093 A1

Jul. 8,2021 Sheet 20 of 62

Patent Application Publication

o
I
i

e,

TRO 3-2x.87 EE

e (33

e (L33

FIGURE 13



US 2021/0207093 A1

Jul. 8, 2021 Sheet 21 of 62

Patent Application Publication

L Z26N9

o




Patent Application Publication Jul. 8,2021 Sheet 22 of 62  US 2021/0207093 A1

ARY

“§~
Hudeass
{protein or mRNA]

TR

AAY

ABV-GFPR

FIGURE 15



Patent Application Publication

Jul. 8,2021 Sheet 23 of 62  US 2021/0207093 A1l

bl e Tl e A
a0S TR repalr 485

i
k]

e s Yol 205
m L\ ‘

B N

Ay
farl - Bkl - Bophl 3000

FIGURE 16



Patent Application Publication Jul. 8,2021 Sheet 24 of 62  US 2021/0207093 A1

805 TRE rapair 406

RARD bone
amE
&g%v

J
3.
s

Yo
ik {1681

TRY Al
enatrehi B i?-“‘
A .E;\)\

kR

Tzl / ,ff

LY

{3413 Beal 108

Bt - Bl - Bopllh (2406)

FIGURE 17



Patent Application Publication Jul. 8,2021 Sheet 25 of 62  US 2021/0207093 A1

Al B.

nGreenB Fluorescencs (GRN-B-HL nGraen-8 Fluorescencs {(GRN-B-HLiny-
497 224
34
) - A
2 M, {\ﬁz

/t’; \% = - M

Count
—
5
(o
Sﬂf

/ A
/ \X / \
ﬁ‘—@ j “““““““““f“““f ™
{ " ik AL SRR BN A i HEAALE M L S
wf gt e 1wt P 1P *@{;”ﬁ oo ot
GRN-B-HLUn - Graen-B Fluorssosncs (GRIGB-HUn) GRNB-HLn - Green-B Fluorescence (GRN-B-HLin
TRO1-Z BTEE nuclecfeciad, ?R{Awﬁﬁ;::& nucieofected,
GFPARY at Zhy - 88Y% GFP-AAY gt dhr - 78Y%

C.

o aGreen-B Fuoresoence {GRN-B-HUnj-
e 354

Count
=

J%:; Hidno Gre enaﬁ Fluomscance f@f’?‘é B-Hiin

TRO1-2x 8? £F nuclesfectsd,
(GFP-AAV ol Bhr - 85%

FIGURE 18



Patent Application Publication Jul. 8,2021 Sheet 26 of 62  US 2021/0207093 A1

()
)

ample | Nucleofeglion Wins
Mok (Water) 405 ARY
} g

Mook (Water

DU B B R

Mock (Water) Mock (Waten
4 TROL-ZETEE 1405 AR
5 TRO-2ETEE | 400 AAY

L]
ey

TRO-ZETEE | Mook (Walen)

FIGURE 19



Patent Application Publication Jul. 8,2021 Sheet 27 of 62  US 2021/0207093 A1

A

FIGURE 20



Patent Application Publication Jul. 8,2021 Sheet 28 of 62  US 2021/0207093 A1

A.

FIGURE 21



US 2021/0207093 A1

Jul. 8,2021 Sheet 29 of 62

Patent Application Publication

€ FHNoid

3 Y

7%

i)




US 2021/0207093 A1

Jul. 8,2021 Sheet 30 of 62

Patent Application Publication

SHIGH 7 18 DasnDsue w
Y ﬁé% g

chwad SHAG DS 4

0N Eries (TN ED) BOUBISBIONY BHussisy

O g

faines

\ ,,‘.
/ ‘Qm 3

- o "
& Y db
= =

/
m

|
A
M A
|
M

AUIH- NS} B0UR08 m@m & gm;

3

{
>
pr
~
it

wn

i i
o] e ]
L Lol
e R
H
W
i s mims e

eanmsrveemsmsne
i
i
SO
S
W

L6810

AU NG 8




Patent Application Publication Jul. 8,2021 Sheet 31 of 62  US 2021/0207093 A1

487 el

SHTEFSCDICAR T

A0
B
U’{J'UL i

FEEAPY Bt | ?3
{4336 S~

e,
S8

AV

A b b :

SO D .

BAT n-}mi; i/ \.\ § AT
! Pinf 268

Bl Bpulfi2026)

FIGURE 24



Patent Application Publication Jul. 8,2021 Sheet 32 of 62  US 2021/0207093 A1

77 Pl
§

\
|

Hindlt {2367}

/o Rl 00
T Ml (672

\ o
N Bl (2676

5, ¥

! 2 spvmi Y
ool 2720

5279 Bt - S

S35 P e
{059) Pshdt—
{4080} Komd

{4335 Hinell - Hodl

;
'
/
{490 Byl

FIGURE 25



Patent Application Publication Jul. 8,2021 Sheet 33 of 62  US 2021/0207093 A1

FIGURE 26



Patent Application Publication Jul. 8,2021 Sheet 34 of 62  US 2021/0207093 A1

A

P

PUR for Qulslde 5" homology amm: 1872 bp

5 o
5 ] il

LAy R el L = X L — o < e L)

R for Quiside 3 homology amy 1107 b
}

]
i

fon >
<

2o

O o = (X Pt forie] CE> g

FIGURE 27



Patent Application Publication

A

Jul. 8,2021 Sheet 35 of 62

US 2021/0207093 A1

200

bp homolgy

reference amplicon

v S 13290 ool [
- o diirent chromosoms

- with different flourophore

A
| PROBE
FORWARD

L o

{71200

.

{e30

<F

oI

£

L

% CAR Insertion

G
,

B

pmmnmn

gl

e

ARVAER
{8

Iy
Y

AAYA08 MOL

TRC  TRO:ARVAOR T
1

, 2 (g

{ s 12500

6250

RC+ARVADE TROTAAVADR TRO-AAVADE
Y

(3]

25000

FIGURE 28



Patent Application Publication

i e
ey
Lane)
-
g Fomeo b
oo oy iy
¥ s R J e By
e ey b CRLIN CiCEE Sl B
[ g TR L Lo R auX
: Frowr) e S
w2 = w i

Svwort
H

.7 TS S, ...
(X9 s g ta ) Lo S vov Lt ]
e < < 00 Lasee]
s e e g -
{ g s v v 3. y e 4
{pomiap-0R s} LOBSBIGNE Wy

{ I poenan-gR e} Loissaidis wyD

Jul. 8, 2021

L6250

it

i

L7
froted
(X
[
£33
.

vy ettt

£33
ko

7

Sheet 36 of 62

US 2021/0207093 A1

FIGURE 29

EFIS - S
CTERE 4 w, P el s
e ’\ <F
a"c
E3 3.
2 e
[V v
cEx
¥l
SRl
o &3
8=
Foonm i
o3 o
g g o
CFess Aot e
S ¥ ey L e
L) <l Eagr] L SR e et
oy Frowe o Peee i
g g g e e
FEORYORAOE SRURY BOISSSINYS LYn
{Fyomvaly-QeiuB) ossaIie Myh
Led e
s
e
%
w
w .
[V g e
25
o S
[N
sl
PSR % )
® bd % N
s o
P
X2 ® .
s e
\::"C,?{ v:g-c*f)_ .
L Fove e e
o g ” pereese Eat S
ww g vy N T O
Ty Fitess & P P
e gmen e e g



Patent Application Publication

Jul. 8, 2021

MO

Sheet 37 of 62

US 2021/0207093 A1

UED

CONTI

FIGURE 29

L3 -
o B

LT CHD
pe 3

125000

H
i

MO

3
s
0
o
;

} LN AL
Urgeeiaed
LG 0
CF

<
ageen e
ey
¥
[ Xep]
o]
o

{1yopranE e

i

is53idee aw



US 2021/0207093 A1

Bl Boutli

Cal
=
[
.s“” .
..... P
& e
e £
<3 g <2
- < <o
P ey
“ =
= = =
s 3 o e
[ o)
LRI

Jul. 8,2021 Sheet 38 of 62

Patent Application Publication

FIGURE 30



US 2021/0207093 A1

Jul. 8,2021 Sheet 39 of 62

Patent Application Publication

300

88 Al
YR
SRR

5 {xw
&

o
e

<t

FIGURE 31



Patent Application Publication Jul. 8,2021 Sheet 40 of 62  US 2021/0207093 A1

6 7 8 ¢ w o

5 H 10}
F N N T N

FIGURE 32



Patent Application Publication

ol
LI v S S
¥ T Lot 4
=y oy
Lo Loge-)

4
t!
H
H

Jul. 8, 2021 Sheet 41 of 62

[agsd

=

v
o>
3

Ch3

US 2021/0207093 A1

FIGURE 33

o
ot T
H

-

K

i
5 L2

NG
o Gk
[agr)
g [t
e £ e SYT
(e L et =
[¥g] e g LA SR e eS| N
foson 3 Fiwee) < < fown)
R el A e g e Raael
@
FatTaiala)
Lissaltee Wy



Patent Application Publication

3

£y

£

MOE- 7813

o
il

A e

i
oo

foveet Poow

uossaidis

Jul. 8, 2021

Sheet 42 of 62

US 2021/0207093 A1

CONTINUED

FIGURE 33

LNF LD
F
Laa]
Rove]
[
ey
o =
-
e 2
b
RS T
(X9
e}
peed
L 00
LR
[ SN

C03
g




US 2021/0207093 A1

Jul. 8,2021 Sheet 43 of 62

Patent Application Publication

Pt i ] L L )
LS e CHEP
o D]
Froaw o
e N Y
s T3 g
a2 b & 4
3w o
& 5 o
S oL,
TES wett ] T
i L] By ageee
2O (]
ez v [ sy
3 e Bt e
[y [Ny
s A [
e e
o
o | o
e g €I posuto
L oo C oy CF e
R Ty : poree et pores
L g P Pt IR e Tt | (¥
Laivier} Rae L3 L L) Leivee)
== == e = = b
Uoissaide Wy
LR - Y Fpe
o nNu, r o () 3
£ [ueS TR e <
- e
e J—
= e @
w3 A k=
2 : 2
& o B
[ ) - Kaed 5
_ 2, 3 =
e preest [
el o
o - €3
&2 - X
ez -
.
e ol &2 1y
s P R sl e Pn\“w
e (Lot CFes
..Jnl.lwﬁ.\a« Y T b Y ey L WY LA L T TR
18y ey o3 L T w©y g oy e g
Lol o i) P & o] Fa) o P P
P s e N R b et et s B
x
<t LesSRINe WyD HOISSaIiNe WY
. . b ¥ A

FIGURE 34



US 2021/0207093 A1

Jul. 8, 2021 Sheet 44 of 62

Patent Application Publication

eofected

fock nug

F\,

e
o
-3
o Ll
PV S
.7 SRS WO o -
Ly g e NG e
fseoe) Pise) & Pl o
e aem- A R o
SO0 I, g
HissEide Ny
A e -
FE o
s o
s
e
e R
S e
o
o
e o
-
Pt o
g s A
Ol CHemr
o v : ooy CoONe ey
() g o7 ol ST N
Con s fosee) < <o
g Rae e e el

1

Co3

{03

3
:

o

;
KN

5
Ly
WA

RO nucl

Apn
e

4214

5 i
X

A

)

Lot Lo

CERCER

Chaes Rl e
e LA ] B s
E
g
e o
o .
oy
ey
- -
"
o ol
e ] o
Cxr e
et R areogheoega T g
@y g oy R = L)
R R gmen g =
,
DAty iy g
HOIBS0ICNE WY0
IR
e
«
g
e €N
¥ een
e L A S e e T e
) =g oy NN
ey i) P < e
ageer g e g R

HOISSRINE WY

Cod

NTINUED

&
h
H

FIGURE 34
Cco



Patent Application Publication Jul. 8,2021 Sheet 45 of 62  US 2021/0207093 A1

’zﬂ;{;%' nucieoiacied

Mook nucleofected ABVAZT MO 31 250
W (2 £ 1 ¢
4 i i
ol 211 04012 285
= 10 51
2] =
55 @{}3 =
o Y3 %=
23 : <3
g T
ek -
04, s
4“2 ‘& E 563
m; (Sl}g ﬁlq L] (1 i‘r. LER) ‘z Kl i
ind apd A
0 ® ot
Ci Cod
TRC nusleofacted
TRE nucleniacied + AAVAZY MO0
R 87 : j& 2
0 415 345 14557 84
& 10t 5 1
e 3 ?”; i
£ &
20 RS
s =t 3
3 ﬁ 3 .
L
104 102 4
3 n E
Q?,; o & ‘:: :é’é
(0 59 D Ry
-1 A I AL DR ooy -10
f A{}é ind e
kY, byl 1%

FIGURE 34

CONTINUED



Patent Application Publication Jul. 8,2021 Sheet 46 of 62  US 2021/0207093 A1

FIGURE 35

4
o L0
e 2
[Eed |
i C.'.'._ ‘l:3' L ',2
(- Foe) oot e
”'("'B’m ¥ T QIS ?2 38 s .;::‘
[Sige) =l T [t R oDt
S < £ *
*
1 1PN Y
uoissaidie Yy
TG TR
e it Chgoi e
g <EwE G2

ong oo
e LT b
e R S
o o fvene -
£ ek & ok
gres 02 ] o SO0 B tas
i RO Tons't Suypeitl B L e el
it 7 poepnngerey P £ : ¢ teeepitst e e <2
W g oy g TN ey g o e M- TN
Py oo &> < < Fieess <o ST N
e = e e ey A
S TS e 5
LISS3 HOISSRI0NE WY
e R
LA
o

#
e
o

s
Lid
-
)

g <,
o g S - L
Lid . 3 2'{3 -
wpres P mg g e g N
o F e R Tome'S Bl L Fee’ [ T il
¥ ? L i TR L2 Y 7 s g L
wy g ) g ST Lz g oy S T
o) [ &< [ N o < P < <
e s . e e o
HoissRidee Wy 801558058 My



Patent Application Publication Jul. 8,2021 Sheet 47 of 62  US 2021/0207093 A1

FIGURE 35
CONTINUED

oot frvod Pivovet [roved roest

UOISSBINNS WYO

g
f)

=2 Frone)
* &5
&5
e ey T
" (] - e
) [ S
S o>
=
e

o

osey

¥ ¥ 7 Lokt it
() e £y g KON

< o) foow)

e " T = i

pee
¥

ol

[
proer e T s e
g oy TN SO
o b o
= = = =

X




Patent Application Publication Jul. 8,2021 Sheet 48 of 62  US 2021/0207093 A1

A, 1RO nuciefected
+ AAVAZZ MO 25,00

Mook nuclenfecied 4
’ 5 G ) ,gﬂf; N S
L ¥ 3 3 9] 4 4
CE b a7 3444

IS
L]
2
T8
g

2
[
a2

;gr(;};{;?f? Qz ?":5 ‘g‘-‘:%, 'QE
M (Vi [RE M Kok 170

N

At}

o

CAR expres

g 404 4

ey B 04 Q04

BT LA —m——
0 oot

e

(BN

w2
£




US 2021/0207093 A1

Jul. 8,2021 Sheet 49 of 62

Le AdNDId S0SZAON

~ e
Lid 600

gone
&,

(K]
<
a—ve

A

Q PO TIY R 228 PR YT S dgmia Smmssd Q

¥
N
<
prss

LA )

L3 LA

& botp!

m.m{m« .).mw mf..w o ﬁy\.v
v - 3G - iG>

H
Lo
195408 088 Y AAD DY

L I 2t 2 2t

o
¥
o
o)
8ty
(]

Patent Application Publication



Patent Application Publication

250K

200K

250K

annyg
200K

R

Ny

&

o

w oae

-
fted

e

Jul. 8,2021 Sheet 50 of 62

B2M

ks

b

US 2021/0207093 A1

CONTINUED

FIGURE 37

2

Ll

e
e
LX)

2008 -

dtnast

o

e

B

¥-O88




Patent Application Publication Jul. 8,2021 Sheet 51 of 62  US 2021/0207093 A1

CONTINUED

i
FIGURE 37

»
3
A

- €75 1
oy B

B(K

T

Lo ]

frest b

;r\
N
T

T [N 3’ 1 & M g
o g i fosoe)
<o

i3 Y

25
200
150
100
&
2




Patent Application Publication

A

Jul. 8,2021 Sheet 52 of 62

US 2021/0207093 A1

U537 (hyeloid vmphoma)

i
500 p
p
-
-
-
-
-
-
:§‘:’:% PATATaY g
& 500 P
(3
[ 4?‘}4
=
5 "
ax i
;‘:":é éf.’{}\} 4

B
el
o
",

100
05 s 15
Q 3
4 [4e4) {4y
{24 {41 &4
Effector : Target rafio
&000 e
o 5515
5000 O\\% e
WA ’“\\&KQ?{
W N
= ¥
g-; .
& anan
= 3282
= m*‘\m VRS
¥ " IR
= 000 2750
= h
= T
3 e,
¥ e A0
s::g 2 fr \\ igx.hﬁf
§ (Y RS
TE3
o]
conad
1000
{“g i ) 3
Vv . i
Contrgl 2hrs 3hrs Ahrs 5 by

FIGURE 38



US 2021/0207093 A1

Jul. 8,2021 Sheet 53 of 62

Patent Application Publication

Samplelh

I
[
o

£

B 2
gl peiofoned
oo B g ﬁ/(v,n.,... .
it WIEPT I e * I s
ey gt e ../;.n P
<> Reecd ﬂU x&z <
e e st

{14 Ge4pum) vty ssaidie S 4y

€

L

iy
oo

{190 Rdnug) uo 5a10%E

oy
a2 Y )
=2 0
5 Foru
& =
S5 3
£33
L]
-1
o
A e
[T )
et oz
{8 Jreee CoFeid e,
4t wr L anas PO i o g
[T g L) ond gmhag v
b fs <> < Pooe
e el

T L
3R

<

25 g
R i
e < ‘HQJ e

FOTF IS rreer &
P =g «..<. .v n;.cw! o] n. ot

< Q ﬁtzu. el
4 2t =2

- {179 Qed-uz) uoissaidxe Wy

N
LT
L

i
ihe

arpiel)
ai

3

R&a ey [ ﬂ....un..,/ e

mam | mﬁm g U oﬂhmw%mné

T
e
—
-
G
L o
£
Lon o
28 ba
<
2
R
T 3
- 2,
fat e
o :
=24 o
et S
Bl ‘{.uﬁ..u ey
R oo mé Pl
fee fse <3 <o
g R R g

™ (149 GuE) uerssaicka ¥y

2
f.54

A
3%
-
R o
R
>
i
[t
o
s
- [Fe
e 6o gy R
e Coabemad v
ik 3 O
w2 hcl o ﬁ.;.ws Fove 149 e
<o <o faerd fsoe] Lsowe
rosd eect =2
£
o £




Patent Application Publication

3%
A sl
10y
VR
fte)

Iy
£43

s

o

far

&

o i
4

Foer

L&

e

fae]

i, AN

I Y]

e iV

£

L5 -

RS

2.

% 1

o :

Sorde

z

Ly

et Zg

5,

) (}4
4;’4 {}\3
<4

Jul. 8, 2021

Sampiein)

TRE T ol

nion NG

ot
CodPa

f‘Ee

Loadii

+ ;3” h"}{ A

; w;{}‘?

resmpedons
[ia A

AN S
CD3-ERBIS

Tt fn g

REHn

LN NG

30,10

Sheet 54 of 62

US 2021/0207093 A1

ué%‘ﬁ}

R D

(IR \i'»..v

P

-
10

CO3-BB1G

SamnlelD

i
HH
i i

Lt

i NG

0007

T 1
& 137
=-..'a.‘.4 /g':‘ér.
S
&
G u
o2 4y
£ 105
s -t
ag
o 1ty
=3
233081
Sl

Samniel

-::,3:
Lo S
ST

( “‘ éu’{: g«,{"&(:‘: .\‘(
ey
A M
=1
=
m .
T
Ry ke
fg
B 40}
7 10%
fex)
L
i o0
o 144
il EISY:
<3 3‘ ié

?

HGUQEBQ

CONTINUED




Patent Application Publication Jul. 8,2021 Sheet 55 0f 62  US 2021/0207093 A1

Samgial
HTRC + D DMV GRE NE 767

sampiel)
ARG+ DS 200 JETRD

- TEw
B e
11
203
[

2 642 - 3
~ (i!} v - 1 o ‘i‘;‘ o ‘;s. -y
ff}= W g
COMBRS

—sAmpeil e D]
oS 200 e TRND AT L pDECRV SRS NG 763

ey

; % : *
w0 w0
(0388515

FIGURE 39

CONTINUED



Patent Application Publication Jul. 8,2021 Sheet 56 of 62  US 2021/0207093 A1

2 3 i B 8 g 10 12

1 2 3 4 5 & 7 &
- Srmtrogenlmgmtregemlmirntongmlomienlmgmlpniplnilpmge

K}
. .
80000

FIGURE 40



US 2021/0207093 A1

Jul. 8,2021 Sheet 57 of 62

Patent Application Publication

pli B3 JET CAR TS

¢ ,\\..

S
/ \\ ‘\\\ \ /

SIS

55 UPE OE YE T S o tmrizam =
di SE B BRLmED gl e ke e
&t S e M.m“..«:.wﬂ S <

P4



Patent Application Publication Jul. 8,2021 Sheet 58 of 62  US 2021/0207093 A1

NG L o KI'}
it CHpeli i
e : e T o

FIGURE 42

v
e

T CEEL EEES ST
Lo gt oney CHE Tggd e
o3 G T Tk

et &5
e =
o SK2 PR
fa B faa e
L I
i
- S
e
L LL i T ; e
- o3 o e ey g oy
L) oI L] L) < o) ]
g g R - geee R R
Lot L] L ou] L] f;f:) 'A’ff')r")_
s CHeeni vy L 2 gt 2
L] e I - L e 02
o .
- .
E 5 X
N .
) e
e
o A3
o £3 57
e G B3 L
. )
s
=
e 02
.
A
S
L S
aTa e 73
X
Lo

uossaiie Wy



Patent Application Publication Jul. 8,2021 Sheet 59 of 62  US 2021/0207093 A1

o N
EETS
Lt
3 Fa
LIS
e
(¥ =
o
-2 &
)
sl
Leead
P
o 0k
VT
s
a2
] R
Ees [Ty CFe
a o o
o
R
e e s
- 3w mooe (_:«-:)
;_{) i o
- g T
B ISRy o1
{ ey, 3 7 P
i T b L b
- L5 oo
T L
P P
oy g »
S . o
ity e S o . 1
F5etbert < R SRR i s e
s e (¥ g ooy X IR - R o S
i L)
e Satd g Ao - At
» k3
L el -
o3 o3 i
<3 g S
Lo
ot o
o ATt _
L N L S A
: e R
=2 @ 2
S o -
a



Patent Application Publication Jul. 8,2021 Sheet 60 of 62  US 2021/0207093 A1

FIGURE 43



Patent Application Publication Jul. 8,2021 Sheet 61 of 62  US 2021/0207093 A1

o5 1 (2 5 I i
Y :32 i q{-.’: E{}‘ n?»:p s
-\.1 K £. .}‘.1 'fi{}‘-{i ‘g}‘a.%-.fg

Yatal 'é'c" f\.{}
Deplete o

e G017

S bt W i£ 1

5 5 Naive
?g";u e o W [ teid iy
i I e

E - o
044 " e
5 40 2.82
W Y

ERAALL N AR AL

{
3 NS
w0t A

CO4ERO

FIGURE 44



Patent Application Publication Jul. 8,2021 Sheet 62 of 62  US 2021/0207093 A1

Ro=s
5l

k<S]

FIGURE 45

Lo

3tea,
2
-]

N pEey  LWO LW LN



US 2021/0207093 Al

GENETICALLY-MODIFIED CELLS
COMPRISING A MODIFIED HUMAN T
CELL RECEPTOR ALPHA CONSTANT

REGION GENE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/964.,446, filed Apr. 27, 2018, which
is a continuation of U.S. patent application Ser. No. 15/865,
089, filed Jan. 8, 2018, which claims priority to International
Patent Application No. PCT/US2016/055492, filed Oct. 5,
2016, which claims priority to U.S. Provisional Application
No. 62/297,426, entitled “Genetically-Modified Cells Com-
prising a Modified Human T Cell Receptor Alpha Constant
Region Gene.” filed Feb. 19, 2016, and U.S. Provisional
Application No. 62/237,394, entitled “Genetically-Modified
Cells Comprising a Modified Human T Cell Receptor Alpha
Constant Region Gene,” filed Oct. 5, 2015, the disclosures
of which are hereby incorporated by reference in their
entireties.

FIELD OF THE INVENTION

[0002] The invention relates to the fields of oncology,
cancer immunotherapy, molecular biology and recombinant
nucleic acid technology. In particular, the invention relates
to a genetically-modified cell comprising in its genome a
modified human T cell receptor alpha constant region gene,
wherein the cell has reduced cell-surface expression of the
endogenous T cell receptor. The invention further relates to
methods for producing such a genetically-modified cell, and
to methods of using such a cell for treating a disease,
including cancer, in a subject.

REFERENCE TO A SEQUENCE LISTING
SUBMITTED AS A TEXT FILE VIA EFS-WEB

[0003] The instant application contains a Sequence Listing
which has been submitted in ASCII format via EFS-Web and
is hereby incorporated by reference in its entirety. Said
ASCII copy, created on Apr. 25, 2018, is named
P109070014US10-SEQ-MIT.txt, and is 264,046 bytes in
size.

BACKGROUND OF THE INVENTION

[0004] T cell adoptive immunotherapy is a promising
approach for cancer treatment. This strategy utilizes isolated
human T cells that have been genetically-modified to
enhance their specificity for a specific tumor associated
antigen. Genetic modification may involve the expression of
a chimeric antigen receptor or an exogenous T cell receptor
to graft antigen specificity onto the T cell. By contrast to
exogenous T cell receptors, chimeric antigen receptors
derive their specificity from the variable domains of a
monoclonal antibody. Thus, T cells expressing chimeric
antigen receptors (CAR T cells) induce tumor immunore-
activity in a major histocompatibility complex non-re-
stricted manner. To date, T cell adoptive immunotherapy has
been utilized as a clinical therapy for a number of cancers,
including B cell malignancies (e.g., acute lymphoblastic
leukemia (ALL), B cell non-Hodgkin lymphoma (NHL),
and chronic lymphocytic leukemia), multiple myeloma, neu-
roblastoma, glioblastoma, advanced gliomas, ovarian can-
cer, mesothelioma, melanoma, and pancreatic cancer.
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[0005] Despite its potential usefulness as a cancer treat-
ment, adoptive immunotherapy with CAR T cells has been
limited, in part, by expression of the endogenous T cell
receptor on the cell surface. CAR T cells expressing an
endogenous T cell receptor may recognize major and minor
histocompatibility antigens following administration to an
allogeneic patient, which can lead to the development of
graft-versus-host-disease (GVHD). As a result, clinical trials
have largely focused on the use of autologous CAR T cells,
wherein a patient’s T cells are isolated, genetically-modified
to incorporate a chimeric antigen receptor, and then re-
infused into the same patient. An autologous approach
provides immune tolerance to the administered CAR T cells;
however, this approach is constrained by both the time and
expense necessary to produce patient-specific CAR T cells
after a patient’s cancer has been diagnosed.

[0006] Thus, it would be advantageous to develop “off the
shelf” CAR T cells, prepared using T cells from a third party
donor, that have reduced expression of the endogenous T
cell receptor and do not initiate GVHD upon administration.
Such products could be generated and validated in advance
of diagnosis, and could be made available to patients as soon
as necessary. Therefore, a need exists for the development of
allogeneic CAR T cells that lack an endogenous T cell
receptor in order to prevent the occurrence of GVHD.

[0007] Genetic modification of genomic DNA can be
performed using site-specific, rare-cutting endonucleases
that are engineered to recognize DNA sequences in the locus
of interest. Methods for producing engineered, site-specific
endonucleases are known in the art. For example, zinc-finger
nucleases (ZFNs) can be engineered to recognize and cut
pre-determined sites in a genome. ZFNs are chimeric pro-
teins comprising a zinc finger DNA-binding domain fused to
the nuclease domain of the Fokl restriction enzyme. The
zinc finger domain can be redesigned through rational or
experimental means to produce a protein that binds to a
pre-determined DNA sequence ~18 basepairs in length. By
fusing this engineered protein domain to the FokI nuclease,
it is possible to target DNA breaks with genome-level
specificity. ZFNs have been used extensively to target gene
addition, removal, and substitution in a wide range of
eukaryotic organisms (reviewed in Durai et al. (2005),
Nucleic Acids Res 33, 5978). Likewise, TAL-effector nucle-
ases (TALENSs) can be generated to cleave specific sites in
genomic DNA. Like a ZFN, a TALEN comprises an engi-
neered, site-specific DNA-binding domain fused to the FokI
nuclease domain (reviewed in Mak et al. (2013), Curr Opin
Struct Biol. 23:93-9). In this case, however, the DNA
binding domain comprises a tandem array of TAL-effector
domains, each of which specifically recognizes a single
DNA basepair. A limitation that ZFNs and TALENs have for
the practice of the current invention is that they are het-
erodimeric, so that the production of a single functional
nuclease in a cell requires co-expression of two protein
monomers.

[0008] Compact TALENs have an alternative endonu-
clease architecture that avoids the need for dimerization
(Beurdeley et al. (2013), Nat Commun. 4:1762). A Compact
TALEN comprises an engineered, site-specific TAL-effector
DNA-binding domain fused to the nuclease domain from the
1-Tevl homing endonuclease. Unlike Fokl. I-TevI does not
need to dimerize to produce a double-strand DNA break so
a Compact TALEN is functional as a monomer.
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[0009] Engineered endonucleases based on the CRISPR/
Cas9 system are also know in the art (Ran et al. (2013), Nat
Protoc. 8:2281-2308; Mali et al. (2013). Nat Methods
10:957-63). A CRISPR endonuclease comprises two com-
ponents: (1) a caspase effector nuclease, typically microbial
Cas9; and (2) a short “guide RNA” comprising a ~20
nucleotide targeting sequence that directs the nuclease to a
location of interest in the genome. By expressing multiple
guide RNAs in the same cell, each having a different
targeting sequence, it is possible to target DNA breaks
simultaneously to multiple sites in the genome. Thus,
CRISPR/Cas9 nucleases are suitable for the present inven-
tion. The primary drawback of the CRISPR/Cas9 system is
its reported high frequency of off-target DNA breaks, which
could limit the utility of the system for treating human
patients (Fu et al. (2013), Nat Biotechnol. 31:822-6).

[0010] Homing endonucleases are a group of naturally-
occurring nucleases that recognize 15-40 base-pair cleavage
sites commonly found in the genomes of plants and fungi.
They are frequently associated with parasitic DNA elements,
such as group 1 self-splicing introns and inteins. They
naturally promote homologous recombination or gene inser-
tion at specific locations in the host genome by producing a
double-stranded break in the chromosome, which recruits
the cellular DNA-repair machinery (Stoddard (2006). Q.
Rev. Biophys. 38: 49-95). Homing endonucleases are com-
monly grouped into four families: the LAGLIDADG (SEQ
ID NO:7) family, the GIY-YIG family, the His-Cys box
family and the HNH family. These families are characterized
by structural motifs, which affect catalytic activity and
recognition sequence. For instance, members of the LAGLI-
DADG (SEQ ID NO:7) family are characterized by having
either one or two copies of the conserved LAGLIDADG
(SEQ ID NO:7) motif (see Chevalier et al. (2001). Nucleic
Acids Res. 29(18): 3757-3774). The LAGLIDADG (SEQ ID
NO:7) homing endonucleases with a single copy of the
LAGLIDADG (SEQ ID NO:7) motif form homodimers,
whereas members with two copies of the LAGLIDADG
(SEQ ID NO:7) motif are found as monomers.

[0011] I-Crel (SEQ ID NO: 6) is a member of the LAGLI-
DADG (SEQ ID NO:7) family of homing endonucleases
that recognizes and cuts a 22 basepair recognition sequence
in the chloroplast chromosome of the algae Chlamydomonas
reinhardtii. Genetic selection techniques have been used to
modify the wild-type I-Crel cleavage site preference (Suss-
man et al. (2004), J. Mol. Biol. 342: 31-41; Chames et al.
(2005), Nucleic Acids Res. 33: €178; Seligman et al. (2002),
Nucleic Acids Res. 30: 3870-9. Arnould et al. (2006), J. Mol.
Biol. 355: 443-58). More recently, a method of rationally-
designing mono-LAGLIDADG (SEQ ID NO:7) homing
endonucleases was described that is capable of comprehen-
sively redesigning 1-Crel and other homing endonucleases
to target widely-divergent DNA sites, including sites in
mammalian, yeast, plant, bacterial, and viral genomes (WO
2007/047859).

[0012] As first described in WO 2009/059195, 1-Crel and
its engineered derivatives are normally dimeric but can be
fused into a single polypeptide using a short peptide linker
that joins the C-terminus of a first subunit to the N-terminus
of a second subunit (Li et al. (2009). Nucleic Acids Res.
37:1650-62; Grizot et al. (2009). Nucleic Acids Res.
37:5405-19). Thus, a functional “single-chain” meganucle-
ase can be expressed from a single transcript.
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[0013] The use of engineered meganucleases for cleaving
DNA targets in the human T cell receptor alpha constant
region was previously disclosed in International Publication
WO 2014/191527. The *527 publication discloses variants
of the I-Onul meganuclease that are engineered to target a
recognition sequence (SEQ ID NO:3 of the *527 publica-
tion) within exon 1 of the TCR alpha constant region gene.
Although the ’527 publication discusses that a chimeric
antigen receptor can be expressed in TCR knockout cells,
the authors do not disclose the insertion of the chimeric
antigen receptor coding sequence into the meganuclease
cleavage site in the TCR alpha constant region gene.
[0014] The use of other nucleases and mechanisms for
disrupting expression of the endogenous TCR have also
been disclosed. For example, the use of zinc finger nucleases
for disrupting TCR genes in human T cells was described by
U.S. Pat. No. 8,956,828 and by U.S. Patent Application
Publication No. US2014/0349402. U.S. Publication No.
US2014/0301990 describes the use of zinc finger nucleases
and transcription-activator like effector nucleases (TAL-
ENs), and a CRISPR/Cas system with an engineered single
guide RNA for targeting TCR genes in an isolated T cell.
U.S. Patent Application Publication No. US2012/0321667
discloses the use of small-hairpin RNAs that target nucleic
acids encoding specific TCRs and/or CD3 chains in T cells.
[0015] However, the present invention improves upon the
teachings of the prior art. The present inventors are the first
to teach genetically-modified cells that comprise an exog-
enous polynucleotide sequence (e.g., a chimeric antigen
receptor or exogenous TCR coding sequence) inserted into
the human TCR alpha constant region gene, which simul-
taneously disrupts expression of the endogenous T cell
receptor at the cell surface. Further, the prior art does not
teach the meganucleases or the recognition sequences
described herein, or their use for producing such genetically-
modified cells.

SUMMARY OF THE INVENTION

[0016] The present invention provides a genetically-modi-
fied cell comprising in its genome a modified T cell receptor
(TCR) alpha constant region gene. Such a cell is a geneti-
cally-modified human T cell, or a genetically-modified cell
derived from a human T cell. Further, such a cell has reduced
cell-surface expression of the endogenous TCR when com-
pared to an unmodified control cell. The present invention
also provides a method for producing the genetically-modi-
fied cell. The present invention further provides a method of
immunotherapy for treating cancer by administering the
genetically-modified cell.

[0017] Thus, in one aspect, the invention provides a
genetically-modified cell comprising in its genome a modi-
fied human TCR alpha constant region gene, wherein the
modified human TCR alpha constant region gene comprises
from 5'to 3" (a) a 5' region of the human TCR alpha constant
region gene; (b) an exogenous polynucleotide; and (c) a 3'
region of the human TCR alpha constant region gene. The
genetically-modified cell is a genetically-modified human T
cell or a genetically-modified cell derived from a human T
cell. Further, the genetically-modified cell has reduced cell-
surface expression of the endogenous TCR when compared
to an unmodified control cell.

[0018] In one embodiment, the exogenous polynucleotide
comprises a nucleic acid sequence encoding a chimeric
antigen receptor, wherein the chimeric antigen receptor
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comprises an extracellular ligand-binding domain and one or
more intracellular signaling domains.

[0019] In one such embodiment, the chimeric antigen
receptor comprises an extracellular ligand-binding domain
having at least 80%, at least 85%, at least 90%, at least 95%,
or up to 100% sequence identity to SEQ ID NO:112,
wherein the extracellular ligand-binding domain binds to
CD19.

[0020] In another such embodiment, the chimeric antigen
receptor comprises an intracellular cytoplasmic signaling
domain having at least 80%, at least 85%, at least 90%, at
least 95%, or up to 100% sequence identity to SEQ ID
NO:113.

[0021] In another such embodiment, the chimeric antigen
receptor comprises an intracellular co-stimulatory signaling
domain having at least 80%, at least 85%, at least 90%, at
least 95%, or up to 100% sequence identity to SEQ ID
NO:114.

[0022] In another such embodiment, the chimeric antigen
receptor further comprises a signal peptide. In some embodi-
ments, the signal peptide can have at least 80%, at least 85%,
at least 90%, at least 95%, or up to 100% sequence identity
to SEQ ID NO:115.

[0023] In another such embodiment, the chimeric antigen
receptor further comprises a hinge domain. In some embodi-
ments, the hinge domain has at least 80%, at least 85%, at
least 90%, at least 95%, or up to 100% sequence identity to
SEQ ID NO:116.

[0024] In another such embodiment, the chimeric antigen
receptor further comprises a transmembrane domain. In
some embodiments, the transmembrane domain has at least
80%, at least 85%, at least 90%, at least 95%, or up to 100%
sequence identity to SEQ ID NO:117.

[0025] In another such embodiment, the chimeric antigen
receptor has at least 80%, at least 85%, at least 90%, at least
95%, or up to 100% sequence identity to SEQ ID NO:111.
[0026] In another embodiment, the exogenous polynucle-
otide comprises a promoter sequence that drives expression
of the exogenous polynucleotide. In one such embodiment,
the promoter sequence has at least 80%, at least 85%, at least
90%, at least 95%, or up to 100% sequence identity to SEQ
1D NO:118.

[0027] In another embodiment, the nucleic acid sequence
of the exogenous polynucleotide has at least 80%, at least
85%, at least 90%, at least 95%, or up to 100% sequence
identity to SEQ ID NO:119.

[0028] In another embodiment, the exogenous polynucle-
otide is inserted into the TCR gene at a position within a
recognition sequence comprising SEQ ID NO:3. In one such
embodiment, the modified human TCR alpha constant
region gene comprises a nucleic acid sequence having at
least 80%, at least 85%, at least 90%, at least 95%, or up to
100% sequence identity to SEQ ID NO:120.

[0029] In another embodiment, the exogenous polynucle-
otide is inserted into the TCR alpha constant region gene at
a position within a recognition sequence comprising SEQ ID
NO:4. In one such embodiment, the modified human TCR
alpha constant region gene comprises a nucleic acid
sequence having at least 80%, at least 85%, at least 90%, at
least 95%, or up to 100% sequence identity to SEQ ID
NO:121.

[0030] In another embodiment, the exogenous polynucle-
otide is inserted into the TCR alpha constant region gene at
a position within a recognition sequence comprising SEQ ID
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NO:5. In one such embodiment, the modified human TCR
alpha constant region gene comprises a nucleic acid
sequence having at least 80%, at least 85%, at least 90%, at
least 95%, or up to 100% sequence identity to SEQ ID
NO:122.

[0031] In another aspect, the invention provides a phar-
maceutical composition comprising a genetically-modified
cell, as described herein, and a pharmaceutically acceptable
carrier.

[0032] In another aspect, the invention provides a geneti-
cally-modified cell, as described herein, for use as a medi-
cament. The invention further provides the use of a geneti-
cally-modified cell, as described herein, in the manufacture
of' a medicament for treating a disease in a subject in need
thereof. In one such aspect, the medicament is useful in the
treatment of cancer. In some embodiments, the treatment of
cancer is immunotherapy.

[0033] In another aspect, the invention provides a method
for producing a genetically-modified cell comprising a
modified human TCR alpha constant region gene, the
method comprising: (a) introducing into a cell: (i) a first
nucleic acid sequence encoding an engineered nuclease; or
(i1) an engineered nuclease protein; wherein the engineered
nuclease produces a cleavage site at a recognition sequence
within the human TCR alpha constant region gene; and (b)
introducing into the cell a second nucleic acid sequence
comprising an exogenous polynucleotide. In such a method,
the cell is a human T cell or is derived from a human T cell.
Additionally, the sequence of the exogenous polynucleotide
is inserted into the human TCR alpha constant region gene
at the cleavage site. Further, the genetically-modified cell
has reduced cell-surface expression of the endogenous TCR
when compared to an unmodified control cell.

[0034] In various embodiments of the method, the first
nucleic acid sequence or the engineered nuclease protein can
be introduced into the cell prior to introducing the second
nucleic acid, or subsequent to introducing the second nucleic
acid.

[0035] In one embodiment of the method, the second
nucleic acid sequence comprises from 5' to 3" (a) a §'
homology arm that is homologous to the 5' upstream
sequence flanking the cleavage site; (b) the exogenous
polynucleotide; and (c¢) a 3' homology arm that is homolo-
gous to the 3' downstream sequence flanking the cleavage
site. In such an embodiment, the sequence of the exogenous
polynucleotide is inserted into the human TCR alpha con-
stant region gene at the cleavage site by homologous recom-
bination.

[0036] In another embodiment of the method, the second
nucleic acid lacks substantial homology to the cleavage site,
and the sequence of the exogenous polynucleotide is
inserted into the human TCR alpha constant region gene by
non-homologous end-joining.

[0037] In another embodiment of the method, the exog-
enous polynucleotide comprises a nucleic acid sequence
encoding a chimeric antigen receptor.

[0038] In another embodiment of the method, the exog-
enous polynucleotide comprises a first promoter sequence
that drives expression of the exogenous polynucleotide.
[0039] In another embodiment of the method, the first
nucleic acid encoding the engineered nuclease is introduced
into the cell using an mRNA. In some embodiments, the
mRNA can be a polycistronic mRNA comprising a coding
sequence for at least one engineered nuclease described
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herein and a coding sequence for at least one additional
protein (e.g., a second nuclease). In particular embodiments,
a polycistronic mRNA can encode two or more engineered
nucleases described herein that target different recognition
sequences within the same gene (e.g., the T cell receptor
alpha constant region gene). In other embodiments, a poly-
cistronic mRNA can encode an engineered nuclease
described herein and a second nuclease that recognizes and
cleaves a different recognition sequence within the same
gene (e.g., the T cell receptor alpha constant region gene) or,
alternatively, recognizes and cleaves a different recognition
sequence within another gene of interest in the genome. In
such embodiments, genetically-modified cells produced
using such polycistronic mRNA can have multiple genes
knocked out simultaneously. In additional embodiments, a
polycistronic mRNA can encode at least one engineered
nuclease described herein and one additional protein that is
beneficial to the cell, improves efficiency of insertion of an
exogenous sequence of interest into a cleavage site, and/or
is beneficial in the treatment of a disease.

[0040] In another embodiment of the method, at least the
second nucleic acid sequence is introduced into the cell by
contacting the cell with a viral vector comprising the second
nucleic acid sequence. In some embodiments, both the first
nucleic acid sequence and the second nucleic acid sequence
are introduced by contacting the cell with a single viral
vector comprising both the first nucleic acid sequence and
the second nucleic acid sequence. Alternatively, the cell can
be contacted with a first viral vector comprising the first
nucleic acid sequence and a second viral vector comprising
the second nucleic acid sequence.

[0041] In such an embodiment of the method, wherein the
second nucleic acid sequence is introduced by a viral vector,
the second nucleic acid can further comprise a second
promoter sequence positioned 5' upstream of the 5' homol-
ogy arm or, alternatively, positioned 3' downstream of the 3'
homology arm. In embodiments where the second promoter
is positioned 3' downstream of the 3' homology arm, the
promoter may be inverted.

[0042] In another particular embodiment of the method, at
least the second nucleic acid sequence is introduced into the
cell by contacting the cell with a recombinant adeno-
associated virus (AAV) vector comprising the second
nucleic acid sequence. In some embodiments, both the first
nucleic acid sequence and the second nucleic acid sequence
are introduced by contacting the cell with a single recom-
binant AAV comprising both the first nucleic acid sequence
and the second nucleic acid sequence. Alternatively, the cell
can be contacted with a first recombinant AAV comprising
the first nucleic acid sequence and a second recombinant
AAV comprising the second nucleic acid sequence.

[0043] In such an embodiment of the method, wherein the
second nucleic acid sequence is introduced by a recombinant
AAV vector, the second nucleic acid can further comprise a
second promoter sequence positioned 5' upstream of the 5'
homology arm or, alternatively, positioned 3' downstream of
the 3' homology arm. In embodiments where the second
promoter is positioned 3' downstream of the 3' homology
arm, the promoter may be inverted.

[0044] In another such embodiment of the method, the
recombinant AAV vector is a self-complementary AAV
vector.

[0045] In another such embodiment of the method, the
recombinant AAV vector can have any serotype. In a par-
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ticular embodiment of the method, the recombinant AAV
vector has a serotype of AAV2. In another particular
embodiment of the method, the recombinant AAV vector has
a serotype of AAV6.

[0046] In another embodiment of the method, at least the
second nucleic acid sequence is introduced into the cell
using a single-stranded DNA template.

[0047] In a particular embodiment of the method, the first
nucleic acid sequence encoding a engineered nuclease
described herein is introduced into the cell by an mRNA,
and the second nucleic acid sequence comprising an exog-
enous polynucleotide is introduced into the cell using a viral
vector, preferably a recombinant AAV vector, wherein the
cell is a human T cell, and wherein the sequence of interest
encodes a chimeric antigen receptor. In such an embodi-
ment, the method produces a genetically-modified T cell
comprising a chimeric antigen receptor and reduced cell-
surface expression of the endogenous T cell receptor when
compared to a control cell.

[0048] In another embodiment of the method, the engi-
neered nuclease is a recombinant meganuclease, a recom-
binant zinc-finger nuclease (ZFN), a recombinant transcrip-
tion activator-like effector nuclease (TALEN), a CRISPR/
Cas nuclease, or a megaTAL nuclease. In a particular
embodiment of the method, the engineered nuclease is a
recombinant meganuclease.

[0049] In such an embodiment of the method, the recom-
binant meganuclease recognizes and cleaves a recognition
sequence within residues 93-208 of the human T cell recep-
tor alpha constant region (SEQ ID NO:1). Such a recombi-
nant meganuclease comprises a first subunit and a second
subunit, wherein the first subunit binds to a first recognition
half-site of the recognition sequence and comprises a first
hypervariable (HVR1) region, and wherein the second sub-
unit binds to a second recognition half-site of the recognition
sequence and comprises a second hypervariable (HVR2)
region.

[0050] In one such embodiment of the method, the rec-
ognition sequence comprises SEQ ID NO:3 (i.e., the TRC
1-2 recognition sequence).

[0051] In another such embodiment of the method, the
first meganuclease subunit comprises an amino acid
sequence having at least 80%, at least 85%, at least 90%, or
at least 95% sequence identity to residues 198-344 of any
one of SEQ ID NOs:8-18 or residues 7-153 of any one of
SEQ ID NOs:19-27, and the second meganuclease subunit
comprises an amino acid sequence having at least 80%, at
least 85%, at least 90%, or at least 95% sequence identity to
residues 7-153 of any one of SEQ ID NOs:8-18 or residues
198-344 of any one of SEQ ID NOs:19-27.

[0052] In another such embodiment of the method, the
HVRI1 region comprises Y at a position corresponding to: (a)
position 215 of any one of SEQ ID NOs:8-18; or (b) position
24 of any one of SEQ ID NOs:19-27. In another such
embodiment, the HVR1 region comprises G at a position
corresponding to: (a) position 233 of any one of SEQ ID
NOs:8-18; or (b) position 42 of any one of SEQ ID NOs:
19-27. In another such embodiment, the HVRI region
comprises one or more of Y and G at positions correspond-
ing to (a) positions 215 and 233, respectively, of any one of
SEQ ID NOs:8-18; or (b) positions 24 and 42, respectively,
of any one of SEQ ID NOs:19-27.

[0053] In another such embodiment of the method, the
HVR2 region comprises T at a position corresponding to: (a)
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position 26 of any one of SEQ ID NOs:8-18; or (b) position
217 of any one of SEQ ID NOs:19-27. In another such
embodiment, the HVR2 region comprises F or Y at a
position corresponding to: (a) position 28 of any one of SEQ
ID NOs:8-18; or (b) position 219 of any one of SEQ ID
NOs:19-27. In another such embodiment, the HVR2 region
comprises F at a position corresponding to: (a) position 38
of any one of SEQ ID NOs:8-18; or (b) position 229 of any
one of SEQ ID NOs:19-27. In another such embodiment, the
HVR2 region comprises S at a position corresponding to: (a)
position 44 of any one of SEQ ID NOs:8-18; or (b) position
235 of any one of SEQ ID NOs:19-27. In another such
embodiment, the HVR2 region comprises F or Y at a
position corresponding to: (a) position 46 of any one of SEQ
ID NOs:8-18; or (b) position 237 of any one of SEQ ID
NOs:19-27. In another such embodiment, the HVR2 region
comprises one or more of T, For Y, F. S, and F or Y, and R
at positions corresponding to: (a) positions 26, 28, 38, 44,
and 46, respectively, of any one of SEQ ID NOs:8-18; or (b)
positions 217, 219, 229, 235, and 237, respectively, of any
one of SEQ ID NOs:19-27.

[0054] In another such embodiment of the method, the
HVRI1 region comprises residues 215-270 of any one of
SEQ ID NOs:8-18 or residues 24-79 of any one of SEQ ID
NOs:19-27. In another such embodiment, the HVR2 region
comprises residues 24-79 of any one of SEQ ID NOs:8-18
or residues 215-270 of any one of SEQ ID NOs:19-27.

[0055] In another such embodiment of the method, the
first meganuclease subunit comprises residues 198-344 of
any one of SEQ ID NOs:8-18 or residues 7-153 of any one
of SEQ ID NOs:19-27. In another such embodiment, the
second meganuclease subunit comprises residues 7-153 of
any one of SEQ ID NOs:8-18 or residues 198-344 of any one
of SEQ ID NOs:19-27.

[0056] In another such embodiment of the method, the
recombinant meganuclease is a single-chain meganuclease
comprising a linker, wherein the linker covalently joins the
first subunit and the second subunit.

[0057] In another such embodiment of the method, the
recombinant meganuclease comprises the amino acid
sequence of any one of SEQ ID NOs:8-27.

[0058] In a further embodiment of the method, the recog-
nition sequence comprises SEQ ID NO:4 (i.e., the TRC 3-4
recognition sequence).

[0059] In one such embodiment of the method, the first
meganuclease subunit comprises an amino acid sequence
having at least 80%, at least 85%, at least 90%, or at least
95% sequence identity to residues 7-153 of SEQ ID NO:28
or 29, and the second meganuclease subunit comprises an
amino acid sequence having at least 80%, at least 85%, at
least 90%, or at least 95% sequence identity to residues
198-344 of SEQ ID NO:28 or 29.

[0060] In another such embodiment of the method, the
HVRI1 region comprises Y at a position corresponding to
position 24 of SEQ ID NO:28 or 29. In another such
embodiment, the HVR1 region comprises T at a position
corresponding to position 26 of SEQ ID NO:30 or 31. In
another such embodiment, the HVR1 region comprises Y at
a position corresponding to position 46 of SEQ ID NO:28 or
29. In another such embodiment, the HVRI1 region com-
prises one or more of Y, T, and Y at positions corresponding
to positions 24, 26, and 46, respectively, of SEQ ID NO:28
or 29.

Jul. 8, 2021

[0061] In another such embodiment of the method, the
HVR2 region comprises H at a position corresponding to
position 215 of SEQ ID NO:28 or 29. In another such
embodiment, the HVR2 region comprises T at a position
corresponding to position 266 of SEQ ID NO:28 or 29. In
another such embodiment, the HVR2 region comprises C at
a position corresponding to position 268 of SEQ ID NO:28
or 29. In another such embodiment, the HVR2 region
comprises one or more of H, T, and C at positions corre-
sponding to positions 215, 266, and 268 of SEQ ID NOs:28
or 29.

[0062] In another such embodiment of the method, the
HVRI1 region comprises residues 24-79 of SEQ ID NO:28 or
29. In another such embodiment, the HVR2 region com-
prises residues 215-270 of SEQ ID NO:28 or 29.

[0063] In another such embodiment of the method, the
first meganuclease subunit comprises residues 7-153 of SEQ
ID NO:28 or 29. In another such embodiment, the second
meganuclease subunit comprises residues 198-344 of SEQ
ID NO:28 or 29.

[0064] In another such embodiment of the method, the
recombinant meganuclease is a single-chain meganuclease
comprising a linker, wherein the linker covalently joins the
first subunit and the second subunit.

[0065] In another such embodiment of the method, the
recombinant meganuclease comprises the amino acid
sequence of SEQ ID NO:28 or 29.

[0066] In a further embodiment of the method, the recog-
nition sequence comprises SEQ ID NO:5 (i.e., the TRC 7-8
recognition sequence).

[0067] In one such embodiment of the method, the rust
meganuclease subunit comprises an amino acid sequence
having at least 80%, at least 85%, at least 90%, or at least
95% sequence identity to residues 7-153 of SEQ ID NO:30
or residues 198-344 of SEQ ID NO:31 or 32, and the second
meganuclease subunit comprises an amino acid sequence
having at least 80%, at least 85%, at least 90%, or at least
95% sequence identity to residues 198-344 of SEQ ID
NO:30 or residues 7-153 of SEQ ID NO:31 or 32.

[0068] In another such embodiment of the method, the
HVRI1 region comprises Y at a position corresponding to: (a)
position 24 of SEQ ID NO:30; or (b) position 215 of SEQ
ID NO:31 or 32.

[0069] In another such embodiment of the method, the
HVR2 region comprises Y or W at a position corresponding
to: (a) position 215 of SEQ ID NO:30; or (b) position 24 of
SEQ ID NO:31 or 32. In another such embodiment, the
HVR2 region comprises M, L, or W at a position corre-
sponding to: (a) position 231 of SEQ ID NO:30; or (b)
position 40 of SEQ ID NO:31 or 32. In another such
embodiment, the HVR2 region comprises Y at a position
corresponding to: (a) position 237 of SEQ ID NO:30; or (b)
position 46 of SEQ ID NO:31 or 32. In another such
embodiment, the HVR2 region comprises one or more of Y
or W, M, L, or W, and Y at positions corresponding to: (a)
positions 215, 231, and 237, respectively, of SEQ ID NO:30;
or (b) positions 24, 40, and 46, respectively, of SEQ ID
NO:31 or 32.

[0070] In another such embodiment of the method, the
HVRI1 region comprises residues 24-79 of SEQ ID NO:30 or
residues 215-270 of SEQ ID NO:31 or 32. In another such
embodiment, the HVR2 region comprises residues 215-270
of SEQ ID NO:30 or residues 24-79 of SEQ ID NO:31 or 32.
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[0071] In another such embodiment of the method, the
first meganuclease subunit comprises residues 7-153 of SEQ
ID NO:30 or residues 198-344 of SEQ ID NO:31 or 32. In
another such embodiment, the second meganuclease subunit
comprises residues 198-344 of SEQ ID NO:30 or residues
7-153 of SEQ ID NO:31 or 32.

[0072] In another such embodiment of the method, the
recombinant meganuclease is a single-chain meganuclease
comprising a linker, wherein the linker covalently joins the
first subunit and the second subunit.

[0073] In another such embodiment of the method, the
recombinant meganuclease comprises the amino acid
sequence of any one of SEQ ID NOs:30-32.

[0074] In another aspect, the invention provides a method
of immunotherapy for treating cancer in a subject in need
thereof. In some embodiments, the method comprises
administering to the subject a pharmaceutical composition
comprising a genetically-modified cell, as described herein,
and a pharmaceutically acceptable carrier. In some embodi-
ments, the method comprises administering to the subject a
pharmaceutical composition comprising a genetically-modi-
fied cell produced according to the methods described
herein, and a pharmaceutically acceptable carrier.

[0075] In another embodiment of the method, the cancer
to be treated is selected from the group consisting of a cancer
of B-cell origin, breast cancer, gastric cancer, neuroblas-
toma, osteosarcoma, lung cancer, melanoma, prostate can-
cer, colon cancer, renal cell carcinoma, ovarian cancer,
rhabdomyo sarcoma, leukemia, and Hodgkin’s lymphoma.
[0076] In another embodiment of the method, the cancer
of B-cell origin is selected from the group consisting of
B-lineage acute lymphoblastic leukemia, B-cell chronic
lymphocytic leukemia, and B-cell non-Hodgkin’s lym-
phoma.

[0077] In some embodiments, the CAR comprises an
extracellular antigen-binding domain. In some embodi-
ments, the extracellular ligand-binding domain or moiety
can be in the form of a single-chain variable fragment (scFv)
derived from a monoclonal antibody, which provides speci-
ficity for a particular epitope or antigen (e.g., an epitope or
antigen preferentially present on the surface of a cell, such
as a cancer cell or other disease-causing cell or particle). The
scFv can be attached via a linker sequence. The extracellular
ligand-binding domain can be specific for any antigen or
epitope of interest. In some embodiments, the scFv can be
humanized. The extracellular domain of a chimeric antigen
receptor can also comprise an autoantigen (see. Payne el al.
(2016), Science 353(6295): 179-184), which can be recog-
nized by autoantigen-specific B cell receptors on B lympho-
cytes, thus directing T cells to specifically target and kill
autoreactive B lymphocytes in antibody-mediated autoim-
mune diseases. Such CARs can be referred to as chimeric
autoantibody receptors (CAARs), and their use is encom-
passed by the invention.

[0078] The foregoing and other aspects and embodiments
of the present invention can be more fully understood by
reference to the following detailed description and claims.
Certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also
be provided in combination in a single embodiment. All
combinations of the embodiments are specifically embraced
by the present invention and are disclosed herein just as if
each and every combination was individually and explicitly
disclosed. Conversely, various features of the invention,
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which are, for brevity, described in the context of a single
embodiment, may also be provided separately or in any
suitable sub-combination. All sub-combinations of features
listed in the embodiments are also specifically embraced by
the present invention and are disclosed herein just as if each
and every such sub-combination was individually and
explicitly disclosed herein. Embodiments of each aspect of
the present invention disclosed herein apply to each other
aspect of the invention mutatis mutandis.

BRIEF DESCRIPTION OF THE FIGURES

[0079] FIG. 1. TRC recognition sequences in the human
TRC alpha constant region gene. A) Each recognition
sequence targeted by a recombinant meganuclease of the
invention comprises two recognition half-sites. Each recog-
nition half-site comprises 9 base pairs, separated by a 4 base
pair central sequence. The TRC 1-2 recognition sequence
(SEQ ID NO:3) spans nucleotides 187-208 of the human T
cell alpha constant region (SEQ ID NO:1), and comprises
two recognition half-sites referred to as TRC1 and TRC2.
The TRC 3-4 recognition sequence (SEQ ID NO:4) spans
nucleotides 93-114 of the human T cell alpha constant region
(SEQ ID NO:1), and comprises two recognition half-sites
referred to as TRC3 and TRC4. The TRC 7-8 recognition
sequence (SEQ ID NO:5) spans nucleotides 118-139 of the
human T cell alpha constant region (SEQ ID NO:1), and
comprises two recognition half-sites referred to as TRC7
and TRC8. B) The recombinant meganucleases of the inven-
tion comprise two subunits, wherein the first subunit com-
prising the HVR1 region binds to a first recognition half-site
(e.g., TRC1. TRC3, or TRC7) and the second subunit
comprising the HVR2 region binds to a second recognition
half-site (e.g., TRC2, TRC4, or TRCS). In embodiments
where the recombinant meganuclease is a single-chain
meganuclease, the first subunit comprising the HVR1 region
can be positioned as either the N-terminal or C-terminal
subunit. Likewise, the second subunit comprising the HVR2
region can be positioned as either the N-terminal or C-ter-
minal subunit.

[0080] FIG. 2A-B. Amino acid alignment of TRC1-bind-
ing subunits. A-B) Some recombinant meganucleases
encompassed by the invention comprise one subunit that
binds the 9 base pair TRC1 recognition half-site of SEQ ID
NO:3. Amino acid sequence alignments are provided for the
TRC1-binding subunits (SEQ ID NOs:33-52) of the recom-
binant meganucleases set forth in SEQ ID NOs:8-27. As
shown, the TRC1-binding subunit of SEQ ID NOs:8-18
comprises residues 198-344, whereas the TRC1-binding
subunit of SEQ ID NOs:19-27 comprises residues 7-153.
Each TRC1-binding subunit comprises a 56 amino acid
hypervariable region as indicated. Variable residues within
the hypervariable region are shaded, with the most frequent
amino acids at each position further highlighted; the most
prevalent residues are bolded, whereas the second most
prevalent are bolded and italicized. Residues outside of the
hypervariable region are identical in each subunit, with the
exception of a Q or E residue at position 80 or position 271
(see. U.S. Pat. No. 8,021,867). All TRC1-binding subunits
provided in FIG. 2 share at least 90% sequence identity to
the TRC1-binding subunit (residues 198-344) of the TRC
1-2x.87 EE meganuclease (SEQ ID NO:33). Residue num-
bers shown are those of SEQ ID NOs:8-27.

[0081] FIG. 3A-B. Amino acid alignment of TRC2-bind-
ing subunits. A-B) Some recombinant meganucleases
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encompassed by the invention comprise one subunit that
binds the 9 base pair TRC2 recognition half-site of SEQ ID
NO:3. Amino acid sequence alignments are provided for the
TRC2-binding subunits (SEQ ID NOs:58-77) of the recom-
binant meganucleases set forth in SEQ ID NOs:8-27. As
shown, the TRC2-binding subunit of SEQ ID NOs:8-18
comprises residues 7-153, whereas the TRC2-binding sub-
unit of SEQ ID NOs:19-27 comprises residues 198-344.
Each TRC2-binding subunit comprises a 56 amino acid
hypervariable region as indicated. Variable residues within
the hypervariable region are shaded, with the most frequent
amino acids at each position further highlighted; the most
prevalent residues are bolded, whereas the second most
prevalent are bolded and italicized. Residues outside of the
hypervariable region are identical in each subunit, with the
exceptions of a Q or E residue at position 80 or position 271
(see. U.S. Pat. No. 8,021,867), and an R residue at position
139 of meganucleases TRC 1-2x.87 EE. TRC 1-2x.87 QE,
TRC 1-2x.87 EQ. TRC 1-2x.87, and TRC 1-2x.163 (shaded
grey and underlined). All TRC2-binding subunits provided
in FIG. 3 share at least 90% sequence identity to the
TRC2-binding subunit (residues 7-153) of the TRC 1-2x.87
EE meganuclease (SEQ ID NO:58). Residue numbers
shown are those of SEQ ID NOs:8-27.

[0082] FIG. 4. Amino acid alignment of TRC3-binding
subunits. Some recombinant meganucleases encompassed
by the invention comprise one subunit that binds the 9 base
pair TRC3 recognition half-site of SEQ ID NO:4. Amino
acid sequence alignments are provided for the TRC3-bind-
ing subunits (SEQ ID NOs:53 and 54) of the recombinant
meganucleases set forth in SEQ ID NOs:28 and 29. As
shown, the TRC3-binding subunit of SEQ ID NOs:28 and 29
comprises residues 7-153. Each TRC3-binding subunit com-
prises a 56 amino acid hypervariable region as indicated.
Variable residues within the hypervariable region are
shaded. Residues outside of the hypervariable region are
identical in each subunit, with the exceptions of a Q or E
residue at position 80 (see, U.S. Pat. No. 8,021,867). The
TRC3-binding subunits of the TRC 3-4x.3 and TRC 3-4x.19
meganucleases share 97% sequence identity. Residue num-
bers shown are those of SEQ ID NOs:28 and 29.

[0083] FIG. 5. Amino acid alignment of TRC4-binding
subunits. Some recombinant meganucleases encompassed
by the invention comprise one subunit that binds the 9 base
pair TRC4 recognition half-site of SEQ ID NO:4. Amino
acid sequence alignments are provided for the TRC4-bind-
ing subunits (SEQ ID NOs:78 and 79) of the recombinant
meganucleases set forth in SEQ ID NOs:28 and 29. As
shown, the TRC4-binding subunit of SEQ ID NOs:28 and 29
comprises residues 198-344. Each TRC4-binding subunit
comprises a 56 amino acid hypervariable region as indi-
cated. Variable residues within the hypervariable region are
shaded. Residues outside of the hypervariable region are
identical in each subunit, with the exceptions of a Q or E
residue at position 80 (see. U.S. Pat. No. 8,021,867). The
TRC4-binding subunits of the TRC 3-4x.3 and TRC 3-4x.19
meganucleases share 97% sequence identity. Residue num-
bers shown are those of SEQ ID NOs:28 and 29.

[0084] FIG. 6A-B. Amino acid alignment of TRC7-bind-
ing subunits. A-B) Some recombinant meganucleases
encompassed by the invention comprise one subunit that
binds the 9 base pair TRC7 recognition half-site of SEQ ID
NO:5. Amino acid sequence alignments are provided for the
TRC7-binding subunits (SEQ ID NOs:55-57) of the recom-
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binant meganucleases set forth in SEQ ID NOs:30-32. As
shown, the TRC7-binding subunit of SEQ ID NO:30 com-
prises residues 7-153, whereas the TRC7-binding subunit of
SEQ ID NOs:31 and 32 comprises residues 198-344. Each
TRC7-binding subunit comprises a 56 amino acid hyper-
variable region as indicated. Variable residues within the
hypervariable region are shaded, with the most frequent
amino acids at each position further highlighted; the most
prevalent residues are bolded, whereas the second most
prevalent are bolded and italicized. Residues outside of the
hypervariable region are identical in each subunit, with the
exception of a Q or E residue at position 80 or position 271
(see, U.S. Pat. No. 8,021,867). All TRC7-binding subunits
provided in FIG. 6 share at least 90% sequence identity to
the TRC7-binding subunit (residues 7-153) of the TRC
7-8x.7 meganuclease (SEQ ID NO:55). Residue numbers
shown are those of SEQ ID NOs:30-32.

[0085] FIG. 7A-B. Amino acid alignment of TRC8-bind-
ing subunits. A-B) Some recombinant meganucleases
encompassed by the invention comprise one subunit that
binds the 9 base pair TRCS recognition half-site of SEQ ID
NO:5. Amino acid sequence alignments are provided for the
TRCS8-binding subunits (SEQ ID NOs:80-82) of the recom-
binant meganucleases set forth in SEQ ID NOs:30-32. As
shown, the TRCS8-binding subunit of SEQ ID NO:30 com-
prises residues 198-344, whereas the TRC8-binding subunit
of SEQ ID NOs:31 and 32 comprises residues 7-153. Each
TRCS8-binding subunit comprises a 56 amino acid hyper-
variable region as indicated. Variable residues within the
hypervariable region are shaded, with the most frequent
amino acids at each position further highlighted; the most
prevalent residues are bolded, whereas the second most
prevalent are bolded and italicized. Residues outside of the
hypervariable region are identical in each subunit, with the
exception of a Q or E residue at position 80 or position 271
(see, U.S. Pat. No. 8,021,867). All TRC8-binding subunits
provided in FIG. 7 share at least 90% sequence identity to
the TRC8-binding subunit (residues 198-344) of the TRC
7-8x.7 meganuclease (SEQ ID NO:80). Residue numbers
shown are those of SEQ ID NOs:30-32.

[0086] FIG. 8. Schematic of reporter assay in CHO cells
for evaluating recombinant meganucleases targeting recog-
nition sequences found in the T cell receptor alpha constant
region (SEQ ID NO:1). For the recombinant meganucleases
described herein, a CHO cell line was produced in which a
reporter cassette was integrated stably into the genome of
the cell. The reporter cassette comprised, in 5' to 3' order: an
SV40 Early Promoter, the 5' 24 of the GFP gene; the
recognition sequence for an engineered meganuclease of the
invention (e.g., the TRC 1-2 recognition sequence, the TRC
3-4 recognition sequence, or the TRC 7-8 recognition
sequence); the recognition sequence for the CHO-23/24
meganuclease (W0/2012/167192); and the 3'%5 of the GFP
gene. Cells stably transfected with this cassette did not
express GFP in the absence of a DNA break-inducing agent.
Meganucleases were introduced by transduction of plasmid
DNA or mRNA encoding each meganuclease. When a DNA
break was induced at either of the meganuclease recognition
sequences, the duplicated regions of the GFP gene recom-
bined with one another to produce a functional GFP gene.
The percentage of GFP-expressing cells could then be
determined by flow cytometry as an indirect measure of the
frequency of genome cleavage by the meganucleases.
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[0087] FIG. 9. Efficiency of recombinant meganucleases
for recognizing and cleaving recognition sequences in the
human T cell receptor alpha constant region (SEQ ID NO:1)
in a CHO cell reporter assay. Each of the recombinant
meganucleases set forth in SEQ ID NOs:8-32 were engi-
neered to target the TRC 1-2 recognition sequence (SEQ ID
NO:3), the TRC 3-4 recognition sequence (SEQ ID NO:4),
or the TRC 7-8 recognition sequence (SEQ ID NO:5), and
were screened for efficacy in the CHO cell reporter assay.
The results shown provide the percentage of GFP-express-
ing cells observed in each assay, which indicates the efficacy
of each meganuclease for cleaving a TRC target recognition
sequence or the CHO-23/24 recognition sequence. A nega-
tive control (RHO 1-2 bs) was further included in each
assay. A)-C) Meganucleases targeting the TRC 1-2 recog-
nition sequence. D) Meganucleases targeting the TRC 3-4
recognition sequence. E)-F) Meganucleases targeting the
TRC 7-8 recognition sequence. G) Variants of the TRC
1-2x.87 meganuclease, wherein the Q at position 271 is
substituted with E (TRC 1-2x.87 QE), the Q at position 80
is substituted with E (TRC 1-2x.87 EQ), or the Q at position
80 and the Q at position 271 are both substituted with E
(TRC 1-2x.87 EE).

[0088] FIG. 10. Time course of recombinant meganucle-
ase efficacy in CHO cell reporter assay. The TRC 1-2x.87
QE. TRC 1-2x.87 EQ, and TRC 1-2x.87 EE meganucleases
were evaluated in the CHO reporter assay, with the percent-
age of GFP-expressing cells determined 1, 4, 6, 8, and 12
days after introduction of meganuclease-encoding mRNA
into the CHO reporter cells.

[0089] FIG. 11. Analysis of Jurkat cell genomic DNA
following transfection with TRC 1-2 meganucleases. At 72
hours post-transfection with mRNA encoding TRC 1-2
meganucleases, genomic DNA was harvested and a T7
endonuclease assay was performed to estimate genetic
modification at the endogenous TRC 1-2 recognition
sequence.

[0090] FIG. 12. Dose-response of TRC 1-2 meganuclease
expression in Jurkat cells on genetic modification at the
endogenous TRC 1-2 recognition sequence. Jurkat cells
were transfected with either 3 pg or 1 pg of a given TRC 1-2
meganuclease mRNA. At 96 hours, genomic DNA was
analyzed using a T7 endonuclease assay.

[0091] FIG. 13. Cleavage of TRC 1-2 recognition
sequence in human T cells. A) CD3+ T cells were stimulated
with anti-CD3 and anti-CD28 antibodies for 3 days, then
electroporated with mRNA encoding the TRC 1-2x.87 EE
meganuclease. Genomic DNA was harvested at 3 days and
7 days post-transfection, and analyzed using a T7 endonu-
clease assay. B) To determine whether mutations at the
endogenous TRC 1-2 recognition sequence were sufficient
to eliminate surface expression of the T cell receptor, cells
were analyzed by flow cytometry using an anti-CD3 anti-
body. Control cells (transfected with water) and TRC 1-2x.
87 EE-transfected cells were analyzed at day 3 and day 7
post-transfection, and the percentage of CD3-positive and
CD3-negative T cells was determined.

[0092] FIG. 14. Nucleic acid sequences of representative
deletions that were observed at the TRC 1-2 recognition
sequence in human T cells following expression of TRC 1-2
meganucleases.

[0093] FIG. 15. Diagram illustrating sequence elements of
recombinant AAV vectors and their use in combination with
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an engineered nuclease to insert an exogenous nucleic acid
sequence into the endogenous TCR alpha constant region
gene.

[0094] FIG. 16. Map of plasmid used to produce the
AAVA405 vector.

[0095] FIG. 17. Map of plasmid used to produce the
AAV406 vector.

[0096] FIG. 18. Determining the timing of meganuclease
mRNA transfection and recombinant AAV transduction to
enhance AAV transduction efficiency. Human CD3+ T cells
were electroporated with mRNA encoding the TRC 1-2x.87
EE meganuclease and at 2, 4, or 8 hours post-transfection,
cells were transduced with a recombinant AAV vector
encoding GFP (GFP-AAV). T cells were analyzed by flow
cytometry for GFP expression at 72 hours post-transduction
to determine transduction efficiency.

[0097] FIG. 19. Analyzing human T cells for insertion of
an exogenous nucleic acid sequence using recombinant AAV
vectors. CD3+ T cells transfected with TRC 1-2x.87 EE
mRNA and subsequently transduced (2 hours post-transfec-
tion) with AAV405 or AAV406. Transduction-only controls
were mock transfected (with water) and transduced with
either AAV405 or AAV406. Meganuclease-only controls
were transfected with TRC 1-2x.87 EE and then mock
transduced (with water) at 2 hours post-transfection.
Genomic DNA was harvested from T cells and the TRC 1-2
locus was amplified by PCR using primers that recognized
sequences beyond the region of homology in the AAV
vectors. PCR primers outside of the homology regions only
allowed for amplification of the T cell genome, not from the
AAV vectors. PCR products were purified and digested with
Eagl. PCR products were then analyzed for cleavage.
[0098] FIG. 20. Characterization of Eagl insertion into the
TRC 1-2 recognition sequence of human T cells using
AAV405. A) Undigested PCR product generated from pre-
vious experiments was cloned into a pCR-blunt vector.
Colony PCR was performed using M 13 forward and reverse
primers and a portion of PCR products from cells transfected
with TRC 1-2x.87 EE and AAV405 was analyzed by gel
electrophoresis. Analysis shows a mix of full-length PCR
products (approximately 1600 bp), smaller inserts, and
empty plasmids (approximately 300 bp). B) In parallel,
another portion of PCR products were digested with Eagl to
determine the percent of clones that contain the Eagl rec-
ognition site inserted in the TRC 1-2 recognition sequence.
PCR products cleaved with Eagl generated expected frag-
ments of approximately 700 and 800 bp.

[0099] FIG. 21. Characterization of Eagl insertion into the
TRC 1-2 recognition sequence of human T cells using
AAV406. A) Undigested PCR product generated from pre-
vious experiments was cloned into a pCR-blunt vector.
Colony PCR was performed using M 13 forward and reverse
primers and a portion of PCR products from cells transfected
with TRC 1-2x.87 EE and AAV406 was analyzed by gel
electrophoresis. Analysis shows a mix of full-length PCR
products (approximately 1600 bp), smaller inserts, and
empty plasmids (approximately 300 bp). B) In parallel,
another portion of PCR products were digested with Eagl to
determine the percent of clones that contain the Eagl rec-
ognition site inserted in the TRC 1-2 recognition sequence.
PCR products cleaved with Eagl generated expected frag-
ments of approximately 700 and 800 bp.

[0100] FIG. 22. A) Nucleic acid sequences of representa-
tive deletions and insertions (i.e., indels) that were observed
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at the TRC 1-2 recognition sequence in human T cells
following expression of TRC 1-2 meganucleases. B)
Nucleic acid sequence of the TRC 1-2 recognition sequence
confirming insertion of the exogenous nucleic acid sequence
comprising the Eagl restriction site.

[0101] FIG. 23. Enhancement of recombinant AAV trans-
duction efficiency. Transduction efficiency was further ana-
lyzed by optimizing the timing of meganuclease mRNA
transfection and subsequent AAV transduction. Human
CD3+ T cells were electroporated with mRNA encoding the
TRC 1-2x.87 EE meganuclease and subsequently trans-
duced with GFP-AAV immediately after transfection or 2
hours post-transfection. Additionally, non-stimulated resting
T cells were transduced with GFP-AAV. Mock transduced
cells were also analyzed. At 72 hours post-transduction, cells
were analyzed by flow cytometry for GFP expression to
determine AAV transduction efficiency.

[0102] FIG. 24. Map of plasmid used to produce the
AAV-CAR100 (AAV408) vector.

[0103] FIG. 25. Map of plasmid used to produce the
AAV-CAR763 (AAV412) vector.

[0104] FIG. 26. Insertion of chimeric antigen receptor
coding sequence at TRC 1-2 recognition site in human T
cells. A PCR-based assay was developed to determine
whether the AAV412 HDR template was utilized to repair
double-strand breaks at the TRC 1-2 recognition sequence.
[0105] FIG. 27. Insertion of chimeric antigen receptor
coding sequence at TRC 1-2 recognition site in human T
cells. A PCR-based assay was developed to determine
whether the AAV408 HDR template was utilized to repair
double-strand breaks at the TRC 1-2 recognition sequence.
A) PCR products generated using a primer pair that only
amplifies a product on the 5' end of the TRC 1-2 recognition
sequence locus if the CAR gene has been inserted into that
locus. B) PCR products generated using a primer pair that
only amplifies a product on the 3' end of the TRC 1-2
recognition sequence locus if the CAR gene has been
inserted into that locus.

[0106] FIG. 28. Digital PCR. A) Schematic of a digital
PCR assay developed to quantitatively determine insertion
efficiency of the chimeric antigen receptor coding sequence
into the TRC 1-2 recognition site in human T cells. B)
Results of digital PCR on genomic DNA from human T cells
electroporated with a TRC 1-2x.87EE meganuclease mRNA
and/or increasing amounts of AAV408.

[0107] FIG. 29. Cell-surface expression of CD19 chimeric
antigen receptor on human T cells. The expression level of
the anti-CD19 chimeric antigen receptor was determined in
cells that had the CAR gene inserted into the TRC 1-2
recognition sequence using AAV408 as the HDR template.
Cell-surface expression was analyzed by flow cytometry. A)
Cells that were mock electroporated and mock transduced
(MOI-0), and cells that were mock electroporated and trans-
duced with increasing amounts of AAV408. B) Cells that
were electroporated with TRC 1-2x.87EE and mock trans-
duced (MOI-0), and cells that were electroporated with TRC
1-2x.87EE and transduced with increasing amounts of
AAVA408.

[0108] FIG. 30. Map of plasmid used to produce the
AAVA421 vector.

[0109] FIG. 31. Map of plasmid used to produce the
AAV422 vector.

[0110] FIG. 32. Insertion of chimeric antigen receptor
coding sequence. PCR methods were used to determine if
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the chimeric antigen receptor coding sequence introduced by
AAV421 or AAV422 inserted at the TRC 1-2 recognition site
cleaved by the TRC 1-2x.87EE meganuclease. A) Analysis
of insertion following transduction with AAV421. B) Analy-
sis of insertion following transduction with AAV422.

[0111] FIG. 33. Cell-surface expression of CD19 chimeric
antigen receptor on human T cells. The expression level of
the anti-CD19 chimeric antigen receptor was determined in
cells that had the CAR gene inserted into the TRC 1-2
recognition sequence using AAV421 as the HDR template.
Cell-surface expression was analyzed by flow cytometry. A)
Cells that were mock electroporated and mock transduced
(MOI-0), and cells that were mock electroporated and trans-
duced with increasing amounts of AAV421. B) Cells that
were electroporated with TRC 1-2x.87EE and mock trans-
duced (MOI-0), and cells that were electroporated with TRC
1-2x.87EE and transduced with increasing amounts of
AAV421.

[0112] FIG. 34. Expansion of human T cells expressing a
cell-surface chimeric antigen receptor. Methods were deter-
mined for preferentially expanding and enriching a CD37/
CAR™ T cell population following electroporation with
mRNA for the TRC 1-2x.87EE meganuclease and transduc-
tion with AAV421. A) Supplementation with IL.-7 (10
ng/ml) and IL-15 (10 ng/mL). B) Supplementation with
IL-7 (10 ng/mL) and 1L.-15 (10 ng/ml.), and incubation with
mitomycin C-inactivated IM-9 cells. C) Supplementation
with IL-7 (10 ng/mL)) and IL-15 (10 ng/ml), and two
incubations with mitomycin C-inactivated IM-9 cells.

[0113] FIG. 35. Cell-surface expression of CD19 chimeric
antigen receptor on human T cells. The expression level of
the anti-CD19 chimeric antigen receptor was determined in
cells that had the CAR gene inserted into the TRC 1-2
recognition sequence using AAV422 as the HDR template.
Cell-surface expression was analyzed by flow cytometry. A)
Cells that were mock electroporated and mock transduced
(MOI-0), and cells that were mock electroporated and trans-
duced with increasing amounts of AAV422. B) Cells that
were electroporated with TRC 1-2x.87EE and mock trans-
duced (MOI-0), and cells that were electroporated with TRC
1-2x.87EE and transduced with increasing amounts of
AAV422.

[0114] FIG. 36. Expansion of human T cells expressing a
cell-surface chimeric antigen receptor. Methods were deter-
mined for preferentially expanding and enriching a CD37/
CAR* T cell population following electroporation with
mRNA for the TRC 1-2x.87EE meganuclease and transduc-
tion with AAV422. A) Supplementation with IL.-7 (10
ng/ml) and IL-15 (10 ng/mL). B) Supplementation with
IL-7 (10 ng/mL) and 1L.-15 (10 ng/ml.), and incubation with
mitomycin C-inactivated IM-9 cells. C) Supplementation
with IL-7 (10 ng/mL)) and IL-15 (10 ng/ml), and two
incubations with mitomycin C-inactivated IM-9 cells.

[0115] FIG. 37. Meganuclease knockout efficiency using
single-strand AAV. Experiments were conducted to examine
the knockout efficiency of two meganucleases in human T
cells when simultaneously transduced with a single-stranded
AAV vector. A) Cells electroporated with mRNA for TRC
1-2x.87EE and transduced with increasing amounts of the
single-stranded AAV412. B) Cells electroporated with
mRNA for a meganuclease targeting the beta-2 microglobu-
lin gene and transduced with increasing amounts of the
single-stranded AAV412. C) Cells electroporated with
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mRNA for TRC 1-2x.87EE and transduced with increasing
amounts of the single-stranded AAV422.

[0116] FIG. 38. Functional activity of anti-CD19 CAR T
cells. A) IFN-gamma ELISPOT assay, in which either
CD19* Raji cells or CD19~ U937 cells were the target
population. B) Cell killing assay in which luciferase-labeled
CD19" Raji cells were the target.

[0117] FIG. 39. Expression of chimeric antigen receptors
following transduction with linearized DNA donor tem-
plates. These experiments generated plasmids that contain
an anti-CD19 CAR gene flanked by homology arms that are
homologous to the TRC 1-2 recognition sequence locus.
Different promoters were used in some plasmids, and
homology arms were either “short” (200 bp on the &'
homology arm and 180 bp on the 3' homology arm) or
“long” (985 bp on the 5' homology arm and 763 bp on the
3' homology arm). CAR donor plasmids were linearized at
a restriction site in the vector backbone and gel purified. A)
Background CD37/CAR™* staining. B) Cells electroporated
with TRC 1-2x.87EE mRNA alone. C) Cells co-electropo-
rated with TRC 1-2x.87EE mRNA and a long homology arm
vector with an EF1a core promoter with an HTLV enhancer.
D) Cells co-electroporated with TRC 1-2x.87EE mRNA and
a short homology arm vector with EF1a core promoter (with
no enhancer). E) Cells electroporated with a long homology
arm vector with an EFla core promoter with an HTLV
enhancer in the absence of TRC 1-2x.87EE mRNA. F) Cells
electroporated with a short homology arm vector with EFla
core promoter (with no enhancer) in the absence of TRC
1-2x.87EE mRNA. G) Cells electroporated with a long
homology arm construct that contains an MND promoter
driving expression of the CAR and an intron in the 5' end of
the CAR gene, as well as TRC 1-2x.87EE mRNA. H) Cells
electroporated with a long homology arm construct that
contains an MND promoter driving expression of the CAR
and no intron, as well as TRC 1-2x.87EE mRNA. 1) Cells
electroporated with a short homology arm plasmid with the
MND promoter and no intron, as well as TRC 1-2x.87EE
mRNA. J) Cells electroporated with a long homology arm
construct that contains an MND promoter driving expression
of'the CAR and an intron in the 5' end of the CAR gene, but
no TRC 1-2x.87EE mRNA. K) Cells electroporated with a
long homology arm construct that contains an MND pro-
moter driving expression of the CAR and no intron, but no
TRC 1-2x.87EE mRNA. L) Cells electroporated with a short
homology arm plasmid with the MND promoter and no
intron, but no TRC 1-2x.87EE mRNA. M) Cells electropo-
rated with a short homology arm construct that contained a
JeT promoter, as well as TRC 1-2x.87EE mRNA. N) Cells
electroporated with a long homology arm construct that
contained a CMV promoter, as well as TRC 1-2x.87EE
mRNA. O) Cells electroporated with a short homology arm
construct that contained a JeT promoter, but no TRC 1-2x.
87EE mRNA. P) Cells electroporated with a long homology
arm construct that contained a CMV promoter, but no TRC
1-2x.87EE mRNA.

[0118] FIG. 40. PCR analysis to determine whether the
chimeric antigen receptor coding region delivered by lin-
earized DNA constructs was inserted into the TRC 1-2
recognition sequence in human T cells.

[0119] FIG. 41. Map of plasmid used to produce the
AAVA423 vector.

[0120] FIG. 42. Cell-surface expression of CD19 chimeric
antigen receptor on human T cells. The expression level of
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the anti-CD19 chimeric antigen receptor was determined in
cells that had the CAR gene inserted into the TRC 1-2
recognition sequence using AAV423 as the HDR template.
Cell-surface expression was analyzed by flow cytometry. A)
Cells that were mock electroporated and mock transduced
(MOI-0), and cells that were mock electroporated and trans-
duced with increasing amounts of AAV423. B) Cells that
were electroporated with TRC 1-2x.87EE and mock trans-
duced (MOI-0), and cells that were electroporated with TRC
1-2x.87EE and transduced with increasing amounts of
AAVA423.

[0121] FIG. 43. Insertion of chimeric antigen receptor
coding sequence. PCR methods were used to determine if
the chimeric antigen receptor coding sequence introduced by
AAV423 inserted at the TRC 1-2 recognition site cleaved by
the TRC 1-2x.87EE meganuclease.

[0122] FIG. 44. Phenotype analysis of anti-CD19 CAR T
cells. A) Activated T cells were electroporated with TRC
1-2x.87 EE mRNA, then transduced with an AAV6 vector
comprising an anti-CD19 CAR expression cassette driven
by a JeT promoter and flanked by homology arms. Follow-
ing 5 days of culture with IL-2 (10 ng/mL), cells were
analyzed for cell-surface CD3 and anti-CD19 CAR expres-
sion by flow cytometry. B) CD3~ cells were enriched by
depleting CD3" cells using anti-CD3 magnetic beads.
Depleted cells were then cultured for 3 days in IL-15 (10
ng/ml) and IL.-21 (10 ng/ml) and re-analyzed for cell-
surface expression of CD3 and anti-CD19 CAR. C) The
purified population of CD3~ CD19™ CAR T cells was
analyzed by flow cytometry to determine the percentage of
cells that were CD4+ and CD8*. D) The purified population
of CD3™ CD19-CAR T cells was further analyzed by flow
cytometry to determine whether they were central memory
T cells, transitional memory T cells, or effector memory T
cells by staining for CD62L, and CD45RO.

[0123] FIG. 45. Raji disseminated lymphoma model. Raji
cells stably expressing firefly luciferase (ffLuc)** were
injected i.v. into 5-6 week old female NSG mice on Day 1,
at a dose of 2.0x10° cells per mouse. On Day 4 mice were
injected i.v. with PBS or PBS containing gene edited control
TCR KO T cells prepared from the same healthy donor
PBMC or PBS containing the indicated doses of CAR T
cells prepared from the same donor. On the indicated days,
live mice were injected i.p. with Luciferin substrate (150
mg/kg in saline), anesthetized, and Luciferase activity mea-
sured after 7 minutes using IVIS SpectrumCT® (Perkin
Elmer, Waltham, Mass.). Data was analyzed and exported
using Living Image software 4.5.1 (Perkin Elmer, Waltham,
Mass.). Luminescence signal intensity is represented by
radiance in p/sec/cm?/sr.

BRIEF DESCRIPTION OF THE SEQUENCES

[0124] SEQID NO: 1 sets forth the nucleotide sequence of
the human T cell receptor alpha constant region gene (NCBI
Gene ID NO. 28755).

[0125] SEQ ID NO: 2 sets forth the amino acid sequence
encoded by the human T cell receptor alpha constant region.
[0126] SEQ ID NO: 3 sets forth the amino acid sequence
of the TRC 1-2 recognition sequence.

[0127] SEQID NO: 4 sets forth the nucleotide sequence of
the TRC 3-4 recognition sequence.

[0128] SEQID NO: 5 sets forth the nucleotide sequence of
the TRC 7-8 recognition sequence.
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[0129] SEQ ID NO: 6 sets forth the amino acid sequence
of I-Crel.

[0130] SEQ ID NO: 7 sets forth the amino acid sequence
of the LAGLIDADG motif.

[0131] SEQ ID NO: 8 sets forth the amino acid sequence
of the TRC 1-2x.87 EE meganuclease.

[0132] SEQ ID NO: 9 sets forth the amino acid sequence
of the TRC 1-2x.87 QE meganuclease.

[0133] SEQ ID NO: 10 sets forth the amino acid sequence
of the TRC 1-2x.87 EQ meganuclease.

[0134] SEQ ID NO: 11 sets forth the amino acid sequence
of the TRC 1-2x.87 meganuclease.

[0135] SEQ ID NO: 12 sets forth the amino acid sequence
of the TRC 1-2x.6 meganuclease.

[0136] SEQ ID NO: 13 sets forth the amino acid sequence
of the TRC 1-2x.20 meganuclease.

[0137] SEQ ID NO: 14 sets forth the amino acid sequence
of the TRC 1-2x.55 meganuclease.

[0138] SEQ ID NO: 15 sets forth the amino acid sequence
of the TRC 1-2x.60 meganuclease.

[0139] SEQ ID NO: 16 sets forth the amino acid sequence
of the TRC 1-2x.105 meganuclease.

[0140] SEQ ID NO: 17 sets forth the amino acid sequence
of the TRC 1-2x.163 meganuclease.

[0141] SEQ ID NO: 18 sets forth the amino acid sequence
of the TRC 1-2x.113_3 meganuclease.

[0142] SEQ ID NO: 19 sets forth the amino acid sequence
of the TRC 1-2x.5 meganuclease.

[0143] SEQ ID NO: 20 sets forth the amino acid sequence
of the TRC 1-2x.8 meganuclease.

[0144] SEQ ID NO: 21 sets forth the amino acid sequence
of the TRC 1-2x.25 meganuclease.

[0145] SEQ ID NO: 22 sets forth the amino acid sequence
of the TRC 1-2x.72 meganuclease.

[0146] SEQ ID NO: 23 sets forth the amino acid sequence
of the TRC 1-2x.80 meganuclease.

[0147] SEQ ID NO: 24 sets forth the amino acid sequence
of the TRC 1-2x.84 meganuclease.

[0148] SEQ ID NO: 25 sets forth the amino acid sequence
of the TRC 1-2x.120 meganuclease.

[0149] SEQ ID NO: 26 sets forth the amino acid sequence
of the TRC 1-2x.113_1 meganuclease.

[0150] SEQ ID NO: 27 sets forth the amino acid sequence
of the TRC 1-2x.113_2 meganuclease.

[0151] SEQ ID NO: 28 sets forth the amino acid sequence
of the TRC 3-4x.3 meganuclease.

[0152] SEQ ID NO: 29 sets forth the amino acid sequence
of the TRC 3-4x.19 meganuclease.

[0153] SEQ ID NO: 30 sets forth the amino acid sequence
of the TRC 7-8x.7 meganuclease.

[0154] SEQ ID NO: 31 sets forth the amino acid sequence
of the TRC 7-8x.9 meganuclease.

[0155] SEQ ID NO: 32 sets forth the amino acid sequence
of the TRC 7-8x.14 meganuclease.

[0156] SEQ ID NO: 33 sets forth residues 198-344 of the
TRC 1-2x.87 EE meganuclease.

[0157] SEQ ID NO: 34 sets forth residues 198-344 of the
TRC 1-2x.87 QE meganuclease.

[0158] SEQ ID NO: 35 sets forth residues 198-344 of the
TRC 1-2x.87 EQ meganuclease.

[0159] SEQ ID NO: 36 sets forth residues 198-344 of the
TRC 1-2x.87 meganuclease.

[0160] SEQ ID NO: 37 sets forth residues 198-344 of the
TRC 1-2x.6 meganuclease.
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[0161] SEQ ID NO: 38 sets forth residues 198-344 of the
TRC 1-2x.20 meganuclease.

[0162] SEQ ID NO: 39 sets forth residues 198-344 of the
TRC 1-2x.55 meganuclease.

[0163] SEQ ID NO: 40 sets forth residues 198-344 of the
TRC 1-2x.60 meganuclease.

[0164] SEQ ID NO: 41 sets forth residues 198-344 of the
TRC 1-2x.105 meganuclease.

[0165] SEQ ID NO: 42 sets forth residues 198-344 of the
TRC 1-2x.163 meganuclease.

[0166] SEQ ID NO: 43 sets forth residues 198-344 of the
TRC 1-2x.113_3 meganuclease.

[0167] SEQ ID NO: 44 sets forth residues 7-153 of the
TRC 1-2x.5 meganuclease.

[0168] SEQ ID NO: 45 sets forth residues 7-153 of the
TRC 1-2x.8 meganuclease.

[0169] SEQ ID NO: 46 sets forth residues 7-153 of the
TRC 1-2x.25 meganuclease.

[0170] SEQ ID NO: 47 sets forth residues 7-153 of the
TRC 1-2x.72 meganuclease.

[0171] SEQ ID NO: 48 sets forth residues 7-153 of the
TRC 1-2x.80 meganuclease.

[0172] SEQ ID NO: 49 sets forth residues 7-153 of the
TRC 1-2x.84 meganuclease.

[0173] SEQ ID NO: 50 sets forth residues 7-153 of the
TRC 1-2x.120 meganuclease.

[0174] SEQ ID NO: 51 sets forth residues 7-153 of the
TRC 1-2x.113_1 meganuclease.

[0175] SEQ ID NO: 52 sets forth residues 7-153 of the
TRC 1-2x.113_2 meganuclease.

[0176] SEQ ID NO: 53 sets forth residues 7-153 of the
TRC 3-4x.3 meganuclease.

[0177] SEQ ID NO: 54 sets forth residues 7-153 of the
TRC 3-4x.19 meganuclease.

[0178] SEQ ID NO: 55 sets forth residues 7-153 of the
TRC 7-8x.7 meganuclease.

[0179] SEQ ID NO: 56 sets forth residues 198-344 of the
TRC 7-8x.9 meganuclease.

[0180] SEQ ID NO: 57 sets forth residues 198-344 of the
TRC 7-8x.14 meganuclease.

[0181] SEQ ID NO: 58 sets forth residues 7-153 of the
TRC 1-2x.87 EE meganuclease.

[0182] SEQ ID NO: 59 sets forth residues 7-153 of the
TRC 1-2x.87 QE meganuclease.

[0183] SEQ ID NO: 60 sets forth residues 7-153 of the
TRC 1-2x.87 EQ meganuclease.

[0184] SEQ ID NO: 61 sets forth residues 7-153 of the
TRC 1-2x.87 meganuclease.

[0185] SEQ ID NO: 62 sets forth residues 7-153 of the
TRC 1-2x.6 meganuclease.

[0186] SEQ ID NO: 63 sets forth residues 7-153 of the
TRC 1-2x.20 meganuclease.

[0187] SEQ ID NO: 64 sets forth residues 7-153 of the
TRC 1-2x.55 meganuclease.

[0188] SEQ ID NO: 65 sets forth residues 7-153 of the
TRC 1-2x.60 meganuclease.

[0189] SEQ ID NO: 66 sets forth residues 7-153 of the
TRC 1-2x.105 meganuclease.

[0190] SEQ ID NO: 67 sets forth residues 7-153 of the
TRC 1-2x.163 meganuclease.

[0191] SEQ ID NO: 68 sets forth residues 7-153 of the
TRC 1-2x.113_3 meganuclease.

[0192] SEQ ID NO: 69 sets forth residues 198-344 of the
TRC 1-2x.5 meganuclease.
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[0193] SEQ ID NO: 70 sets forth residues 198-344 of the
TRC 1-2x.8 meganuclease.

[0194] SEQ ID NO: 71 sets forth residues 198-344 of the
TRC 1-2x.25 meganuclease.

[0195] SEQ ID NO: 72 sets forth residues 198-344 of the
TRC 1-2x.72 meganuclease.

[0196] SEQ ID NO: 73 sets forth residues 198-344 of the
TRC 1-2x.80 meganuclease.

[0197] SEQ ID NO: 74 sets forth residues 198-344 of the
TRC 1-2x.84 meganuclease.

[0198] SEQ ID NO: 75 sets forth residues 198-344 of the
TRC 1-2x.120 meganuclease.

[0199] SEQ ID NO: 76 sets forth residues 198-344 of the
TRC 1-2x.113_1 meganuclease.

[0200] SEQ ID NO: 77 sets forth residues 198-344 of the
TRC 1-2x.113_2 meganuclease.

[0201] SEQ ID NO: 78 sets forth residues 198-344 of the
TRC 3-4x.3 meganuclease.

[0202] SEQ ID NO: 79 sets forth residues 198-344 of the
TRC 3-4x.19 meganuclease.

[0203] SEQ ID NO: 80 sets forth residues 198-344 of the
TRC 7-8x.7 meganuclease.

[0204] SEQ ID NO: 81 sets forth residues 7-153 of the
TRC 7-8x.9 meganuclease.

[0205] SEQ ID NO: 82 sets forth residues 7-153 of the
TRC 7-8x.14 meganuclease.

[0206] SEQ ID NO: 83 sets forth the nucleotide sequence
of the antisense strand of the TRC 1-2 recognition sequence.
[0207] SEQ ID NO: 84 sets forth the nucleotide sequence
of the antisense strand of the TRC 3-4 recognition sequence.
[0208] SEQ ID NO: 85 sets forth the nucleotide sequence
of the antisense strand of the TRC 7-8 recognition sequence.
[0209] SEQ ID NO: 86 sets forth nucleotides 162-233 of
SEQ ID NO:1.

[0210] SEQ ID NO: 87 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0211] SEQ ID NO: 88 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0212] SEQ ID NO: 89 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0213] SEQ ID NO: 90 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0214] SEQ ID NO: 91 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0215] SEQ ID NO: 92 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0216] SEQ ID NO: 93 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0217] SEQ ID NO: 94 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising an insertion resulting from cleav-
age and NHEJ.

[0218] SEQ ID NO: 95 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising an insertion resulting from cleav-
age and NHEJ.

[0219] SEQ ID NO: 96 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.
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[0220] SEQ ID NO: 97 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0221] SEQ ID NO: 98 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0222] SEQ ID NO: 99 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0223] SEQ ID NO: 100 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0224] SEQ ID NO: 101 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0225] SEQ ID NO: 102 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0226] SEQ ID NO: 103 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0227] SEQ ID NO: 104 sets forth nucleotides 162-233 of
SEQ ID NO:1 comprising a deletion resulting from cleavage
and NHEJ.

[0228] SEQ ID NO: 105 sets forth nucleotides 181-214 of
SEQ ID NO:1.

[0229] SEQ ID NO: 106 sets forth nucleotides 181-214 of
SEQ ID NO:1 comprising an exogenous nucleic acid
sequence inserted via homologous recombination.

[0230] SEQ ID NO: 107 sets forth the nucleotide sequence
of a plasmid used to generate the AAV405 vector.

[0231] SEQ ID NO: 108 sets forth the nucleotide sequence
of a plasmid used to generate the AAV406 vector.

[0232] SEQ ID NO: 109 sets forth the nucleotide sequence
of a plasmid used to generate the AAV-CAR100 (AAV408)
vector.

[0233] SEQ ID NO: 110 sets forth the nucleotide sequence
of a plasmid used to generate the AAV-CAR763 (AAV412)
vector.

[0234] SEQ ID NO: 111 sets forth the amino acid
sequence of an anti-CD19 chimeric antigen receptor.
[0235] SEQ ID NO: 112 sets forth the amino acid
sequence of an anti-CD19 extracellular ligand-binding
domain.

[0236] SEQ ID NO: 113 sets forth the amino acid
sequence of a chimeric antigen receptor intracellular cyto-
plasmic signaling domain.

[0237] SEQ ID NO: 114 sets forth the amino acid
sequence of a chimeric antigen receptor intracellular co-
stimulatory domain.

[0238] SEQ ID NO: 115 sets forth the amino acid
sequence of a chimeric antigen receptor signal peptide
domain.

[0239] SEQ ID NO: 116 sets forth the amino acid
sequence of a chimeric antigen receptor hinge region.
[0240] SEQ ID NO: 117 sets forth the amino acid
sequence of a chimeric antigen receptor transmembrane
domain.

[0241] SEQ ID NO: 118 sets forth the nucleotide sequence
of an EF-1 alpha core promoter.

[0242] SEQ ID NO: 119 sets forth the nucleotide sequence
of an exogenous polynucleotide insert.
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[0243] SEQ ID NO: 120 sets forth the nucleotide sequence
of'the human TCR alpha constant region gene comprising an
exogenous nucleic acid sequence inserted within the TRC
1-2 recognition sequence.

[0244] SEQ ID NO: 121 sets forth the nucleotide sequence
of'the human TCR alpha constant region gene comprising an
exogenous nucleic acid sequence inserted within the TRC
3-4 recognition sequence.

[0245] SEQ ID NO: 122 sets forth the nucleotide sequence
of'the human TCR alpha constant region gene comprising an
exogenous nucleic acid sequence inserted within the TRC
7-8 recognition sequence.

[0246] SEQ ID NO: 123 sets forth the nucleic acid
sequence of a plasmid used to generate the AAV421 vector.
[0247] SEQ ID NO: 124 sets forth the nucleic acid
sequence of a plasmid used to generate the AAV422 vector.
[0248] SEQ ID NO: 125 sets forth the nucleic acid
sequence of a plasmid used to generate the AAV423 vector.

DETAILED DESCRIPTION OF THE
INVENTION

1.1 References and Definitions

[0249] The patent and scientific literature referred to
herein establishes knowledge that is available to those of
skill in the art. The issued US patents, allowed applications,
published foreign applications, and references, including
GenBank database sequences, which am cited herein are
hereby incorporated by reference to the same extent as if
each was specifically and individually indicated to be incor-
porated by reference.

[0250] The present invention can be embodied in different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. For example, features illustrated with
respect to one embodiment can be incorporated into other
embodiments, and features illustrated with respect to a
particular embodiment can be deleted from that embodi-
ment. In addition, numerous variations and additions to the
embodiments suggested herein will be apparent to those
skilled in the art in light of the instant disclosure, which do
not depart from the instant invention.

[0251] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. The terminology used in the description
of the invention herein is for the purpose of describing
particular embodiments only and is not intended to be
limiting of the invention.

[0252] All publications, patent applications, patents, and
other references mentioned herein are incorporated by ref-
erence herein in their entirety.

[0253] As used herein. “a,” “an,” or “the” can mean one or
more than one. For example, “a” cell can mean a single cell
or a multiplicity of cells.

[0254] As used herein, unless specifically indicated oth-
erwise, the word “or” is used in the inclusive sense of
“and/or” and not the exclusive sense of “either/or.”

[0255] As used herein, the term “meganuclease” refers to
an endonuclease that binds double-stranded DNA at a rec-
ognition sequence that is greater than 12 base pairs. Pref-
erably, the recognition sequence for a meganuclease of the
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invention is 22 base pairs. A meganuclease can be an
endonuclease that is derived from 1-Crel, and can refer to an
engineered variant of I-Crel that has been modified relative
to natural I-Crel with respect to, for example, DNA-binding
specificity, DNA cleavage activity. DNA-binding affinity, or
dimerization properties. Methods for producing such modi-
fied variants of I-Crel are known in the art (e.g., WO
2007/047859). A meganuclease as used herein binds to
double-stranded DNA as a heterodimer or as a “single-chain
meganuclease” in which a pair of DNA-binding domains are
joined into a single polypeptide using a peptide linker. The
term “homing endonuclease” is synonymous with the term
“meganuclease.” Meganucleases of the invention are sub-
stantially non-toxic when expressed in cells, particularly in
human T cells, such that cells can be transfected and
maintained at 37° C. without observing deleterious effects
on cell viability or significant reductions in meganuclease
cleavage activity when measured using the methods
described herein.

[0256] As used herein, the term “single-chain meganucle-
ase” refers to a polypeptide comprising a pair of nuclease
subunits joined by a linker. A single-chain meganuclease has
the organization: N-terminal subunit-Linker-C-terminal sub-
unit. The two meganuclease subunits will generally be
non-identical in amino acid sequence and will recognize
non-identical DNA sequences. Thus, single-chain mega-
nucleases typically cleave pseudo-palindromic or non-pal-
indromic recognition sequences. A single-chain meganucle-
ase may be referred to as a “single-chain heterodimer” or
“single-chain heterodimeric meganuclease” although it is
not, in fact, dimeric. For clarity, unless otherwise specified,
the term “meganuclease” can refer to a dimeric or single-
chain meganuclease.

[0257] As used herein, the term “linker” refers to an
exogenous peptide sequence used to join two meganuclease
subunits into a single polypeptide. A linker may have a
sequence that is found in natural proteins, or may be an
artificial sequence that is not found in any natural protein. A
linker may be flexible and lacking in secondary structure or
may have a propensity to form a specific three-dimensional
structure under physiological conditions. A linker can
include, without limitation, those encompassed by U.S. Pat.
No. 8,445,251. In some embodiments, a linker may have an
amino acid sequence comprising residues 154-195 of any
one of SEQ ID NOs:8-32.

[0258] As used herein, the term “TALEN” refers to an
endonuclease comprising a DNA-binding domain compris-
ing 16-22 TAL domain repeats fused to any portion of the
FokI nuclease domain.

[0259] As used herein, the term “Compact TALEN” refers
to an endonuclease comprising a DNA-binding domain with
16-22 TAL domain repeats fused in any orientation to any
catalytically active portion of nuclease domain of the I-TevI
homing endonuclease.

[0260] As used herein, the term “CRISPR” refers to a
caspase-based endonuclease comprising a caspase, such as
Cas9, and a guide RNA that directs DNA cleavage of the
caspase by hybridizing to a recognition site in the genomic
DNA.

[0261] As used herein, the term “megaTAL” refers to a
single-chain nuclease comprising a transcription activator-
like effector (TALE) DNA binding domain with an engi-
neered, sequence-specific homing endonuclease.
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[0262] As used herein, with respect to a protein, the term
“recombinant” means having an altered amino acid
sequence as a result of the application of genetic engineering
techniques to nucleic acids that encode the protein, and cells
or organisms that express the protein. With respect to a
nucleic acid, the term “recombinant” means having an
altered nucleic acid sequence as a result of the application of
genetic engineering techniques. Genetic engineering tech-
niques include, but are not limited to, PCR and DNA cloning
technologies; transfection, transformation and other gene
transfer technologies; homologous recombination; site-di-
rected mutagenesis; and gene fusion. In accordance with this
definition, a protein having an amino acid sequence identical
to a naturally-occurring protein, but produced by cloning
and expression in a heterologous host, is not considered
recombinant.

[0263] As used herein, the term “wild-type” refers to the
most common naturally occurring allele (i.e., polynucleotide
sequence) in the allele population of the same type of gene,
wherein a polypeptide encoded by the wild-type allele has
its original functions. The term “wild-type” also refers a
polypeptide encoded by a wild-type allele. Wild-type alleles
(i.e., polynucleotides) and polypeptides are distinguishable
from mutant or variant alleles and polypeptides, which
comprise one or more mutations and/or substitutions relative
to the wild-type sequence(s). Whereas a wild-type allele or
polypeptide can confer a normal phenotype in an organism,
a mutant or variant allele or polypeptide can, in some
instances, confer an altered phenotype. Wild-type nucleases
are distinguishable from recombinant or non-naturally-oc-
curring nucleases.

[0264] As used herein with respect to recombinant pro-
teins, the term “modification” means any insertion, deletion
or substitution of an amino acid residue in the recombinant
sequence relative to a reference sequence (e.g., a wild-type
or a native sequence).

[0265] As used herein, the term “recognition sequence”
refers to a DNA sequence that is bound and cleaved by an
endonuclease. In the case of a meganuclease, a recognition
sequence comprises a pair of inverted, 9 basepair “half sites”
that are separated by four basepairs. In the case of a
single-chain meganuclease, the N-terminal domain of the
protein contacts a first half-site and the C-terminal domain
of the protein contacts a second half-site. Cleavage by a
meganuclease produces four basepair 3' “overhangs”.
“Overhangs”, or “sticky ends” are short, single-stranded
DNA segments that can be produced by endonuclease cleav-
age of a double-stranded DNA sequence. In the case of
meganucleases and single-chain meganucleases derived
from I-Crel, the overhang comprises bases 10-13 of the 22
basepair recognition sequence. In the case of a Compact
TALEN, the recognition sequence comprises a first
CNNNGN sequence that is recognized by the I-Tevl
domain, followed by a non-specific spacer 4-16 basepairs in
length, followed by a second sequence 16-22 bp in length
that is recognized by the TAL-effector domain (this
sequence typically has a 5' T base). Cleavage by a Compact
TALEN produces two basepair 3' overhangs. In the case of
a CRISPR, the recognition sequence is the sequence, typi-
cally 16-24 basepairs, to which the guide RNA binds to
direct Cas9 cleavage. Cleavage by a CRISPR produced
blunt ends.
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[0266] As used herein, the term “target site” or “target
sequence” refers to a region of the chromosomal DNA of a
cell comprising a recognition sequence for a nuclease.
[0267] As used herein, the term “DNA-binding affinity” or
“binding affinity” means the tendency of a meganuclease to
non-covalently associate with a reference DNA molecule
(e.g., a recognition sequence or an arbitrary sequence).
Binding affinity is measured by a dissociation constant. K ;.
As used herein, a nuclease has “altered” binding affinity if
the K, of the nuclease for a reference recognition sequence
is increased or decreased by a statistically significant percent
change relative to a reference nuclease.

[0268] As used herein, the term “homologous recombina-
tion” or “HR” refers to the natural, cellular process in which
a double-stranded DNA-break is repaired using a homolo-
gous DNA sequence as the repair template (see, e.g., Cahill
etal. (2006), From. Biosci. 11:1958-1976). The homologous
DNA sequence may be an endogenous chromosomal
sequence or an exogenous nucleic acid that was delivered to
the cell.

[0269] As used herein, the term “non-homologous end-
joining” or “NHEJ” refers to the natural, cellular process in
which a double-stranded DNA-break is repaired by the
direct joining of two non-homologous DNA segments (see,
e.g., Cahill et al. (2006), Front. Biosci. 11:1958-1976). DNA
repair by non-homologous end-joining is error-prone and
frequently results in the untemplated addition or deletion of
DNA sequences at the site of repair. In some instances,
cleavage at a target recognition sequence results in NHEJ at
a target recognition site. Nuclease-induced cleavage of a
target site in the coding sequence of a gene followed by
DNA repair by NHEJ can introduce mutations into the
coding sequence, such as frameshift mutations, that disrupt
gene function. Thus, engineered nucleases can be used to
effectively knock-out a gene in a population of cells.
[0270] As used herein, a “chimeric antigen receptor” or
“CAR” refers to an engineered receptor that confers or grafts
specificity for an antigen onto an immune effector cell (e.g.,
a human T cell). A chimeric antigen receptor typically
comprises an extracellular ligand-binding domain or moiety
and an intracellular domain that comprises one or more
stimulatory domains that transduce the signals necessary for
T cell activation. In some embodiments, the extracellular
ligand-binding domain or moiety can be in the form of
single-chain variable fragments (scFvs) derived from a
monoclonal antibody, which provide specificity for a par-
ticular epitope or antigen (e.g., an epitope or antigen pref-
erentially present on the surface of a cancer cell or other
disease-causing cell or particle). The extracellular ligand-
binding domain can be specific for any antigen or epitope of
interest. In a particular embodiment, the ligand-binding
domain is specific for CD19.

[0271] The extracellular domain of a chimeric antigen
receptor can also comprise an autoantigen (see. Payne et al.
(2016), Science 353 (6295): 179-184), that can be recog-
nized by autoantigen-specific B cell receptors on B lympho-
cytes, thus directing T cells to specifically target and kill
autoreactive B lymphocytes in antibody-mediated autoim-
mune diseases. Such CARs can be referred to as chimeric
autoantibody receptors (CAARs), and their use is encom-
passed by the invention.

[0272] The scFvs can be attached via a linker sequence.
The intracellular stimulatory domain can include one or
more cytoplasmic signaling domains that transmit an acti-
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vation signal to the immune effector cell following antigen
binding. Such cytoplasmic signaling domains can include,
without limitation. CD3-zeta. The intracellular stimulatory
domain can also include one or more intracellular co-
stimulatory domains that transmit a proliferative and/or
cell-survival signal after ligand binding. Such intracellular
co-stimulatory domains can include, without limitation, a
CD28 domain, a 4-1BB domain, an OX40 domain, or a
combination thereof. A chimeric antigen receptor can further
include additional structural elements, including a trans-
membrane domain that is attached to the extracellular
ligand-binding domain via a hinge or spacer sequence.

[0273] As used herein, an “exogenous T cell receptor” or
“exogenous TCR” refers to a TCR whose sequence is
introduced into the genome of an immune effector cell (e.g.,
a human T cell) that may or may not endogenously express
the TCR. Expression of an exogenous TCR on an immune
effector cell can confer specificity for a specific epitope or
antigen (e.g., an epitope or antigen preferentially present on
the surface of a cancer cell or other disease-causing cell or
particle). Such exogenous T cell receptors can comprise
alpha and beta chains or, alternatively, may comprise gamma
and delta chains. Exogenous TCRs useful in the invention
may have specificity to any antigen or epitope of interest.

[0274] As used herein, the term “reduced expression”
refers to any reduction in the expression of the endogenous
T cell receptor at the cell surface of a genetically-modified
cell when compared to a control cell. The term reduced can
also refer to a reduction in the percentage of cells in a
population of cells that express an endogenous polypeptide
(i.e., an endogenous T cell receptor) at the cell surface when
compared to a population of control cells. Such a reduction
may be up to 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95%, or up to 100%. Accordingly, the term
“reduced” encompasses both a partial knockdown and a
complete knockdown of the endogenous T cell receptor.

[0275] As used herein with respect to both amino acid
sequences and nucleic acid sequences, the terms “percent
identity,” “sequence identity,” “percentage similarity,”
“sequence similarity” and the like refer to a measure of the
degree of similarity of two sequences based upon an align-
ment of the sequences that maximizes similarity between
aligned amino acid residues or nucleotides, and that is a
function of the number of identical or similar residues or
nucleotides, the number of total residues or nucleotides, and
the presence and length of gaps in the sequence alignment.
A variety of algorithms and computer programs are available
for determining sequence similarity using standard param-
eters. As used herein, sequence similarity is measured using
the BLASTp program for amino acid sequences and the
BLASTn program for nucleic acid sequences, both of which
are available through the National Center for Biotechnology
Information (www.ncbi.nlm.nih.gov/), and are described in,
for example, Altschul et al. (1990), J. Mol. Biol. 215:403-
410; Gish and States (1993), Nature Genet. 3:266-272;
Madden et al. (1996), Meth. Enzymol. 266:131-141; Alts-
chul et al. (1997). Nucleic Acids Res. 25:33 89-3402); Zhang
etal. (2000), J. Comput. Biol. 7(1-2):203-14. As used herein,
percent similarity of two amino acid sequences is the score
based upon the following parameters for the BLASTp
algorithm: word size=3; gap opening penalty=—11; gap
extension penalty=-1; and scoring matrix=BLOSUM®62. As
used herein, percent similarity of two nucleic acid sequences
is the score based upon the following parameters for the
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BLASTn algorithm: word size=11; gap opening penalty=-5;
gap extension penalty=-2; match reward=1 and mismatch
penalty=-3.

[0276] As used herein with respect to modifications of two
proteins or amino acid sequences, the term “corresponding
t0” is used to indicate that a specified modification in the first
protein is a substitution of the same amino acid residue as in
the modification in the second protein, and that the amino
acid position of the modification in the first proteins corre-
sponds to or aligns with the amino acid position of the
modification in the second protein when the two proteins are
subjected to standard sequence alignments (e.g., using the
BLASTp program). Thus, the modification of residue “X” to
amino acid “A” in the first protein will correspond to the
modification of residue “Y” to amino acid “A” in the second
protein if residues X and Y correspond to each other in a
sequence alignment, and despite the fact that X and Y may
be different numbers.

[0277] As used herein, the term “recognition half-site,”
“recognition sequence half-site,” or simply “half-site”
means a nucleic acid sequence in a double-stranded DNA
molecule that is recognized by a monomer of a homodimeric
or heterodimeric meganuclease, or by one subunit of a
single-chain meganuclease.

[0278] As used herein, the term “hypervariable region”
refers to a localized sequence within a meganuclease mono-
mer or subunit that comprises amino acids with relatively
high variability. A hypervariable region can comprise about
50-60 contiguous residues, about 53-57 contiguous residues,
or preferably about 56 residues. In some embodiments, the
residues of a hypervariable region may correspond to posi-
tions 24-79 or positions 215-270 of any one of SEQ ID
NOs:8-32. A hypervariable region can comprise one or more
residues that contact DNA bases in a recognition sequence
and can be modified to alter base preference of the monomer
or subunit. A hypervariable region can also comprise one or
more residues that bind to the DNA backbone when the
meganuclease associates with a double-stranded DNA rec-
ognition sequence. Such residues can be modified to alter the
binding affinity of the meganuclease for the DNA backbone
and the target recognition sequence. In different embodi-
ments of the invention, a hypervariable region may comprise
between 1-20 residues that exhibit variability and can be
modified to influence base preference and/or DNA-binding
affinity. In particular embodiments, a hypervariable region
comprises between about 15-18 residues that exhibit vari-
ability and can be modified to influence base preference
and/or DNA-binding affinity. In some embodiments, vari-
able residues within a hypervariable region correspond to
one or more of positions 24, 26, 28, 29, 30, 32, 33, 38, 40,
42,44, 46, 66, 68, 70, 72, 73, 75, and 77 of any one of SEQ
ID NOs:8-32. In other embodiments, variable residues
within a hypervariable region correspond to one or more of
positions 215, 217, 219, 221, 223, 224, 229, 231, 233, 235,
237, 248, 257, 259, 261, 263, 264, 266, and 268 of any one
of SEQ ID NOs:8-32.

[0279] As used herein, the terms “T cell receptor alpha
constant region gene” and “TCR alpha constant region
gene” are used interchangeably and refer to the human gene
identified by NCBI Gen ID NO. 28755 (SEQ ID NO:1).

2 <

[0280] The terms “recombinant DNA construct.” “recom-
binant construct,” “expression cassette.” “expression con-
struct,” “chimeric construct,” “construct,” and “recombinant

DNA fragment” are used interchangeably herein and are
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single or double-stranded polynucleotides. A recombinant
construct comprises an artificial combination of single or
double-stranded polynucleotides, including, without limita-
tion, regulatory and coding sequences that are not found
together in nature. For example, a recombinant DNA con-
struct may comprise regulatory sequences and coding
sequences that are derived from different sources, or regu-
latory sequences and coding sequences derived from the
same source and arranged in a manner different than that
found in nature. Such a construct may be used by itself or
may be used in conjunction with a vector.

[0281] As used herein, a “vector” or “recombinant DNA
vector” may be a construct that includes a replication system
and sequences that are capable of transcription and transla-
tion of a polypeptide-encoding sequence in a given host cell.
If a vector is used then the choice of vector is dependent
upon the method that will be used to transform host cells as
is well known to those skilled in the art. Vectors can include,
without limitation, plasmid vectors and recombinant AAV
vectors, or any other vector known in that art suitable for
delivering a gene encoding a meganuclease of the invention
to a target cell. The skilled artisan is well aware of the
genetic elements that must be present on the vector in order
to successtully transform, select and propagate host cells
comprising any of the isolated nucleotides or nucleic acid
sequences of the invention.

[0282] As used herein, a “vector” can also refer to a viral
vector. Viral vectors can include, without limitation, retro-
viral vectors, lentiviral vectors, adenoviral vectors, and
adeno-associated viral vectors (AAV).

[0283] As used herein, a “polycistronic” mRNA refers to
a single messenger RNA that comprises two or more coding
sequences (i.e., cistrons) and encodes more than one protein.
A polycistronic mRNA can comprise any element known in
the art to allow for the translation of two or more genes from
the same mRNA molecule including, but not limited to, an
IRES element, a T2A element, a P2A element, an E2A
element, and an F2A element.

[0284] As used herein, a “human T cell” or “T cell” refers
to a T cell isolated from a human donor. Human T cells, and
cells derived therefrom, include isolated T cells that have not
been passaged in culture, T cells that have been passaged
and maintained under cell culture conditions without immor-
talization, and T cells that have been immortalized and can
be maintained under cell culture conditions indefinitely.
[0285] As used herein, a “control” or “control cell” refers
to a cell that provides a reference point for measuring
changes in genotype or phenotype of a genetically-modified
cell. A control cell may comprise, for example: (a) a wild-
type cell, i.e., of the same genotype as the starting material
for the genetic alteration that resulted in the genetically-
modified cell; (b) a cell of the same genotype as the
genetically-modified cell but that has been transformed with
a null construct (i.e., with a construct that has no known
effect on the trait of interest); or, (¢) a cell genetically
identical to the genetically-modified cell but that is not
exposed to conditions or stimuli or further genetic modifi-
cations that would induce expression of altered genotype or
phenotype.

[0286] As used herein, the recitation of a numerical range
for a variable is intended to convey that the invention may
be practiced with the variable equal to any of the values
within that range. Thus, for a variable that is inherently
discrete, the variable can be equal to any integer value
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within the numerical range, including the end-points of the
range. Similarly, for a variable that is inherently continuous,
the variable can be equal to any real value within the
numerical range, including the end-points of the range. As
an example, and without limitation, a variable that is
described as having values between 0 and 2 can take the
values 0, 1 or 2 if the variable is inherently discrete, and can
take the values 0.0, 0.1, 0.01, 0.001, or any other real values
=0 and =2 if the variable is inherently continuous.

2.1 Principle of the Invention

[0287] The present invention is based, in part, on the
discovery that engineered nucleases can be utilized to rec-
ognize and cleave recognition sequences found within the
human TCR alpha constant region gene (SEQ ID NO:1),
such that NHEJ at the cleavage site disrupts expression of
the TCR alpha chain subunit and, ultimately, expression of
the T cell receptor at the cell surface. Moreover, according
to the invention, an exogenous polynucleotide sequence is
inserted into the TCR alpha constant region gene at the
nuclease cleavage site, for example by homologous recom-
bination, such that a sequence of interest is concurrently
expressed in the cell. Such exogenous sequences can
encode, for example, a chimeric antigen receptor, an exog-
enous TCR receptor, or any other polypeptide of interest.
[0288] Thus, the present invention allows for both the
knockout of the endogenous T cell receptor and the expres-
sion of an exogenous nucleic acid sequence (e.g., a chimeric
antigen receptor or exogenous TCR) by targeting a single
recognition site with a single engineered nuclease. In par-
ticular embodiments where a sequence encoding a chimeric
antigen receptor is inserted into the TCR alpha constant
region gene, the invention provides a simplified method for
producing an allogeneic T cell that expresses an antigen-
specific CAR and has reduced expression, or complete
knockout, of the endogenous TCR. Such cells can exhibit
reduced or no induction of grafi-versus-host-disease
(GVHD) when administered to an allogeneic subject.

2.2 Nucleases for Recognizing and Cleaving
Recognition Sequences within the T Cell Receptor
Alpha Constant Region Gene

[0289] It is known in the art that it is possible to use a
site-specific nuclease to make a DNA break in the genome
of a living cell, and that such a DNA break can result in
permanent modification of the genome via mutagenic NHEJ
repair or via homologous recombination with a transgenic
DNA sequence. NHEJ can produce mutagenesis at the
cleavage site, resulting in inactivation of the allele. NHEJ-
associated mutagenesis may inactivate an allele via genera-
tion of early stop codons, frameshift mutations producing
aberrant non-functional proteins, or could trigger mecha-
nisms such as nonsense-mediated mRNA decay. The use of
nucleases to induce mutagenesis via NHEJ can be used to
target a specific mutation or a sequence present in a wild-
type allele. The use of nucleases to induce a double-strand
break in a target locus is known to stimulate homologous
recombination, particularly of transgenic DNA sequences
flanked by sequences that are homologous to the genomic
target. In this manner, exogenous nucleic acid sequences can
be inserted into a target locus. Such exogenous nucleic acids
can encode, for example, a chimeric antigen receptor, an
exogenous TCR, or any sequence or polypeptide of interest.
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[0290] In different embodiments, a variety of different
types of nuclease are useful for practicing the invention. In
one embodiment, the invention can be practiced using
recombinant meganucleases. In another embodiment, the
invention can be practiced using a CRISPR nuclease or
CRISPR Nickase. Methods for making CRISPRs and
CRISPR Nickases that recognize pre-determined DNA sites
are known in the art, for example Ran, et al. (2013) Nat
Protoc. 8:2281-308. In another embodiment, the invention
can be practiced using TALENs or Compact TALENSs.
Methods for making TALE domains that bind to pre-deter-
mined DNA sites are known in the an, for example Reyon
et al. (2012) Nat Biotechnol. 30:460-5. In a further embodi-
ment, the invention can be practiced using megaTALs.
[0291] In preferred embodiments, the nucleases used to
practice the invention are single-chain meganucleases. A
single-chain meganuclease comprises an N-terminal subunit
and a C-terminal subunit joined by a linker peptide. Each of
the two domains recognizes half of the recognition sequence
(i.e., a recognition half-site) and the site of DNA cleavage is
at the middle of the recognition sequence near the interface
of the two subunits. DNA strand breaks are offset by four
base pairs such that DNA cleavage by a meganuclease
generates a pair of four base pair, 3' single-strand overhangs.
[0292] In some examples, recombinant meganucleases of
the invention have been engineered to recognize and cleave
the TRC 1-2 recognition sequence (SEQ ID NO:3). Such
recombinant meganucleases are collectively referred to
herein as “TRC 1-2 meganucleases.” Exemplary TRC 1-2
meganucleases are provided in SEQ ID NOs:8-27.

[0293] In additional examples, recombinant meganucle-

ases of the invention have been engineered to recognize and
cleave the TRC 3-4 recognition sequence (SEQ ID NO:4).
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Such recombinant meganucleases are collectively referred
to herein as “TRC 3-4 meganucleases.” Exemplary TRC 3-4
meganucleases are provided in SEQ ID NOs:28 and 29.
[0294] In further examples, recombinant meganucleases
of the invention have been engineered to recognize and
cleave the TRC 7-8 recognition sequence (SEQ ID NO:5).
Such recombinant meganucleases are collectively referred
to herein as “TRC 7-8 meganucleases.” Exemplary TRC 7-8
meganucleases are provided in SEQ ID NOs:30-32.

[0295] Recombinant meganucleases of the invention com-
prise a first subunit, comprising a first hypervariable
(HVR1) region, and a second subunit, comprising a second
hypervariable (HVR2) region. Further, the first subunit
binds to a first recognition half-site in the recognition
sequence (e.g., the TRC1, TRC3, or TRC7 half-site), and the
second subunit binds to a second recognition half-site in the
recognition sequence (e.g., the TRC2, TRC4, or TRC8
half-site). In embodiments where the recombinant mega-
nuclease is a single-chain meganuclease, the first and second
subunits can be oriented such that the first subunit, which
comprises the HVR1 region and binds the first half-site, is
positioned as the N-terminal subunit, and the second sub-
unit, which comprises the HVR2 region and binds the
second half-site, is positioned as the C-terminal subunit. In
alternative embodiments, the first and second subunits can
be oriented such that the first subunit, which comprises the
HVRI1 region and binds the first half-site, is positioned as the
C-terminal subunit, and the second subunit, which com-
prises the HVR2 region and binds the second half-site, is
positioned as the N-terminal subunit. Exemplary TRC 1-2
meganucleases of the invention are provided in Table 1.
Exemplary TRC 3-4 meganucleases of the invention are
provided in Table 2. Exemplary TRC 7-8 meganucleases of
the invention are provided in Table 3.

TABLE 1

Exemplary recombinant meganucleases engineered to recognize and cleave the TRC

1-2 recognition sequence (SEQ ID NO: 3)

AA TRC1 TRC1 *TRC1 TRC2 TRC2 *TRC2

SEQ  Subunit Subunit Subunit Subunit Subunit Subunit
Meganuclease ID  Residues SEQ ID % Residues SEQ ID %
TRC 1-2x.87 EE 8 198-344 33 100 7-153 58 100

TRC 1-2x.87 QE 9

198-344 34 100 7-153 59 99.3

TRC 1-2x.87 EQ 10 198-344 35 99.3 7-153 60 100

TRC 1-2x.87 11 198-344 36 99.3 7-153 61 99.3
TRC 1-2x.6 12 198-344 37 99.3 7-153 62 94.6
TRC 1-2x.20 13 198-344 38 99.3 7-153 63 91.2
TRC 1-2x.55 14 198-344 39 95.9 7-153 64 91.8
TRC 1-2x.60 15 198-344 40 91.8 7-153 65 91.2
TRC 1-2x.105 16 198-344 41 95.2 7-153 66 95.2
TRC 1-2x.163 17 198-344 42 99.3 7-153 67 99.3
TRC 1-2x.113_3 18 198-344 43 99.3 7-153 68 91.2
TRC 1-2x.5 19 7-153 44 99.3 198-344 69 93.2
TRC 1-2x.8 20 7-153 45 92.5 198-344 70 92.5
TRC 1-2x.25 21 7-153 46 99.3 198-344 71 98.6
TRC 1-2x.72 22 7-153 47 99.3 198-344 72 92.5
TRC 1-2x.80 23 7-153 48 99.3 198-344 73 92.5
TRC 1-2x.84 24 7-153 49 95.2 198-344 74 98.6
TRC 1-2x.120 25 7-153 50 99.3 198-344 75 92.5
TRC 1-2x.113_1 26 7-153 51 100 198-344 76 92.5
TRC 1-2x.113_2 27 7-153 52 99.3 198-344 77 92.5

*“TRC1 Subunit %” and “TRC2 Subunit %” represent the amino acid sequence identity between the
TRC1-binding and TRC2-binding subunit regions of each meganuclease and the TRCI-binding and
TRC2-binding subunit regions, respectively, of the TRC 1-2x.87 EE meganuclease.
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Exemplary recombinant meganucleases engineered to recognize and cleave the TRC

3-4 recognition sequence (SEQ ID NO: 4)

AA TRC3 TRC3 *TRC3 TRC4 TRC4 TRC4

SEQ  Subunit Subunit Subunit Subunit Subtotal  Subunit
Meganuclease ID  Residues SEQ ID % Residues  SEQ ID %
TRC 3-4x.3 28 7-153 53 100 198-344 78 100
TRC 3-4x.19 29 7-153 54 96.6  198-344 79 96.6

*“TRC3 Subunit %” and “TRC4 Subunit %” represent the amino acid sequence identity between the
TRC3-binding and TRC4-binding subunit regions of each meganuclease and the TRC3-binding and

TRC4-binding subunit regions, respectively, of the TRC 3-4x.3 meganuclease.

TABLE 3

Exemplary recombinant meganucleases engineered to recognize and cleave the TRC

7-8 recognition sequence (SEQ ID NO: 35)

AA TRC7 TRC7 *TRC7 TRC8 TRCS8 TRC8

SEQ  Subunit Subunit Subunit Subunit Subunit Subunit
Meganuclease ID  Residues SEQ ID % Residues  SEQ ID %
TRC 7-8x.7 30 7-153 55 100 198-344 80 100
TRC 7-8x.9 31 198-344 56 97.3 7-153 81 91.2
TRC 7-8x.14 32 198-344 57 97.9 7-153 82 90.5

*#“TRC7 Subunit %” and “TRC8& Subunit %” represent the amino acid sequence identity between the TRC7-
binding and TRCS8-binding subunit regions of each meganuclease and the TRC7-binding and TRC8-binding

subunit regions, respectively, of the TRC 7-8x.7 meganuclease.

2.3 Methods for Producing Genetically-Modified
Cells

[0296] The invention provides methods for producing
genetically-modified cells using engineered nucleases that
recognize and cleave recognition sequences found within the
human TCR alpha constant region gene (SEQ ID NO:1).
Cleavage at such recognition sequences can allow for NHEJ
at the cleavage site and disrupted expression of the human
T cell receptor alpha chain subunit, leading to reduced
expression and/or function of the T cell receptor at the cell
surface. Additionally, cleavage at such recognition
sequences can further allow for homologous recombination
of exogenous nucleic acid sequences directly into the TCR
alpha constant region gene.

[0297] Engineered nucleases of the invention can be deliv-
ered into a cell in the form of protein or, preferably, as a
nucleic acid encoding the engineered nuclease. Such nucleic
acid can be DNA (e.g., circular or linearized plasmid DNA
or PCR products) or RNA. For embodiments in which the
engineered nuclease coding sequence is delivered in DNA
form, it should be operably linked to a promoter to facilitate
transcription of the meganuclease gene. Mammalian pro-
moters suitable for the invention include constitutive pro-
moters such as the cytomegalovirus early (CMV) promoter
(Thomsen et al. (1984). Proc Natl Acad Sci USA. 81(3):659-
63) or the SV40 early promoter (Benoist and Chambon
(1981). Nature. 290(5804):304-10) as well as inducible
promoters such as the tetracycline-inducible promoter
(Dingermann et al. (1992), Mol Cell Biol. 12(9):4038-45).

[0298] In some embodiments, mRNA encoding the engi-
neered nuclease is delivered to the cell because this reduces
the likelihood that the gene encoding the engineered nucle-
ase will integrate into the genome of the cell. Such mRNA
encoding an engineered nuclease can be produced using
methods known in the art such as in vitro transcription. In

some embodiments, the mRNA is capped using 7-methyl-
guanosine. In some embodiments, the mRNA may be poly-
adenylated.

[0299] In particular embodiments, an mRNA encoding an
engineered nuclease of the invention can be a polycistronic
mRNA encoding two or more nucleases that are simultane-
ously expressed in the cell. A polycistronic mRNA can
encode two or more nucleases of the invention that target
different recognition sequences in the same target gene.
Alternatively, a polycistronic mRNA can encode at least one
nuclease described herein and at least one additional nucle-
ase targeting a separate recognition sequence positioned in
the same gene, or targeting a second recognition sequence
positioned in a second gene such that cleavage sites are
produced in both genes. A polycistronic mRNA can com-
prise any element known in the art to allow for the trans-
lation of two or more genes (i.e., cistrons) from the same
mRNA molecule including, but not limited to, an IRES
element, a T2A element, a P2A element, an E2A element,
and an F2A element.

[0300] Purified nuclease proteins can be delivered into
cells to cleave genomic DNA, which allows for homologous
recombination or non-homologous end-joining at the cleav-
age site with a sequence of interest, by a variety of different
mechanisms known in the a.

[0301] In some embodiments, engineered nuclease pro-
teins, or DNA/mRNA encoding engineered nucleases, are
coupled to a cell penetrating peptide or targeting ligand to
facilitate cellular uptake. Examples of cell penetrating pep-
tides known in the art include poly-arginine (Jearawiriyapa-
isarn, et al. (2008) Mol Ther. 16:1624-9). TAT peptide from
the HIV virus (Hudecz et al. (2005), Med. Res. Rev. 25:
679-736), MPG (Simeoni, et al. (2003) Nucleic Acids Res.
31:2717-2724). Pep-1 (Deshayes et al. (2004) Biochemistry
43: 7698-7706, and HSV-1 VP-22 (Deshayes et al. (2005)
Cell Mol Life Sci. 62:1839-49. In an alternative embodi-
ment, engineered nucleases, or DNA/mRNA encoding engi-
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neered nucleases, are coupled covalently or non-covalently
to an antibody that recognizes a specific cell-surface recep-
tor expressed on target cells such that the nuclease protein/
DNA/mRNA binds to and is internalized by the target cells.
Alternatively, engineered nuclease protein/DNA/mRNA can
be coupled covalently or non-covalently to the natural ligand
(or a portion of the natural ligand) for such a cell-surface
receptor. (McCall, et al. (2014) Tissue Barriers. 2(4):
€944449; Dinda, et al. (2013) Curr Pharm Biotechnol.
14:1264-74; Kang, et al. (2014) Curr Pharm Biotechnol.
15(3):220-30: Qian et al. (2014) Expert Opin Drug Metab
Toxicol. 10(11):1491-508).

[0302] In some embodiments, engineered nuclease pro-
teins, or DNA/mRNA encoding engineered nucleases, are
coupled covalently or, preferably, non-covalently to a nan-
oparticle or encapsulated within such a nanoparticle using
methods known in the art (Sharma, et al. (2014) Biomed Res
Int. 2014). A nanoparticle is a nanoscale delivery system
whose length scale is <1 um, preferably <100 nm. Such
nanoparticles may be designed using a core composed of
metal, lipid, polymer, or biological macromolecule, and
multiple copies of the recombinant meganuclease proteins,
mRNA, or DNA can be attached to or encapsulated with the
nanoparticle core. This increases the copy number of the
protein/mRNA/DNA that is delivered to each cell and, so,
increases the intracellular expression of each engineered
nuclease to maximize the likelihood that the target recog-
nition sequences will be cut. The surface of such nanopar-
ticles may be further modified with polymers or lipids (e.g.,
chitosan, cationic polymers, or cationic lipids) to form a
core-shell nanoparticle whose surface confers additional
functionalities to enhance cellular delivery and uptake of the
payload (Jian et al. (2012) Biomaterials. 33(30): 7621-30).
Nanoparticles may additionally be advantageously coupled
to targeting molecules to direct the nanoparticle to the
appropriate cell type and/or increase the likelihood of cel-
Iular uptake. Examples of such targeting molecules include
antibodies specific for cell-surface receptors and the natural
ligands (or portions of the natural ligands) for cell surface
receptors.

[0303] In some embodiments, the engineered nucleases or
DNA/mRNA encoding the engineered nucleases, are encap-
sulated within liposomes or complexed using cationic lipids
(see, e.g., Lipofectamine™, Life Technologies Corp., Carls-
bad, Calif.; Zuris et al. (2015) Nat Biotechnol. 33: 73-80;
Mishra et al. (2011) J Drug Deliv. 2011:863734). The
liposome and lipoplex formulations can protect the payload
from degradation, and facilitate cellular uptake and delivery
efficiency through fusion with and/or disruption of the
cellular membranes of the cells.

[0304] In some embodiments, engineered nuclease pro-
teins, or DNA/mRNA encoding engineered nucleases, are
encapsulated within polymeric scaffolds (e.g., PLGA) or
complexed using cationic polymers (e.g., PEIL, PLL) (Tam-
boli et al. (2011) Ther Deliv. 2(4): 523-536).

[0305] In some embodiments, engineered nuclease pro-
teins, or DNA/mRNA encoding engineered nucleases, are
combined with amphiphilic molecules that self-assemble
into micelles (Tong et al. (2007) J Gene Med. 9(11): 956-
66). Polymeric micelles may include a micellar shell formed
with a hydrophilic polymer (e.g., polyethyleneglycol) that
can prevent aggregation, mask charge interactions, and
reduce nonspecific interactions outside of the cell.
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[0306] In some embodiments, engineered nuclease pro-
teins, or DNA/mRNA encoding engineered nucleases, are
formulated into an emulsion or a nanoemulsion (i.e., having
an average particle diameter of <1 nm) for delivery to the
cell. The term “emulsion” refers to, without limitation, any
oil-in-water, water-in-oil, water-in-oil-in-water, or oil-in-
water-in-oil dispersions or droplets, including lipid struc-
tures that can form as a result of hydrophobic forces that
drive apolar residues (e.g., long hydrocarbon chains) away
from water and polar head groups toward water, when a
water immiscible phase is mixed with an aqueous phase.
These other lipid structures include, but are not limited to,
unilamellar, paucilamellar, and multilamellar lipid vesicles,
micelles, and lamellar phases. Emulsions are composed of
an aqueous phase and a lipophilic phase (typically contain-
ing an oil and an organic solvent). Emulsions also frequently
contain one or more surfactants. Nanoemulsion formulations
are well known, e.g., as described in US Patent Application
Nos. 2002/0045667 and 2004/0043041, and U.S. Pat. Nos.
6,015,832, 6,506,803, 6,635,676, and 6,559,189, each of
which is incorporated herein by reference in its entirety.
[0307] In some embodiments, engineered nuclease pro-
teins, or DNA/mRNA encoding engineered nucleases, are
covalently attached to, or non-covalently associated with,
multifunctional polymer conjugates. DNA dendrimers, and
polymeric dendrimers (Mastorakos et al. (2015) Nanoscale.
7(9): 3845-56; Cheng et A. (2008) J Pharm Sci. 97(1):
123-43). The dendrimer generation can control the payload
capacity and size, and can provide a high payload capacity.
Moreover, display of multiple surface groups can be lever-
aged to improve stability and reduce nonspecific interac-
tions.

[0308] In some embodiments, genes encoding an engi-
neered nuclease are introduced into a cell using a viral
vector. Such vectors are known in the art and include
lentiviral vectors, adenoviral vectors, and adeno-associated
virus (AAV) vectors (reviewed in Vannucci, et al. (2013 New
Microbiol. 36:1-22). Recombinant AAV vectors useful in the
invention can have any serotype that allows for transduction
of the virus into the cell and insertion of the nuclease gene
into the cell genome. In particular embodiments, recombi-
nant AAV vectors have a serotype of AAV2 or AAV6.
Recombinant AAV vectors can also be self-complementary
such that they do not require second-strand DNA synthesis
in the host cell (McCarty, et al. (2001) Gene Ther. 8:1248-
54).

[0309] If the engineered nuclease genes are delivered in
DNA form (e.g. plasmid) and/or via a viral vector (e.g. AAV)
they must be operably linked to a promoter. In some
embodiments, this can be a viral promoter such as endog-
enous promoters from the viral vector (e.g. the TR of a
lentiviral vector) or the well-known cytomegalovirus- or
SV40 virus-early promoters. In a preferred embodiment,
nuclease genes are operably linked to a promoter that drives
gene expression preferentially in the target cell (e.g., a
human T cell).

[0310] The invention further provides for the introduction
of an exogenous nucleic acid into the cell, such that the
exogenous nucleic acid sequence is inserted into the TRC
alpha constant region gene at a nuclease cleavage site. In
some embodiments, the exogenous nucleic acid comprises a
5' homology arm and a 3' homology arm to promote recom-
bination of the nucleic acid sequence into the cell genome at
the nuclease cleavage site.
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[0311] Exogenous nucleic acids of the invention may be
introduced into the cell by any of the means previously
discussed. In a particular embodiment, exogenous nucleic
acids are introduced by way of a viral vector, such as a
lentivirus, retrovirus, adenovirus, or preferably a recombi-
nant AAV vector. Recombinant AAV vectors useful for
introducing an exogenous nucleic acid can have any sero-
type that allows for transduction of the virus into the cell and
insertion of the exogenous nucleic acid sequence into the
cell genome. In particular embodiments, the recombinant
AAV vectors have a serotype of AAV2 or AAV6. The
recombinant AAV vectors can also be self-complementary
such that they do not require second-strand DNA synthesis
in the host cell.

[0312] In another particular embodiment, an exogenous
nucleic acid can be introduced into the cell using a single-
stranded DN A template. The single-stranded DNA can com-
prise the exogenous nucleic acid and, in preferred embodi-
ments, can comprise 5' and 3' homology arms to promote
insertion of the nucleic acid sequence into the nuclease
cleavage site by homologous recombination. The single-
stranded DNA can further comprise a 5' AAV inverted
terminal repeat (ITR) sequence 5' upstream of the 5' homol-
ogy arm, and a 3' AAV ITR sequence 3' downstream of the
3' homology arm.

[0313] In another particular embodiment, genes encoding
an endonuclease of the invention and/or an exogenous
nucleic acid sequence of the invention can be introduced
into the cell by transfection with a linearized DNA template.
In some examples, a plasmid DNA encoding an endonu-
clease and/or an exogenous nucleic acid sequence can be
digested by one or more restriction enzymes such that the
circular plasmid DNA is linearized prior to transfection into
the cell.

[0314] When delivered to a cell, an exogenous nucleic
acid of the invention can be operably linked to any promoter
suitable for expression of the encoded polypeptide in the
cell, including those mammalian promoters and inducible
promoters previously discussed. An exogenous nucleic acid
of the invention can also be operably linked to a synthetic
promoter. Synthetic promoters can include, without limita-
tion, the JeT promoter (WO 2002/012514).

[0315] In examples where the genetically-modified cells
of the invention are human T cells, or cells derived there-
from, such cells may require activation prior to introduction
of a meganuclease and/or an exogenous nucleic acid
sequence. For example, T cells can be contacted with
anti-CD3 and anti-CD28 antibodies that are soluble or
conjugated to a support (i.e., beads) for a period of time
sufficient to activate the cells.

[0316] Genetically-modified cells of the invention can be
further modified to express one or more inducible suicide
genes, the induction of which provokes cell death and allows
for selective destruction of the cells in vitro or in vivo. In
some examples, a suicide gene can encode a cytotoxic
polypeptide, a polypeptide that has the ability to convert a
non-toxic pro-drug into a cytotoxic drug, and/or a polypep-
tide that activates a cytotoxic gene pathway within the cell.
That is, a suicide gene is a nucleic acid that encodes a
product that causes cell death by itself or in the presence of
other compounds. A representative example of such a sui-
cide gene is one that encodes thymidine kinase of herpes
simplex virus. Additional examples are genes that encode
thymidine kinase of varicella zoster virus and the bacterial

Jul. 8, 2021

gene cytosine deaminase that can convert 5-fluorocytosine
to the highly toxic compound 5-fluorouracil. Suicide genes
also include as non-limiting examples genes that encode
caspase-9, caspase-8, or cytosine deaminase. In some
examples, caspase-9 can be activated using a specific chemi-
cal inducer of dimerization (CID). A suicide gene can also
encode a polypeptide that is expressed at the surface of the
cell that makes the cells sensitive to therapeutic and/or
cytotoxic monoclonal antibodies. In further examples, a
suicide gene can encode recombinant antigenic polypeptide
comprising an antigenic motif recognized by the anti-CD20
mAb Rituximab and an epitope that allows for selection of
cells expressing the suicide gene. See, for example, the
RQRS8 polypeptide described in WO2013153391, which
comprises two Rituximab-binding epitopes and a QBEndO-
binding epitope. For such a gene. Rituximab can be admin-
istered to a subject to induce cell depletion when needed.

2.4 Pharmaceutical Compositions

[0317] In some embodiments, the invention provides a
pharmaceutical composition comprising a genetically-modi-
fied cell of the invention, or a population of genetically-
modified cells of the invention, and a pharmaceutical carrier.
Such pharmaceutical compositions can be prepared in accor-
dance with known techniques. See, e.g., Remington, The
Science And Practice of Pharmacy (21% ed. 2005). In the
manufacture of a pharmaceutical formulation according to
the invention, cells are typically admixed with a pharma-
ceutically acceptable carrier and the resulting composition is
administered to a subject. The carrier must, of course, be
acceptable in the sense of being compatible with any other
ingredients in the formulation and must not be deleterious to
the subject. In some embodiments, pharmaceutical compo-
sitions of the invention can further comprise one or more
additional agents useful in the treatment of a disease in the
subject. In additional embodiments, where the genetically-
modified cell is a genetically-modified human T cell (or a
cell derived therefrom), pharmaceutical compositions of the
invention can further include biological molecules, such as
cytokines (e.g., 1L-2, 1L-7, IL-15, and/or IL.-21), which
promote in vivo cell proliferation and engraftment. Pharma-
ceutical compositions comprising genetically-modified cells
of the invention can be administered in the same composi-
tion as an additional agent or biological molecule or, alter-
natively, can be co-administered in separate compositions.
[0318] Pharmaceutical compositions of the invention can
be useful for treating any disease state that can be targeted
by T cell adoptive immunotherapy. In a particular embodi-
ment, the pharmaceutical compositions of the invention are
useful in the treatment of cancer. Such cancers can include,
without limitation, carcinoma, lymphoma, sarcoma, blasto-
mas, leukemia, cancers of B-cell origin, breast cancer,
gastric cancer, neuroblastoma, osteosarcoma, lung cancer,
melanoma, prostate cancer, colon cancer, renal cell carci-
noma, ovarian cancer, thabdomyo sarcoma, leukemia, and
Hodgkin’s lymphoma. In certain embodiments, cancers of
B-cell origin include, without limitation. B-lineage acute
lymphoblastic leukemia, B-cell chronic lymphocytic leuke-
mia, and B-cell non-Hodgkin’s lymphoma.

2.5 Methods for Producing Recombinant AAV
Vectors

[0319] In some embodiments, the invention provides
recombinant AAV vectors for use in the methods of the
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invention. Recombinant AAV vectors are typically produced
in mammalian cell lines such as HEK-293. Because the viral
cap and rep genes are removed from the vector to prevent its
self-replication to make room for the therapeutic gene(s) to
be delivered (e.g. the endonuclease gene), it is necessary to
provide these in trans in the packaging cell line. In addition,
it is necessary to provide the “helper” (e.g. adenoviral)
components necessary to support replication (Cots D, Bosch
A, Chillon M (2013) Curr. Gene Ther 13(5): 370-81).
Frequently, recombinant AAV vector are produced using a
triple-transfection in which a cell line is transfected with a
first plasmid encoding the “helper” components, a second
plasmid comprising the cap and rep genes, and a third
plasmid comprising the viral ITRs containing the interven-
ing DNA sequence to be packaged into the virus. Viral
particles comprising a genome (ITRs and intervening gene
(s) of interest) encased in a capsid are then isolated from
cells by freeze-thaw cycles, sonication, detergent, or other
means known in the art. Particles are then purified using
cesium-chloride density gradient centrifugation or affinity
chromatography and subsequently delivered to the gene(s)
of interest to cells, tissues, or an organism such as a human
patient.

[0320] Because recombinant AAV particles are typically
produced (manufactured) in cells, precautions must be taken
in practicing the current invention to ensure that the site-
specific endonuclease is NOT expressed in the packaging
cells. Because the viral genomes of the invention comprise
a recognition sequence for the endonuclease, any endonu-
clease expressed in the packaging cell line will be capable of
cleaving the viral genome before it can be packaged into
viral particles. This will result in reduced packaging effi-
ciency and/or the packaging of fragmented genomes. Sev-
eral approaches can be used to prevent endonuclease expres-
sion in the packaging cells, including:

[0321] 1. The endonuclease can be placed under the
control of a tissue-specific promoter that is not active in
the packaging cells. For example, if a viral vector is
developed for delivery of (an) endonuclease gene(s) to
muscle tissue, a muscle-specific promoter can be used.
Examples of muscle-specific promoters include C5-12
(Liu, et al. (2004) Hum Gene Ther 15:783-92), the
muscle-specific creatine kinase (MCK) promoter
(Yuasa, et al. (2002) Gene Ther 9:1576-88), or the
smooth muscle 22 (SM22) promoter (Haase, et al.
(2013) BMC Biotechnol. 13:49-54). Examples of CNS
(neuron)-specific promoters include the NSE, Syn-
apsin, and MCCP2 promoters (Lentz, et al. (2012)
Neurobiol Dis. 48:179-88). Examples of liver-specific
promoters include albumin promoters (such as Palb),
human al-antitrypsin (such as PalAT), and hemopexin
(such as Phpx) (Kramer, M G et al., (2003) Mol
Therapy 7:375-85). Examples of eye-specific promot-
ers include opsin, and corneal epithelium-specific K12
promoters (Martin K R G, Klein R L, and Quigley H A
(2002) Methods (28): 267-75) (Tong Y, et al., (2007) J
Gene Med, 9:956-66). These promoters, or other tissue-
specific promoters known in the art, are not highly-
active in HEK-293 cells and, thus, will not expected to
yield significant levels of endonuclease gene expres-
sion in packaging cells when incorporated into viral
vectors of the present invention. Similarly, the viral
vectors of the present invention contemplate the use of
other cell lines with the use of incompatible tissue
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specific promoters (i.e., the well-known HeL a cell line
(human epithelial cell) and using the liver-specific
hemopexin promoter). Other examples of tissue spe-
cific promoters include: synovial sarcomas PDZD4
(cerebellum). C6 (liver), ASB5 (muscle), PPPIR12B
(heart). SLC5A12 (kidney), cholesterol regulation
APOM (liver), ADPRHL1 (heart), and monogenic mal-
formation syndromes TP73L (muscle). (Jacox E, et al.,
(2010) PLoS One v. 5(8):e12274).

[0322] 2. Alternatively, the vector can be packaged in

cells from a different species in which the endonuclease
is not likely to be expressed. For example, viral par-
ticles can be produced in microbial, insect, or plant
cells using mammalian promoters, such as the well-
known cytomegalovirus- or SV40 virus-early promot-
ers, which are not active in the non-mammalian pack-
aging cells. In a preferred embodiment, viral particles
are produced in insect cells using the baculovirus
system as described by Gao, et al. (Gao, H., et al.
(2007) J. Biotechnol. 131(2):138-43). An endonuclease
under the control of a mammalian promoter is unlikely
to be expressed in these cells (Airenne, K I, et al.
(2013) Mol. Ther. 21(4):739-49). Moreover, insect cells
utilize different mRNA splicing motifs than mamma-
lian cells. Thus, it is possible to incorporate a mam-
malian intron, such as the human growth hormone
(HGH) intron or the SV40 large T antigen intron, into
the coding sequence of an endonuclease. Because these
introns are not spliced efficiently from pre-mRNA
transcripts in insect cells, insect cells will not express
a functional endonuclease and will package the full-
length genome. In contrast, mammalian cells to which
the resulting recombinant AAV particles are delivered
will properly splice the pre-mRNA and will express
functional endonuclease protein. Haifeng Chen has
reported the use of the HGH and SV40 large T antigen
introns to attenuate expression of the toxic proteins
barnase and diphtheria toxin fragment A in insect
packaging cells, enabling the production of recombi-
nant AAV vectors carrying these toxin genes (Chen. H
(2012) Mol Ther Nucleic Acids. 1(11): e57).

[0323] 3. The endonuclease gene can be operably linked

to an inducible promoter such that a small-molecule
inducer is required for endonuclease expression.
Examples of inducible promoters include the Tet-On
system (Clontech; Chen H., et al., (2015) BMC Bio-
technol. 15(1):4)) and the RheoSwitch system (Intr-
exon; Sowa G., et al., (2011) Spine, 36(10): E623-8).
Both systems, as well as similar systems known in the
art, rely on ligand-inducible transcription factors (vari-
ants of the Tet Repressor and Ecdysone receptor,
respectively) that activate transcription in response to a
small-molecule activator (Doxycycline or Ecdysone,
respectively). Practicing the current invention using
such ligand-inducible transcription activators includes:
1) placing the endonuclease gene under the control of
a promoter that responds to the corresponding tran-
scription factor, the endonuclease gene having (a) bind-
ing site(s) for the transcription factor; and 2) including
the gene encoding the transcription factor in the pack-
aged viral genome The latter step is necessary because
the endonuclease will not be expressed in the target
cells or tissues following recombinant AAV delivery if
the transcription activator is not also provided to the



US 2021/0207093 Al

same cells. The transcription activator then induces
endonuclease gene expression only in cells or tissues
that are treated with the cognate small-molecule acti-
vator. This approach is advantageous because it enables
endonuclease gene expression to be regulated in a
spatio-temporal manner by selecting when and to
which tissues the small-molecule inducer is delivered.
However, the requirement to include the inducer in the
viral genome, which has significantly limited carrying
capacity, creates a drawback to this approach.

[0324] 4. In another preferred embodiment, recombi-
nant AAV particles are produced in a mammalian cell
line that expresses a transcription repressor that pre-
vents expression of the endonuclease. Transcription
repressors are known in the art and include the Tet-
Repressor, the Lac-Repressor, the Cro repressor, and
the Lambda-repressor. Many nuclear hormone recep-
tors such as the ecdysone receptor also act as transcrip-
tion repressors in the absence of their cognate hormone
ligand. To practice the current invention, packaging
cells are transfected/transduced with a vector encoding
a transcription repressor and the endonuclease gene in
the viral genome (packaging vector) is operably linked
to a promoter that is modified to comprise binding sites
for the repressor such that the repressor silences the
promoter. The gene encoding the transcription repres-
sor can be placed in a variety of positions. It can be
encoded on a separate vector; it can be incorporated
into the packaging vector outside of the ITR sequences;
it can be incorporated into the cap/rep vector or the
adenoviral helper vector; or, most preferably, it can be
stably integrated into the genome of the packaging cell
such that it is expressed constitutively. Methods to
modify common mammalian promoters to incorporate
transcription repressor sites are known in the art. For
example. Chang and Roninson modified the strong,
constitutive CMV and RSV promoters to comprise
operators for the Lac repressor and showed that gene
expression from the modified promoters was greatly
attenuated in cells expressing the repressor (Chang B
D, and Roninson I B (1996) Gene 183:137-42). The use
of a non-human transcription repressor ensures that
transcription of the endonuclease gene will be
repressed only in the packaging cells expressing the
repressor and not in target cells or tissues transduced
with the resulting recombinant AAV vector.

2.6 Engineered Nuclease Variants

[0325] Embodiments of the invention encompass the engi-
neered nucleases, and particularly the recombinant mega-
nucleases, described herein, and variants thereof. Further
embodiments of the invention encompass isolated poly-
nucleotides comprising a nucleic acid sequence encoding the
recombinant meganucleases described herein, and variants
of such polynucleotides.

[0326] As used herein, “variants” is intended to mean
substantially similar sequences. A “variant” polypeptide is
intended to mean a polypeptide derived from the “native”
polypeptide by deletion or addition of one or more amino
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acids at one or more internal sites in the native protein and/or
substitution of one or more amino acids at one or more sites
in the native polypeptide. As used herein, a “native” poly-
nucleotide or polypeptide comprises a parental sequence
from which variants are derived. Variant polypeptides
encompassed by the embodiments are biologically active.
That is, they continue to possess the desired biological
activity of the native protein; i.e., the ability to recognize and
cleave recognition sequences found in the human T cell
receptor alpha constant region (SEQ ID NO:1), including,
for example, the TRC 1-2 recognition sequence (SEQ ID
NO:3), the TRC 3-4 recognition sequence (SEQ ID NO:4),
and the TRC 7-8 recognition sequence (SEQ ID NO:5).
Such variants may result, for example, from human manipu-
lation. Biologically active variants of a native polypeptide of
the embodiments (e.g., SEQ ID NOs:8-32), or biologically
active variants of the recognition half-site binding subunits
described herein (e.g., SEQ ID NOs:33-82), will have at
least about 40%, about 45%, about 50%, about 55%, about
60%, about 65%, about 70%, about 75%, about 80%, about
85%, about 90%, about 91%, about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98%, or
about 99%, sequence identity to the amino acid sequence of
the native polypeptide or native subunit, as determined by
sequence alignment programs and parameters described
elsewhere herein. A biologically active variant of a poly-
peptide or subunit of the embodiments may differ from that
polypeptide or subunit by as few as about 1-40 amino acid
residues, as few as about 1-20, as few as about 1-10, as few
as about 5, as few as 4, 3, 2, or even 1 amino acid residue.

[0327] The polypeptides of the embodiments may be
altered in various ways including amino acid substitutions,
deletions, truncations, and insertions. Methods for such
manipulations are generally known in the art. For example,
amino acid sequence variants can be prepared by mutations
in the DNA. Methods for mutagenesis and polynucleotide
alterations are well known in the art. See, for example,
Kunkel (1985) Proc. Natl. Acad. Sci. USA 82:488-492;
Kunkel et al. (1987) Methods in Enzymol. 154:367-382; U.S.
Pat. No. 4,873,192; Walker and Gaastra, eds. (1983) Tech-
niques in Molecular Biology (MacMillan Publishing Com-
pany. New York) and the references cited therein. Guidance
as to appropriate amino acid substitutions that do not affect
biological activity of the protein of interest may be found in
the model of Dayhoft et al. (1978) Atlas of Protein Sequence
and Structure (Natl. Biomed. Res. Found., Washington,
D.C.), herein incorporated by reference. Conservative sub-
stitutions, such as exchanging one amino acid with another
having similar properties, may be optimal.

[0328] A substantial number of amino acid modifications
to the DNA recognition domain of the wild-type I-Crel
meganuclease have previously been identified (e.g., U.S.
Pat. No. 8,021,867) which, singly or in combination, result
in recombinant meganucleases with specificities altered at
individual bases within the DNA recognition sequence half-
site, such that the resulting rationally-designed meganucle-
ases have half-site specificities different from the wild-type
enzyme. Table 4 provides potential substitutions that can be
made in a recombinant meganuclease monomer or subunit to
enhance specificity based on the base present at each half-
site position (-1 through -9) of a recognition half-site.
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Favored Sense-Strand Base

Posn. A C G T AT AC AG CT GT AGT ACKCIT
-1 Y75  R70* K70 Q70* T46* G70
L75%  H75* E70* C70 AT0
C75*  R75* E75* L70 70
Y139* H46* E46* Y75* G46*
C46*  KA46* D4ac* Q75+
A46*  R4G* H75*
H139
Q46*
HA46*
-2 Q70  E70 HI0 Q44* Ca44*
T44* D70 D44+
Ad44*  K44* E44*
V44*  Ra4r
T44%
La4*
N44*
-3 Q68  E68 R68 MG68 H68 Y68 K68
C24*  F68 C68
4% K24* L68
R24* F68
-4 A26* E77 R77 s77 S26*
Q77 K26* E26* Q26*
-5 E42 R4 K28* C28* M66
Q42 K66
-6 Q40  F40 R40 C40 A40 S40
C28*  R28* 140 A79 S28*
V40 A28*
C79 H28*
179
V79
Q28*
-7 N30* E38 K38 I38 C38 H38
Q38  K30* R38 L38 N38
R30* E30% Q30*
-8 F33 E33 F33 133 R32* R33
Y33 D33 H33 V33
133
F33
C33
-9 E32 R32 132 D32 S32
K32 V32 132 N32
A32 H32
C32 Q32
T32
[0329] For polynucleotides, a “variant” comprises a dele- nucleotide) can also be evaluated by comparison of the

tion and/or addition of one or more nucleotides at one or
more sites within the native polynucleotide. One of skill in
the art will recognize that variants of the nucleic acids of the
embodiments will be constructed such that the open reading
frame is maintained. For polynucleotides, conservative vari-
ants include those sequences that, because of the degeneracy
of the genetic code, encode the amino acid sequence of one
of the polypeptides of the embodiments. Variant polynucle-
otides include synthetically derived polynucleotides, such as
those generated, for example, by using site-directed muta-
genesis but which still encode a recombinant meganuclease
of the embodiments. Generally, variants of a particular
polynucleotide of the embodiments will have at least about
40%, about 45%, about 50%, about 55%, about 60%, about
65%, about 70%, about 75%, about 80%, about 85%, about
90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99% or more
sequence identity to that particular polynucleotide as deter-
mined by sequence alignment programs and parameter
described elsewhere herein. Variants of a particular poly-
nucleotide of the embodiments (i.e., the reference poly-

percent sequence identity between the polypeptide encoded
by a variant polynucleotide and the polypeptide encoded by
the reference polynucleotide.

[0330] The deletions, insertions, and substitutions of the
protein sequences encompassed herein are not expected to
produce radical changes in the characteristics of the poly-
peptide. However, when it is difficult to predict the exact
effect of the substitution, deletion, or insertion in advance of
doing so, one skilled in the art will appreciate that the effect
will be evaluated by screening the polypeptide for its ability
to preferentially recognize and cleave recognition sequences
found within the human T cell receptor alpha constant region
gene (SEQ ID NO:1).

EXAMPLES

[0331] This invention is further illustrated by the follow-
ing examples, which should not be construed as limiting.
Those skilled in the art will recognize, or be able to
ascertain, using no more than routine experimentation,
numerous equivalents to the specific substances and proce-
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dures described herein. Such equivalents are intended to be
encompassed in the scope of the claims that follow the
examples below.

Example 1

Characterization of Meganucleases that Recognize
and Cleave TRC Recognition Sequences

[0332] 1. Meganucleases that Recognize and Cleave the
TRC 1-2 Recognition Sequence

[0333] Recombinant meganucleases (SEQ ID NOs:8-27),
collectively referred to herein as “TRC 1-2 meganucleases,”
were engineered to recognize and cleave the TRC 1-2
recognition sequence (SEQ ID NO:3), which is present in
the human T cell receptor alpha constant region. Each TRC
1-2 recombinant meganuclease comprises an N-terminal
nuclease-localization signal derived from SV40, a first
meganuclease subunit, a linker sequence, and a second
meganuclease subunit. A first subunit in each TRC 1-2
meganuclease binds to the TRC recognition half-site of SEQ
1D NO:3, while a second subunit binds to the TRC2 recog-
nition half-site (see, FIG. 1A).

[0334] As illustrated in FIGS. 2 and 3, TRC1-binding
subunits and TRC2-binding subunits each comprise a 56
base pair hypervariable region, referred to as HVR1 and
HVR2, respectively. TRC1-binding subunits are identical
outside of the HVR1 region except at position 80 or position
271 (comprising a Q or E residue), and are highly conserved
within the HVR1 region. Similarly, TRC2-binding subunits
are also identical outside of the HVR2 region except at
position 80 or position 271 (comprising a Q or E residue),
and at position 139 of meganucleases TRC 1-2x.87 EE. TRC
1-2x.87 QE. TRC 1-2x.87 EQ. TRC 1-2x.87, and TRC
1-2x.163 which comprise an R residue (shaded grey and
underlined). Like the HVR1 region, the HVR2 region is also
highly conserved.

[0335] The TRC1-binding regions of SEQ ID NOs:8-27
are illustrated in FIG. 2 and are provided as SEQ ID
NOs:33-52, respectively. Each of SEQ ID NOs:33-52 share
at least 90% sequence identity to SEQ ID NO:33, which is
the TRC1-binding region of the meganuclease TRC 1-2x.87
EE (SEQ ID NO:8). TRC2-binding regions of SEQ ID
NOs:8-27 are illustrated in FIG. 3 and are provided as SEQ
1D NOs:58-77, respectively. Each of SEQ ID NOs:58-77
share at least 90% sequence identity to SEQ ID NO:58,
which is the TRC2-binding region of the meganuclease TRC
1-2x.87 EE (SEQ ID NO:8).

2. Meganucleases that Recognize and Cleave the TRC 3-4
Recognition Sequence

[0336] Recombinant meganucleases (SEQ ID NOs:28 and
29), collectively referred to herein as “TRC 3-4 meganucle-
ases,” were engineered to recognize and cleave the TRC 3-4
recognition sequence (SEQ ID NO:4), which is present in
the human T cell receptor alpha constant region. Each TRC
3-4 recombinant meganuclease comprises an N-terminal
nuclease-localization signal derived from SV40, a first
meganuclease subunit, a linker sequence, and a second
meganuclease subunit. A first subunit in each TRC 3-4
meganuclease binds to the TRC3 recognition half-site of
SEQ ID NO:4, while a second subunit binds to the TRC4
recognition half-site (see, FIG. 1A).

[0337] As illustrated in FIGS. 4 and 5, TRC3-binding
subunits and TRC4-binding subunits each comprise a 56
base pair hypervariable region, referred to as HVR1 and
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HVR2, respectively. TRC3-binding subunits are identical
outside of the HVR1 region except at position 80 or position
271 (comprising a Q or E residue), and are highly conserved
within the HVR1 region. Similarly, TRC4-binding subunits
are also identical outside of the HVR2 region except at
position 80 or position 271 (comprising a Q or E residue),
and are highly conserved within the HVR2 region.

[0338] The TRC3-binding regions of SEQ ID NOs:28 and
29 are illustrated in FIG. 4 and are provided as SEQ ID
NOs:53 and 54, respectively. SEQ ID NOs:53 and 54 share
96.6% sequence identity. TRC4-binding regions of SEQ ID
NOs:28 and 29 are illustrated in FIG. 5 and are provided as
SEQ ID NOs:78 and 79, respectively. SEQ ID NOs:78 and
79 also share 96.6% sequence identity.

3. Meganucleases that Recognize and Cleave the TRC 7-8
Recognition Sequence

[0339] Recombinant meganucleases (SEQ ID NOs:30-
32), collectively referred to herein as “TRC 7-8 meganucle-
ases,” were engineered to recognize and cleave the TRC 7-8
recognition sequence (SEQ ID NO:5), which is present in
the human T cell receptor alpha constant region. Each TRC
7-8 recombinant meganuclease comprises an N-terminal
nuclease-localization signal derived from SV40, a first
meganuclease subunit, a linker sequence, and a second
meganuclease subunit. A first subunit in each TRC 7-8
meganuclease binds to the TRC7 recognition half-site of
SEQ ID NO:5, while a second subunit binds to the TRCS8
recognition half-site (see, FIG. 1A).

[0340] As illustrated in FIGS. 6 and 7, TRC7-binding
subunits and TRCS8-binding subunits each comprise a 56
base pair hypervariable region, referred to as HVR1 and
HVR2, respectively. TRC7-binding subunits are identical
outside of the HVR1 region except at position 80 or position
271 (comprising a Q or E residue), and are highly conserved
within the HVR1 region. Similarly, TRC8-binding subunits
are also identical outside of the HVR2 region except at
position 80 or position 271 (comprising a Q or E residue),
and are highly conserved within the HVR2 region.

[0341] The TRC7-binding regions of SEQ ID NOs:30-32
are illustrated in FIG. 6 and are provided as SEQ ID
NOs:55-57, respectively. Each of SEQ ID NOs:55-57 share
at least 90% sequence identity to SEQ ID NO:55, which is
the TRC7-binding region of the meganuclease TRC 7-8x.7
(SEQ ID NO:30). TRC8-binding regions of SEQ ID NOs:
30-32 are illustrated in FIG. 7 and are provided as SEQ ID
NOs:80-82, respectively. Each of SEQ ID NOs:80-82 share
at least 90% sequence identity to SEQ ID NO:80, which is
the TRC8-binding region of the meganuclease TRC 7-8x.7
(SEQ ID NO:30).

4. Cleavage of Human T Cell Receptor Alpha Constant
Region Recognition Sequences in a CHO Cell Reporter
Assay

[0342] To determine whether TRC 1-2, TRC 3-4, and TRC
7-8 meganucleases could recognize and cleave their respec-
tive recognition sequences (SEQ ID NOs:3, 4, and 5, respec-
tively), each recombinant meganuclease was evaluated
using the CHO cell reporter assay previously described (see,
WO/2012/167192 and FIG. 8). To perform the assays. CHO
cell reporter lines were produced which carried a non-
functional Green Fluorescent Protein (GFP) gene expression
cassette integrated into the genome of the cells. The GFP
gene in each cell line was interrupted by a pair of recognition
sequences such that intracellular cleavage of either recog-
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nition sequence by a meganuclease would stimulate a
homologous recombination event resulting in a functional
GFP gene.

[0343] In CHO reporter cell lines developed for this study,
one recognition sequence inserted into the GFP gene was the
TRC 1-2 recognition sequence (SEQ ID NO:3), the TRC 3-4
recognition sequence (SEQ ID NO:4), or the TRC 7-8
recognition sequence (SEQ ID NO:5). The second recogni-
tion sequence inserted into the GFP gene was a CHO-23/24
recognition sequence, which is recognized and cleaved by a
control meganuclease called “CHO-23/24”. CHO reporter
cells comprising the TRC 1-2 recognition sequence and the
CHO-23/24 recognition sequence are referred to herein as
“TRC 1-2 cells.” CHO reporter cells comprising the TRC
3-4 recognition sequence and the CHO-23/24 recognition
sequence are referred to herein as “TRC 3-4 cells.” CHO
reporter cells comprising the TRC 7-8 recognition sequence
and the CHO-23/24 recognition sequence are referred to
herein as “TRC 7-8 cells.”

[0344] CHO reporter cells were transfected with plasmid
DNA encoding their corresponding recombinant meganucle-
ases (e.g., TRC 1-2 cells were transfected with plasmid
DNA encoding TRC 1-2 meganucleases) or encoding the
CHO-23134 meganuclease. In each assay, 4¢> CHO reporter
cells were transfected with 50 ng of plasmid DNA in a
96-well plate using Lipofectamine 2000 (ThermoFisher)
according to the manufacturer’s instructions. At 48 hours
post-transfection, cells were evaluated by flow cytometry to
determine the percentage of GFP-positive cells compared to
an untransfected negative control (TRC 1-2bs). As shown in
FIG. 9, all TRC 1-2, TRC 3-4, and TRC 7-8 meganucleases
were found to produce GFP-positive cells in cell lines
comprising their corresponding recognition sequence at fre-
quencies significantly exceeding the negative control.
[0345] The efficacy of the TRC 1-2x.87 QE, TRC 1-2x.87
EQ, and TRC 1-2x.87 EE meganucleases was also deter-
mined in a time-dependent manner. In this study. TRC 1-2
cells (1e°) were electroporated with 1e® copies of mega-
nuclease mRNA per cell using a BioRad Gene Pulser Xcell
according to the manufacturer’s instructions. At 1, 4, 6, 8,
and 12 days post-transtection, cells were evaluated by flow
cytometry to determine the percentage of GFP-positive
cells. As shown in FIG. 10, each TRC 1-2 meganuclease
exhibited high efficiency at 2 days post-transfection, with
greater than 50% GFP-positive cells observed. This effect
persisted over the 12 day period, with no evidence of cell
toxicity observed.

5. Conclusions

[0346] These studies demonstrated that TRC 1-2 mega-
nucleases. TRC 3-4 meganucleases, and TRC 7-8 mega-
nucleases encompassed by the invention can efficiently
target and cleave their respective recognition sequences in
cells.

Example 2

Cleavage of TRC Recognition Sequences in T Cells
and Suppression of Cell-Surface T Cell Receptor
Expression

1. Cleavage of the TRC 1-2 Recognition Sequence in Jurkat
Cells

[0347] This study demonstrated that TRC 1-2 meganucle-
ases encompassed by the invention could cleave the TRC

Jul. 8, 2021

1-2 recognition sequence in Jurkat cells (an immortalized
human T lymphocyte cell line), 1e® Jurkat cells were elec-
troporated with 8e® copies of a given TRC 1-2 meganuclease
mRNA per cell using a BioRad Gene Pulser Xcell according
to the manufacturer’s instructions. At 72 hours post-trans-
fection, genomic DNA (gDNA) was harvested from cells
and a T7 endonuclease 1 (I7E) assay was performed to
estimate genetic modification at the endogenous TRC 1-2
recognition sequence (FIG. 11). In the T7E assay, the TRC
1-2 locus is amplified by PCR using primers that flank the
TRC 1-2 recognition sequence. If there are indels (random
insertions or deletions) within the TRC 1-2 locus, the
resulting PCR product will consist of a mix of wild-type
alleles and mutant alleles. The PCR product is denatured and
allowed to slowly reanneal. Slow reannealing allows for the
formation of heteroduplexes consisting of wild-type and
mutant alleles, resulting in mismatched bases and/or bulges.
The T7E1 enzyme cleaves at mismatch sites, resulting in
cleavage products that can be visualized by gel electropho-
resis. FIG. 11 clearly demonstrates that thirteen different
versions of the TRC 1-2 meganucleases generated positive
results in the T7E1 assay, indicating effective generation of
indels at the endogenous TRC 1-2 recognition sequence.
[0348] To further examine the cleavage properties of TRC
1-2 meganucleases, a dose-response experiment was per-
formed in Jurkat cells, 1e® Jurkat cells were electroporated
with either 3 pug or 1 ng of a given TRC 1-2 meganuclease
mRNA per cell using a BioRad Gene Pulser Xcell according
to the manufacturer’s instructions. At 96-hours post-trans-
fection, gDNA was harvested and the T7E1 assay was
performed as described above. As seen in FIG. 12, fifteen
different TRC 1-2 meganucleases showed cleavage at the
endogenous TRC 1-2 recognition site, including three dif-
ferent versions of the TRC 1-2x.87 meganuclease. TRC
1-2x.87 EE worked especially well, generating a strong
signal in the T7E1 assay with little to no toxicity in Jurkat
cells.

2. Cleavage of TRC 1-2 Recognition Sequence in Human T
Cells

[0349] This study demonstrated that TRC 1-2 meganucle-
ases encompassed by the invention could cleave the TRC
1-2 recognition sequence in human T cells obtained from a
donor. CD3+ T cells were stimulated with anti-CD3 and
anti-CD28 antibodies for 3 days, then electroporated with
mRNA encoding the TRC 1-2x.87 EE meganuclease using
the Amaxa 4D-Nucleofector (LLonza) according to the manu-
facturer’s instructions. At 3 days and 7 days post-transfec-
tion, gDNA was harvested and the T7E assay was performed
as described above. FIG. 13A demonstrates that TRC 1-2x.
87 EE effectively introduced mutations in the endogenous
TRC 1-2 recognition sequence in human T cells, indicating
that the meganuclease recognized and cleaved the TRC 1-2
recognition sequence. The intensity of cleavage products
does not appear to change between day 3 and day 7
post-transfection, suggesting little or no toxicity due to the
TRC 1-2x.87 EE meganuclease. To determine whether the
mutations at the endogenous TRC 1-2 recognition sequence
were sufficient to eliminate surface expression of the T cell
receptor, cells were analyzed by flow cytometry using an
anti-CD3 antibody. FIG. 13B shows that approximately 50%
of transfected T cells stained negative for CD3, indicating
knockout of the T cell receptor. The CD3 negative popula-
tion did not change significantly between day 3 and day 7
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post-transfection, further indicating little or no toxicity
associated with the TRC 1-2x.87 EE meganuclease, or the
loss of T cell receptor expression.

[0350] To verify that loss of CD3 expression was due to
mutations in the TRC 1-2 recognition site, gDNA was
harvested from transfected T cells and the TRC 1-2 recog-
nition site locus was amplified by PCR. PCR products were
cloned into the pCR-blunt vector using the Zero Blunt PCR
cloning kit (Thermo Fisher) according to the manufacturer’s
instructions. Individual colonies were picked and mini-
prepped plasmids were sequenced. FIG. 14 shows sequences
of several representative deletions that were observed at the
TRC 1-2 recognition sequence. The observed sequences are
typical of deletions resulting from the non-homologous end
joining repair of DNA double-strand breaks generated by
endonucleases.

[0351] In addition to TRC 1-2x.87 EE, other TRC 1-2
meganucleases were able to knockout the T cell receptor in
human T cells, including TRC 1-2x.55, and TRC 1-2x.72,
albeit to a lesser extent than knockout previously observed
for TRC 1-2x.87 EE (Tables 5 and 6). TRC 1-2x.72 Q47E
carries a mutation in the active site of the meganuclease
(amino acid 47) and serves as a negative control.

TABLE 5
% CD3~ Cells
Meganuclease Day 3 Day 6
TRC 1-2x.72 Q47E 0.38 1.1
TRC 1-2x.55 3.11 10.84
TABLE 6
% CD3~ Cells
Meganuclease Day 3 Day 5
TRC 1-2x.72 Q47E 0.29 0.4
TRC 1-2x.72 2.09 4.19

3. Conclusions

[0352] These studies demonstrated that TRC 1-2 mega-
nucleases encompassed by the invention can recognize and
cleave the TRC 1-2 recognition sequence in both Jurkat cells
(an immortalized T lymphocyte cell line) and in T cells
obtained from a human donor. Further, these studies dem-
onstrated that NHEJ occurs at the meganuclease cleavage
site, as evidenced by the appearance of indels. Moreover,
TRC 1-2 meganucleases were shown to reduce cell-surface
expression of the T cell receptor on human T cells obtained
from a donor.

Example 3

Recombinant AAV Vectors for Introducing
Exogenous Nucleic Acids into Human T Cells

1. Recombinant AAV Vectors

[0353] In the present study, two recombinant AAV vectors
(referred to as AAV405 and AAV406) were designed to
introduce an exogenous nucleic acid sequence, comprising
an Eagl restriction site, into the genome of human T cells at
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the TRC 1-2 recognition sequence via homologous recom-
bination. Each recombinant AAV vector was prepared using
a triple-transfection protocol, wherein a cell line is trans-
fected with a first plasmid encoding “helper” components
(e.g., adenoviral) necessary to support replication, a second
plasmid comprising the cap and rep genes, and a third
plasmid comprising the viral inverted terminal repeats
(ITRs) containing the intervening DNA sequence to be
packaged into the virus (e.g., the exogenous nucleic acid
sequence) (see, Cots D. Bosch A. Chillon M (2013) Curr.
Gene Ther. 13(5): 370-81). FIG. 15 illustrates the general
approach for using recombinant AAV vectors to introduce an
exogenous nucleic acid sequence into the cell genome at the
nuclease cleavage site.

[0354] AAV405 was prepared using the plasmid illus-
trated in FIG. 16 (SEQ ID NO:107). As shown, the AAV405
plasmid generally comprises sequences for a 5' ITR, a CMV
enhancer and promoter sequence, a 5' homology arm, a
nucleic acid sequence comprising the Eagl restriction site,
an SV40 poly(A) signal sequence, a 3' homology arm, and
a3'ITR. AAV406 was prepared using the plasmid illustrated
in FIG. 17 (SEQ ID NO:108). As shown, the AAV406
plasmid comprises similar sequences to those of AAV405,
but lacks the CM V enhancer and promoter sequences
upstream of the 5' homology arm. The present AAV studies
further included the use of an AAV vector encoding GFP
(GFP-AAV), which was incorporated as a positive control
for AAV transduction efficiency.

2. Introducing Exogenous Nucleic Acid Sequences into the
TRC 1-2 Recognition Sequence

[0355] To test whether AAV templates would be suitable
for homology directed repair (HDR) following generation of
a double-strand break with TRC 1-2 meganucleases, a series
of experiments were performed using human T cells. In the
first experiment, the timing of electroporation with TRC 1-2
RNA and transduction with recombinant AAV vectors was
determined. Human CD3+ T cells were stimulated with
anti-CD3 and anti-CD28 antibodies for 3 days, then elec-
troporated with mRNA encoding the TRC 1-2x.87 EE
meganuclease (1 pg) using the Amaxa 4D-Nucleofector
(Lonza) according to the manufacturer’s instructions. At
either 2, 4, or 8 hours post-transfection, cells were trans-
duced with GFP-AAV (le viral genomes per cell). Cells
were analyzed by flow cytometry for GFP expression at 72
hours post-transduction. As shown in FIG. 18, the highest
transduction efficiency was observed when cells were trans-
duced at 2 hours post-transfection (88% GFP-positive cells).
Transduction efficiency decreased significantly as the time
between transfection and transduction increased, with 78%
GFP-positive cells at 4 hours and 65% GFP-positive cells at
8 hours.

[0356] Having determined that efficient viral transduction
occurred when cells were transduced 2 hours post-transfec-
tion, the AAV405 and AAV406 vectors were used as HDR
templates in human T cells. CD3+ T cells were stimulated
and transfected with 1 pg TRC 1-2x.87 EE mRNA as
described above. At 2 hours post-transfection, cells were
either transduced with AAV405 or AAV406 (le° viral
genomes per cell). As transduction-only controls, cells were
mock transfected (with water) and transduced with either
AAV405 or AAV406 (le® viral genomes per cell). For a
meganuclease-only control, cells were transfected with TRC
1-2x.87 EE and then mock transduced (with water) at 2
hours post-transfection.
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[0357] To determine whether the AAV vectors served as
HDR templates, gDNA was harvested from cells and the
TRC 1-2 locus was amplified by PCR using primers that
recognized sequences beyond the region of homology in the
AAV vectors. PCR primers outside of the homology regions
only allowed for amplification of the T cell genome, not
from the AAV vectors. PCR products were purified and
digested with Eagl. FIG. 19 shows cleavage of the PCR
products amplified from cells that were transfected with
TRC 1-2x.87 EE and transduced with either AAV vector (see
arrows), indicating insertion of the Eagl site into the TRC
1-2 recognition sequence. The PCR products from all of the
control cell populations are not cleaved by Eagl, demon-
strating that the insertion of the Eagl site requires creation of
a DNA double-strand break by a TRC 1-2 meganuclease.
[0358] To further define the insertion of the Eagl site into
human T cells, individual products from the bulk PCR
product were examined. Undigested PCR product generated
from the above experiment was cloned into the pCR-blunt
vector using the Zero Blunt PCR cloning kit (Thermo
Fisher) according to the manufacturer’s instructions. Colony
PCR was performed using M 13 forward and reverse primers
(pCR blunt contains M13 forward and reverse priming sites
flanking the insert) and a portion of PCR products from cells
transfected with TRC 1-2x.87 EE and either AAV405 or
AAV406 were analyzed by gel electrophoresis (FIGS. 20A
and 21A, respectively). In both cases, there are a mix of
full-length PCR products (approximately 1600 bp), smaller
inserts, and some empty plasmids (approximately 300 bp).
In this assay, bands smaller than full-length but larger than
empty plasmids are often times sequences containing large
deletions within the TRC 1-2 recognition sequence. In
parallel, another portion of PCR products were digested with
Eagl to determine the percent of clones that contain the Eagl
recognition site inserted into the TRC 1-2 recognition
sequence. FIGS. 20B and 21B show that several PCR
products were cleaved with Eagl (e.g., FIG. 20B, second
row, 6 lanes from the left), generating the expected frag-
ments of approximately 700 and 800 bp. These gels allow
for the estimation of Eagl insertion to be approximately 25%
and 6% for AAV405 and AAV406, respectively (adjusted for
empty vectors).

[0359] To confirm observations from gel electrophoresis
of uncut PCR products and digest with Eagl, the remaining
portion of each PCR product was sequenced. FIG. 22A
shows sequences of several representative deletions and
insertions that were observed at the TRC 1-2 recognition
sequence. These sequences are typical of sequences result-
ing from the non-homologous end joining repair of DNA
double-strand breaks generated by endonucleases. All PCR
products that were cleaved with Eagl contained an Eag] site
inserted into the TRC 1-2 recognition sequence (FIG. 22B).

3. Enhanced AAV Transduction Efficiency

[0360] In light of the observation that AAV transduction
was more efficient when it was carried out 2 hours post-
transfection than when it was carried out later, an experiment
was performed to optimize the timing of transfection and
transduction. Human CD3+ T cells were stimulated with
anti-CD3 and anti-CD28 antibodies for 3 days, then elec-
troporated with the TRC 1-2x.87 EE meganuclease (1 pug)
using the Amaxa 4D-Nucleofector (LLonza) according to the
manufacturer’s instructions. Immediately after transfection
or 2 hours post-transfection, cells were transduced with
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GFP-AAV (1¢’ viral genomes per cell). Additionally, non-
stimulated cells were transduced with GFP-AAV (1e’ viral
genomes per cell). At 72 hours post-transduction, cells were
analyzed by flow cytometry for GFP expression. FIG. 23
shows that GFP-AAV transduction performed 2 hour post-
transfection resulted in 90% GFP-positive cells, but that
transduction immediately after transfection resulted in 98%
GFP-positive cells. Resting T cells appeared refractive to
AAV ftransduction, with approximately 0% GFP-positive
cells. Non-transduced cells also showed approximately 0%
GFP-positive cells.

4. Summary

[0361] These studies demonstrate that AAV vectors can be
used in conjunction with recombinant meganucleases to
incorporate an exogenous nucleic acid sequence into a
cleavage site in the TCR alpha constant region via homolo-
gous recombination.

Example 4

Recombinant AAV Vectors for Introducing
Exogenous Nucleic Acids Encoding a Chimeric
Antigen Receptor in Human T Cells

1. Recombinant AAV Vectors

[0362] In the present study, two recombinant AAV vectors
(referred to as AAV-CAR 100 and AAV-CAR763) were
designed to introduce an exogenous nucleic acid sequence,
encoding a chimeric antigen receptor, into the genome of
human T cells at the TRC 1-2 recognition sequence via
homologous recombination. Each recombinant AAV vector
was prepared using the triple-transfection protocol described
previously.

[0363] AAV-CAR100 (also referred to herein as AAV408)
was prepared using the plasmid illustrated in FIG. 24 (SEQ
ID NO:109). As shown, the AAV-CAR100 (AAV408) is
designed for producing a self-complementary AAV vector,
and generally comprises sequences for a 5' ITR, a 5' homol-
ogy arm, a nucleic acid sequence encoding an anti-CD19
chimeric antigen receptor, an SV40 poly(A) signal
sequence, a 3' homology arm, and a 3' ITR. AAV-CAR763
(also referred to herein as AAV412) was prepared using the
plasmid illustrated in FIG. 25 (SEQ ID NO:110). As shown,
the AAV-CAR763 (AAV412) plasmid generally comprises
the same sequences as AAV-CAR100 (AAV408), but is
designed for producing a single-stranded AAV vector.
Because a single-stranded AAV vector can accommodate a
larger payload, the 5' homology arm and the 3' homology
arm are longer in AAV-CAR763 (AAV412) than in AAV-
CAR100 (AAV408). The present AAV studies will further
include the use of an AAV vector encoding GFP (GFP-
AAV), which will be incorporated as a positive control for
AAV transduction efficiency.

2. Introducing a Chimeric Antigen Receptor Sequence into
the TRC 1-2 Recognition Sequence

[0364] Studies will be conducted to determine the effi-
ciency of using recombinant AAV vectors to insert a chi-
meric antigen receptor sequence into the TCR alpha constant
region gene while, simultaneously, knocking out cell-sur-
face expression of the endogenous TCR receptor.

[0365] To confirm transduction efficiency, human CD3+ T
cells will be obtained and stimulated with anti-CD3 and
anti-CD28 antibodies for 3 days, then electroporated with
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mRNA encoding the TRC 1-2x.87 EE meganuclease (1 ug)
using the Amaxa 4D-Nucleofector (LLonza) according to the
manufacturer’s instructions. Cells will be transduced with
GFP-AAV (1€’ viral genomes per cell) immediately after
transfection as described above. Cells will be analyzed by
flow cytometry for GFP expression at 72 hours post-trans-
duction to determine transduction efficiency.

[0366] AAV-CAR100 (AAV408) and AAV-CAR763
(AAV412) vectors will then be used as HDR templates in
human T cells for the insertion of the anti-CD19 chimeric
antigen receptor sequence. Human CD3+ T cells will be
stimulated and transfected with 1 pg TRC 1-2x.87 EE
mRNA as described above. Cells will then be transduced
with AAV-CAR100 (AAV408) or AAV-CAR763 (AAV412)
(1e® viral genomes per cell) either immediately after trans-
fection or within 0-8 hours of transfection. As transduction-
only controls, cells will be mock transfected (with water)
and transduced with either AAV-CAR100 (AAV408) or
AAV-CAR763 (AAV412) (1€’ viral genomes per cell). For
a meganuclease-only control, cells will be transfected with
mRNA encoding TRC 1-2x.87 EE and then mock trans-
duced (with water) immediately post-transfection.

[0367] Insertion of the chimeric antigen receptor sequence
will be confirmed by sequencing of the cleavage site in the
TCR alpha constant region gene. Cell-surface expression of
the chimeric antigen receptor will be confirmed by flow
cytometry, using an anti-Fab or anti-CD19 antibody. Knock-
out of the endogenous T cell receptor at the cell surface will
be determined by flow cytometry as previously described.

Example 5

Insertion and Expression of Chimeric Antigen
Receptor

[0368] 1. Insertion of Chimeric Antigen Receptor
Sequence into the TRC 1-2 Recognition Sequence

[0369] In the present study, we test whether AAV can
provide HDR templates that can be used to insert a chimeric
antigen receptor sequence into the TCR alpha constant
region gene and, simultaneously, knock out cell-surface
expression of the endogenous TCR receptor. In the first
experiment, human CD3+ T cells (1e° cells) were stimulated
and electroporated with mRNA encoding the TRC 1-2x.87
EE meganuclease (2 pug) as described above, then immedi-
ately transduced with AAV412 (1€’ viral genomes/cell). As
controls, cells were mock electroporated, then transduced
with AAV412 or electroporated with mRNA encoding TRC
1-2x.87EE, then mock transduced. An additional control of
mock electroporated, mock transduced cells was included.
[0370] A PCR-based assay was developed to determine
whether the AAV HDR template was utilized to repair
double-strand breaks at the TRC 1-2 recognition sequence.
Three sets of primer pairs were used for PCR analysis. The
first set was designed to amplify a region with the homology
arms of AAV412. Since this first primer set (referred to as
“Inside homolog arms/CAR region” in Table 7) lies within
the homology region, it will either amplify the unmodified
TRC 1-2 recognition sequence locus of the genome (349
bp), the AAV412 vector input (2603 bp), or the TRC 1-2
recognition sequence into which the CAR gene has been
inserted (2603 bp). The second primer set (referred to as
“QOutside 5' homology arm” in Table 7) includes one primer
that anneals within the CAR region of the AAV412 HDR
template, one primer that anneals in the human genome,
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outside of the 5' homology arm of the AAV412 HDR
template and will amplify an 1872 bp fragment only if the
CAR gene was successfully inserted into the TRC 1-2
recognition sequence. The third primer set (referred to as
“Outside 3' homology arm” in Table 7) includes one primer
that anneals within the CAR region of the AAV412 HDR
template, and one primer that anneals in the human genome,
outside of the 3' homology arm of the AAV412 HDR
template. Similarly to the second primer set, the third primer
set will amplify an 1107 bp fragment only if the CAR gene
was successfully inserted into the TRC 1-2 recognition
sequence. Taken together. PCR products from all three
primer sets will indicate whether the CAR sequence is
present in cells (primer set 1), and whether it has been
inserted into the TRC 1-2 recognition sequence (primer sets
2 and 3).

[0371] On day 4 post-transduction cells were analyzed
using the PCR primer pairs described above. Briefly,
approximately 3,000 cells were harvested, pelleted, and
lysed and PCR was performed to determine whether the
CAR gene was inserted into the TRC 1-2 recognition
sequence. PCR products were resolved on an agarose gel,
shown in FIG. 26 (lane descriptions can be found in Table
7). Lanes 1-3 are PCR products from the sample that was
electroporated with mRNA encoding TRC 1-2x.87EE and
mock transduced.

[0372] As expected, the first primer pair (“Inside homolog
arms/CAR region”) amplified the unmodified TRC 1-2
recognition sequence locus, generating a 349 bp band shown
in lane 1. Lanes 2 and 3 correspond to primer pairs that only
generate a product if the CAR gene has been inserted into
the TRC 1-2 recognition sequence, and do not show prod-
ucts. Lanes 7-9 represent samples that were mock electropo-
rated and mock transduced and show the same bands as the
TRC 1-2x.87EE mRNA only control described above. Lanes
4-6 show PCR products from the sample that was electropo-
rated with TRC 1-2x.87EE mRNA and transduced with
AAV412. Lane 4 shows two bands generated by the first
primer pair (“Inside homolog arms/CAR region”), indicat-
ing amplification of the unmodified TRC 1-2 recognition
sequence locus of the genome (349 bp) and the AAV412
vector input (2603 bp) or the TRC 1-2 recognition sequence
into which the CAR gene has been inserted (2603 bp). Lanes
5 and 6 show products generated by the primer pairs that
only amplify products if the CAR nucleic acid sequence has
been inserted into the TRC 1-2x.87EE recognition site. Both
bands are the predicted size (1872 and 1107 bp, respec-
tively). Lanes 10-12 represent the sample that was mock
electroporated and transduced with AAV412. Lane 10 shows
two bands generated by the first primer pair (“Inside
homolog arms/CAR region™), indicating amplification of the
unmodified TRC 1-2 recognition sequence locus of the
genome (349 bp) and the AAV412 vector input (2603 bp).
Lanes 11 and 12 correspond to primer pairs that only
generate a product if the CAR gene has been inserted into
the TRC 1-2 recognition sequence, and do not show prod-
ucts. The absence of bands in lanes 11 and 12 (which include
primers outside of the homology arm) indicates that the
2603 bp band in lane 10 was generated from amplification
of the AAV412 input.

[0373] Taken together, the PCR analysis clearly demon-
strates that CAR genes are introduced into the TRC 1-2x.
87EE recognition site when both TRC 1-2x.87EE mRNA
and AAV412 are present in cells. Thus, we conclude that
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AAV412 serves to produce suitable HDR templates that can
be used to insert a CAR gene into the TRC 1-2x.87EE
recognition sequence.

[0374] In a second experiment, human CD3+ T cells were
stimulated and electroporated with mRNA encoding the
TRC 1-2x.87 EE meganuclease as described above, then
immediately transduced with increasing amounts of
AAVA08 (0L, 3.125 pl, 6.25 pul, 12.5 ul, or 25 pl, which
corresponds to approximately 0, 3.125¢>. 6.250¢°, 1.25¢*
and 2.5¢* viral genomes/cell). As controls, cells were mock
electroporated, then transduced with increasing amounts of
AAV408. Additional controls included cells that were mock
electroporated and mock transduced, as well as cells that
were electroporated with TRC 1-2x.87EE mRNA then mock
transduced. On day 4 post-transduction, cells were harvested
and analyzed as described above, but only using the primer
pairs that amplified a product only if the CAR gene has been
inserted into the TRC 1-2 recognition sequence. PCR prod-
ucts were resolved on agarose gels, shown in FIG. 27. FIG.
27A shows the PCR products generated using the primer
pair described above (“Outside 5' homology arm™) which
only amplifies a product on the 5' end of the TRC 1-2
recognition sequence locus if the CAR gene has been
inserted into that locus. FIG. 27B shows the PCR products
generated using the primer pair described above (“Outside 3'
homology arm™) which only amplifies a product on the 3'
end of the TRC 1-2 recognition sequence locus if the CAR
gene has been inserted into that locus. Lane descriptions can
be found in Table 8. Lanes 1-5 in both FIGS. 27A and 27B
represent the samples that were either mock electroporated
or mock electroporated then mock transduced. No PCR
products are visible in mock electroporated cells, indicating
the HDR templates produced by AAV408 are unable to
insert the CAR gene into the TRC 1-2 recognition sequence
in the absence of TRC 1-2x.87EE mRNA. Lane 6 represents
the sample that was electroporated with TRC 1-2x.87EE
mRNA and mock transduced. No PCR products are visible,
indicating that the CAR gene had not been inserted into the
TRC 1-2 recognition sequence. Lanes 7-10 represent
samples that were electroporated with TRC 1-2x.87EE
mRNA and transduced with increasing amounts of AAV408.
The appropriately sized bands for each PCR are evident,
indicating that AAV408 can produce HDR donors for repair
of the TRC 1-2 recognition sequence, resulting in insertion
of the CAR gene.

TABLE 7
Virus
Nucleo- (100k
Sample fection MOI) PCR Product Size
1 TRC1- — Inside homolog arms/Genomic = 349 bp
2x87EE CAR region +CD19 = 2603 bp
2 TRC1- — Outside 5' 1872 bp
2x87EE homology arm
3 TRC1- — Outside 3' 1107 bp
2x87EE homology arm
4 TRC1- AAV412  Inside homolog arms/Genomic = 349 bp
2x87EE CAR region +CD19 = 2603 hp
5 TRC1- AAV412  Outside 5' 1872 bp
2x87EE homology arm
6 TRC1- AAV412  Outside 3' 1107 bp
2x87EE homology arm
7 Mock — Inside homolog arms/Genomic = 349 bp
(Water) CAR region +CD19 = 2603 bp
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TABLE 7-continued

Virus
Nucleo- (100k
Sample fection MOI) PCR Product Size
8 Mock  — Outside 5' 1872 bp
(Water) homology arm
9 Mock  — Outside 3' 1107 bp
(Water) homology arm
10 Mock  AAV412  Inside homolog arms/Genomic = 349 bp
(Water) CAR region +CD19 = 2603 bp
11 Mock  AAV412  Outside 5' 1872 bp
(Water) homology arm
12 Mock  AAV412  Outside 3’ 1107 bp
(Water) homology arm
TABLE 8
Virus (AAVA08)
Sample Nuclefection pL
1 Mock (Water) 0
2 Mock (Water) 1125
3 Mock (Water) 6.75
4 Mock (Water) 12.5
5 Mock (Water) 25
6 TRC1-2x87EE 0
7 TRC1-2x87EE 3.125
8 TRC1-2x87EE 62.5
9 TRC1-2x87EE 12.5
10 TRC1-2x87EE 25
[0375] The PCR-based assays described above are useful

in determining whether the CAR gene had been inserted into
the TRC 1-2 recognition sequence, but do not give infor-
mation on efficiency. To determine the efficiency of CAR
insertion, we developed adigital PCR-based assay (sche-
matic shown in FIG. 28A). In this assay, two primer sets are
used. The first set amplifies an irrelevant gene sequence and
serves a reference sequence to control for template number.
The second set consists of one primer that anneals within the
CAR gene and one primer that anneals outside of the 3'
homology arm, such that a product is only amplified if the
CAR gene has been inserted into the TRC 1-2 recognition
sequence. A VIC-labeled probe anneals within the amplicon
generated from the first primer set and FAM-labeled probe
anneals within the amplicon generated by the second set of
primers. By dividing the number of amplicons detected by
the FAM-labeled probe to the number of reference sequence
amplicons detected by the VIC-labeled probe, it is possible
to accurately quantitate the percent of TRC 1-2 recognition
sequence loci that were modified by insertion of the CAR
gene.

[0376] FIG. 28B shows the results of the digital PCR assay
for samples that were either mock electroporated then trans-
duced, electroporated with TRC 1-2x.87EE mRNA then
mock transduced, or electroporated with TRC 1-2x.87EE
mRNA then transduced with increasing amounts of
AAV408. Digital PCR was performed using genomic DNA
isolated from cells approximately 1 week post-transduction.
Consistent with the observations from the PCR described in
FIG. 27, both control samples (transduction only or elec-
troporation only) were found to have 0% CAR gene inserted
into the TRC 1-2x.87EE recognition sequence. Samples that
were electroporated with mRNA encoding TRC 1-2x.87EE
then transduced with increasing amounts of AAV408 were
found to have between approximately 1.5% and 7%. The
assay was performed on two different instruments (labeled
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QX200 and QS3D) and showed remarkable agreement,
demonstrating the sensitivity and precision of this digital
PCR-based assay.

2. Expression of Anti-CD19 Chimeric Antigen Receptor on
T Cells

[0377] In addition to determining whether CAR insertion
occurred at the molecular level, we sought to determine the
expression level of the anti-CD19 chimeric antigen receptor
in cells that had the CAR gene inserted into the TRC 1-2
recognition sequence using AAV408 as the HDR template.
Additionally, we examined the efficiency in which insertion
of the CAR into the TRC 1-2x.87EE recognition sequence
resulted in knockout of the T cell receptor. Samples
described above and analyzed in FIGS. 27 and 28 were also
analyzed for CAR and CD3 expression by flow cytometry.
Approximately 4 days post-transduction, cells were labeled
with antibodies that recognize the anti-CD19 CAR (anti-
Fab-Alexa647) or CD3 (CD3-BB515) and analyzed by flow
cytometry. FIG. 29A shows flow cytometry plots, with
anti-CAR labeling shown on the Y axis and anti-CD3
labeling shown on the X axis. Cells that were mock elec-
troporated and mock transduced (MOI-0) were overwhelm-
ingly CD3*/CAR™ (the lower right quadrant, 98.7%). Cells
that were mock electroporated then transduced with increas-
ing amounts of AAV408 looked essentially identical to the
control cells, with the CD3*/CAR™ populations at 98.8%,
99.99%, and 99.1%. Thus we conclude that the AAV408
virus alone is not driving detectable levels of CAR expres-
sion, nor is it capable of disrupting expression of the T cell
receptor.

[0378] FIG. 29B shows flow cytometry plots for samples
that were either electroporated with mRNA encoding TRC
1-2x.87EE then mock transduced or cells that were elec-
troporated with TRC 1-2x.87EE then transduced with
increasing amounts of AAV408. Cells that were electropo-
rated then mock transduced show 47.1% CD3~ cells, indi-
cating efficient knockout of the T cell receptor complex.
Background labeling with the anti-CD19 CAR was very low,
with 0.6% in the CD3~ population and 0.78% in the CD3+
population. Samples that were electroporated with mRNA
encoding TRC 1-2x.87EE then transduced with increasing
amounts of AAV408 showed CAR labeling in the CD3~
population, ranging from 2.09% to 5.9%. There was also a
slight increase in CAR labeling in the CD3+ population,
ranging from 1.08% to 1.91%. We did not determine the
cause of the increase in CAR™ cells in the CD3+ population,
although it is possible that the CAR was inserted into the
non-expressed T cell receptor allele (only one allele of the T
cell receptor alpha chain is expressed and incorporated into
the T cell receptor complex).

[0379] These data correlated well with the quantitative
digital PCR-based assay described above. For example, at
the highest MOI of AAV408 (2.5¢* viral genomes/cell), the
digital PCR assay showed approximately 6% CAR insertion,
and the flow cytometry assay showed 5.9% CAR*/CD3~
cells. If one takes into account the CAR*/CD3+ population,
the data are still quite comparable, with the flow cytometry
assay showing approximately 7.8% CAR* compared to 6%
by digital PCR.
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Example 6

Characterization of Additional AAV Vectors

[0380] 1. Insertion of a Chimeric Antigen Receptor
Sequence into the TRC 1-2 Recognition Sequence

[0381] Having shown that AAV vectors could provide
suitable HDR templates to insert CAR genes into the TRC
1-2x.87EE recognition sequence, we sought to optimize the
configuration of the AAV vector. We generated a vector that
could be used to produce self-complementary AAV genomes
that included the CAR gene expression cassette driven by a
JeT promoter, flanked by short regions of homology to the
TRC 1-2 recognition sequence locus and AAV ITRs. This
vector is referred to as AAV421 (FIG. 30; SEQ ID NO:123).
Short homology arms were necessary due to limited pack-
aging capacity of self-complementary AAV. Additionally,
we generated a vector that could be used to produce single-
strand AAV genomes that includes the CAR gene expression
cassette driven by a CMV promoter, flanked by long homol-
ogy arms and AAV ITRs. This vector is referred to as
AAV422 (FIG. 31; SEQ ID NO:124). Since single-strand
AAV genomes have a larger cargo capacity, we were able to
utilize longer homology arms than in the self-complemen-
tary vector.

[0382] To test whether AAV421 and AAV422 were useful
to target insertion of the CAR gene into the TRC 1-2
recognition sequence, several experiments similar to those
described above were carried out in human CD3+ T cells. In
a first experiment, human CD3~ T cells (1e° cells) were
either mock electroporated then transduced with increasing
amounts of AAV421 or 422, or electroporated with TRC
1-2x.87EE mRNA (2 pg) then transduced with increasing
amounts of AAV421 or AAV422. AAV422 MOIls were
significantly higher than AAV421 in this experiment than in
the experiments described above (approximate MOIs were
1.25¢*, 2.5¢*, 5¢* and les viral genomes/cell) because earlier
experiments with AAV408 suggested that higher MOIs
would result in more efficient CAR insertion. The AAV421
virus stock was not concentrated enough to allow for titers
significantly higher than in the experiments described ear-
lier. As controls, cells were electroporated (mock or with
TRC 1-2x.87EE mRNA) then mock transduced. As an
additional component to this experiment, a “large scale”
condition was performed, in which 10e® cells (10 times more
than a typical experiment) were electroporated with TRC
1-2x.87EE mRNA then transduced with AAV422 (2.5¢*
viral genomes/cell). Lastly, we also tested a second virus
stock of AAV421 to compare to the primary virus stock.
[0383] Insertion of the CAR was determined by PCR as
described above, using primer pairs that only amplify prod-
ucts if the CAR gene has been inserted into the TRC
1-2x.87EE recognition sequence. PCR was resolved by
agarose gel, shown in FIGS. 32A and 32B (lane descriptions
can be found in Tables 9 and 10). Sample 1 in FIG. 32A was
mock electroporated then mock transduced, and samples 2-5
were mock electroporated then transduced with AAV421.
The gel shows that none of these samples generated PCR
products, indicating that AAV421, in the absence of TRC
1-2x.87EE mRNA, is unable to drive insertion of the CAR
gene into the TRC 1-2 recognition sequence. Additionally,
the control sample that was electroporated with TRC 1-2x.
87EE mRNA then mock transduced (sample 6), did not
show any PCR products. Samples 7-10 in FIG. 32A were
electroporated with TRC 1-2x.87EE mRNA, then trans-
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duced with increasing amounts of AAV421. The gel shows
PCR bands for products extending beyond both the 5' and 3'
homology arm (the two bands under each sample number),
demonstrating integration of the CAR gene into the TRC 1-2
recognition sequence. Lastly in FIG. 32A, lanes 11 and 12
represent samples that were electroporated with TRC 1-2x.
87EE mRNA then transduced with AAV422, either starting
with 1eS or 10e® cells/sample, respectively. The presence of
both PCR bands (larger in the first set, because different
primer was used to account for a longer homology arm)
indicate successful insertion of the CAR gene into the TRC
1-2 recognition sequence.

[0384] Sample 1 in FIG. 32B was mock electroporated
then mock transduced, and samples 2-5 were mock elec-
troporated then transduced with increasing amounts of
AAV422 (Table 10). The gel shows that none of these
samples generated PCR products, indicating that AAV422,
in the absence of TRC 1-2x.87EE mRNA, is unable to drive
insertion of the CAR gene into the TRC 1-2 recognition
sequence. Samples 7-10 in FIG. 32B were electroporated
with TRC 1-2x.87EE mRNA, then transduced with increas-
ing amounts of AAV422. The gel shows PCR bands for
products extending beyond both the 5' and 3' homology arm,
demonstrating integration of the CAR gene into the TRC 1-2
recognition sequence. Lastly, sample 11 represents the
sample that was electroporated with TRC 1-2x.87EE mRNA
then transduced with a AAV421 from a different virus stock
than samples shown in FIG. 32A. The presence of bands
indicate insertion of the CAR gene into the TRC 1-2
recognition sequence and confirms reproducibility between
different virus stocks. Taken together, FIG. 32 clearly dem-
onstrates that both AAV421 and AAV422 are capable of
generating HDR templates suitable for inserting the CAR
gene into the TRC 1-2 recognition sequence.

TABLE 9
AAV ul MOI
Sample  Nuclefection Virus AAV (approximate)
1 Mock (Water) 421 0 0
2 Mock (Water) 421 3.125 3906
3 Mock (Water) 421 6.25 7813
4 Mock (Water) 421 12.5 15625
5 Mock (Water) 421 25 31250
6 TRC1- 421 0 0
2x87EE
7 TRC1- 421 3.125 3906
2x87EE
8 TRC1- 421 6.25 7813
2x87EE
9 TRC1- 421 12.5 15625
2x87EE
10 TRC1- 421 25 31250
2x87EE
11 TRC1- 422 6.25 25000
2x87EE
12 TRC1- 422 62.5 25000
2x87EE
Large Scale
TABLE 10
AAV ul MOI
Sample  Nuclefection Virus AAV (approximate)
1 Mock (Water) 422 0 0
2 Mock (Water) 422 3.125 12500
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TABLE 10-continued
AAV pl MOIL
Sample  Nuclefection Virus AAV (approximate)

3 Mock (Water) 422 6.25 25000

4 Mock (Water) 422 12.5 50000

5 Mock (Water) 422 25 100000

6 TRC1- 422 0 0
2x87EE

7 TRC1- 422 3.125 12500
2x87EE

8 TRC1- 422 6.25 25000
2x87EE

9 TRC1- 422 12.5 50000
2x87EE

10 TRC1- 422 25 100000
2x87EE

11 TRC1- 421B 25 10000
2x87EE

2. Expression of Anti-CD19 Chimeric Antigen Receptor on
T Cells Using AAV421

[0385] Here, we sought to determine the expression level
of the anti-CD19 chimeric antigen receptor in cells that had
the CAR gene inserted into the TRC 1-2 recognition
sequence using AAV421. Samples described above and
analyzed in FIG. 32A were also analyzed for CAR and CD3
expression by flow cytometry. Approximately 4 days post-
transduction, cells were labeled with antibodies that recog-
nize the anti-CD19 CAR or CD3 and analyzed by flow
cytometry. FIG. 33A shows flow cytometry plots for cells
that were mock electroporated and transduced with
AAV421, along with control cells that were mock electropo-
rated and mock transduced. Cells that were mock electropo-
rated and mock transduced (MOI-0) were overwhelmingly
CD3*/CAR™ (the lower right quadrant, 98.8%). Cells that
were mock electroporated then transduced with increasing
amounts of AAV421 looked essentially identical to the
control cells, with the CD3*/CAR™ populations at 98.8%,
98.6%, 98.8% and 97.9%. Thus, we conclude that the
AAV421 virus alone is not driving detectable levels of CAR
expression, nor is it capable of disrupting expression of the
T cell receptor.

[0386] FIG. 33B shows flow cytometry plots for samples
that were either electroporated with TRC 1-2x.87EE mRNA
then mock transduced or cells that were electroporated with
TRC 1-2x.87EE then transduced with increasing amounts of
AAV421. Cells that were electroporated then mock trans-
duced show 56.7% CD3"~ cells, indicating efficient knockout
of'the T cell receptor complex. Background labeling with the
anti-CD19 CAR was very low, with 0.48% in the CD3~
population and 0.36% in the CD3+ population. Samples that
were electroporated with mRNA encoding TRC 1-2x.87EE
then transduced with increasing amounts of AAV412
showed significant amounts of CAR labeling in the CD3~
population, ranging from 4.99% to 13.4%. There was also a
slight increase in CAR labeling in the CD3~ population,
ranging from 1.27% to 3.95%. As mentioned above, it is
possible that the CAR gene was inserted into the non-
expressed T cell receptor allele. Also in contrast to experi-
ments with AAV408, the CAR™ population was much better
defined, with a higher mean fluorescence intensity, suggest-
ing that the JeT promoter drives higher expression than the
eFla core promoter.
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[0387] While evaluating insertion of the CAR gene using
AAV421 in conjunction with TRC 1-x.87EE, we sought to
determine a method that would allow us to preferentially
expand and enrich the CD37/CAR™ population. From the
experiment described above and shown in FIG. 33, we used
cells that were electroporated with TRC 1-2x.87EE mRNA
(2 pg) then transduced with AAV421 (3.13¢* viral genomes/
cell). Control samples were mock electroporated and mock
transduced, mock electroporated and transduced with
AAV421, or electroporated with TRC 1-2x.87EE and mock
transduced taken from the experiment described above and
shown in FIG. 33. As a control enrichment and expansion
process, these cells were incubated for 6 days in complete
growth medium supplemented with IL.-7 and 1L.-15 (both at
10 ng/mL). Cells were then labeled with antibodies against
the anti-CD19 CAR and CD3 and analyzed by flow cytom-
etry (FIG. 34A). Cells that were mock electroporated and
mock transduced showed low levels of background staining
in the CD37/CAR* quadrant (0.13%). The CD37/CAR*
population was essentially the same in samples that were
either mock electroporated then transduced with AAV or
electroporated with TRC 1-2x.87EE mRNA then mock
transduced (0.16% and 0.55%, respectively). Cells that were
electroporated with TRC 1-2x.87EE mRNA and mock trans-
duced had a CD37/CAR™ population of 53.2%, very close to
the amount stained in the first part of this experiment shown
in FIG. 33B (56.7%). Cells that were electroporated with
TRC 1-2x.87EE and transduced with AAV showed 12.6%
CD37/CAR™ cells, almost identical to the original labeling
of these cells shown in FIG. 33 (13.4%), demonstrating that
mixture of IL.-7 and IL.-15 is insufficient to enrich or expand
the specific CD37/CAR™* cell population.

[0388] We next sought to enrich for the CD37/CAR*
population in an antigen-specific manner by incubating the
4 samples described above with IM-9 cells, which present
CD19 on the cell surface. IM-9 cells were inactivated by
pre-treatment with mitomycin C and incubated with samples
ata 1:1 ratio for 6 days in the presence of IL.-7 and IL.-15 (10
ng/ml). Cells were then labeled with antibodies against
CD3 and the anti-CD19 CAR and analyzed by flow cytom-
etry (FIG. 34B). Cells that were mock electroporated and
mock transduced showed low levels of background staining
in the CD37/CAR™* quadrant (0.2%). The CD37/CAR™* popu-
lation was the same in samples that were mock electropo-
rated then transduced with AAV (0.2%) and slightly higher
in cells that were electroporated with TRC 1-2x.87FEE and
mock transduced (1.24%). The increase in CD37/CAR™ cells
the TRC 1-2x.87EE alone control is considered background
since no CAR nucleic acid was ever introduced into the
system. Cells that were electroporated with TRC 1-2x.87EE
mRNA and mock transduced had a CD37/CAR™ population
ot 42.5%, which is significantly lower than they were prior
to expansion (56.7%. FIG. 33) suggesting that CD+ cells
may have a growth advantage in this system. However, cells
that were electroporated with TRC 1-2x.87EE and trans-
duced with AAV showed 49.9% CD37/CAR™ cells, a dra-
matic increase compared to the original labeling of these
cells shown in FIG. 33 (13.4%), demonstrating that incuba-
tion of this sample with IM-9 cells in the presence of 1L-7
and IL.-15 is quite effective in enriching and expanding the
CD37/CAR™ population. The CD3*/CAR" population was
also expanded under these conditions, with the mock elec-
troporated/AAV transduced sample and the TRC 1-2x.87EE
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electroporated/AV transduced sample showing 2.53% and
15.3% CD3*/CAR™, respectively.

[0389] In the cells that were electroporated with TRC
1-2x.87EE then transduced with AAV421, 24.2% of the
CD3" population was CAR™* prior to expansion (FIG. 33B).
After incubation in medium supplemented with IL-7 and
1L-15, that 25.3% of the CD3~ cells were CAR™ (FIG. 34A)
indicating that the ratio of gene knock-in to gene-knockout
was unchanged. However, after incubation with IM-9 cells
in addition to IL.-7 and IL-15, over 80% (80.35%, F1G. 34B)
of'the CD3™ cells were CAR™, demonstrating that incubation
with IM-9 cells resulted in antigen-specific enrichment.
[0390] Since mitomycin C inactives cells very potently
and IM-9 cells were not persisting long in the mixed culture,
we reasoned that a second infusion of IM-9 cells might
further increase enrichment of CD37/CAR™" cells. Some of
the cells described above and shown in FIG. 34B would
mixed with fresh IM-9 cells (pre-treated with mitomycin C)
in medium containing I[.-7 and IL.-15 and were incubated
another 6 days. Cells were then stained for CD3 and
anti-CD19 CAR and analyzed by flow cytometry (FIG.
34C). The percentage of CD3-/CAR™ cells in any of the
control samples were essentially unchanged compared to the
first round of enrichment on IM-9 cells.

[0391] However, the cells that were electroporated with
TRC 1-2x.87EE and transduced with AAV421 showed a
significant enrichment of the CD37/CAR* population,
increasing from 49.9% (after the first round if incubation
with IM-9 cells, FIG. 34B) to 65.7% (FIG. 34C). Impor-
tantly, 93.75% of the CD3~ population was CAR*, indicat-
ing further antigen-specific expansion.

3. Expression of Anti-CD19 Chimeric Antigen Receptor on
T Cells Using AAV422

[0392] We also examined expression of the anti-CD19
CAR from cells in which AAV422 was used to provide the
HDR template (described above, PCR results shown in FIG.
32B). Approximately 4 days post-transduction, cells were
labeled with antibodies that recognize the anti-CD19 CAR
or CD3 and analyzed by flow cytometry. FIG. 35A shows
flow cytometry plots for cells that were mock electroporated
and transduced with increasing amounts of AAV422, along
with control cells that were mock electroporated and mock
transduced. Cells that were mock electroporated and mock
transduced (MOI-0) were overwhelmingly CD3*/CAR"™ (the
lower right quadrant, 98.8%). Cells that were mock elec-
troporated then transduced with increasing amounts of
AAV422 looked essentially identical to the control cells,
with the CD3*/CAR™ populations at 98.6%, 98.6%, 98.9%
and 98.4%. Thus, the AAV422 vector alone is not driving
detectable levels of CAR expression, nor is it capable of
disrupting expression of the T cell receptor.

[0393] FIG. 35B shows flow cytometry plots for samples
that were either electroporated with TRC 1-2x.87EE mRNA
then mock transduced or cells that were electroporated with
TRC 1-2x.87EE then transduced with increasing amounts of
AAV422. Cells that were electroporated then mock trans-
duced show 59.3% CD3" cells, indicating efficient knockout
of'the T cell receptor complex. Background labeling with the
anti-CD19 CAR was very low, with 1.47% in the CD3~
population and 0.52% in the CD3~ population. Samples that
were electroporated with mRNA encoding TRC 1-2x.87EE
then transduced with increasing amounts of AAV422
showed significant amounts of CAR labeling in the CD3~
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population, ranging from 14.7% to 20.3%. There was also a
slight increase in CAR labeling in the CD3* population,
ranging from 2.3% to 2.7%.

[0394] Surprisingly, we observed a noticeable increase in
T cell receptor knockout efficiency in the presence of
AAV422. Overall CD3 knockout efficiency with increasing
AAV422 was 71.6%, 74.9%, 77.8% and 74.4% compared to
59.3% in the TRC 1-2x.87EE electroporation alone. In
contrast, overall CD3 knockout efficiency with increasing
AAV421 was 56.99%, 56.62%, 57.4% and 55.4% compared
to 57.18% in the TRC 1-2x.87EE electroporation alone
(FIG. 33B). Thus, it appears that electroporation with TRC
1-2x.87EE in the presence of single-stranded AAV genomes,
but not self-complimentary AAV genomes, results in an
increase in the overall knockout efficiency of the TRC
1-2x.87EE nuclease. Because of this increase, the percent of
CD3"™ cells that are CAR" is not significantly different
between cells transduced with AAV421 and AAV422 despite
the higher numbers of CD37/CAR™* cells. The highest per-
cent of CD3™ cells that were CAR" using AAV421 was
24.18% (MOI=3.13¢* viral genomes/cell) compared to
26.48% with AAV422 (MOI=1e’ viral genomes/cell). This
observation is particularly interesting considering the large
difference in MOI between AAV421 and AAV422.

[0395] The concept of utilizing IM-9 cells to specifically
enrich for CD37/CAR™* cells was tested using cells from this
experiment. Again, rather than testing the entire panel, we
only attempted enrichment of either cells mock electropo-
rated then transduced with AAV422 or electroporated with
TRC 1-2x.87EE then transduced with AAV422 (2.5¢* viral
genomes/cell) in a new experiment. FIG. 36 A shows flow
cytometry plots at approximately day 4 post-transduction.
Mock electroporated/transduced cells showed background
staining of CD37/CAR™" cells at 0.13%. In comparison, cells
electroporated with TRC 1-2x.87EE the transduced with
AAV422 showed 4.44% CD37/CAR" cells. Cells were incu-
bated with IM-9 cells (pre-treated with mitomycin) in the
presence of IL-7 and IL-15 for 6 days as described above,
then analyzed by flow cytometry. FIG. 36B shows that
incubation with IM-9 cells dramatically increased the CD3/
CAR™ population in AAV422 transduced cells to 35.8%. The
CAR™ cells make up 45.2% of the total CD3~ population,
compared to 6.69% prior to enrichment (FIG. 36A). As
above, we also further enriched by a second addition of IM-9
cells (FIG. 36C). Two rounds of incubation with IM-9 cells
resulted in 65.1% CD37/CAR" cells. The CAR* cells make
up 78.25% of the total CD3~ population, indicating signifi-
cant, antigen-dependent enrichment of CD37/CAR" cells.
[0396] These data, in conjunction with the data presented
above, clearly demonstrate that cells that have had an
anti-CD19 CAR gene inserted into the TRC 1-2 recognition
sequence can be successfully enriched by incubation with
IM-9 cells in the presence of IL.-7 and 1[.-15, and can result
in a CD3~ population that is over 90% CAR™ in as little as
12 days of culture.

4. Increased Knockout Efficiency Observed when Using
Single-Strand AAV Vectors

[0397] In the present study, we followed up on the obser-
vation that single-stranded AAV vectors increased knockout
efficiency of the TRC 1-2x.87EE nuclease. In a first experi-
ment, cells were electroporated with TRC 1-2x.87EE (2 ug)
and either mock transduced or transduced with increasing
amounts of AAV412 (6.25¢*, 1.25¢%, 2.5¢* or e* viral
genomes/cell). On day 4 post-transduction, cells were
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labeled with an antibody against CD3 and analyzed by flow
cytometry (FIG. 37A). In the mock transduced cells, 20.7%
are CD3~ compared to 21.6%, 23.7%, 25.5% and 25% with
increasing AAV412, indicating that TRC 1-2x.87EE knock-
out efficiency is up to 23% higher in the presence of AAV412
(25.5% compared to 20.7%).

[0398] To determine whether this increase in knockout
efficiency was nuclease specific, in an additional experi-
ment, cells were electroporated with mRNA (2 g) encoding
a nuclease targeting the P2-microglobulin gene and either
mock transduced or transduced with increasing amounts of
AAV412. Cells were stained for f2-microglobulin on day 4
post-transduction and analyzed by flow cytometry (FIG.
37B). In the mock transduced cells, P2-microglobulin
knockout efficiency was 64.5% and increased in the trans-
duced cells to 68.6%, 70.7%, 77.2% and 82.5% with
increasing amounts of AAV412, demonstrating an increase
in knockout efficiency of up to 27.9% (82.5% compared to
64.5%).

[0399] In a parallel experiment, cells were electroporated
with TRC 1-2x.87EE mRNA and either mock transduced or
transduced with AAV422 (using the same MOIs as
AAV412). Cells were labeled with an antibody against CD3
and cells were analyzed by flow cytometry (FIG. 37C). The
mock transduced cells showed 62.2% T cell receptor knock-
out, and with increasing amounts of AAV, the T cell receptor
knockout frequency increased to 72.6%, 75.5%, 78.3% and
75.1%. Here, the presence of AAV422 increases the knock-
out efficiency of TRC 1-2x.87EE by up to 25.8% (78.3%
compared to 62.2%). It is striking that the increase in percent
knockout efficiency is almost identical between these three
experiments, using two different nucleases and two different
AAV vectors. Taken together, these data strongly indicate
that transduction of cells with single strand AAV vectors
increase the knockout efficiency of our nucleases, irrespec-
tive of nuclease or AAV cargo.

5. Activity of T Cells Expressing Anti-CD19 Chimeric
Antigen Receptor

[0400] The above experiments clearly demonstrate the
generation of CAR T cells by electroporating cells with TRC
1-2x.87EE mRNA, then immediately transducing cells with
AAVA421, and that these cells can be enriched for a CD37/
CAR™* population by co-culture with CD19 expressing IM-9
cells. We next examined the activity of these CAR T cells
against target cells. In the first experiment, the cells
described above and shown in FIG. 34C were used in an
IFN-gamma ELISPOT assay, in which either CD19* Raji
cells or CD19™ U937 cells were the target population. As
shown in FIG. 38A, when anti-CD19 CAR T cells were
incubated with U937 cells, they did not secrete IFN-gamma
regardless of the target.effector ratio. Incubating CAR T
cells with Raji cells, however, resulted in high levels of
IFN-gamma secretion, in a dose-dependent manner, indicat-
ing that secretion of IFN-gamma is antigen-specific.

[0401] These CAR T cells were also used in a cell killing
assay in which luciferase-labeled Raji cells were the target.
Briefly, CAR T cells were incubated with luciferase-labeled
Raji cells at a ratio of 10:1. At several time points, cells were
washed and lysed to measure luciferase activity as a measure
of how many cells remained. Control cells showed lucifer-
ase activity greater than 5500 arbitrary units (FIG. 38B).
Co-incubation for 2, 3, 4 and 5 hours resulted in a decrease
in luciferase activity to 4598, 3292, 2750 and 1932 arbitrary
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units, respectively. Thus, within 5 hours of co-incubation,
luciferase activity was reduced approximately 65%, indicat-
ing strong cytolytic activity of the CAR T cells.

[0402] Taken together, these data demonstrate that anti-
CD19 CAR T cells generated according to the methods
described herein are effective at killing CD19* cells.

Example 7

Linearized Plasmid DNA

[0403] 1. Expression of Chimeric Antigen Receptor from
Linearized Plasmid DNA

[0404] Since HDR templates produced by AAV are linear
DNA molecules, we hypothesized that linear DNA from any
source may be a suitable HDR template for inserting a CAR
gene into the TRC 1-2 recognition sequence. To test this, we
generated several plasmids that contain an anti-CD19 CAR
gene flanked by homology arms that are homologous to the
TRC 1-2 recognition sequence locus. Different promoters
were used in some plasmids, and homology arms were either
“short” (200 bp on the 5' homology arm and 180 bp on the
3' homology arm) to mimic the self-complimentary AAV
vectors, or “long” (985 bp on the 5' homology arm and 763
bp on the 3' homology arm) to mimic the single strand AAV
vectors. Plasmids with short homology arms are labeled
“pDS” and those with long homology arms are labeled
“pDIL.” Additionally, some plasmid contained an intron
upstream of the CAR gene.

[0405] The CAR donor plasmids were linearized at a
restriction site in the vector backbone and gel purified.
Human CD3~ T cells were either electroporated with the
linearized CAR donor plasmid alone (varying amounts
between 500 ng and 1000 ng, depending on the concentra-
tion of the purified linearized plasmid), or co-electroporated
with TRC 1-2.87EE mRNA (2 pg). As controls, cells were
either mock electroporated or electroporated with TRC
1-2x.87EE alone. The graphs in FIG. 39 are labelled with
descriptions for all electroporations. Approximately 4 days
post-electroporation, cells were labelled with antibodies
against CD3 and the anti-CD19 CAR and analyzed by flow
cytometry (FIG. 39). FIG. 39A shows background CD37/
CAR™ staining of 0.15%. It should be noted that the back-
ground CD3"/CAR™ staining was unusually high at 4.31%.
FIG. 39B shows cells that were electroporated with TRC
1-2x.87EE mRNA alone, demonstrating 60.8% CD3 knock-
out. FIGS. 39C and 39D represent samples that were co-
electroporated with TRC 1-2x.87EE mRNA and either the
long homology arm vector with an EF 1a core promoter with
an HTLV enhancer or the short homology arm vector with
EFla core promoter (with no enhancer). Interestingly, the
linearized CAR donor with the EFla core promoter alone
generated a CD37/CAR" population of 2.38%, while the
vector harboring the EFla core promoter with the HTLV
enhancer did not generate a significant percentage of CD3-/
CAR™ cells. Cells that were electroporated with these two
vectors in the absence of TRC 1-2x.87EE mRNA showed no
significant increase in the CD37/CAR* population (FIGS.
39E and 39F). The increase in the CD37/CAR* population
with the EF 1a core promoter vector in the presence of TRC
1-2x.87EE suggested that a linearized plasmid could serve
as an HDR template to repair double strand breaks at the
TRC 1-2 recognition sequence.

[0406] FIGS. 39G and 39H show two long homology arm
constructs that both contain an MND promoter driving
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expression of the CAR. One of these constructs, shown in
FIG. 39G, also contains an intron in the 5' end of the CAR
gene. Surprisingly, the long homology arm plasmid with an
MND promoter and intron showed significant CAR expres-
sion (FIG. 39G, 4.14% CD37/CAR") while the intron-less
construct (FIG. 39H) did not show detectable CAR expres-
sion when co-electroporated with TRC 1-2x.87EE mRNA.
A short homology arm plasmid with the MND promoter, but
with no intron, was also tested with TRC 1-2x.87EE mRNA
and did not demonstrate any CAR expression (FIG. 39I).
None of the MND promoter-containing constructs generated
any CAR" cells in the absence of TRC 1-2x.87EE mRNA
(FIGS. 39J. 39K, and 39L).

[0407] Lastly in this experiment, we tested a short homol-
ogy arm construct that contained a JeT promoter driving
expression of the CAR and a “long” homology arm con-
struct with a CMV promoter driving expression of the CAR.
Alone, neither of these linearized plasmids resulted in sig-
nificant CAR" cells (FIGS. 390 and 39P). When cells were
co-electroporated with TRC 1-2x.87EE mRNA, the JeT
containing construct showed 2.69% CD3-CAR" cells and
the CMV containing construct yielded 2.7% CD37/CAR™*
cells.

[0408] The flow plots shown in FIG. 39 clearly demon-
strate that linearized plasmid DNA that encodes the CAR,
flanked by homology arms, can serve as HDR templates to
repair DNA breaks caused by TRC 1-2x.87EE, resulting in
insertion of the CAR nucleic acid. It is clear that promoter
strength plays a significant role in expression of the CAR,
and some promoters drive more efficient expression when
there is an intron in the gene.

[0409] To confirm that insertion of the CAR using linear-
ized DNA constructs was specific to the TRC 1-2 recogni-
tion sequence locus, we analyzed cells as described above
using primers that sat within the CAR and outside of the
homology arms (FIG. 40, Table 11). Samples 1 and 2 are
PCR products from cells that were either mock electropo-
rated or electroporated with only mRNA encoding TRC
1-2x.87EE. Consistent with results shown above, no PCR
bands are present indicating the lack of CAR gene in the
TRC 1-2 recognition site. Samples 3, 4 and 5 are from cells
that were co-electroporated with TRC 1-2x.87FEE and a
linearized CAR homology plasmid (samples names in FIG.
40). Each sample shows two PCR bands of the predicted size
indicating insertion of the CAR gene expression cassette
into the TRC 1-2 recognition site. Samples 6, 7, and 8 are
from cells that were electroporated with the same linearized
CAR homology plasmids as samples 3, 4, and 5 but without
TRC 1-2x.87EE mRNA. As expected, no PCR bands are
present. Samples 9 and 10 are PCR products from cells that
were either mock electroporated or electroporated with only
mRNA encoding TRC 1-2x.87EE and show no PCR bands.
Samples 11, 12, 13 and 14 are from cells that were co-
electroporated with TRC 1-2x.87EE and a linearized CAR
homology plasmid (samples names in FIG. 40). Each sample
shows two PCR bands of the predicted size indicating
insertion of the CAR gene into the TRC 1-2 recognition site.
Samples 15, 16, 17, and 18 are from cells that were
electroporated with the same linearized CAR homology
plasmids as samples 11, 12, 13, and 14 but without TRC
1-2x.87EE mRNA. As expected, no PCR bands are present.

[0410] FIGS. 39 and 40 clearly demonstrate that co-
electroporating human CD3+ T cells with mRNA encoding
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TRC 1-2x.87EE and a linearized CAR homology plasmid is
an effective method to insert the CAR gene into the TRC 1-2
recognition sequence.

TABLE 11
Linearized
Sample Nucleofection plasmid
1 Mock (Water) —
2 TRC1-2x87EE —
3 TRC1-2x87EE pDS EF1-a Core
4 TRC1-2x87EE pDS 200 MND NC
5 TRC1-2x87EE pDS 200 JET NC
6 Mock (Water) pDS EF1-a Core
7 Mock (Water) pDS 200 MND NC
8 Mock (Water) pDS 200 JET NC
9 Mock (Water) —
10 TRC1-2x87EE —
11 TRC1-2x87EE pDI EFl-a NC
12 TRC1-2x87EE pDI MND intron
NC
13 TRC1-2x87EE pDI MND NC
14 TRC1-2x87EE pDI CMV 985 NC
763
15 Mock (Water) pDI EFl-a NC
16 Mock (Water) pDI MND intron
NC
17 Mock (Water) pDI MND NC
18 Mock (Water) pDI CMV 985 NC
763
19 Mock (Water) —
20 TRC1-2x87EE —
21 TRC1-2x87EE pDS MCS
22 Mock (Water) PDS MCS

Example 8

Characterization of Additional AAV Vectors

[0411] 1. Use of AAV with JeT Promoter and Long
Homology Arms

[0412] Collectively, the data shown above indicate that
vectors utilizing the JeT promoter drive high, consistent
expression of the CAR and that longer homology arms may
increase gene insertion efficiency. We designed and gener-
ated the vector shown in FIG. 41 (SEQ ID NO:125), which
was used to make single-strand AAV with long homology
arms, and a JeT promoter driving expression of the anti-
CD19 CAR (referred to herein as AAV423). Human CD3*
T cells were electroporated with mRNA encoding TRC
1-2x.87EE and transduced with increasing amounts of
AAV423. Since data shown above suggested that higher
MOIs may result in increased insertion efficiency, we used
titers ranging from 1.875¢* to 1.5¢’. As controls, cells were
either electroporated with mRNA encoding TRC 1-2x.87EE
then mock transduced or mock electroporated then trans-
duced with increasing amounts of AAV423. On day 6
post-transduction, cells were labeled with antibodies recog-
nizing CD3 or the anti-CD19 CAR and analyzed by flow
cytometry. As shown in FIG. 42, cells that were mock
electroporated then transduced with increasing amounts of
AAV423 are overwhelmingly CD3+/CAR™ (ranging from
96.6% to 98.5%). Cells that were electroporated with
mRNA encoding TRC 1-2x.87EE and mock transduced
were 39% CD3" indicating efficient knockout of the T cell
receptor. In these cells, background CAR staining was very
low (around 2%). Cells that were electroporated with
mRNA encoding TRC 1-2x.87EE then transduced with

35
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increasing amounts of AAV423 showed dramatic CAR
staining in conjunction with CD3 knockout. CD37/CAR*
populations ranged from 21.6% to 22.7%, while CD3*/
CAR* populations were around 2%. As described above, the
presence of single-strand AAV increased the overall gene
modification efficiency at the TRC 1-2 recognition site, with
total CD3™ populations increasing from 41.44% in the
control cells to 57.6%, 59.2%, 58.7%, and 56.1% in cells
that were electroporated then transduced with increasing
amounts of AV423. The percent of CD3~ cells that were
CAR"* ranged from 37.5% to 39.9% indicating a dramatic
increase in insertion efficiency compared to data described
above.

[0413] To confirm that insertion of the CAR using
AAV423 was specific to the TRC 1-2 recognition sequence
locus, we analyzed cells as described above using primers
that sat within the CAR and outside of the homology arms
(FIG. 43, Table 12).

TABLE 12
Sample Nucleofection AAV (ul) MOI
1 Mock (Water) — —
2 Mock (Water) — —
3 Mock (Water) pDI JET Prep A (3.125) 18750
4 Mock(Water) pDI JET Prep A (6.25) 37500
5 Mock (Water) pDI JET Prep A (12.5) 7500
6 Mock (Water) pDI JET Prep A (25) 150000
7 TRC1-2x87EE — —
8 TRC1-2x87EE pDI JET Prep A (3.125) 18750
9 TRC1-2x87EE  pDI JET Prep A (6.25) 37500
10 TRC1-2x87EE  pDI JET Prep A (12.5) 7500
11 TRC1-2x87EE pDI JET Prep A (25) 150000
[0414] Samples 1 and 2 are PCR products from cells that

were mock electroporated. Consistent with results shown
above, no PCR bands are present indicating the lack of CAR
gene in the TRC 1-2 recognition site. Samples 3-6 are from
cells that were mock electroporated then transduced with
increasing amounts of AAV423. Consistent with results
above, there are no PCR bands present. Sample 7 is from
cells electroporated with mRNA encoding TRC 1-2x.87EE
then mock transduced, and shows no PCR bands. Samples
8-11 are from cells electroporated with mRNA encoding
TRC 1-2x.87EE then transduced with increasing amounts of
AAV423, and show the PCR bands expected if the CAR is
inserted into the TRC 1-2 recognition sequence.

[0415] Given the ability of AAV423 to insert the CAR
sequence into the TRC 1-2 recognition site following cleav-
age, it is further envisioned that the AAV423 plasmid (FIG.
41) could be linearized by digestion with a and delivered to
the cell by digestion with one or more restriction enzymes,
such that the T cells could be transfected with a linearized
DNA template which could integrate into the TRC 1-2
recognition site and encode an anti-CD19 CAR.

Example 9

In Vivo Efficacy of Anti-CD19 TCR-Negative CAR
T Cells

1. Murine Model of Disseminated B Cell Lymphoma

[0416] The efficacy of the gene-edited anti-CD19 CAR T
cells was evaluated in a murine model of disseminated B cell
lymphoma. Activated T cells were electroporated with TRC
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1-2x.87 EE mRNA as described above, then transduced with
an AAV6 vector comprising an anti-CD19 CAR expression
cassette driven by a JeT promoter and flanked by homology
arms. Following 5 days of culture with 1L.-2 (10 ng/mL),
cells were analyzed for cell-surface CD3 and anti-CD19
CAR expression by flow cytometry as previously described
(FIG. 44A). CD3™ cells were enriched by depleting CD3*
cells using anti-CD3 magnetic beads. Depleted cells were
then cultured for 3 days in IL.-15 (10 ng/mL) and IL.-21 (10
ng/ml.) and re-analyzed for cell-surface expression of CD3
and anti-CD19 CAR (FIG. 44B). Isolation of the CD3-
population was quite efficient, yielding 99.9% purity as
measured by flow cytometry following depletion of CD3*
cells (FIG. 44B). The purified CD3~ population comprised
56% CD4" and 44% CD8" cells (FIG. 44C), and had
primarily central memory/transitional memory phenotypes,
determined by staining for CD62L. and CD45RO (FIG.
44D).

[0417] Studies utilizing the Raji disseminated lymphoma
model were conducted by Charles River Laboratories Inter-
national Inc. (Morrisville. N.C., USA). CD19" Raji cells
stably expressing firefly luciferase (ffLuc)** were injected
i.v. into 5-6 week old female NSG mice on Day 1, at a dose
of 2.0x10° cells per mouse. On Day 4 mice were injected i.v.
with PBS or PBS containing gene edited control TCR KO T
cells prepared from the same healthy donor PBMC or PBS
containing the indicated doses of CAR T cells prepared from
the same donor. On the indicated days, live mice were
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injected i.p. with Luciferin substrate (150 mg/kg in saline),
anesthetized, and Luciferase activity measured after 7 min-
utes using IVIS SpectrumCT (Perkin Elmer, Waltham,
Mass.). Data was analyzed and exported using Living Image
software 4.5.1 (Perkin Elmer, Waltham, Mass.). Lumines-
cence signal intensity is represented by radiance in p/sec/
cm?/st.

2. Results

[0418] As shown in FIG. 45, growth of CD19* Raji cells
was evident in all mice at low levels by day 8, and increased
significantly in untreated and TCR™ control groups by day
11. In control groups, significant tumor growth was observed
by day 15, and by day 18 or 19 all control groups were
euthanized. In contrast, all groups of mice treated with
anti-CD19 CAR T cells showed no evidence of tumor
growth by day 11 and, with the exception of a single mouse
in the low dose group, remained tumor-free through day 29
of'the study. Tumor re-growth was observed in three mice in
the low dose cohort around day 36. One of the three died at
day 42, though imaging revealed only low levels of tumor in
this animal, so it is unlikely that death was tumor-related.

3. Conclusions

[0419] These results provide clear evidence for in vivo
clearance of CD19* tumor cells by gene-edited CD3~ CAR
T cells and support further preclinical development of this
platform for allogeneic CAR T cell therapy.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 125

<210> SEQ ID NO 1

<211> LENGTH: 4627

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

atatccagaa ccctgacccet gecgtgtace agetgagaga ctctaaatce agtgacaagt 60
ctgtetgect attcaccgat tttgattete aaacaaatgt gtcacaaagt aaggattctg 120
atgtgtatat cacagacaaa actgtgctag acatgaggtc tatggacttc aagagcaaca 180
gtgctgtgge ctggagcaac aaatctgact ttgcatgtge aaacgectte aacaacagca 240
ttattccaga agacacctte ttceccagece caggtaaggg cagetttggt gecttegeag 300
getgtttect tgcttcagga atggccaggt tetgeccaga getetggtca atgatgtcta 360
aaactcctet gattggtggt cteggectta tccattgcca ccaaaaccect ctttttacta 420
agaaacagtyg agccttgtte tggcagtcca gagaatgaca cgggaaaaaa gcagatgaag 480
agaaggtggce aggagagggce acgtggccca gectcagtet ctccaactga gttectgect 540
gectgecttt getcagactg tttgeccctt actgetette taggecteat tctaagecce 600
ttctecaagt tgectctect tatttetece tgtctgccaa aaaatcttte ccagctcact 660
aagtcagtct cacgcagtca ctcattaacce caccaatcac tgattgtgcece ggcacatgaa 720
tgcaccaggt gttgaagtgg aggaattaaa aagtcagatg aggggtgtgce ccagaggaag 780
caccattcta gttgggggag cccatctgte agetgggaaa agtccaaata acttcagatt 840

ggaatgtgtt ttaactcagg gttgagaaaa cagctacctt caggacaaaa gtcagggaag 900
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ggctcectetga agaaatgcta cttgaagata ccagccectac caagggcagg gagaggaccce 960
tatagaggce tgggacagga gctcaatgag aaaggagaag agcagcaggce atgagttgaa 1020
tgaaggaggc agggccgggt cacagggcct tctaggcecat gagagggtag acagtattcet 1080
aaggacgcca gaaagctgtt gatcggctte aagcagggga gggacaccta atttgcetttt 1140
cttttttttt tttttttttt tttttttttt tgagatggag ttttgctctt gttgcccagg 1200
ctggagtgca atggtgcatc ttggctcact gcaacctceccg cctceccaggt tcaagtgatt 1260
ctecctgecte agectcecceccga gtagcectgaga ttacaggcac ccgccaccat gectggctaa 1320
ttttttgtat ttttagtaga gacagggttt cactatgttg gccaggctgg tcectcgaactce 1380
ctgacctcag gtgatccacc cgcttcagce tcccaaagtg ctgggattac aggcgtgagce 1440
caccacaccce ggcctgcttt tettaaagat caatctgagt gectgtacgga gagtgggttg 1500
taagccaaga gtagaagcag aaagggagca gttgcagcag agagatgatyg gaggectggg 1560
cagggtggtg gcagggaggt aaccaacacc attcaggttt caaaggtaga accatgcagg 1620
gatgagaaag caaagagggg atcaaggaag gcagctggat tttggcctga gcagctgagt 1680
caatgatagt gccgtttact aagaagaaac caaggaaaaa atttggggtg cagggatcaa 1740
aactttttgg aacatatgaa agtacgtgtt tatactcttt atggcccttg tcactatgta 1800
tgcctegetyg cctecattgg actctagaat gaagccaggce aagagcaggg tcectatgtgtg 1860
atggcacatg tggccagggt catgcaacat gtactttgta caaacagtgt atattgagta 1920
aatagaaatg gtgtccagga gccgaggtat cggtcctgece agggccaggg gcetctceccta 1980
gcaggtgcte atatgctgta agttccctcecce agatctctec acaaggaggc atggaaaggce 2040
tgtagttgtt cacctgccca agaactagga ggtctggggt gggagagtca gectgctcetg 2100
gatgctgaaa gaatgtctgt ttttecctttt agaaagttcc tgtgatgtca agctggtcga 2160
gaaaagcttt gaaacaggta agacaggggt ctagcctggg tttgcacagg attgcggaag 2220
tgatgaaccc gcaataaccce tgcctggatg agggagtggg aagaaattag tagatgtggg 2280
aatgaatgat gaggaatgga aacagcggtt caagacctgc ccagagctgg gtggggtctce 2340
tcetgaatce ctctcaccat ctectgacttt ccattctaag cactttgagg atgagtttcet 2400
agcttcaata gaccaaggac tctctcectag gcecctcectgtat tectttcaac agctccactg 2460
tcaagagagc cagagagagc ttctgggtgg cccagctgtg aaatttctga gtcceccttagg 2520
gatagcccta aacgaaccag atcatcctga ggacagccaa gaggttttge cttetttceaa 2580
gacaagcaac agtactcaca taggctgtgg gcaatggtcc tgtctctcaa gaatccectg 2640
ccactcctca cacccaccct gggcccatat tcatttecat ttgagttgtt cttattgagt 2700
catccttect gtggtagegg aactcactaa ggggcccatc tggacccgag gtattgtgat 2760
gataaattct gagcacctac cccatcccca gaagggctca gaaataaaat aagagccaag 2820
tctagteggt gtttectgte ttgaaacaca atactgttgg cecctggaaga atgcacagaa 2880
tctgtttgta aggggatatg cacagaagct gcaagggaca ggaggtgcag gagctgcagg 2940
ccteceeccac ccagectget ctgecttggg gaaaaccgtg ggtgtgtceet gcaggccatg 3000
caggcctggg acatgcaagce ccataaccgce tgtggcectet tggttttaca gatacgaacc 3060
taaactttca aaacctgtca gtgattgggt tccgaatcct cctcectgaaa gtggceccgggt 3120

ttaatctgct catgacgcetg cggctgtggt ccagctgagg tgaggggcct tgaagcetggg 3180
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agtggggttt agggacgcgg gtctctgggt gcatcctaag ctctgagagce aaacctccect 3240
gcagggtcett gcecttttaagt ccaaagcectg agcccaccaa actctcectac ttettectgt 3300
tacaaattcc tcttgtgcaa taataatggce ctgaaacgct gtaaaatatc ctcatttcag 3360
ccgcctecagt tgcacttete cectatgagg taggaagaac agttgtttag aaacgaagaa 3420
actgaggccce cacagctaat gagtggagga agagagacac ttgtgtacac cacatgcctt 3480
gtgttgtact tctctcaccg tgtaacctcecce tcatgtccte tcetceccccagt acggctcetcet 3540
tagctcagta gaaagaagac attacactca tattacaccc caatcctggce tagagtctcce 3600
gcaccctect ccecccagggt cceccagtegt cttgctgaca actgcatcct gttecatcac 3660
catcaaaaaa aaactccagg ctgggtgcgg gggctcacac ctgtaatccce agcactttgg 3720
gaggcagagyg caggaggagc acaggagctg gagaccagec tgggcaacac agggagaccce 3780
cgcctcectaca aaaagtgaaa aaattaacca ggtgtggtgce tgcacacctg tagtcccagce 3840
tacttaagag gctgagatgg gaggatcgct tgagccctgg aatgttgagg ctacaatgag 3900
ctgtgattgc gtcactgcac tccagcectgg aagacaaagc aagatcctgt ctcaaataat 3960
aaaaaaaata agaactccag ggtacatttg ctcecctagaac tctaccacat agccccaaac 4020
agagccatca ccatcacatc cctaacagtce ctgggtcecttce ctcagtgtcee agectgactt 4080
ctgttcttece tcattccaga tcectgcaagat tgtaagacag cctgtgctcece ctegetectt 4140
cctectgcecatt geccectcette tecctcetcecca aacagaggga actctectac ccccaaggag 4200
gtgaaagctg ctaccacctce tgtgcccccece cggcaatgec accaactgga tcctacccga 4260
atttatgatt aagattgctg aagagctgcc aaacactgct gccaccccct ctgttcecctt 4320
attgctgett gtcactgcct gacattcacg gcagaggcaa ggctgctgca gectccectg 4380
gctgtgcaca ttecectectg ctecccagag actgectceeg ccatcccaca gatgatggat 4440
cttcagtggg ttctecttggg ctcectaggtce tgcagaatgt tgtgaggggt ttattttttt 4500
ttaatagtgt tcataaagaa atacatagta ttcttcttct caagacgtgg ggggaaatta 4560
tctcattatc gaggccctge tatgetgtgt atctgggegt gttgtatgte ctgctgeccga 4620
tgcctte 4627
<210> SEQ ID NO 2

<211> LENGTH: 142

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Pro Asn Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser
1 5 10 15

Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln
20 25 30

Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys
35 40 45

Thr Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val
50 55 60

Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn
65 70 75 80

Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser Cys
85 90 95
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Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn
100 105 110

Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val
115 120 125

Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser
130 135 140

<210> SEQ ID NO 3

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

tggcctggag caacaaatct ga 22
<210> SEQ ID NO 4

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

acaaatgtgt cacaaagtaa gg 22
<210> SEQ ID NO 5

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

ctgatgtgta tatcacagac aa 22
<210> SEQ ID NO 6

<211> LENGTH: 163

<212> TYPE: PRT

<213> ORGANISM: Chlamydomonas reinhardtii

<400> SEQUENCE: 6

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Ile Ala Gln Ile Lys Pro Asn Gln Ser
20 25 30

Tyr Lys Phe Lys His Gln Leu Ser Leu Ala Phe Gln Val Thr Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Arg Asp Arg Gly Ser Val Ser Asp Tyr Ile Leu Ser Glu
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Trp Arg Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys
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145

Ser Ser Pro

<210> SEQ ID NO 7
<211> LENGTH: 9
<212> TYPE:
<213> ORGANISM: Chlamydomonas reinhardtii

PRT

<400> SEQUENCE:

7

150

Leu Ala Gly Leu Ile Asp Ala Asp Gly

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

PRT

SEQUENCE :

Met Asn Thr Lys

1

Val

Ala

Thr

Gly

65

Ile

Leu

Pro

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Asp

Lys

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

Val

Gly

Phe

35

Arg

Val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Tyr

Asp

20

Lys

Arg

Tyr

Leu

Lys

100

Lys

Ile

Val

Pro

Ser

180

Tyr

Gly

His

Trp

Asp
260

5

SEQ ID NO 8
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

354

8
Tyr

5

Gly

His

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Arg

Phe

245

Arg

Asn

Ser

Phe

Phe

Ser

70

Asn

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Ile

Leu
230

Leu

Gly

Synthesized

Lys

Ile

Leu

Leu

55

Gly

Phe

Asn

Pro

Leu

135

Val

Ala

Ser

Glu

Tyr

215

Lys

Asp

Ser

Glu

Phe

Lys

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

Val

Phe

Ala

25

Leu

Lys

Val

Thr

Val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Cys

Gly

Leu

Ser
265

Leu

10

Ser

Thr

Leu

Ser

Gln

90

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

Val

250

Glu

155

Leu

Ile

Phe

Val

Glu

75

Leu

Lys

Leu

Arg

Leu

155

Ala

Arg

Tyr

Ala

Ala
235

Asp

Tyr

Tyr

Tyr

Ala

Asp

60

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

Val

Glu

Val

Leu

Pro

Val

45

Glu

Arg

Pro

Ile

Val

125

Arg

Gly

Ser

Gly

Ala

205

Arg

Gly

Ile

Leu

Ala

His

30

Tyr

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gln

Gly

Ser
270

Gly

15

Gln

Gln

Gly

Ser

Leu

95

Gln

Thr

Thr

Val

Ser

175

Gly

Phe

Gly

Lys

Val
255

Glu

160

Phe

Arg

Lys

Val

Glu

80

Lys

Leu

Trp

Thr

Gly

160

Ser

Ser

Val

Ser

Thr
240

Gly

Ile
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Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 9

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 9

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Phe Ala Ser Ile Tyr Pro His Gln Arg
20 25 30

Ala Lys Phe Lys His Phe Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Arg Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser
210 215 220

Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Glu Ile
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260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 10

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 10

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Phe Ala Ser Ile Tyr Pro His Gln Arg
20 25 30

Ala Lys Phe Lys His Phe Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Glu
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Arg Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser
210 215 220

Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255
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Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 11

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 11

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Phe Ala Ser Ile Tyr Pro His Gln Arg
20 25 30

Ala Lys Phe Lys His Phe Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Arg Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser
210 215 220

Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr
225 230 235 240
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Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 12

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 12

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Tyr Pro His Gln Arg
20 25 30

Ala Lys Phe Lys His Leu Leu Lys Leu Val Phe Ala Val His Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Ala Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser
210 215 220

Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr
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225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 13

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 13

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Tyr Pro Asp Gln Arg
20 25 30

Thr Lys Phe Lys His Gly Leu Arg Leu Asn Phe Ser Val Phe Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Phe Asp Ala Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser
210 215 220
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Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 14

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 14

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Phe Ala Thr Ile His Pro Asp Gln Arg
20 25 30

Ser Lys Phe Lys His Tyr Leu Arg Leu Phe Phe Ser Val Phe Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Ala Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205
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Asp Gly Asp Gly Ser Ile Tyr Ala Thr Ile Ala Pro Cys Gln Arg Ala
210 215 220

Lys Phe Lys His Arg Leu Lys Leu Gly Phe Thr Val Gly Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

His Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Glu Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 15

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 15

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Phe Ala Gln Ile Lys Pro Asp Gln Lys
20 25 30

Met Lys Phe Lys His Tyr Leu Ser Leu His Phe Ser Val Phe Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Gly Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
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195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Gln Ile Lys Pro Gln Gln Arg Ala
210 215 220

Lys Phe Lys His Arg Leu Leu Leu Ala Phe Thr Val Ser Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Ile Asp Arg Gly Gly Val Ser Glu Tyr Ile Leu Ser Glu Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 16

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 16

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Phe Ala Ser Ile Asn Pro Asp Gln Arg
20 25 30

Ala Lys Phe Lys His Ser Leu Lys Leu Thr Phe Ser Val Tyr Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Thr Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190
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Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Ser Ile Arg Pro Ser Gln Arg Ser
210 215 220

Lys Phe Lys His Lys Leu Gly Leu Gly Phe Ala Val Gly Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 17

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 17

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Phe Ala Ser Ile Tyr Pro His Gln Arg
20 25 30

Ala Lys Phe Lys His Phe Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Arg Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175
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Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser
210 215 220

Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 18

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 18

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Asp Gln Arg
20 25 30

Ala Lys Phe Lys His Tyr Leu Arg Leu Gln Phe Ser Val Phe Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Phe Asp Ala Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
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165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser
210 215 220

Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 19

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 19

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly
20 25 30

Ser Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160
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Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Thr Ile Tyr Pro Asp Gln Arg Ala
210 215 220

Lys Phe Lys His Ala Leu Lys Leu Ile Phe Ser Val Phe Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Gly Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 20

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 20

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Thr Ile Arg Pro Ala Gln Arg
20 25 30

Ala Lys Phe Lys His Arg Leu Val Leu Gly Phe Glu Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Gly Gly Ser Val Ser Lys Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140
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Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Phe Ala Thr Ile Ala Pro Asp Gln Arg Pro
210 215 220

Lys Phe Lys His Gln Leu Arg Leu Ile Phe Asn Val Cys Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Thr Gly Ser Val Ser Glu Tyr Arg Leu Ser Glu Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 21

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 21

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly
20 25 30

Ser Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
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130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Phe Ala Ser Ile Tyr Pro His Gln Arg Ala
210 215 220

Lys Phe Lys His Phe Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 22

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 22

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly
20 25 30

Ser Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125
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Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Phe Ala Thr Ile Val Pro Glu Gln Arg Ser
210 215 220

Lys Phe Lys His Tyr Leu Lys Leu Thr Phe Ser Val Phe Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Arg Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Ala Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 23

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 23

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly
20 25 30

Ser Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110
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-continued

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met
210 215 220

Lys Phe Lys His Gln Leu Arg Leu His Phe Cys Val His Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 24

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 24

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Thr Ile Ala Pro Cys Gln Arg
20 25 30

Ala Lys Phe Lys His Arg Leu Lys Leu Gly Phe Thr Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly His Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
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-continued

100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Phe Ala Ser Ile Tyr Pro His Gln Arg Ala
210 215 220

Lys Phe Lys His Phe Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 25

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 25

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly
20 25 30

Ser Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95
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-continued

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met
210 215 220

Lys Phe Lys His Gln Leu Arg Leu His Phe Cys Val His Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 26

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 26

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly
20 25 30

Ser Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Glu
65 70 75 80



US 2021/0207093 Al Jul. 8, 2021
59

-continued

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met
210 215 220

Lys Phe Lys His Gln Leu Arg Leu His Phe Cys Val His Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 27

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 27

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Gly Gln Gly
20 25 30

Ser Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Glu
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65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met
210 215 220

Lys Phe Lys His Gln Leu Arg Leu Gly Phe Ala Val His Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 28

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 28

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Thr Ile Cys Pro Cys Gln Thr
20 25 30

Leu Lys Phe Lys His Tyr Leu Thr Leu Ser Phe Ser Val Tyr Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60
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Gly Tyr Val Tyr Asp Gln Gly Ser Val Ser Cys Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile His Ala Cys Ile Gln Pro Gln Gln Asp Val
210 215 220

Lys Phe Lys His Gln Leu His Leu Arg Phe Thr Val His Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Ala Gly Ser Val Ser Thr Tyr Cys Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 29

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 29

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Thr Ile Cys Pro Asp Gln Ala
20 25 30

Leu Lys Phe Lys His Tyr Leu Ser Leu Thr Phe Ala Val Tyr Gln Lys
35 40 45
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-continued

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Gln Gly Ser Val Ser Cys Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile His Ala Cys Ile Gln Pro Met Gln Ser Met
210 215 220

Lys Phe Lys His Tyr Leu His Leu Arg Phe Thr Val His Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Thr Gly Val Gly
245 250 255

Tyr Val Tyr Asp Ala Gly Ser Val Ser Thr Tyr Cys Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 30

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 30

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Thr Pro Gln Gln Asp
20 25 30

Met Lys Phe Lys His Arg Leu Gln Leu Arg Phe Cys Val Thr Gln Lys
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35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Gln Asp Cys Gly Ser Val Ser Glu Tyr Arg Leu Ser Glu
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Val Ala Ser Ile Lys Pro Gln Gln Val Ala
210 215 220

Lys Phe Lys His Arg Leu Met Leu Glu Phe Tyr Val Tyr Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Leu Gly Gly Ala Ser Arg Tyr Val Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 31

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 31

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Lys Pro Asp Gln Ala
20 25 30
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Ala Lys Phe Lys His Arg Leu Leu Leu Glu Phe Thr Val Cys Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Val Asp Gln Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Thr Pro Gln Gln Asp Met
210 215 220

Lys Phe Lys His Arg Leu Gln Leu Arg Phe Cys Val Thr Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Gln Asp His Gly Gly Ala Ser Glu Tyr Arg Leu Ser Glu Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 32

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 32

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15



US 2021/0207093 Al Jul. 8, 2021
65
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Val Asp Gly Asp Gly Ser Ile Trp Ala Ser Ile Arg Pro Thr Gln Leu
20 25 30

Ala Lys Phe Lys His Ala Leu Trp Leu Gly Phe Ala Val Tyr Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Ser Gly Ser Val Ser Lys Tyr Thr Leu Ser Glu
Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Thr Pro Gln Gln Asp Met
210 215 220

Lys Phe Lys His Arg Leu Gln Leu Arg Phe Cys Val Thr Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Gln Asp Lys Gly Ser Ala Ser Glu Tyr Arg Leu Ser Glu Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> SEQ ID NO 33

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 33

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
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1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg

Gly Ser Val Ser Glu Tyr Val Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 34

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 34

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 35

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized
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<400> SEQUENCE: 35

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 36

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 36

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp

145

<210> SEQ ID NO 37
<211> LENGTH: 147
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 37

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 38

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 38

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145
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<210> SEQ ID NO 39

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 39

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Thr Ile Ala Pro Cys Gln Arg Ala Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Thr Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly His Val Tyr Asp Arg

Gly Ser Val Ser Glu Tyr Val Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 40

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 40

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Gln Ile Lys Pro Gln Gln Arg Ala Lys Phe Lys His Arg
20 25 30

Leu Leu Leu Ala Phe Thr Val Ser Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Ile Asp Arg
50 55 60

Gly Gly Val Ser Glu Tyr Ile Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
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130 135 140
Val Leu Asp
145
<210> SEQ ID NO 41
<211> LENGTH: 147
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 41
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15
Ile Tyr Ala Ser Ile Arg Pro Ser Gln Arg Ser Lys Phe Lys His Lys
20 25 30
Leu Gly Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45
Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60
Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80
Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95
Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110
Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125
Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140
Val Leu Asp
145
<210> SEQ ID NO 42
<211> LENGTH: 147
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 42
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15
Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30
Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45
Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60
Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80
Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95
Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110
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Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 43

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 43

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 44

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 44

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95
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Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 45

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 45

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Thr Ile Arg Pro Ala Gln Arg Ala Lys Phe Lys His Arg
20 25 30

Leu Val Leu Gly Phe Glu Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Gly

Gly Ser Val Ser Lys Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 46

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 46

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
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65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 47

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 47

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 48

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 48

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45
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Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 49

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 49

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Thr Ile Ala Pro Cys Gln Arg Ala Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Thr Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly His Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 50

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 50

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30
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Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 51

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 51

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg

Gly Ser Val Ser Glu Tyr Val Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 52

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 52

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
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1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Gly Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg

Gly Ser Val Ser Glu Tyr Val Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 53

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 53

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Thr Ile Cys Pro Cys Gln Thr Leu Lys Phe Lys His Tyr
20 25 30

Leu Thr Leu Ser Phe Ser Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Gln
50 55 60

Gly Ser Val Ser Cys Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 54

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized
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<400> SEQUENCE: 54

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Thr Ile Cys Pro Asp Gln Ala Leu Lys Phe Lys His Tyr
20 25 30

Leu Ser Leu Thr Phe Ala Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Gln
50 55 60

Gly Ser Val Ser Cys Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 55

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 55

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Thr Pro Gln Gln Asp Met Lys Phe Lys His Arg
20 25 30

Leu Gln Leu Arg Phe Cys Val Thr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Gln Asp Cys
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Glu Ile Lys Pro Leu His Asn
Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp

145

<210> SEQ ID NO 56
<211> LENGTH: 147
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 56

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Thr Pro Gln Gln Asp Met Lys Phe Lys His Arg
20 25 30

Leu Gln Leu Arg Phe Cys Val Thr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Gln Asp His
50 55 60

Gly Gly Ala Ser Glu Tyr Arg Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 57

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 57

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Thr Pro Gln Gln Asp Met Lys Phe Lys His Arg
20 25 30

Leu Gln Leu Arg Phe Cys Val Thr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Gln Asp Lys

Gly Ser Ala Ser Glu Tyr Arg Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145
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<210> SEQ ID NO 58

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 58

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Ser Ile Tyr Pro His Gln Arg Ala Lys Phe Lys His Phe
20 25 30

Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser

Gly Ser Val Ser Glu Tyr Arg Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Arg Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 59

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 59

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Ser Ile Tyr Pro His Gln Arg Ala Lys Phe Lys His Phe
20 25 30

Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Arg Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
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130 135 140
Val Leu Asp
145
<210> SEQ ID NO 60
<211> LENGTH: 147
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 60
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15
Ile Phe Ala Ser Ile Tyr Pro His Gln Arg Ala Lys Phe Lys His Phe
20 25 30
Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45
Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser
50 55 60
Gly Ser Val Ser Glu Tyr Arg Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80
Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95
Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110
Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125
Leu Asn Asp Ser Arg Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140
Val Leu Asp
145
<210> SEQ ID NO 61
<211> LENGTH: 147
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 61
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15
Ile Phe Ala Ser Ile Tyr Pro His Gln Arg Ala Lys Phe Lys His Phe
20 25 30
Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45
Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser
50 55 60
Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80
Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95
Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110
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Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Arg Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 62

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 62

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Tyr Pro His Gln Arg Ala Lys Phe Lys His Leu
20 25 30

Leu Lys Leu Val Phe Ala Val His Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ala
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 63

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 63

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Tyr Pro Asp Gln Arg Thr Lys Phe Lys His Gly
20 25 30

Leu Arg Leu Asn Phe Ser Val Phe Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Phe Asp Ala
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95
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Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 64

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 64

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Thr Ile His Pro Asp Gln Arg Ser Lys Phe Lys His Tyr
20 25 30

Leu Arg Leu Phe Phe Ser Val Phe Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ala

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 65

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 65

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Gln Ile Lys Pro Asp Gln Lys Met Lys Phe Lys His Tyr
20 25 30

Leu Ser Leu His Phe Ser Val Phe Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Gly
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
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65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 66

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 66

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Ser Ile Asn Pro Asp Gln Arg Ala Lys Phe Lys His Ser
20 25 30

Leu Lys Leu Thr Phe Ser Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Thr
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 67

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 67

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Ser Ile Tyr Pro His Gln Arg Ala Lys Phe Lys His Phe
20 25 30

Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45
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Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Arg Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 68

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 68

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Asp Gln Arg Ala Lys Phe Lys His Tyr
20 25 30

Leu Arg Leu Gln Phe Ser Val Phe Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Phe Asp Ala
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 69

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 69

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Thr Ile Tyr Pro Asp Gln Arg Ala Lys Phe Lys His Ala
20 25 30



US 2021/0207093 Al Jul. 8, 2021
&5

-continued

Leu Lys Leu Ile Phe Ser Val Phe Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Gly
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 70

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 70

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Thr Ile Ala Pro Asp Gln Arg Pro Lys Phe Lys His Gln
20 25 30

Leu Arg Leu Ile Phe Asn Val Cys Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Thr

Gly Ser Val Ser Glu Tyr Arg Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 71

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 71

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
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1 5 10 15

Ile Phe Ala Ser Ile Tyr Pro His Gln Arg Ala Lys Phe Lys His Phe
20 25 30

Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 72

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 72

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Thr Ile Val Pro Glu Gln Arg Ser Lys Phe Lys His Tyr
20 25 30

Leu Lys Leu Thr Phe Ser Val Phe Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Arg Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ala
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 73

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized
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<400> SEQUENCE: 73

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met Lys Phe Lys His Gln
20 25 30

Leu Arg Leu His Phe Cys Val His Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 74

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 74

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Ser Ile Tyr Pro His Gln Arg Ala Lys Phe Lys His Phe
20 25 30

Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp

145

<210> SEQ ID NO 75
<211> LENGTH: 147
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 75

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met Lys Phe Lys His Gln
20 25 30

Leu Arg Leu His Phe Cys Val His Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 76

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 76

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met Lys Phe Lys His Gln
20 25 30

Leu Arg Leu His Phe Cys Val His Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145
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<210> SEQ ID NO 77

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 77

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met Lys Phe Lys His Gln
20 25 30

Leu Arg Leu Gly Phe Ala Val His Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 78

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 78

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile His Ala Cys Ile Gln Pro Gln Gln Asp Val Lys Phe Lys His Gln
20 25 30

Leu His Leu Arg Phe Thr Val His Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ala
50 55 60

Gly Ser Val Ser Thr Tyr Cys Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
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130 135 140
Val Leu Asp
145
<210> SEQ ID NO 79
<211> LENGTH: 147
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 79
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15
Ile His Ala Cys Ile Gln Pro Met Gln Ser Met Lys Phe Lys His Tyr
20 25 30
Leu His Leu Arg Phe Thr Val His Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45
Leu Asp Lys Leu Val Asp Glu Thr Gly Val Gly Tyr Val Tyr Asp Ala
50 55 60
Gly Ser Val Ser Thr Tyr Cys Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80
Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95
Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110
Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125
Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140
Val Leu Asp
145
<210> SEQ ID NO 80
<211> LENGTH: 147
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 80
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15
Ile Val Ala Ser Ile Lys Pro Gln Gln Val Ala Lys Phe Lys His Arg
20 25 30
Leu Met Leu Glu Phe Tyr Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45
Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Leu
50 55 60
Gly Gly Ala Ser Arg Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80
Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95
Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110



US 2021/0207093 Al Jul. 8, 2021
91

-continued

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 81

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 81

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Lys Pro Asp Gln Ala Ala Lys Phe Lys His Arg
20 25 30

Leu Leu Leu Glu Phe Thr Val Cys Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Val Asp Gln
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 82

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 82

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Trp Ala Ser Ile Arg Pro Thr Gln Leu Ala Lys Phe Lys His Ala
20 25 30

Leu Trp Leu Gly Phe Ala Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser
50 55 60

Gly Ser Val Ser Lys Tyr Thr Leu Ser Glu Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95
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Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210> SEQ ID NO 83

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 83

accggaccte gttgtttaga ct

<210> SEQ ID NO 84

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 84

tgtttacaca gtgtttcatt cc

<210> SEQ ID NO 85

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 85

gactacacat atagtgtctg tt

<210> SEQ ID NO 86

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 86
atggacttca agagcaacag tgctgtggee tggagcaaca aatctgactt tgcatgtgca

aacgcctteca ac

<210> SEQ ID NO 87

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 87
atggacttca agagcaacag tgctgtggece tggagcaaat ctgactttge atgtgcaaac

gecttcaac

<210> SEQ ID NO 88

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

22

22

22

60

72

60

69
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<400> SEQUENCE: 88

atggacttca agagcaacaa acaaatctga ctttgcatgt gcaaacgcct tcaac

<210> SEQ ID NO 89

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 89
atggacttca agagcaacag tgctgtggece tggagaatcet gactttgeat gtgcaaacgce

cttcaac

<210> SEQ ID NO 90

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 90
atggacttca agagcaacag tgctgtggece tggagtetga ctttgeatgt gcaaacgect

tcaac

<210> SEQ ID NO 91

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 91

atggacttca agagcaaaca aatctgactt tgcatgtgeca aacgcecttca ac
<210> SEQ ID NO 92

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 92

atggacttca agagcaacag tgctgtggee tggagacaaa tctgactttg catgtgcaaa
cgectteaac

<210> SEQ ID NO 93

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 93

atggacttca agagcaacag tgctgtggece tggagcaatc tgactttgca tgtgcaaacg

ccttcaac

<210> SEQ ID NO 94
<211> LENGTH: 77

55

60

67

60

65

52

60

70

60

68
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 94
atggacttca agagcaacag tgctgtggece tggagcaacg caacaaatct gactttgeat

gtgcaaacgce cttcaac

<210> SEQ ID NO 95

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 95
atggacttca agagcaacag tgctgtggece tggagcaaag aacaaatctg actttgcatg

tgcaaacgce ttcaac

<210> SEQ ID NO 96

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 96
atggacttca agagcaacag tgctgtggee tggcaacaaa tctgactttg catgtgcaaa

cgectteaac

<210> SEQ ID NO 97

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 97
atggacttca agagcaacag tgctgtggca aatctgactt tgcatgtgca aacgccttca

ac

<210> SEQ ID NO 98

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 98
atggacttca agagcaacag tgctgtggee tggacaaatc tgactttgca tgtgcaaacg

ccttcaac

<210> SEQ ID NO 99

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 99

60

77

60

76

60

70

60

62

60

68



US 2021/0207093 Al
95

-continued

Jul. 8, 2021

atggacttca agagcaacag tgctgtggece tggagcaaat ctgactttge atgtgcaaac

gecttcaac

<210> SEQ ID NO 100

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 100

atggacttca agagcaacag tgctgtggee tggagcaatg tgcaaacgcece ttcaac

<210> SEQ ID NO 101

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 101
atggacttca agagcaacag tgctgtggece tggaacaaat ctgactttge atgtgcaaac

gecttcaac

<210> SEQ ID NO 102

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 102
atggacttca agagcaacag tgctgtggee tggagcacaa atctgacttt gcatgtgcaa

acgccttcaa ¢

<210> SEQ ID NO 103

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 103

atggacttca agagcaacag tgctgtggee tggagcaatg tgcaaacgcece ttcaac

<210> SEQ ID NO 104

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 104

atcaaatctyg actttgcatg tgcaaacgce ttcaac
<210> SEQ ID NO 105

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 105

60

69

56

60

69

60

71

56

36
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gtgctgtgge ctggagcaac aaatctgact ttge

<210> SEQ ID NO 106
<211> LENGTH: 62

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 106

Synthesized

gtgctgtgge ctggagcaag aattcatgeg gccgcaatct agagcaacaa atctgacttt

gc

<210> SEQ ID NO 107
<211> LENGTH: 6053

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 107

cagcagctgg

cctgaatgge

gtttttectyg

agtttgagtt

acggttaatt

acttctcagg

agcteeeget

gtacgcgece

cgctacactt

cacgttegec

tagtgcttta

gecategece

tggactcttyg

ataagggatt

taacgcgaat

cctgttttty

acgattaccg

cgggegtegg

agtggaattc

atatatggag

cgacceeage

tttccattga

agtgtatcat

gcattatgee

agtcatcget

cgtaatageg

gaatggaatt

ttgcaatgge

cttctactca

tgcgtgatgg

attctggegt

ctgattctaa

tgtagcggcg

geccagegece

ggctttccce

cggcaccteg

tgatagacgg

ttccaaactyg

ttgccgattt

tttaacaaaa

gggcttttet

ttcategece

gegaccettty

acgcgtggat

ttcegegtta

ccattgacgt

cgtcaatggyg

atgccaagtce

cagtacatga

attaccatgg

aagaggcccg

ccagacgatt

tggcggtaat

ggcaagtgat

acagactctt

accgttectyg

cgaggaaagc

cattaagcge

tagcgeeege

gtcaagctet

accccaaaaa

tttttegece

gaacaacact

cggectattyg

tattaacgtt

gattatcaac

tgcgegeteg

gtegecegge

cttaatagta

cataacttac

caataatgac

tggagtattt

cgcecectat

ccttacggga

tgatgecggtt

Synthesized

caccgatege cctteccaac

gagegtcaaa atgtaggtat

attgttctgyg atattaccag

gttattacta atcaaagaag

ttactcggtyg gectcactga

tctaaaatce ctttaatcgg

acgttatacg tgctcgtcaa

ggcgggtgtg gtggttacge

tcecttteget ttettecctt

aaatcggggyg ctccctttag

acttgattag ggtgatggtt

tttgacgttyg gagtccacgt

caaccctate tecggtcetatt

gttaaaaaat gagctgattt

tacaatttaa atatttgctt

cggggtacat atgattgaca

ctcgetcact gaggecgece

ctcagtgage gagcgagege

atcaattacg gggtcattag

ggtaaatgge ccgectgget

gtatgttecce atagtaacge

acggtaaact gcccacttgg

tgacgtcaat gacggtaaat

ctttectact tggcagtaca

ttggcagtac accaatgggce

agttgcgcag

ttccatgage

caaggccgat

tattgcgaca

ttataaaaac

cctectgttt

agcaaccata

gcagcegtgac

cctttetege

ggttcegatt

cacgtagtygyg

tctttaatag

cttttgattt

aacaaaaatt

atacaatctt

tgctagtttt

gggcaaagcce

gcagagaggg

ttcatagcce

gaccgeccaa

caatagggac

cagtacatca

ggcecegectyg

tctacgtatt

gtggatagceg

34

60

62

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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gtttgactca cggggatttc caagtctcca ccccattgac gtcaatggga gtttgttttg 1560
gcaccaaaat caacgggact ttccaaaatg tcgtaataac cccgcccegt tgacgcaaat 1620
gggcggtagyg cgtgtacggt gggaggtcta tataagcaga gctcgtttag tgaaccgtca 1680
gatcactaga agctttctgg gcacacccct catctgactt tttaattcct ccacttcaac 1740
acctggtgca ttcatgtgcc ggcacaatca gtgattggtg ggttaatgag tgactgcgtg 1800
agactgactt agtgagctgg gaaagatttt ttggcagaca gggagaaata aggagaggca 1860
acttggagaa ggggcttaga atgaggecta gaagagcagt aaggggcaaa cagtctgage 1920
aaaggcaggc aggcaggaac tcagttggag agactgagge tgggccacgt gccctctect 1980
gccaccttet cttecatctge tttttteceg tgtcattcte tggactgcca gaacaaggct 2040
cactgtttct tagtaaaaag agggttttgg tggcaatgga taaggccgag accaccaatc 2100
agaggagttt tagacatcat tgaccagagc tctgggcaga acctggccat tcecctgaagca 2160
aggaaacagc ctgcgaaggc accaaagcetg cecttacctyg ggetggggaa gaaggtgtcet 2220
tctggaataa tgctgttgtt gaaggcgttt gcacatgcaa agtcagattt gttgctctag 2280
attgcggcecg catgaattcet tgctccagge cacagcactg ttgctcttga agtccataga 2340
cctcatgtect agcacagttt tgtctgtgat atacacatca gaatccttac tttgtgacac 2400
atttgtttga gaatcaaaat cggtgaatag gcagacagac ttgtcactgg atttagagtc 2460
tctcagetgg tacacggcag ggtcagggtt ctggatatct gtgggacaag aggatcaggg 2520
ttaggacatg atctcatttc cctctttgce ccaacccagg ctggagtcca gatgccagtg 2580
atggacaagg gcggggctcet gtggggctgg caagtcacgg tctcatgctt tatacgggaa 2640
atagcatctt agaaaccagc tgctcgtgat ggactgggac tcagggacag gcacaagcta 2700
tcaatcttgg ccaagaggcc atgatttcag tgaacgttca cggccaggcce tggcectgeca 2760
ctcaaggaaa cctgaaatgc agggctactt aataatactg cttattcttt tatttaatag 2820
gatcttctte aaaaccccag caatataact ctggcagagt aaaggcaggc atgggaaaaa 2880
ggcccagcaa agcaaactgt acatcttgga atctggagtg gtctccccaa cttaggetgg 2940
gcattagcag aatgggaggt ttatggtatg ttggcattaa gttgggaaat ctatcacatt 3000
accaggagat tgctctctca ttgatagagg ttttgaacta taaatcagaa cacctgcgtce 3060
taagccceccag cgcaattgtt gttgttaact tgtttattgce agcttataat ggttacaaat 3120
aaagcaatag catcacaaat ttcacaaata aagcattttt ttcactgcat tctagttgtg 3180
gtttgtccaa actcatcaat gtatcttaag gcgggaattyg atctaggaac ccctagtgat 3240
ggagttggcc actccctcte tgegegeteg ctcegectcact gaggceccgecce gggcaaagcec 3300
cgggegtegyg gegacctttyg gtegecegge ctecagtgage gagegagege gcagagaggg 3360
agtggccaac ccccecceee cecccececgge gattectettg tttgectceccag actctcaggce 3420
aatgacctga tagcctttgt agagacctct caaaaatagc taccctctecce ggcatgaatt 3480
tatcagctag aacggttgaa tatcatattg atggtgattt gactgtctce ggcctttcte 3540
acccgtttga atctttacct acacattact caggcattgc atttaaaata tatgagggtt 3600
ctaaaaattt ttatccttgc gttgaaataa aggcttctcecc cgcaaaagta ttacagggtce 3660
ataatgtttt tggtacaacc gatttagctt tatgctctga ggctttattg cttaattttg 3720

ctaattcttt geccttgcctg tatgatttat tggatgttgg aattcctgat geggtatttt 3780
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cteccttacge atctgtgegg tatttcacac cgcatatggt gcactctcag tacaatctgce 3840
tctgatgeeg catagttaag ccagccccga cacccgccaa cacccgctga cgcegecctga 3900
cgggcttgte tgctecccgge atccgcttac agacaagcetg tgaccgtcte cgggagcectgce 3960
atgtgtcaga ggttttcacc gtcatcaccg aaacgcgcga gacgaaaggg cctcecgtgata 4020
cgectatttt tataggttaa tgtcatgata ataatggttt cttagacgtc aggtggcact 4080
tttcggggaa atgtgcgegg aacccctatt tgtttatttt tctaaataca ttcaaatatg 4140
tatccgcectca tgagacaata accctgataa atgcttcaat aatattgaaa aaggaagagt 4200
atgagtattc aacatttccg tgtcgcecctt attccctttt ttgcggcatt ttgecttect 4260
gtttttgcte acccagaaac gctggtgaaa gtaaaagatg ctgaagatca gttgggtgca 4320
cgagtgggtt acatcgaact ggatctcaac agcggtaaga tccttgagag ttttegccce 4380
gaagaacgtt ttccaatgat gagcactttt aaagttctgc tatgtggcgc ggtattatcce 4440
cgtattgacg ccgggcaaga gcaactcggt cgccgcatac actattctca gaatgacttg 4500
gttgagtact caccagtcac agaaaagcat cttacggatg gcatgacagt aagagaatta 4560
tgcagtgctg ccataaccat gagtgataac actgcggcca acttacttcet gacaacgatc 4620
ggaggaccga aggagctaac cgcttttttg cacaacatgg gggatcatgt aactcgectt 4680
gatcgttggyg aaccggagct gaatgaagcc ataccaaacg acgagcgtga caccacgatg 4740
cctgtagcaa tggcaacaac gttgcgcaaa ctattaactg gcgaactact tactctaget 4800
tceccggcaac aattaataga ctggatggag gcggataaag ttgcaggacc acttctgegce 4860
tcggeectte cggcectggetyg gtttattgcet gataaatcetg gagccggtga gegtgggtcet 4920
cgcggtatca ttgcagcact ggggccagat ggtaagccect cccgtatcgt agttatctac 4980
acgacgggga gtcaggcaac tatggatgaa cgaaatagac agatcgctga gataggtgcce 5040
tcactgatta agcattggta actgtcagac caagtttact catatatact ttagattgat 5100
ttaaaacttc atttttaatt taaaaggatc taggtgaaga tcctttttga taatctcatg 5160
accaaaatcc cttaacgtga gttttegtte cactgagegt cagaccccgt agaaaagatc 5220
aaaggatctt cttgagatcc tttttttctg cgcgtaatct getgcttgca aacaaaaaaa 5280
ccaccgctac cagcggtggt ttgtttgccg gatcaagage taccaactcect ttttcecgaag 5340
gtaactggct tcagcagagc gcagatacca aatactgtcc ttctagtgta gccgtagtta 5400
ggccaccact tcaagaactc tgtagcaccg cctacatacc tcecgctcectget aatcctgtta 5460
ccagtggctg ctgccagtgg cgataagtcg tgtcttaccg ggttggactce aagacgatag 5520
ttaccggata aggcgcagcg gtcgggctga acggggggtt cgtgcacaca gecccagettg 5580
gagcgaacga cctacaccga actgagatac ctacagegtg agctatgaga aagcgccacyg 5640
ctteecgaag ggagaaaggce ggacaggtat ceggtaageg gcagggtegyg aacaggagag 5700
cgcacgaggg agcttccagg gggaaacgcce tggtatcttt atagtecctgt cgggtttege 5760
cacctctgac ttgagcgteg atttttgtga tgctcecgtcag gggggcggag cctatggaaa 5820
aacgccagca acgcggcectt tttacggtte ctggectttt getggecttt tgctcacatg 5880
ttetttectg cgttatcecee tgattctgtg gataaccgta ttaccgectt tgagtgaget 5940
gataccgcete gecgecagecg aacgaccgag cgcagegagt cagtgagega ggaagcggaa 6000

gagcgcccaa tacgcaaacce gcctcteccece gegegttgge cgattcatta atg 6053
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<210> SEQ ID NO 108

<211> LENGTH: 5458

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 108

cagcagctgyg cgtaatageg aagaggccecg caccgatcge cettceccecaac agttgegeag
cctgaatgge gaatggaatt ccagacgatt gagcgtcaaa atgtaggtat ttccatgage
gttttteetyg ttgcaatgge tggeggtaat attgttetgg atattaccag caaggecgat
agtttgagtt cttctactca ggcaagtgat gttattacta atcaaagaag tattgcgaca
acggttaatt tgcgtgatgg acagactett ttacteggtg gectcactga ttataaaaac
acttctcagg attctggegt accgttectg tctaaaatece ctttaategg cctectgttt
agctcceget ctgattctaa cgaggaaage acgttatacg tgctcgtcaa agcaaccata
gtacgegece tgtageggeg cattaagege ggcegggtgtg gtggttacge geagegtgac
cgctacactt gccagegece tagegecege tecettteget ttettecett cetttetege
cacgttegee ggetttecce gtcaagetcet aaateggggg ctcectttag ggttecgatt
tagtgcttta cggcaccteg accccaaaaa acttgattag ggtgatggtt cacgtagtgg
gecategece tgatagacgg tttttegece tttgacgttg gagtccacgt tcetttaatag
tggactcttyg ttccaaactg gaacaacact caaccctatc teggtetatt cttttgattt
ataagggatt ttgccgattt cggectattg gttaaaaaat gagetgattt aacaaaaatt
taacgcgaat tttaacaaaa tattaacgtt tacaatttaa atatttgett atacaatctt
cctgtttttyg gggettttet gattatcaac cggggtacat atgattgaca tgctagtttt
acgattaccyg ttcatecgece tgegegeteg ctegetcact gaggeegece gggcaaagec
cgggegtegyg gcgacctttyg gtegecegge ctecagtgage gagegagege gcagagaggg
agtggaattc acgcgtgett tctgggeaca ccectcatet gactttttaa ttectccact
tcaacacctyg gtgcattcat gtgccggeac aatcagtgat tggtgggtta atgagtgact
gegtgagact gacttagtga gctgggaaag attttttgge agacagggag aaataaggag
aggcaacttg gagaaggggce ttagaatgag gcctagaaga gcagtaaggg gcaaacagte
tgagcaaagg caggcaggca ggaactcagt tggagagact gaggcetggge cacgtgecct
ctcectgecac cttetettea tetgettttt tecegtgtea ttetetggac tgccagaaca
aggctcactyg tttecttagta aaaagagggt tttggtggea atggataagg ccgagaccac
caatcagagg agttttagac atcattgacc agagectetgg gecagaacctg gccattectg
aagcaaggaa acagcctgeg aaggcaccaa agetgeectt acctgggetyg gggaagaagg
tgtcttcetgg aataatgetyg ttgttgaagg cgtttgecaca tgcaaagtca gatttgttge
tctagattge ggccgecatga attcttgete caggecacag cactgttget cttgaagtcece
atagacctca tgtctagecac agttttgtet gtgatataca catcagaatc cttactttgt
gacacatttg tttgagaatc aaaatcggtyg aataggcaga cagacttgtc actggattta

gagtctctca gectggtacac ggcagggtca gggttctgga tatctgtggyg acaagaggat

cagggttagg acatgatcte atttcectet ttgecccaac ccaggetgga gtccagatge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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cagtgatgga caagggcggg gctctgtggg gctggcaagt cacggtctca tgctttatac 2040
gggaaatagc atcttagaaa ccagctgctc gtgatggact gggactcagg gacaggcaca 2100
agctatcaat cttggccaag aggccatgat ttcagtgaac gttcacggcce aggcctggcece 2160
tgccactcaa ggaaacctga aatgcagggc tacttaataa tactgcttat tettttattt 2220
aataggatct tcttcaaaac cccagcaata taactctggce agagtaaagg caggcatggg 2280
aaaaaggccc agcaaagcaa actgtacatc ttggaatctg gagtggtctce cccaacttag 2340
gctgggcatt agcagaatgg gaggtttatg gtatgttgge attaagttgg gaaatctatc 2400
acattaccag gagattgctc tctcattgat agaggttttg aactataaat cagaacacct 2460
gcgtcectaage cccagcgcaa ttgttgttgt taacttgttt attgcagett ataatggtta 2520
caaataaagc aatagcatca caaatttcac aaataaagca tttttttcac tgcattctag 2580
ttgtggtttg tccaaactca tcaatgtatc ttaaggcggg aattgatcta ggaaccccta 2640
gtgatggagt tggccactce ctectcectgege gectcegetcege tcactgaggce cgcccgggca 2700
aagceceggge gtcegggegac ctttggtege ceggectcag tgagcgageyg agcegcegcaga 2760
gagggagtgg ccaaccccce cceeccecce ccggecgatte tettgtttge tcecagactcet 2820
caggcaatga cctgatagcc tttgtagaga cctctcaaaa atagctaccce tcectceccggeat 2880
gaatttatca gctagaacgg ttgaatatca tattgatggt gatttgactg tcteccggect 2940
ttctcacceg tttgaatctt tacctacaca ttactcaggce attgcattta aaatatatga 3000
gggttctaaa aatttttatc cttgcgttga aataaaggct tcectcccgcaa aagtattaca 3060
gggtcataat gtttttggta caaccgattt agctttatgc tcectgaggett tattgcttaa 3120
ttttgctaat tctttgcectt gectgtatga tttattggat gttggaattce ctgatgcggt 3180
attttctect tacgcatctg tgcggtattt cacaccgcat atggtgcact ctcagtacaa 3240
tctgetetga tgccgecatag ttaageccage cecgacaccee gcecaacacce gctgacgege 3300
cctgacggge ttgtctgecte ccggcatccecg cttacagaca agctgtgacce gtcectcecggga 3360
gctgcatgtyg tcagaggttt tcaccgtcat caccgaaacg cgcgagacga aagggcctceg 3420
tgatacgcct atttttatag gttaatgtca tgataataat ggtttcttag acgtcaggtg 3480
gcactttteg gggaaatgtg cgcggaaccce ctatttgttt atttttctaa atacattcaa 3540
atatgtatcc gctcatgaga caataaccct gataaatgct tcaataatat tgaaaaagga 3600
agagtatgag tattcaacat ttccgtgtcg cccttattecce cttttttgeg gecattttgece 3660
ttectgtttt tgctcaccca gaaacgctgg tgaaagtaaa agatgctgaa gatcagttgg 3720
gtgcacgagt gggttacatc gaactggatc tcaacagcgg taagatcctt gagagttttce 3780
gccecgaaga acgttttcecca atgatgagca cttttaaagt tcetgctatgt ggcgecggtat 3840
tatccegtat tgacgccggg caagagcaac tcggtcgecg catacactat tcectcagaatg 3900
acttggttga gtactcacca gtcacagaaa agcatcttac ggatggcatg acagtaagag 3960
aattatgcag tgctgccata accatgagtg ataacactgc ggccaactta cttctgacaa 4020
cgatcggagg accgaaggag ctaaccgctt ttttgcacaa catgggggat catgtaactce 4080
gecttgateg ttgggaaccyg gagctgaatg aagccatacce aaacgacgag cgtgacacca 4140
cgatgcctgt agcaatggca acaacgttgc gcaaactatt aactggcgaa ctacttactce 4200

tagcttececg gcaacaatta atagactgga tggaggcgga taaagttgca ggaccacttce 4260
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tgcgctegge ccttecgget ggctggttta ttgctgataa atctggagece ggtgagegtg 4320
ggtctcgegyg tatcattgca gcactggggce cagatggtaa gcecctcecegt atcgtagtta 4380
tctacacgac ggggagtcag gcaactatgg atgaacgaaa tagacagatc gctgagatag 4440
gtgcctcact gattaagcat tggtaactgt cagaccaagt ttactcatat atactttaga 4500
ttgatttaaa acttcatttt taatttaaaa ggatctaggt gaagatcctt tttgataatc 4560
tcatgaccaa aatcccttaa cgtgagtttt cgttccactg agcgtcagac cccgtagaaa 4620
agatcaaagg atcttcttga gatccttttt ttctgcgegt aatctgctge ttgcaaacaa 4680
aaaaaccacc gctaccageg gtggtttgtt tgccggatca agagctacca actcttttte 4740
cgaaggtaac tggcttcagc agagcgcaga taccaaatac tgtccttcta gtgtagecegt 4800
agttaggcca ccacttcaag aactctgtag caccgcctac atacctcget ctgctaatce 4860
tgttaccagt ggctgctgcec agtggcgata agtcegtgtet taccgggttg gactcaagac 4920
gatagttacc ggataaggcg cageggtcegg getgaacggg gggttegtge acacagecca 4980
gecttggageyg aacgacctac accgaactga gatacctaca gegtgagcta tgagaaageg 5040
ccacgettee cgaagggaga aaggcggaca ggtatcceggt aageggcagyg gtcggaacag 5100
gagagcgcac gagggagctt ccagggggaa acgcctggta tcetttatagt cctgtcecgggt 5160
ttecgeccacct ctgacttgag cgtcgatttt tgtgatgetce gtcagggggg cggagcectat 5220
ggaaaaacgc cagcaacgcg gcctttttac ggttectgge cttttgetgg ccttttgete 5280
acatgttctt tecctgcgtta tcecccecctgatt ctgtggataa ccgtattacce gectttgagt 5340
gagctgatac cgctecgcecge agccgaacga ccgagegcag cgagtcagtg agcgaggaag 5400
cggaagagcg cccaatacgc aaaccgcectce tcceccgegeg ttggccgatt cattaatg 5458
<210> SEQ ID NO 109

<211> LENGTH: 6082

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 109

cagcagctgyg cgtaatageg aagaggccecg caccgatcge cettceccecaac agttgegeag 60
cctgaatgge gaatggaatt ccagacgatt gagcgtcaaa atgtaggtat ttccatgage 120
gttttteetyg ttgcaatgge tggeggtaat attgttetgg atattaccag caaggecgat 180
agtttgagtt cttctactca ggcaagtgat gttattacta atcaaagaag tattgcgaca 240
acggttaatt tgcgtgatgg acagactett ttacteggtg gectcactga ttataaaaac 300
acttctcagg attctggegt accgttectg tctaaaatece ctttaategg cctectgttt 360
agctcceget ctgattctaa cgaggaaage acgttatacg tgctcgtcaa agcaaccata 420

gtacgegece tgtageggeg cattaagege ggcegggtgtg gtggttacge geagegtgac 480

cgctacactt gccagegece tagegecege tecettteget ttettecett cetttetege 540
cacgttegee ggetttecce gtcaagetcet aaateggggg ctcectttag ggttecgatt 600
tagtgcttta cggcaccteg accccaaaaa acttgattag ggtgatggtt cacgtagtgg 660
gecategece tgatagacgg tttttegece tttgacgttg gagtccacgt tcetttaatag 720

tggactcttyg ttccaaactg gaacaacact caaccctatc teggtetatt cttttgattt 780
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ataagggatt ttgccgattt cggcctattg gttaaaaaat gagctgattt aacaaaaatt 840
taacgcgaat tttaacaaaa tattaacgtt tacaatttaa atatttgctt atacaatctt 900
cctgtttttg gggcttttet gattatcaac cggggtacat atgattgaca tgctagtttt 960

acgattaccg ttcatcgecce tgcgegetceg ctegectcact gaggccgceee gggcaaagcce 1020
cgggegtegyg gegacctttyg gtegecegge ctecagtgage gagegagege gcagagaggg 1080
agtggaattc acgcgtactg gcatctggac tccagcecctgg gttggggcaa agagggaaat 1140
gagatcatgt cctaaccctg atcctcecttgt cccacagata tccagaaccce tgaccctgece 1200
gtgtaccagc tgagagactc taaatccagt gacaagtctg tcectgcectatt caccgatttt 1260
gattctcaaa caaatgtgtc acaaagtaag gattctgatg tgtatatcac agacaaaact 1320
gtgctagaca tgaggtctat ggacttcaag agcaacagtg ctgtggcctg gagcaactag 1380
tgggcagagce gcacatcgcece cacagtceccee gagaagttgg ggggaggggt cggcaattga 1440
accggtgect agagaaggtg gcegcggggta aactgggaaa gtgatgtcgt gtactggcetce 1500
cgecttttte ccgagggtgyg gggagaaccg tatataagtg cagtagtcge cgtgaacgtt 1560
ctttttegca acgggtttge cgccagaaca cagctagcac catggcgctce ccagtgacag 1620
ccttactttt acctcectggeg ttattattge acgecggcteg tcctgacata cagatgactce 1680
agactacctc ttccectatcet gettetttag gcgaccgagt aacaatatct tgccgggeca 1740
gccaggacat ctcaaaatac ttaaactggt atcagcagaa gccggacgga acagttaagt 1800
tgctcattta ccacacgtcg agattacact caggcgttcce tagccgattt tegggttecg 1860
gttceggtac ggactacagce ctgacaatca gtaaccttga gcaggaggac atcgccacct 1920
acttctgtca gcagggcaac acgctcccgt acacattcegg tgggggaact aagctggaga 1980
ttaccggagg cggtggcage ggtggeggeg geageggyggy tggeggceteyg gaggtcaagt 2040
tacaggagag cggaccgggce ttggtcgcac ctagccagag cctctcagte acgtgcactg 2100
tgtctggagt cagtctecca gactacgggg tatcatggat acgacagcecg cctagaaagy 2160
gcttagagtyg getgggggtt atctggggaa gtgaaaccac atactacaac tcagctctca 2220
agagccgect caccatcatt aaggacaaca gtaagtcgca ggttttctta aagatgaact 2280
ctcteccagac tgacgacacc gctatttact actgcgcgaa gcactactac tacggcggga 2340
gttacgcaat ggactactgg ggtcagggca cttctgtgac cgtatccagc actactaccce 2400
cagccccacg tecccecccacg ccagctceccaa cgatagcaag tcagccctta tetettegece 2460
ctgaggettyg caggeccgeg gegggeggeg cegttcacac gegaggacta gacttegect 2520
gcgacatcta catctgggca ccactagecg ggacttgcgg agtgttgttg ttgagcettgg 2580
taataacgct ctactgcaag cgtgggagaa agaagctcectt gtacattttce aagcagccat 2640
tcatgcgtce cgttcagacg actcaggagg aggacggctg ctcecgtgccga ttcccggagg 2700
aggaggaggg cggttgcgaa ctcagagtga agttctcteg ctceccgeggac gcacccgett 2760
accagcaggg tcagaaccag ctatacaacg agttaaacct ggggcgccegyg gaggagtacg 2820
acgtgttaga caagcgtaga ggtagggacce cggagatggg aggcaagcect cggagaaaga 2880
acccecagga gggectgtac aacgaactcce agaaggacaa gatggctgag gcegtactcegg 2940
agattggtat gaagggcgag agacgtcgeg gaaagggaca cgacggctta taccagggge 3000

tttccaccge gaccaaggac acatacgacg cgctgcacat gcaagcctta ccacctcgat 3060
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gataagatac attgatgagt ttggacaaac cacaactaga atgcagtgaa aaaaatgctt 3120
tatttgtgaa atttgtgatg ctattgcttt atttgtaacc attataagct gcaataaaca 3180
agttctagag caacaaatct gactttgcat gtgcaaacgc cttcaacaac agcattattc 3240
cagaagacac cttcttccec agcccaggta agggcagcett tggtgecctte aattgcectcet 3300
ctgcgegete getegetcac tgaggecgece cgggcaaage cegggcegteyg ggcgaccettt 3360
ggtegecegy cctcagtgag cgagegageg cgcagagagg gagtggcecaa cceccggcegat 3420
tctettgttt getccagact ctcaggcaat gacctgatag cctttgtacce tgcaggtcete 3480
aaaaatagct accctctceceg gcatgaattt atcagctaga acggttgaat atcatattga 3540
tggtgatttg actgtctceg gectttectca ccegtttgaa tectttaccta cacattacte 3600
aggcattgca tttaaaatat atgagggttc taaaaatttt tatccttgcg ttgaaataaa 3660
ggcttcteee gcaaaagtat tacagggtca taatgttttt ggtacaaccg atttagettt 3720
atgctctgag getttattge ttaattttge taattctttg ccttgectgt atgatttatt 3780
ggatgttgga attcctgatg cggtattttc tccttacgca tcetgtgeggt atttcacacce 3840
gcatatggtg cactctcagt acaatctgct ctgatgccge atagttaagc cagccccgac 3900
acccgcecaac acccgctgac gegcecectgac gggcecttgtet getcececggca tecgcettaca 3960
gacaagctgt gaccgtctce gggagctgca tgtgtcagag gttttcaccg tcatcaccga 4020
aacgcgcgag acgaaagggc ctcgtgatac gcectattttt ataggttaat gtcatgataa 4080
taatggtttc ttagacgtca ggtggcactt ttcggggaaa tgtgcgcgga acccctattt 4140
gtttattttt ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa 4200
tgcttcaata atattgaaaa aggaagagta tgagtattca acatttccgt gtcgccctta 4260
ttccecttttt tgcggcattt tgccttectg tttttgctca cccagaaacyg ctggtgaaag 4320
taaaagatgc tgaagatcag ttgggtgcac gagtgggtta catcgaactg gatctcaaca 4380
gcggtaagat ccttgagagt tttegccccg aagaacgttt tceccaatgatg agcactttta 4440
aagttctgect atgtggcgeg gtattatcce gtattgacgce cgggcaagag caactcggtce 4500
gccgcataca ctattctcag aatgacttgg ttgagtactc accagtcaca gaaaagcatc 4560
ttacggatgg catgacagta agagaattat gcagtgctgc cataaccatg agtgataaca 4620
ctgcggccaa cttacttetg acaacgatcg gaggaccgaa ggagctaacce gettttttge 4680
acaacatggg ggatcatgta actcgccttg atcgttggga accggagctg aatgaagcca 4740
taccaaacga cgagcgtgac accacgatge ctgtagcaat ggcaacaacyg ttgcgcaaac 4800
tattaactgg cgaactactt actctagctt cccggcaaca attaatagac tggatggagg 4860
cggataaagt tgcaggacca cttctgegct cggecccttee ggcectggcectgg tttattgetg 4920
ataaatctgg agccggtgag cgtgggtctce gcggtatcat tgcagcactg gggccagatg 4980
gtaagcccete ccgtatcgta gttatctaca cgacggggag tcaggcaact atggatgaac 5040
gaaatagaca gatcgctgag ataggtgcct cactgattaa gcattggtaa ctgtcagacc 5100
aagtttactc atatatactt tagattgatt taaaacttca tttttaattt aaaaggatct 5160
aggtgaagat cctttttgat aatctcatga ccaaaatccc ttaacgtgag ttttegttcece 5220
actgagcgtc agaccccgta gaaaagatca aaggatcttc ttgagatcct ttttttetge 5280

gcgtaatetyg ctgcttgcaa acaaaaaaac caccgctacce ageggtggtt tgtttgecgg 5340
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atcaagagct accaactctt tttccgaagg taactggcett cagcagagcg cagataccaa 5400
atactgtcct tctagtgtag ccgtagttag gccaccactt caagaactct gtagcaccgce 5460
ctacatacct cgctctgcta atcctgttac cagtggetge tgccagtgge gataagtegt 5520
gtcttaccgg gttggactca agacgatagt taccggataa ggcgcagcegg tcgggctgaa 5580
cggggggtte gtgcacacag cccagettgg agegaacgac ctacaccgaa ctgagatace 5640
tacagcgtga gctatgagaa agcgccacge tteccgaagyg gagaaaggceyg gacaggtate 5700
cggtaagegg cagggtcgga acaggagagce geacgaggga gcttecaggyg ggaaacgcect 5760
ggtatcttta tagtcctgte gggtttcecgece acctctgact tgagcegtcga tttttgtgat 5820
gctegtcagyg ggggcggage ctatggaaaa acgccagcaa cgcggcecttt ttacggttcece 5880
tggccttttg ctggectttt getcacatgt tcetttectge gttatcccecet gattetgtgg 5940
ataaccgtat taccgccttt gagtgagctg ataccgcteg ccgcagccga acgaccgagce 6000
gcagcgagte agtgagcgag gaagcggaag agcgcccaat acgcaaaccg cctcetcececg 6060
cgegttggece gattcattaa tg 6082
<210> SEQ ID NO 110

<211> LENGTH: 7887

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 110

cagcagctgyg cgtaatageg aagaggccecg caccgatcge cettceccecaac agttgegeag 60
cctgaatgge gaatggaatt ccagacgatt gagcgtcaaa atgtaggtat ttccatgage 120
gttttteetyg ttgcaatgge tggeggtaat attgttetgg atattaccag caaggecgat 180
agtttgagtt cttctactca ggcaagtgat gttattacta atcaaagaag tattgcgaca 240
acggttaatt tgcgtgatgg acagactett ttacteggtg gectcactga ttataaaaac 300
acttctcagg attctggegt accgttectg tctaaaatece ctttaategg cctectgttt 360
agctcceget ctgattctaa cgaggaaage acgttatacg tgctcgtcaa agcaaccata 420

gtacgegece tgtageggeg cattaagege ggcegggtgtg gtggttacge geagegtgac 480

cgctacactt gccagegece tagcgeccge tecttteget ttettecett cctttetege 540
cacgttcegee ggetttecce gtcaagetcet aaatceggggyg ctecectttag ggttecgatt 600
tagtgcttta cggcacctcg accccaaaaa acttgattag ggtgatggtt cacgtagtgg 660
gecatcgecee tgatagacgg tttttegece tttgacgttyg gagtccacgt tcetttaatag 720
tggactcttyg ttccaaactg gaacaacact caaccctate teggtctatt cttttgattt 780
ataagggatt ttgccgattt cggcctattg gttaaaaaat gagctgattt aacaaaaatt 840
taacgcgaat tttaacaaaa tattaacgtt tacaatttaa atatttgctt atacaatctt 900
cctgtttttg gggcttttet gattatcaac cggggtacat atgattgaca tgctagtttt 960

acggcgegece gggttggeca ctecctetet gecgegcectege tegctcactg aggccgggcyg 1020

accaaaggtce gcccgacgece cgggetttge cegggeggece tcagtgageg agegagegeg 1080

cagagaggga gtggccaact ccatcactag gggttcctac gecgtagatct catattcectgg 1140

cagggtcagt ggctccaact aacatttgtt tggtacttta cagtttatta aatagatgtt 1200
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tatatggaga agctctcatt tcetttcectcag aagagcctgg ctaggaaggt ggatgaggca 1260
ccatattcat tttgcaggtg aaattcctga gatgtaagga gctgctgtga cttgctcaag 1320
gccttatate aagtaaacgg tagcgctggg gcecttagacge aggtgttctg atttatagtt 1380
caaaacctct atcaatgaga gagcaatctc ctggtaatgt gatagatttc ccaacttaat 1440
gccaacatac cataaacctc ccattctget aatgcccage ctaagttggg gagaccactce 1500
cagattccaa gatgtacagt ttgctttgct gggeccttttt cccatgcecctg ccectttactcet 1560
gccagagtta tattgctggg gttttgaaga agatcctatt aaataaaaga ataagcagta 1620
ttattaagta gccctgcatt tcaggtttce ttgagtggca ggccaggcct ggccgtgaac 1680
gttcactgaa atcatggcct cttggccaag attgataget tgtgcectgtce cctgagtecce 1740
agtccatcac gagcagctgg tttctaagat gctatttceccce gtataaagca tgagaccgtg 1800
acttgccagce cccacagagc cccgececttg tcecatcactg gecatctggac tecagectgg 1860
gttggggcaa agagggaaat gagatcatgt cctaaccctg atcctcecttgt cccacagata 1920
tccagaaccce tgaccctgece gtgtaccage tgagagactc taaatccagt gacaagtctg 1980
tctgectatt caccgatttt gattctcaaa caaatgtgtc acaaagtaag gattctgatg 2040
tgtatatcac agacaaaact gtgctagaca tgaggtctat ggacttcaag agcaacagtg 2100
ctgtggcectg gagcaactag tggatctgcg atcgcteegg tgcccgtcag tgggcagagce 2160
gcacatcgee cacagtccce gagaagttgg ggggaggggt cggcaattga acgggtgect 2220
agagaaggtg gcgcggggta aactgggaaa gtgatgtegt gtactggcte cgeccttttte 2280
ccgagggtgg gggagaaccyg tatataagtg cagtagtcege cgtgaacgtt ctttttegea 2340
acgggtttge cgccagaaca cagctgaagce ttcgaggggce tcgcatctet ccecttcacgeg 2400
ccegecgecce tacctgagge cgccatccac gcececggttgag tegegttcectg cegectecceg 2460
cctgtggtge ctectgaact gegtcecgecg tctaggtaag tttaaagctce aggtcgagac 2520
cgggcectttg teccggcgete ccttggagcee tacctagact cagccggcte tcecacgettt 2580
gcctgacecet gettgctcaa ctctacgtet ttgtttegtt ttetgttetg cgeccgttaca 2640
gatccaagcet gtgaccggcg cctactctag agctagcgca gtcagtgett ctgacacaac 2700
agtctcgaac ttaactagca ccatggcgct cccagtgaca gecttacttt tacctcetggce 2760
gttattattg cacgcggcte gtectgacat acagatgact cagactacct cttcecctatce 2820
tgcttettta ggcgaccgag taacaatatc ttgccgggcce agccaggaca tctcaaaata 2880
cttaaactgg tatcagcaga agccggacgg aacagttaag ttgctcattt accacacgtce 2940
gagattacac tcaggcgttc ctagccgatt ttcgggttec ggttceccecggta cggactacag 3000
cctgacaatc agtaaccttg agcaggagga catcgccacc tacttctgtce agcagggcaa 3060
cacgcteceg tacacatteg gtgggggaac taagctggag attaccggag geggtggcag 3120
cggtggcgge ggcagcegggg dtggcggctc ggaggtcaag ttacaggaga gcggaccggg 3180
cttggtcegca cctagccaga gectctcagt cacgtgcact gtgtctggag tcagtctece 3240
agactacggg gtatcatgga tacgacagcc gcctagaaag ggcttagagt ggctgggggt 3300
tatctgggga agtgaaacca catactacaa ctcagctctc aagagccgcc tcaccatcat 3360
taaggacaac agtaagtcgc aggttttctt aaagatgaac tctctccaga ctgacgacac 3420

cgctatttac tactgcgcga agcactacta ctacggcggg agttacgcaa tggactactg 3480
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gggtcagggc acttctgtga ccgtatccag cactactacc ccagccccac gtcccccecac 3540
gccagcteca acgatagcaa gtcagccectt atctcecttcege cctgaggett gcaggceccgce 3600
ggcgggcgge gecgttcaca cgcgaggact agacttcgec tgcgacatct acatctggge 3660
accactagcce gggacttgeg gagtgttgtt gttgagettg gtaataacgce tcectactgcaa 3720
gcgtgggaga aagaagctct tgtacatttt caagcagcca ttcatgecgtce ccgttcagac 3780
gactcaggag gaggacggct gctegtgeceg attceceggag gaggaggagg geggttgega 3840
actcagagtg aagttctctc gcectccecgegga cgcaccegcet taccagcagg gtcagaacca 3900
gctatacaac gagttaaacc tggggcgccg ggaggagtac gacgtgttag acaagcgtag 3960
aggtagggac ccggagatgg gaggcaagcece tcggagaaag aacccccagyg agggectgta 4020
caacgaactc cagaaggaca agatggctga ggcgtacteg gagattggta tgaagggcga 4080
gagacgtcge ggaaagggac acgacggcett ataccagggg ctttccaccyg cgaccaagga 4140
cacatacgac gcgctgcaca tgcaagcctt accacctcega tgaggtacca geggcecgett 4200
cgagcagaca tgataagata cattgatgag tttggacaaa ccacaactag aatgcagtga 4260
aaaaaatgct ttatttgtga aatttgtgat gctattgcett tatttgtaac cattataagc 4320
tgcaataaac aagttaacaa caacaattcg aatttaaatc ggatccgcaa caaatctgac 4380
tttgcatgtg caaacgcctt caacaacagc attattccag aagacacctt cttceccccagce 4440
ccaggtaagg gcagctttgg tgccttegca ggectgtttece ttgcttcagg aatggccagg 4500
ttectgcccag agctectggte aatgatgtct aaaactceccte tgattggtgg tetecggectt 4560
atccattgecce accaaaaccc tcectttttact aagaaacagt gagccttgtt ctggcagtcce 4620
agagaatgac acgggaaaaa agcagatgaa gagaaggtgg caggagaggyg cacgtggcce 4680
agcctcagtce tctccaactg agttcectgce tgectgectt tgctcagact gtttgccect 4740
tactgctett ctaggcctca ttctaagcce cttetccaag ttgcctctee ttatttetee 4800
ctgtctgcca aaaaatcttt cccagctcac taagtcagtc tcacgcagtce actcattaac 4860
ccaccaatca ctgattgtgc cggcacatga atgcaccagg tgttgaagtg gaggaattaa 4920
aaagtcagat gaggggtgtg cccagaggaa gcaccattct agttggggga gcccatctgt 4980
cagctgggaa aagtccaaat aacttcagat tggaatgtgt tttaactcag ggttgagaaa 5040
acagccacct tcaggacaaa agtcagggaa gggctctcetg aagaaatgct acttgaagat 5100
accagccecta ccaagggcag ggagaggacce aattgatgga gttggccact ccecctctetge 5160
gegetegete getcactgag gecgeccggg caaageccgg gegtcegggeg acctttggte 5220
geeeggecte agtgagcgag cgagegegca gagagggagt ggccaacggce gegectgeag 5280
gtctcaaaaa tagctaccct cteccggcatg aatttatcag ctagaacggt tgaatatcat 5340
attgatggtg atttgactgt ctccggectt tctcaccegt ttgaatcttt acctacacat 5400
tactcaggca ttgcatttaa aatatatgag ggttctaaaa atttttatcc ttgcgttgaa 5460
ataaaggctt ctcccgcaaa agtattacag ggtcataatg tttttggtac aaccgattta 5520
gctttatget ctgaggcecttt attgcttaat tttgctaatt ctttgcecttg cctgtatgat 5580
ttattggatg ttggaattcc tgatgcggta ttttctectt acgcatctgt geggtattte 5640
acaccgcata tggtgcactc tcagtacaat ctgctctgat geccgcatagt taagccagcece 5700

ccgacacceg ccaacacceg ctgacgegee ctgacggget tgtetgetcee cggcatccege 5760
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ttacagacaa gctgtgaccg tcectccgggag ctgcatgtgt cagaggtttt caccgtcatce 5820
accgaaacgc gcgagacgaa agggcctcgt gatacgecta tttttatagg ttaatgtcat 5880
gataataatg gtttcttaga cgtcaggtgg cacttttcgg ggaaatgtgc gcggaacccce 5940
tatttgttta tttttctaaa tacattcaaa tatgtatccg ctcatgagac aataaccctg 6000
ataaatgctt caataatatt gaaaaaggaa gagtatgagt attcaacatt tccgtgtcgce 6060
ccttattecce ttttttgegg cattttgect tceetgttttt gectcacccag aaacgctggt 6120
gaaagtaaaa gatgctgaag atcagttggg tgcacgagtyg ggttacatcg aactggatct 6180
caacagcggt aagatccttg agagttttcg ccccgaagaa cgttttccaa tgatgagcac 6240
ttttaaagtt ctgctatgtg gcgcggtatt atcccgtatt gacgccgggce aagagcaact 6300
cggtcgecge atacactatt ctcagaatga cttggttgag tactcaccag tcacagaaaa 6360
gcatcttacg gatggcatga cagtaagaga attatgcagt gctgccataa ccatgagtga 6420
taacactgcg gccaacttac ttcectgacaac gatcggagga ccgaaggagce taaccgcettt 6480
tttgcacaac atgggggatc atgtaactcg ccttgatcegt tgggaaccgg agctgaatga 6540
agccatacca aacgacgagc gtgacaccac gatgectgta gcaatggcaa caacgttgeg 6600
caaactatta actggcgaac tacttactct agcttccegg caacaattaa tagactggat 6660
ggaggcggat aaagttgcag gaccacttct gecgcteggec ctteccggetg gctggtttat 6720
tgctgataaa tctggagccg gtgagcegtgg gtetegeggt atcattgcag cactggggcece 6780
agatggtaag ccctcecccecgta tegtagttat ctacacgacg gggagtcagg caactatgga 6840
tgaacgaaat agacagatcg ctgagatagg tgcctcactg attaagcatt ggtaactgtce 6900
agaccaagtt tactcatata tactttagat tgatttaaaa cttcattttt aatttaaaag 6960
gatctaggtg aagatccttt ttgataatct catgaccaaa atcccttaac gtgagtttte 7020
gttccactga gcgtcagace ccgtagaaaa gatcaaagga tcecttcttgag atcctttttt 7080
tctgcgegta atctgctget tgcaaacaaa aaaaccaccg ctaccagcgg tggtttgttt 7140
gccggatcaa gagctaccaa ctetttttec gaaggtaact ggcttcagca gagcgcagat 7200
accaaatact gtccttctag tgtagccgta gttaggccac cacttcaaga actctgtagce 7260
accgcctaca tacctcgete tgctaatcct gttaccagtg getgctgcca gtggcgataa 7320
gtcgtgtett accgggttgg actcaagacg atagttaccg gataaggcgce agcggtceggg 7380
ctgaacgggg ggttegtgca cacagceccag cttggagega acgacctaca ccgaactgag 7440
atacctacag cgtgagctat gagaaagcge cacgcttecee gaagggagaa aggcggacag 7500
gtatccggta agecggcaggg tcggaacagg agagcgcacg agggagettce cagggggaaa 7560
cgectggtat ctttatagte ctgtcecgggtt tcegceccaccte tgacttgage gtcgattttt 7620
gtgatgcteg tcaggggggce ggagcctatg gaaaaacgcc agcaacgcgg cctttttacg 7680
gttecectggee ttttgctgge cttttgctca catgttcttt cctgegttat ccectgatte 7740
tgtggataac cgtattaccg cctttgagtg agctgatacc gectcgeccgca gcecgaacgac 7800
cgagegcage gagtcagtga gcgaggaage ggaagagege ccaatacgca aaccgectcet 7860

ccecgegegt tggcecgatte attaatg 7887

<210> SEQ ID NO 111
<211> LENGTH: 486
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 111

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu
1 5 10 15

His Ala Ala Arg Pro Asp Ile Gln Met Thr Gln Thr Thr Ser Ser Leu
20 25 30

Ser Ala Ser Leu Gly Asp Arg Val Thr Ile Ser Cys Arg Ala Ser Gln
35 40 45

Asp Ile Ser Lys Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr
50 55 60

Val Lys Leu Leu Ile Tyr His Thr Ser Arg Leu His Ser Gly Val Pro
65 70 75 80

Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile
85 90 95

Ser Asn Leu Glu Gln Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln Gly
100 105 110

Asn Thr Leu Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Thr
115 120 125

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu
130 135 140

Val Lys Leu Gln Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gln Ser
145 150 155 160

Leu Ser Val Thr Cys Thr Val Ser Gly Val Ser Leu Pro Asp Tyr Gly
165 170 175

Val Ser Trp Ile Arg Gln Pro Pro Arg Lys Gly Leu Glu Trp Leu Gly
180 185 190

Val Ile Trp Gly Ser Glu Thr Thr Tyr Tyr Asn Ser Ala Leu Lys Ser
195 200 205

Arg Leu Thr Ile Ile Lys Asp Asn Ser Lys Ser Gln Val Phe Leu Lys
210 215 220

Met Asn Ser Leu Gln Thr Asp Asp Thr Ala Ile Tyr Tyr Cys Ala Lys
225 230 235 240

His Tyr Tyr Tyr Gly Gly Ser Tyr Ala Met Asp Tyr Trp Gly Gln Gly
245 250 255

Thr Ser Val Thr Val Ser Ser Thr Thr Thr Pro Ala Pro Arg Pro Pro
260 265 270

Thr Pro Ala Pro Thr Ile Ala Ser Gln Pro Leu Ser Leu Arg Pro Glu
275 280 285

Ala Cys Arg Pro Ala Ala Gly Gly Ala Val His Thr Arg Gly Leu Asp
290 295 300

Phe Ala Cys Asp Ile Tyr Ile Trp Ala Pro Leu Ala Gly Thr Cys Gly
305 310 315 320

Val Leu Leu Leu Ser Leu Val Ile Thr Leu Tyr Cys Lys Arg Gly Arg
325 330 335

Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg Pro Val Gln
340 345 350

Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu
355 360 365
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Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala
370 375 380

Pro Ala Tyr Gln Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu
385 390 395 400

Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp
405 410 415

Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu
420 425 430

Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile
435 440 445

Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr
450 455 460

Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met
465 470 475 480

Gln Ala Leu Pro Pro Arg
485

<210> SEQ ID NO 112

<211> LENGTH: 242

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 112

Asp Ile Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu Gly
1 5 10 15

Asp Arg Val Thr Ile Ser Cys Arg Ala Ser Gln Asp Ile Ser Lys Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr Val Lys Leu Leu Ile
35 40 45

Tyr His Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile Ser Asn Leu Glu Gln
65 70 75 80

Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln Gly Asn Thr Leu Pro Tyr
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Thr Gly Gly Gly Gly Ser
100 105 110

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Val Lys Leu Gln Glu
115 120 125

Ser Gly Pro Gly Leu Val Ala Pro Ser Gln Ser Leu Ser Val Thr Cys
130 135 140

Thr Val Ser Gly Val Ser Leu Pro Asp Tyr Gly Val Ser Trp Ile Arg
145 150 155 160

Gln Pro Pro Arg Lys Gly Leu Glu Trp Leu Gly Val Ile Trp Gly Ser
165 170 175

Glu Thr Thr Tyr Tyr Asn Ser Ala Leu Lys Ser Arg Leu Thr Ile Ile
180 185 190

Lys Asp Asn Ser Lys Ser Gln Val Phe Leu Lys Met Asn Ser Leu Gln
195 200 205

Thr Asp Asp Thr Ala Ile Tyr Tyr Cys Ala Lys His Tyr Tyr Tyr Gly
210 215 220
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Gly Ser Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Ser Val Thr Val
225 230 235 240

Ser Ser

<210> SEQ ID NO 113

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 113

Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly
1 5 10 15

Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr
20 25 30

Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys
35 40 45

Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys
50 55 60

Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg
65 70 75 80

Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala
85 90 95

Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
100 105 110

<210> SEQ ID NO 114

<211> LENGTH: 42

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 114

Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met
1 5 10 15

Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe
20 25 30

Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu
35 40

<210> SEQ ID NO 115

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 115

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu
1 5 10 15

His Ala Ala Arg Pro
20

<210> SEQ ID NO 116

<211> LENGTH: 45

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence



US 2021/0207093 Al

111

-continued

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

116

Synthesized

Thr Thr Thr Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala

1

5

10

15

Ser Gln Pro Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly

20

25

30

Gly Ala Val His Thr Arg Gly Leu Asp Phe Ala Cys Asp

35

<210>
<211>
<212>
<213>
<220>
<223>

TYPE :

<400> SEQUENCE:

40

SEQ ID NO 117
LENGTH:

24
PRT

117

45

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthesized

Ile Tyr Ile Trp Ala Pro Leu Ala Gly Thr Cys Gly Val Leu Leu Leu

1

5

Ser Leu Val Ile Thr Leu Tyr Cys

<210>
<211>
<212>
<213>
<220>
<223>

TYPE :

<400>
gggcagagceg
cgggtgecta
gectttttee
tttttegeaa
cttcacgege
cgectecage
ggtcgagace
ccacgetttyg
gecegttacag
<210>
<211>
<212>
<213>

<220>
<223>

TYPE :

<400>

dggcagagcyg

cgggtgecta

gectttttec

tttttegcaa

SEQUENCE :

SEQUENCE :

20

SEQ ID NO 118
LENGTH:

493
DNA

118

cacatcgecce acagtccceg
gagaaggtgg cgcggggtaa
cgagggtggg ggagaaccgt
cgggtttgee gccagaacac
cegecgeect acctgaggec
ctgtggtgee tectgaactg
gggectttgt cecggegetee
cctgaccctyg cttgctcaac

atc

SEQ ID NO 119
LENGTH:

2184
DNA

119

cacatcgecce acagtccceg
gagaaggtgg cgcggggtaa
cgagggtggg ggagaaccgt

cgggtttgee gccagaacac

10

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthesized

agaagttggg gggaggggtce
actgggaaag tgatgtcgtg
atataagtgc agtagtcgec
agctgaaget tcgagggget
gecatecacyg ccggttgagt
cgtecgeegt ctaggtaagt
cttggagect acctagactce

tctacgtett tgtttegttt

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthesized

agaagttggg gggaggggtce

actgggaaag tgatgtcgtg

atataagtgc agtagtcgec

agctgaaget tcgagggget

15

ggcaattgaa

tactggctee

gtgaacgtte

cgcatctete

cgegttetge

ttaaagctca

agcecggetet

tetgttetge

ggcaattgaa

tactggctee

gtgaacgtte

cgcatctete

60

120

180

240

300

360

420

480

493

60

120

180

240

Jul. 8, 2021
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cttcacgege ccgecgecect acctgaggece gecatccacyg ceggttgagt cgegttetge 300
cgectecege ctgtggtgcee tectgaactg cgtecgeegt ctaggtaagt ttaaagcetca 360
ggtcgagace gggectttgt ccggegetcee cttggagect acctagactc agecggetet 420
ccacgctttg cctgaccetg cttgctcaac tctacgtett tgtttegttt tetgttetge 480
geegttacag atccaagetg tgaccggege ctactctaga gctagegecag tcagtgette 540
tgacacaaca gtctcgaact taactagcac catggcegcete ccagtgacag ccttactttt 600
acctectggeg ttattattge acgcggeteg tectgacata cagatgactce agactaccte 660
ttcectatet gettetttag gegaccgagt aacaatatcet tgccgggeca gccaggacat 720
ctcaaaatac ttaaactggt atcagcagaa gccggacgga acagttaagt tgctcattta 780
ccacacgteg agattacact caggcgttcece tagccgattt tegggttecg gttecggtac 840
ggactacage ctgacaatca gtaaccttga gcaggaggac atcgccacct acttctgtca 900
gcagggcaac acgctcccegt acacattcgg tgggggaact aagctggaga ttaccggagyg 960

cggtggcage ggtggeggceyg gcageggggyg tggeggceteg gaggtcaagt tacaggagag 1020
cggaccgggce ttggtcgcac ctagccagag cctcectcagtce acgtgcactg tgtctggagt 1080
cagtctceccca gactacgggg tatcatggat acgacagccg cctagaaagg gcttagagtg 1140
gctgggggtt atctggggaa gtgaaaccac atactacaac tcagctctca agagccgect 1200
caccatcatt aaggacaaca gtaagtcgca ggttttctta aagatgaact ctctccagac 1260
tgacgacacc gctatttact actgcgcgaa gcactactac tacggcggga gttacgcaat 1320
ggactactgg ggtcagggca cttcectgtgac cgtatccage actactaccc cagccccacy 1380
tcecececcacg ccagcectcecaa cgatagcaag tcagceccctta tetcettcegece ctgaggettg 1440
caggecccgeg gogggeggeg ccgttcacac gegaggacta gacttcegect gcgacatcta 1500
catctgggca ccactagccg ggacttgcgg agtgttgttg ttgagecttgg taataacgcet 1560
ctactgcaag cgtgggagaa agaagctctt gtacattttc aagcagccat tcatgcgtcce 1620
cgttcagacyg actcaggagg aggacggetg ctegtgcecga tteccggagyg aggaggaggg 1680
cggttgcgaa ctcagagtga agttctctceg ctececgcggac gcaccecgctt accagcaggg 1740
tcagaaccag ctatacaacg agttaaacct ggggcgccgg gaggagtacg acgtgttaga 1800
caagcgtaga ggtagggacc cggagatggg aggcaagect cggagaaaga acccccagga 1860
gggcctgtac aacgaactce agaaggacaa gatggctgag gcgtactcgg agattggtat 1920
gaagggcgayg agacgtcgeg gaaagggaca cgacggcetta taccaggggce tttcecaccege 1980
gaccaaggac acatacgacg cgctgcacat gcaagcctta ccacctcgat gaggtaccag 2040
cggccgcette gagcagacat gataagatac attgatgagt ttggacaaac cacaactaga 2100
atgcagtgaa aaaaatgctt tatttgtgaa atttgtgatg ctattgcttt atttgtaacc 2160

attataagct gcaataaaca agtt 2184

<210> SEQ ID NO 120

<211> LENGTH: 6811

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 120



US 2021/0207093 Al Jul. 8, 2021
113

-continued
atatccagaa ccctgaccct gececgtgtace agctgagaga ctctaaatcc agtgacaagt 60
ctgtctgect attcaccgat tttgattctc aaacaaatgt gtcacaaagt aaggattctg 120
atgtgtatat cacagacaaa actgtgctag acatgaggtc tatggacttc aagagcaaca 180
gtgctgtgge ctggagcaag ggcagagcgc acatcgccca cagtccccga gaagttgggg 240

ggaggggtcyg gcaattgaac gggtgcectag agaaggtgge geggggtaaa ctgggaaagt 300

gatgtcegtgt actggctceg cetttttece gagggtgggg gagaaccgta tataagtgea 360
gtagtcgecg tgaacgttet ttttegcaac gggtttgeeg ccagaacaca gctgaagett 420
cgaggggcete geatctetee ttecacgegee cgecgeecta cetgaggecyg ccatccacgce 480
cggttgagte gegttetgee gecteeegee tgtggtgect cetgaactge gtecgecegte 540
taggtaagtt taaagctcag gtcgagaccg ggectttgte cggegetece ttggagecta 600
cctagactca geceggetete cacgetttge ctgaccetge ttgetcaact ctacgtettt 660
gtttegtttt ctgttctgeg cegttacaga tccaagetgt gaccggegeco tactctagag 720
ctagcgcagt cagtgettet gacacaacag tctcgaactt aactagcace atggegetcece 780
cagtgacage cttactttta cctetggegt tattattgea cgeggetegt cctgacatac 840
agatgactca gactacctct tcectatetg cttetttagg cgaccgagta acaatatcett 900
gecgggecag ccaggacatc tcaaaatact taaactggta tcagcagaag ccggacggaa 960

cagttaagtt gctcatttac cacacgtcga gattacactc aggcgttcct agccgatttt 1020
cgggttecgg ttccecggtacyg gactacagcce tgacaatcag taaccttgag caggaggaca 1080
tcgecaccta cttetgtcag cagggcaaca cgctceccegta cacatteggt gggggaacta 1140
agctggagat taccggaggc ggtggcagceg gtggcggegg cagegggggt ggeggetcgg 1200
aggtcaagtt acaggagagc ggaccgggct tggtcgcacc tagccagagce ctctcagtca 1260
cgtgcactgt gtctggagtc agtctcccag actacggggt atcatggata cgacagccgce 1320
ctagaaaggg cttagagtgg ctgggggtta tctggggaag tgaaaccaca tactacaact 1380
cagctctcaa gagccgcecte accatcatta aggacaacag taagtcgcag gttttcecttaa 1440
agatgaactc tctccagact gacgacaccg ctatttacta ctgcgcgaag cactactact 1500
acggcgggag ttacgcaatg gactactggg gtcagggcac ttctgtgacc gtatccagca 1560
ctactaccce agccccacgt ccccccacge cagetccaac gatagcaagt cagceccttat 1620
ctettegece tgaggettge aggccegegg cgggeggege cgttcacacyg cgaggactag 1680
acttcgectg cgacatctac atctgggcac cactageccegg gacttgcgga gtgttgttgt 1740
tgagcttggt aataacgctc tactgcaagc gtgggagaaa gaagctcttg tacattttca 1800
agcagccatt catgcgtccecc gttcagacga ctcaggagga ggacggctgce tcegtgccgat 1860
tcecggagga ggaggagggce ggttgcgaac tcagagtgaa gttctcectcege tecgceggacg 1920
caccegetta ccagcagggt cagaaccage tatacaacga gttaaacctyg gggegecggg 1980
aggagtacga cgtgttagac aagcgtagag gtagggaccce ggagatggga ggcaagcecte 2040
ggagaaagaa cccccaggag ggcctgtaca acgaactcca gaaggacaag atggctgagg 2100
cgtactcgga gattggtatg aagggcgaga gacgtcgegg aaagggacac gacggcttat 2160
accaggggcet ttccaccgceg accaaggaca catacgacge gctgcacatyg caagecttac 2220

cacctcgatg aggtaccagc ggccgcttceg agcagacatg ataagataca ttgatgagtt 2280
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tggacaaacc acaactagaa tgcagtgaaa aaaatgcttt atttgtgaaa tttgtgatgc 2340
tattgcttta tttgtaacca ttataagctg caataaacaa gttcaaatct gactttgcat 2400
gtgcaaacgc cttcaacaac agcattattc cagaagacac cttcttececcce agcccaggta 2460
agggcagctt tggtgcctte gcaggctgtt tcecttgettce aggaatggcece aggttcectgece 2520
cagagctctg gtcaatgatg tctaaaactc ctctgattgg tggtctcgge cttatccatt 2580
gccaccaaaa ccctettttt actaagaaac agtgagcctt gttcectggcag tccagagaat 2640
gacacgggaa aaaagcagat gaagagaagg tggcaggaga gggcacgtgg cccagcctca 2700
gtctcecteccaa ctgagttcecct gcecectgectge ctttgctcag actgtttgece ccttactget 2760
cttctaggcece tcattctaag ccccttetcee aagttgecte tecttattte tecctgtetg 2820
ccaaaaaatc tttcccagcect cactaagtca gtctcacgca gtcactcatt aacccaccaa 2880
tcactgattg tgccggcaca tgaatgcacc aggtgttgaa gtggaggaat taaaaagtca 2940
gatgaggggt gtgcccagag gaagcaccat tctagttggg ggagcccatc tgtcagetgg 3000
gaaaagtcca aataacttca gattggaatg tgttttaact cagggttgag aaaacagcta 3060
ccttcaggac aaaagtcagg gaagggctct ctgaagaaat gctacttgaa gataccagcce 3120
ctaccaaggg cagggagagg accctataga ggectgggac aggagctcaa tgagaaagga 3180
gaagagcagce aggcatgagt tgaatgaagg aggcagggcece gggtcacagg gecttctagg 3240
ccatgagagg gtagacagta ttctaaggac gccagaaagc tgttgatcgg cttcaagcag 3300
gggagggaca cctaatttgce ttttettttt tttttttttt tttttttttt tttttgagat 3360
ggagttttge tcecttgttgce caggctggag tgcaatggtg catcttgget cactgcaacce 3420
tcegectece aggttcaagt gattctectg cctcagecte ccgagtaget gagattacag 3480
gcacccgeca ccatgectgg ctaatttttt gtatttttag tagagacagg gtttcactat 3540
gttggccagg ctggtctcga actcecctgacce tcaggtgatc cacccgecttce agecctccecaa 3600
agtgctggga ttacaggcgt gagccaccac acccggectg cttttcecttaa agatcaatct 3660
gagtgctgta cggagagtgg gttgtaagcc aagagtagaa gcagaaaggg agcagttgca 3720
gcagagagat gatggaggcce tgggcagggt ggtggcaggg aggtaaccaa caccattcag 3780
gtttcaaagyg tagaaccatg cagggatgag aaagcaaaga ggggatcaag gaaggcagct 3840
ggattttggc ctgagcagct gagtcaatga tagtgccgtt tactaagaag aaaccaagga 3900
aaaaatttgg ggtgcaggga tcaaaacttt ttggaacata tgaaagtacg tgtttatact 3960
ctttatggcce cttgtcacta tgtatgccte gctgectceca ttggactcta gaatgaagcece 4020
aggcaagagc agggtctatg tgtgatggca catgtggcca gggtcatgca acatgtactt 4080
tgtacaaaca gtgtatattg agtaaataga aatggtgtcc aggagccgag gtatcggtcce 4140
tgccagggcce aggggctcete cctagcaggt gctcatatge tgtaagttcce cteccagatct 4200
ctccacaagg aggcatggaa aggctgtagt tgttcacctg cccaagaact aggaggtctg 4260
gggtgggaga gtcagcctgce tctggatgcet gaaagaatgt ctgtttttcece ttttagaaag 4320
ttecctgtgat gtcaagctgg tcgagaaaag ctttgaaaca ggtaagacag gggtctagcece 4380
tgggtttgca caggattgcg gaagtgatga acccgcaata accctgcecctg gatgagggag 4440
tgggaagaaa ttagtagatg tgggaatgaa tgatgaggaa tggaaacagc ggttcaagac 4500

ctgcccagag ctgggtgggg tcetctectga atcecctcetca ccatctcectga ctttecatte 4560
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taagcacttt gaggatgagt ttctagcttc aatagaccaa ggactctcte ctaggcctct 4620
gtattccttt caacagctce actgtcaaga gagccagaga gagcttcectgg gtggcccage 4680
tgtgaaattt ctgagtccct tagggatagce cctaaacgaa ccagatcatc ctgaggacag 4740
ccaagaggtt ttgccttcectt tcaagacaag caacagtact cacataggct gtgggcaatg 4800
gtcetgtete tcaagaatce cctgccactce ctcacaccca ccctgggecce atattcattt 4860
ccatttgagt tgttcttatt gagtcatcct tcctgtggta gcggaactca ctaaggggcce 4920
catctggacc cgaggtattg tgatgataaa ttctgagcac ctaccccatce cccagaaggg 4980
ctcagaaata aaataagagc caagtctagt cggtgtttcce tgtcttgaaa cacaatactg 5040
ttggcectgg aagaatgcac agaatctgtt tgtaagggga tatgcacaga agctgcaagg 5100
gacaggaggt gcaggagctg caggectcce ccacccagec tgctctgect tggggaaaac 5160
cgtgggtgtg tecctgcagge catgcaggcce tgggacatgce aagcccataa ccgetgtggce 5220
ctcttggttt tacagatacg aacctaaact ttcaaaacct gtcagtgatt gggttccgaa 5280
tcetectect gaaagtggece gggtttaatce tgctcatgac getgcggcectg tggtcecaget 5340
gaggtgaggg gccttgaage tgggagtggg gtttagggac gcegggtctcect gggtgcatcce 5400
taagctctga gagcaaacct ccctgcaggg tcttgctttt aagtccaaag cctgagccca 5460
ccaaactctc ctacttctte ctgttacaaa ttcctcecttgt gcaataataa tggcctgaaa 5520
cgctgtaaaa tatcctcatt tcagccgect cagttgcact tcectceccecctat gaggtaggaa 5580
gaacagttgt ttagaaacga agaaactgag gccccacage taatgagtgg aggaagagag 5640
acacttgtgt acaccacatg ccttgtgttg tacttctcetc accgtgtaac ctecctcatgt 5700
cctetetece cagtacgget ctettagcecte agtagaaaga agacattaca ctcatattac 5760
accccaatce tggctagagt cteccgcacce tcectececca gggteccccag tegtettget 5820
gacaactgca tcctgttcca tcaccatcaa aaaaaaactc caggctgggt gcgggggcetce 5880
acacctgtaa tcccagcact ttgggaggca gaggcaggag gagcacagga gctggagacce 5940
agcctgggcea acacagggag accccgecte tacaaaaagt gaaaaaatta accaggtgtg 6000
gtgctgcaca cctgtagtce cagctactta agaggctgag atgggaggat cgcttgagece 6060
ctggaatgtt gaggctacaa tgagctgtga ttgcgtcact gcactccage ctggaagaca 6120
aagcaagatc ctgtctcaaa taataaaaaa aataagaact ccagggtaca tttgctccta 6180
gaactctacc acatagccce aaacagagcc atcaccatca catccctaac agtcctgggt 6240
cttcctecagt gtccagcectg acttetgtte ttectcatte cagatctgca agattgtaag 6300
acagcctgtg ctcecteget ccecttectetg cattgecect cttcetececcte tecaaacaga 6360
gggaactcte ctacccccaa ggaggtgaaa gctgctacca cctetgtgec cecccggeaa 6420
tgccaccaac tggatcctac ccgaatttat gattaagatt gctgaagagce tgccaaacac 6480
tgctgccace ccectetgtte cecttattgcet gcecttgtcact gectgacatt cacggcagag 6540
gcaaggctge tgcagcctce cctggetgtg cacattccecet cctgcetecceccece agagactgece 6600
tcegecatee cacagatgat ggatcttcag tgggttetet tgggctctag gtecctgcaga 6660
atgttgtgag gggtttattt ttttttaata gtgttcataa agaaatacat agtattcttc 6720
ttctcaagac gtggggggaa attatctcat tatcgaggcce ctgctatget gtgtatctgg 6780

gcgtgttgta tgtecctgetg ccgatgectt ¢ 6811
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<210> SEQ ID NO 121
<211> LENGTH: 6811
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized
<400> SEQUENCE: 121
atatccagaa ccctgaccct gecgtgtace agetgagaga ctctaaatcce agtgacaagt 60
ctgtectgect attcaccgat tttgattcte aaacaaatgt gtcacgggca gagcgcacat 120
cgceccacagt ccccgagaag ttggggggag gggteggcaa ttgaacgggt gcectagagaa 180
ggtggcegegy ggtaaactgg gaaagtgatg tcgtgtactg getccgectt ttteccgagy 240
gtgggggaga accgtatata agtgcagtag tcgccgtgaa cgttettttt cgcaacgggt 300
ttgcecgecag aacacagcetg aagcttegag gggcetcegeat ctetectteca cgegeccgece 360
geectacctyg aggecgecat ccacgecggt tgagtegegt tetgecegect cecgectgtyg 420
gtgectectyg aactgegtee gecgtctagg taagtttaaa getcaggteg agaccgggec 480
tttgtcegge geteecttgg agectaccta gactcageeyg gcetctccacyg ctttgectga 540
ccetgettge tcaactctac gtetttgttt cgttttetgt tetgecgeccgt tacagatcca 600
agctgtgace ggcgectact ctagagectag cgcagtcagt gcettcectgaca caacagtcte 660
gaacttaact agcaccatgg cgctcccagt gacagectta cttttaccte tggegttatt 720
attgcacgeg gctegtectyg acatacagat gactcagact acctettece tatctgette 780
tttaggcgac cgagtaacaa tatcttgccg ggccagccag gacatctcaa aatacttaaa 840
ctggtatcag cagaagccgg acggaacagt taagttgcte atttaccaca cgtcgagatt 900
acactcaggce gttectagcece gatttteggg ttecggttec ggtacggact acagectgac 960
aatcagtaac cttgagcagg aggacatcgc cacctacttc tgtcagcagg gcaacacgct 1020
ccegtacaca ttcecggtgggg gaactaagct ggagattacce ggaggcggtg gcagceggtgg 1080
cggcggeage gggggtggceyg getceggaggt caagttacag gagagceggac cgggettggt 1140
cgcacctagce cagagcctcet cagtcacgtg cactgtgtet ggagtcagte teccagacta 1200
cggggtatca tggatacgac agccgcctag aaagggctta gagtggctgg gggttatctg 1260
gggaagtgaa accacatact acaactcagc tctcaagagc cgcctcacca tcattaagga 1320
caacagtaag tcgcaggttt tcttaaagat gaactctcectc cagactgacg acaccgctat 1380
ttactactgc gcgaagcact actactacgg cgggagttac gcaatggact actggggtca 1440
gggcacttcect gtgaccgtat ccagcactac taccccagec ccacgtcececcce ccacgccage 1500
tccaacgata gcaagtcagce ccttatctct tcegecctgag gettgcagge cecgcggceggg 1560
cggcgecegtt cacacgcgag gactagactt cgecctgcgac atctacatct gggcaccact 1620
agccgggact tgcggagtgt tgttgttgag cttggtaata acgctctact gcaagcegtgg 1680
gagaaagaag ctcttgtaca ttttcaagca gccattcatg cgtcccegttce agacgactca 1740
ggaggaggac ggctgctcegt gccgattcce ggaggaggag gagggeggtt gegaactcag 1800
agtgaagttc tctcgcteeg cggacgcacce cgcttaccag cagggtcaga accagctata 1860
caacgagtta aacctggggc gccgggagga gtacgacgtyg ttagacaagce gtagaggtag 1920
ggacccggayg atgggaggca agcctcggag aaagaacccce caggagggcec tgtacaacga 1980
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actccagaag gacaagatgg ctgaggegta cteggagatt ggtatgaagyg gcgagagacg 2040
tecgeggaaag ggacacgacg gcettatacca ggggetttece accgcgacca aggacacata 2100
cgacgegetyg cacatgcaag ccttaccacce tegatgaggt accagceggece gcttcecgagea 2160
gacatgataa gatacattga tgagtttgga caaaccacaa ctagaatgca gtgaaaaaaa 2220
tgctttattt gtgaaatttyg tgatgctatt gctttatttg taaccattat aagctgcaat 2280
aaacaagtta aagtaaggat tctgatgtgt atatcacaga caaaactgtg ctagacatga 2340
ggtctatgga cttcaagagc aacagtgctg tggcctggag caacaaatct gactttgcat 2400
gtgcaaacgc cttcaacaac agcattattc cagaagacac cttcttececcce agcccaggta 2460
agggcagctt tggtgcctte gcaggctgtt tcecttgettce aggaatggcece aggttcectgece 2520
cagagctctg gtcaatgatg tctaaaactc ctctgattgg tggtctcgge cttatccatt 2580
gccaccaaaa ccctettttt actaagaaac agtgagcctt gttcectggcag tccagagaat 2640
gacacgggaa aaaagcagat gaagagaagg tggcaggaga gggcacgtgg cccagcctca 2700
gtctcecteccaa ctgagttcecct gcecectgectge ctttgctcag actgtttgece ccttactget 2760
cttctaggcece tcattctaag ccccttetcee aagttgecte tecttattte tecctgtetg 2820
ccaaaaaatc tttcccagcect cactaagtca gtctcacgca gtcactcatt aacccaccaa 2880
tcactgattg tgccggcaca tgaatgcacc aggtgttgaa gtggaggaat taaaaagtca 2940
gatgaggggt gtgcccagag gaagcaccat tctagttggg ggagcccatc tgtcagetgg 3000
gaaaagtcca aataacttca gattggaatg tgttttaact cagggttgag aaaacagcta 3060
ccttcaggac aaaagtcagg gaagggctct ctgaagaaat gctacttgaa gataccagcce 3120
ctaccaaggg cagggagagg accctataga ggectgggac aggagctcaa tgagaaagga 3180
gaagagcagce aggcatgagt tgaatgaagg aggcagggcece gggtcacagg gecttctagg 3240
ccatgagagg gtagacagta ttctaaggac gccagaaagc tgttgatcgg cttcaagcag 3300
gggagggaca cctaatttgce ttttettttt tttttttttt tttttttttt tttttgagat 3360
ggagttttge tcecttgttgce caggctggag tgcaatggtg catcttgget cactgcaacce 3420
tcegectece aggttcaagt gattctectg cctcagecte ccgagtaget gagattacag 3480
gcacccgeca ccatgectgg ctaatttttt gtatttttag tagagacagg gtttcactat 3540
gttggccagg ctggtctcga actcecctgacce tcaggtgatc cacccgecttce agecctccecaa 3600
agtgctggga ttacaggcgt gagccaccac acccggectg cttttcecttaa agatcaatct 3660
gagtgctgta cggagagtgg gttgtaagcc aagagtagaa gcagaaaggg agcagttgca 3720
gcagagagat gatggaggcce tgggcagggt ggtggcaggg aggtaaccaa caccattcag 3780
gtttcaaagyg tagaaccatg cagggatgag aaagcaaaga ggggatcaag gaaggcagct 3840
ggattttggc ctgagcagct gagtcaatga tagtgccgtt tactaagaag aaaccaagga 3900
aaaaatttgg ggtgcaggga tcaaaacttt ttggaacata tgaaagtacg tgtttatact 3960
ctttatggcce cttgtcacta tgtatgccte gctgectceca ttggactcta gaatgaagcece 4020
aggcaagagc agggtctatg tgtgatggca catgtggcca gggtcatgca acatgtactt 4080
tgtacaaaca gtgtatattg agtaaataga aatggtgtcc aggagccgag gtatcggtcce 4140
tgccagggcce aggggctcete cctagcaggt gctcatatge tgtaagttcce cteccagatct 4200

ctccacaagg aggcatggaa aggctgtagt tgttcacctg cccaagaact aggaggtctg 4260



US 2021/0207093 Al Jul. 8, 2021
118

-continued

gggtgggaga gtcagcctgce tctggatgcet gaaagaatgt ctgtttttcece ttttagaaag 4320
ttecctgtgat gtcaagctgg tcgagaaaag ctttgaaaca ggtaagacag gggtctagcece 4380
tgggtttgca caggattgcg gaagtgatga acccgcaata accctgcecctg gatgagggag 4440
tgggaagaaa ttagtagatg tgggaatgaa tgatgaggaa tggaaacagc ggttcaagac 4500
ctgcccagag ctgggtgggg tcetctectga atcecctcetca ccatctcectga ctttecatte 4560
taagcacttt gaggatgagt ttctagcttc aatagaccaa ggactctcte ctaggcctct 4620
gtattccttt caacagctce actgtcaaga gagccagaga gagcttcectgg gtggcccage 4680
tgtgaaattt ctgagtccct tagggatagce cctaaacgaa ccagatcatc ctgaggacag 4740
ccaagaggtt ttgccttcectt tcaagacaag caacagtact cacataggct gtgggcaatg 4800
gtcetgtete tcaagaatce cctgccactce ctcacaccca ccctgggecce atattcattt 4860
ccatttgagt tgttcttatt gagtcatcct tcctgtggta gcggaactca ctaaggggcce 4920
catctggacc cgaggtattg tgatgataaa ttctgagcac ctaccccatce cccagaaggg 4980
ctcagaaata aaataagagc caagtctagt cggtgtttcce tgtcttgaaa cacaatactg 5040
ttggcectgg aagaatgcac agaatctgtt tgtaagggga tatgcacaga agctgcaagg 5100
gacaggaggt gcaggagctg caggectcce ccacccagec tgctctgect tggggaaaac 5160
cgtgggtgtg tecctgcagge catgcaggcce tgggacatgce aagcccataa ccgetgtggce 5220
ctcttggttt tacagatacg aacctaaact ttcaaaacct gtcagtgatt gggttccgaa 5280
tcetectect gaaagtggece gggtttaatce tgctcatgac getgcggcectg tggtcecaget 5340
gaggtgaggg gccttgaage tgggagtggg gtttagggac gcegggtctcect gggtgcatcce 5400
taagctctga gagcaaacct ccctgcaggg tcttgctttt aagtccaaag cctgagccca 5460
ccaaactctc ctacttctte ctgttacaaa ttcctcecttgt gcaataataa tggcctgaaa 5520
cgctgtaaaa tatcctcatt tcagccgect cagttgcact tcectceccecctat gaggtaggaa 5580
gaacagttgt ttagaaacga agaaactgag gccccacage taatgagtgg aggaagagag 5640
acacttgtgt acaccacatg ccttgtgttg tacttctcetc accgtgtaac ctecctcatgt 5700
cctetetece cagtacgget ctettagcecte agtagaaaga agacattaca ctcatattac 5760
accccaatce tggctagagt cteccgcacce tcectececca gggteccccag tegtettget 5820
gacaactgca tcctgttcca tcaccatcaa aaaaaaactc caggctgggt gcgggggcetce 5880
acacctgtaa tcccagcact ttgggaggca gaggcaggag gagcacagga gctggagacce 5940
agcctgggcea acacagggag accccgecte tacaaaaagt gaaaaaatta accaggtgtg 6000
gtgctgcaca cctgtagtce cagctactta agaggctgag atgggaggat cgcttgagece 6060
ctggaatgtt gaggctacaa tgagctgtga ttgcgtcact gcactccage ctggaagaca 6120
aagcaagatc ctgtctcaaa taataaaaaa aataagaact ccagggtaca tttgctccta 6180
gaactctacc acatagccce aaacagagcc atcaccatca catccctaac agtcctgggt 6240
cttcctecagt gtccagcectg acttetgtte ttectcatte cagatctgca agattgtaag 6300
acagcctgtg ctcecteget ccecttectetg cattgecect cttcetececcte tecaaacaga 6360
gggaactcte ctacccccaa ggaggtgaaa gctgctacca cctetgtgec cecccggeaa 6420
tgccaccaac tggatcctac ccgaatttat gattaagatt gctgaagagce tgccaaacac 6480

tgctgccace ccectetgtte cecttattgcet gcecttgtcact gectgacatt cacggcagag 6540
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gcaaggctge tgcagcctce cctggetgtg cacattccecet cctgcetecceccece agagactgece 6600
tcegecatee cacagatgat ggatcttcag tgggttetet tgggctctag gtecctgcaga 6660
atgttgtgag gggtttattt ttttttaata gtgttcataa agaaatacat agtattcttc 6720
ttctcaagac gtggggggaa attatctcat tatcgaggcce ctgctatget gtgtatctgg 6780
gcgtgttgta tgtecctgetg ccgatgectt ¢ 6811
<210> SEQ ID NO 122

<211> LENGTH: 6811

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 122

atatccagaa ccctgaccct gecgtgtace agetgagaga ctctaaatce agtgacaagt 60
ctgtctgect attcaccgat tttgattete aaacaaatgt gtcacaaagt aaggattcetg 120
atgtgtatat gggcagagcg cacatcgece acagtccceg agaagttggg gggaggggte 180

ggcaattgaa cgggtgccta gagaaggtgyg cgcggggtaa actgggaaag tgatgtegtg 240

tactggctce gectttttee cgagggtggg ggagaaccgt atataagtge agtagtcegece 300
gtgaacgtte tttttcgcaa cgggtttgee gccagaacac agctgaaget tcgagggget 360
cgcatctete cttcacgege cegecgeect acctgaggece gecatccacg ccggttgagt 420
cgegttetge cgectecege ctgtggtgee tectgaactg cgtecgeegt ctaggtaagt 480
ttaaagctca ggtcgagacce gggectttgt ceggegetece cttggagect acctagacte 540
agceggetet ccacgetttg cctgaccetg cttgetcaac tetacgtett tgtttegttt 600
tctgttetge gecegttacag atccaagetyg tgaccggege ctactctaga getagegeag 660
tcagtgctte tgacacaaca gtctcgaact taactagcac catggegete ccagtgacag 720
ccttactttt acctetggeg ttattattge acgeggeteg tectgacata cagatgacte 780
agactaccte ttccctatet gettetttag gegaccgagt aacaatatct tgecgggeca 840
gccaggacat ctcaaaatac ttaaactggt atcagcagaa gccggacgga acagttaagt 900
tgctcattta ccacacgtcg agattacact caggegttece tagecgattt tegggtteceg 960

gttceggtac ggactacagce ctgacaatca gtaaccttga gcaggaggac atcgccacct 1020
acttctgtca gcagggcaac acgctcccgt acacattcegg tgggggaact aagctggaga 1080
ttaccggagg cggtggcagc ggtggcggceg gcageggggg tggcggctceg gaggtcaagt 1140
tacaggagag cggaccgggc ttggtcgcac ctagccagag cctctcagte acgtgcactg 1200
tgtctggagt cagtctccca gactacgggg tatcatggat acgacagccg cctagaaagg 1260
gcttagagtyg getgggggtt atctggggaa gtgaaaccac atactacaac tcagctctca 1320
agagccgect caccatcatt aaggacaaca gtaagtcgca ggttttctta aagatgaact 1380
ctcteccagac tgacgacacc gctatttact actgcgcgaa gcactactac tacggcggga 1440
gttacgcaat ggactactgg ggtcagggca cttctgtgac cgtatccagc actactaccce 1500
cagccccacg tecccecccacg ccagctceccaa cgatagcaag tcagccctta tetettegece 1560
ctgaggettyg caggeccgeg gegggeggeg cegttcacac gegaggacta gacttegect 1620

gcgacatcta catctgggca ccactagecg ggacttgcgg agtgttgttg ttgagcettgg 1680
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taataacgct ctactgcaag cgtgggagaa agaagctcectt gtacattttce aagcagccat 1740
tcatgcgtce cgttcagacg actcaggagg aggacggctg ctcecgtgccga ttcccggagg 1800
aggaggaggg cggttgcgaa ctcagagtga agttctcteg ctceccgeggac gcacccgett 1860
accagcaggg tcagaaccag ctatacaacg agttaaacct ggggcgccegyg gaggagtacg 1920
acgtgttaga caagcgtaga ggtagggacce cggagatggg aggcaagcect cggagaaaga 1980
acccecagga gggectgtac aacgaactcce agaaggacaa gatggctgag gcegtactcegg 2040
agattggtat gaagggcgag agacgtcgeg gaaagggaca cgacggctta taccagggge 2100
tttccaccge gaccaaggac acatacgacg cgctgcacat gcaagcctta ccacctcgat 2160
gaggtaccag cggccgctte gagcagacat gataagatac attgatgagt ttggacaaac 2220
cacaactaga atgcagtgaa aaaaatgctt tatttgtgaa atttgtgatg ctattgcttt 2280
atttgtaacc attataagct gcaataaaca agttcacaga caaaactgtg ctagacatga 2340
ggtctatgga cttcaagagc aacagtgctg tggcctggag caacaaatct gactttgcat 2400
gtgcaaacgc cttcaacaac agcattattc cagaagacac cttcttececcce agcccaggta 2460
agggcagctt tggtgcctte gcaggctgtt tcecttgettce aggaatggcece aggttcectgece 2520
cagagctctg gtcaatgatg tctaaaactc ctctgattgg tggtctcgge cttatccatt 2580
gccaccaaaa ccctettttt actaagaaac agtgagcctt gttcectggcag tccagagaat 2640
gacacgggaa aaaagcagat gaagagaagg tggcaggaga gggcacgtgg cccagcctca 2700
gtctcecteccaa ctgagttcecct gcecectgectge ctttgctcag actgtttgece ccttactget 2760
cttctaggcece tcattctaag ccccttetcee aagttgecte tecttattte tecctgtetg 2820
ccaaaaaatc tttcccagcect cactaagtca gtctcacgca gtcactcatt aacccaccaa 2880
tcactgattg tgccggcaca tgaatgcacc aggtgttgaa gtggaggaat taaaaagtca 2940
gatgaggggt gtgcccagag gaagcaccat tctagttggg ggagcccatc tgtcagetgg 3000
gaaaagtcca aataacttca gattggaatg tgttttaact cagggttgag aaaacagcta 3060
ccttcaggac aaaagtcagg gaagggctct ctgaagaaat gctacttgaa gataccagcce 3120
ctaccaaggg cagggagagg accctataga ggectgggac aggagctcaa tgagaaagga 3180
gaagagcagce aggcatgagt tgaatgaagg aggcagggcece gggtcacagg gecttctagg 3240
ccatgagagg gtagacagta ttctaaggac gccagaaagc tgttgatcgg cttcaagcag 3300
gggagggaca cctaatttgce ttttettttt tttttttttt tttttttttt tttttgagat 3360
ggagttttge tcecttgttgce caggctggag tgcaatggtg catcttgget cactgcaacce 3420
tcegectece aggttcaagt gattctectg cctcagecte ccgagtaget gagattacag 3480
gcacccgeca ccatgectgg ctaatttttt gtatttttag tagagacagg gtttcactat 3540
gttggccagg ctggtctcga actcecctgacce tcaggtgatc cacccgecttce agecctccecaa 3600
agtgctggga ttacaggcgt gagccaccac acccggectg cttttcecttaa agatcaatct 3660
gagtgctgta cggagagtgg gttgtaagcc aagagtagaa gcagaaaggg agcagttgca 3720
gcagagagat gatggaggcce tgggcagggt ggtggcaggg aggtaaccaa caccattcag 3780
gtttcaaagyg tagaaccatg cagggatgag aaagcaaaga ggggatcaag gaaggcagct 3840
ggattttggc ctgagcagct gagtcaatga tagtgccgtt tactaagaag aaaccaagga 3900

aaaaatttgg ggtgcaggga tcaaaacttt ttggaacata tgaaagtacg tgtttatact 3960
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ctttatggcce cttgtcacta tgtatgccte gctgectceca ttggactcta gaatgaagcece 4020
aggcaagagc agggtctatg tgtgatggca catgtggcca gggtcatgca acatgtactt 4080
tgtacaaaca gtgtatattg agtaaataga aatggtgtcc aggagccgag gtatcggtcce 4140
tgccagggcce aggggctcete cctagcaggt gctcatatge tgtaagttcce cteccagatct 4200
ctccacaagg aggcatggaa aggctgtagt tgttcacctg cccaagaact aggaggtctg 4260
gggtgggaga gtcagcctgce tctggatgcet gaaagaatgt ctgtttttcece ttttagaaag 4320
ttecctgtgat gtcaagctgg tcgagaaaag ctttgaaaca ggtaagacag gggtctagcece 4380
tgggtttgca caggattgcg gaagtgatga acccgcaata accctgcecctg gatgagggag 4440
tgggaagaaa ttagtagatg tgggaatgaa tgatgaggaa tggaaacagc ggttcaagac 4500
ctgcccagag ctgggtgggg tcetctectga atcecctcetca ccatctcectga ctttecatte 4560
taagcacttt gaggatgagt ttctagcttc aatagaccaa ggactctcte ctaggcctct 4620
gtattccttt caacagctce actgtcaaga gagccagaga gagcttcectgg gtggcccage 4680
tgtgaaattt ctgagtccct tagggatagce cctaaacgaa ccagatcatc ctgaggacag 4740
ccaagaggtt ttgccttcectt tcaagacaag caacagtact cacataggct gtgggcaatg 4800
gtcetgtete tcaagaatce cctgccactce ctcacaccca ccctgggecce atattcattt 4860
ccatttgagt tgttcttatt gagtcatcct tcctgtggta gcggaactca ctaaggggcce 4920
catctggacc cgaggtattg tgatgataaa ttctgagcac ctaccccatce cccagaaggg 4980
ctcagaaata aaataagagc caagtctagt cggtgtttcce tgtcttgaaa cacaatactg 5040
ttggcectgg aagaatgcac agaatctgtt tgtaagggga tatgcacaga agctgcaagg 5100
gacaggaggt gcaggagctg caggectcce ccacccagec tgctctgect tggggaaaac 5160
cgtgggtgtg tecctgcagge catgcaggcce tgggacatgce aagcccataa ccgetgtggce 5220
ctcttggttt tacagatacg aacctaaact ttcaaaacct gtcagtgatt gggttccgaa 5280
tcetectect gaaagtggece gggtttaatce tgctcatgac getgcggcectg tggtcecaget 5340
gaggtgaggg gccttgaage tgggagtggg gtttagggac gcegggtctcect gggtgcatcce 5400
taagctctga gagcaaacct ccctgcaggg tcttgctttt aagtccaaag cctgagccca 5460
ccaaactctc ctacttctte ctgttacaaa ttcctcecttgt gcaataataa tggcctgaaa 5520
cgctgtaaaa tatcctcatt tcagccgect cagttgcact tcectceccecctat gaggtaggaa 5580
gaacagttgt ttagaaacga agaaactgag gccccacage taatgagtgg aggaagagag 5640
acacttgtgt acaccacatg ccttgtgttg tacttctcetc accgtgtaac ctecctcatgt 5700
cctetetece cagtacgget ctettagcecte agtagaaaga agacattaca ctcatattac 5760
accccaatce tggctagagt cteccgcacce tcectececca gggteccccag tegtettget 5820
gacaactgca tcctgttcca tcaccatcaa aaaaaaactc caggctgggt gcgggggcetce 5880
acacctgtaa tcccagcact ttgggaggca gaggcaggag gagcacagga gctggagacce 5940
agcctgggcea acacagggag accccgecte tacaaaaagt gaaaaaatta accaggtgtg 6000
gtgctgcaca cctgtagtce cagctactta agaggctgag atgggaggat cgcttgagece 6060
ctggaatgtt gaggctacaa tgagctgtga ttgcgtcact gcactccage ctggaagaca 6120
aagcaagatc ctgtctcaaa taataaaaaa aataagaact ccagggtaca tttgctccta 6180

gaactctacc acatagccce aaacagagcc atcaccatca catccctaac agtcctgggt 6240
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cttcctecagt gtccagcectg acttetgtte ttectcatte cagatctgca agattgtaag 6300
acagcctgtg ctcecteget ccecttectetg cattgecect cttcetececcte tecaaacaga 6360
gggaactcte ctacccccaa ggaggtgaaa gctgctacca cctetgtgec cecccggeaa 6420
tgccaccaac tggatcctac ccgaatttat gattaagatt gctgaagagce tgccaaacac 6480
tgctgccace ccectetgtte cecttattgcet gcecttgtcact gectgacatt cacggcagag 6540
gcaaggctge tgcagcctce cctggetgtg cacattccecet cctgcetecceccece agagactgece 6600
tcegecatee cacagatgat ggatcttcag tgggttetet tgggctctag gtecctgcaga 6660
atgttgtgag gggtttattt ttttttaata gtgttcataa agaaatacat agtattcttc 6720
ttctcaagac gtggggggaa attatctcat tatcgaggcce ctgctatget gtgtatctgg 6780
gcgtgttgta tgtecctgetg ccgatgectt ¢ 6811
<210> SEQ ID NO 123

<211> LENGTH: 6040

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 123

cagcagctgyg cgtaatageg aagaggccecg caccgatcge cettceccecaac agttgegeag 60
cctgaatgge gaatggaatt ccagacgatt gagcgtcaaa atgtaggtat ttccatgage 120
gttttteetyg ttgcaatgge tggeggtaat attgttetgg atattaccag caaggecgat 180
agtttgagtt cttctactca ggcaagtgat gttattacta atcaaagaag tattgcgaca 240
acggttaatt tgcgtgatgg acagactett ttacteggtg gectcactga ttataaaaac 300
acttctcagg attctggegt accgttectg tctaaaatece ctttaategg cctectgttt 360
agctcceget ctgattctaa cgaggaaage acgttatacg tgctcgtcaa agcaaccata 420

gtacgegece tgtageggeg cattaagege ggcegggtgtg gtggttacge geagegtgac 480

cgctacactt gccagegece tagcgeccge tecttteget ttettecett cctttetege 540
cacgttcegee ggetttecce gtcaagetcet aaatceggggyg ctecectttag ggttecgatt 600
tagtgcttta cggcacctcg accccaaaaa acttgattag ggtgatggtt cacgtagtgg 660
gecatcgecee tgatagacgg tttttegece tttgacgttyg gagtccacgt tcetttaatag 720
tggactcttyg ttccaaactg gaacaacact caaccctate teggtctatt cttttgattt 780
ataagggatt ttgccgattt cggcctattg gttaaaaaat gagctgattt aacaaaaatt 840
taacgcgaat tttaacaaaa tattaacgct tacaatttaa atatttgctt atacaatctt 900
cctgtttttg gggcttttet gattatcaac cggggtacat atgattgaca tgctagtttt 960

acgattaccg ttcatcgecce tgcgegetceg ctegectcact gaggccgceee gggcaaagcce 1020

cgggegtegyg gcgacctttyg gtegecegge ctecagtgage gagegagege gcagagaggg 1080

agtggaattc acgcgtgata tccagaacce tgaccctgece gtgtaccage tgagagactce 1140

taaatccagt gacaagtctg tcectgcectatt caccgatttt gattctcaaa caaatgtgtce 1200

acaaagtaag gattctgatg tgcatatcac agacaaaact gtgctagaca tgaggtctat 1260

ggacttcaag agcaacagtg ctgtggcctg gagcaactag tgggcggagt tagggcggag 1320

ccaatcagcg tgcgeccgtte cgaaagttge cttttatgge tgggcggaga atgggceggtg 1380
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aacgccgatg attatataag gacgcgccgg gtgtggcaca gcectagttceg tegcageecgg 1440
gatttgggtc geggttecttg tttgttececgg aaagccacca tggcgcteccce agtgacagece 1500
ttacttttac ctctggcgtt attattgcac gcggctegtce ctgacataca gatgactcag 1560
actacctett cecctatctge ttetttagge gaccgagtaa caatatcttg ccgggccagce 1620
caggacatct caaaatactt aaactggtat cagcagaagc cggacggaac agttaagttg 1680
ctcatttacc acacgtcgag attacactca ggcgttecta geccgatttte gggttceecggt 1740
tceggtacgg actacagect gacaatcagt aaccttgagce aggaggacat cgccacctac 1800
ttectgtcage agggcaacac gctcccgtac acattcggtg ggggaactaa gctggagatt 1860
accggaggcg gtggcagegg tggeggegge agegggggtg geggetcgga ggtcaagtta 1920
caggagagcg gaccgggcett ggtcgcacct agccagagcce tcectcagtcac gtgcactgtg 1980
tctggagtca gtctecccaga ctacggggta tcatggatac gacagccgece tagaaagggce 2040
ttagagtggc tgggggttat ctggggaagt gaaaccacat actacaactc agctctcaag 2100
agccgectca ccatcattaa ggacaacagt aagtcgcagg ttttcttaaa gatgaactct 2160
ctccagactg acgacaccgce tatttactac tgcgcgaagce actactacta cggcgggagt 2220
tacgcaatgg actactgggg tcagggcact tctgtgaccg tatccagcac tactacccca 2280
gcceccacgte ccecccacgcee agctccaacg atagcaagtce agcccttatce tcettegecect 2340
gaggcttgea ggcccgegge gggeggcegece gttcacacge gaggactaga cttegectge 2400
gacatctaca tctgggcacc actagcceggg acttgcggag tgttgttgtt gagecttggta 2460
ataacgctct actgcaagceg tgggagaaag aagctcttgt acattttcaa gcagccattce 2520
atgcgteceg ttcagacgac tcaggaggag gacggctgcet cgtgccgatt ccecggaggag 2580
gaggagggcg gttgcgaact cagagtgaag ttctctcecget ccgcggacgce acccgcttac 2640
cagcagggte agaaccagct atacaacgag ttaaacctgg ggcgccggga ggagtacgac 2700
gtgttagaca agcgtagagg tagggacccg gagatgggag gcaagcectcg gagaaagaac 2760
ccecaggagg gectgtacaa cgaactccag aaggacaaga tggctgagge gtactcggag 2820
attggtatga agggcgagag acgtcgcgga aagggacacg acggcttata ccaggggcett 2880
tccaccgega ccaaggacac atacgacgeg ctgcacatge aagecttacce acctcecgatga 2940
taagatacat tgatgagttt ggacaaacca caactagaat gcagtgaaaa aaatgcttta 3000
tttgtgaaat ttgtgatgct attgctttat ttgtaaccat tataagctgc aataaacaag 3060
ttctagagca acaaatctga ctttgcatgt gcaaacgcct tcaacaacag cattattcca 3120
gaagacacct tcttccccag cccaggtaag ggcagcectttyg gtgecttege aggetgttte 3180
cttgcttcag gaatggccag gttctgecca gagetctggt caatgatgtce taaaactcect 3240
ctgattgcaa ttgcctctet gegecgcetcecge tcegetcactg aggccgcecceg ggcaaagccce 3300
gggegteggyg cgacctttgg tcegeccggece tcagtgageg agegagegeg cagagaggga 3360
gtggccaacc ccggcgatte tcecttgtttge tccagactcet caggcaatga cctgatagece 3420
tttgtacctg caggtctcaa aaatagctac cctcectcececgge atgaatttat cagctagaac 3480
ggttgaatat catattgatg gtgatttgac tgtctccgge ctttctcacc cgtttgaatce 3540
tttacctaca cattactcag gcattgcatt taaaatatat gagggttcta aaaattttta 3600

tcettgegtt gaaataaagg cttctceccge aaaagtatta cagggtcata atgtttttgg 3660
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tacaaccgat ttagctttat gctctgaggce tttattgett aattttgcta attctttgece 3720
ttgcctgtat gatttattgg atgttggaat tcctgatgeg gtattttcte cttacgcatce 3780
tgtgcggtat ttcacaccgc atatggtgca ctctcagtac aatctgctcet gatgcecgcat 3840
agttaagcca gccccgacac ccgccaacac cegetgacge gecctgacgyg gettgtetge 3900
tceeggcecate cgcttacaga caagctgtga ccgtcectecegg gagctgcatg tgtcagaggt 3960
tttcaccgtce atcaccgaaa cgcgcgagac gaaagggcect cgtgatacgce ctatttttat 4020
aggttaatgt catgataata atggtttctt agacgtcagg tggcactttt cggggaaatg 4080
tgcgcggaac ccctatttgt ttatttttct aaatacattc aaatatgtat ccgctcatga 4140
gacaataacc ctgataaatg cttcaataat attgaaaaag gaagagtatg agtattcaac 4200
atttcegtgt cgcccttatt ceccttttttg cggcattttg ccttectgtt tttgctcace 4260
cagaaacgct ggtgaaagta aaagatgctg aagatcagtt gggtgcacga gtgggttaca 4320
tcgaactgga tctcaacagce ggtaagatcce ttgagagttt tcgccccgaa gaacgtttte 4380
caatgatgag cacttttaaa gttctgctat gtggcgeggt attatcccgt attgacgecg 4440
ggcaagagca actcggtcge cgcatacact attctcagaa tgacttggtt gagtactcac 4500
cagtcacaga aaagcatctt acggatggca tgacagtaag agaattatgc agtgctgcca 4560
taaccatgag tgataacact gcggccaact tacttctgac aacgatcgga ggaccgaagg 4620
agctaaccgce ttttttgcac aacatggggg atcatgtaac tcgccttgat cgttgggaac 4680
cggagctgaa tgaagccata ccaaacgacg agegtgacac cacgatgect gtagcaatgg 4740
caacaacgtt gcgcaaacta ttaactggcg aactacttac tctagcttcce cggcaacaat 4800
taatagactg gatggaggcg gataaagttg caggaccact tctgcgcteg gecctteecgg 4860
ctggctggtt tattgctgat aaatctggag ccggtgageg tgggtctcge ggtatcattg 4920
cagcactggg gccagatggt aagccctcce gtatcgtagt tatctacacg acggggagtce 4980
aggcaactat ggatgaacga aatagacaga tcgctgagat aggtgcctca ctgattaagc 5040
attggtaact gtcagaccaa gtttactcat atatacttta gattgattta aaacttcatt 5100
tttaatttaa aaggatctag gtgaagatcc tttttgataa tctcatgacc aaaatccctt 5160
aacgtgagtt ttcgttccac tgagcgtcag accccgtaga aaagatcaaa ggatcttcett 5220
gagatccttt ttttctgcge gtaatctgcet gecttgcaaac aaaaaaacca ccgctaccag 5280
cggtggtttg tttgccggat caagagctac caactctttt tccgaaggta actggcttca 5340
gcagagcgca gataccaaat actgtccttce tagtgtagcec gtagttaggce caccacttca 5400
agaactctgt agcaccgcct acatacctcg ctcectgctaat cctgttacca gtggetgetg 5460
ccagtggcga taagtcgtgt cttaccgggt tggactcaag acgatagtta ccggataagg 5520
cgcageggte gggctgaacg gggggttegt geacacagece cagettggag cgaacgacct 5580

acaccgaact gagataccta cagcgtgage tatgagaaag cgccacgett cccgaaggga 5640

gaaaggcgga caggtatceg gtaageggca gggtceggaac aggagagcegce acgagggagce 5700

ttccaggggg aaacgcctgg tatctttata gteectgtegg gtttegceccac ctectgacttg 5760

agcgtcgatt tttgtgatge tcegtcagggg ggcggagect atggaaaaac gcecagcaacg 5820

cggccttttt acggttcetg gecttttgcet ggecttttge tcacatgtte tttectgegt 5880

tatccectga ttcectgtggat aaccgtatta ccgectttga gtgagctgat accgctcegece 5940
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gcagccgaac gaccgagcege agcgagtcag tgagcgagga agcggaagag cgeccaatac 6000

gcaaaccgcec tcecteccegeg cgttggecga ttcattaatg 6040

<210> SEQ ID NO 124

<211> LENGTH: 8342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 124

cagcagctgyg cgtaatageg aagaggccecg caccgatcge cettceccecaac agttgegeag 60
cctgaatgge gaatggaatt ccagacgatt gagcgtcaaa atgtaggtat ttccatgage 120
gttttteetyg ttgcaatgge tggeggtaat attgttetgg atattaccag caaggecgat 180
agtttgagtt cttctactca ggcaagtgat gttattacta atcaaagaag tattgcgaca 240
acggttaatt tgcgtgatgg acagactett ttacteggtg gectcactga ttataaaaac 300
acttctcagg attctggegt accgttectg tctaaaatece ctttaategg cctectgttt 360
agctcceget ctgattctaa cgaggaaage acgttatacg tgctcgtcaa agcaaccata 420

gtacgegece tgtageggeg cattaagege ggcegggtgtg gtggttacge geagegtgac 480

cgctacactt gccagegece tagcgeccge tecttteget ttettecett cctttetege 540
cacgttcegee ggetttecce gtcaagetcet aaatceggggyg ctecectttag ggttecgatt 600
tagtgcttta cggcacctcg accccaaaaa acttgattag ggtgatggtt cacgtagtgg 660
gecatcgecee tgatagacgg tttttegece tttgacgttyg gagtccacgt tcetttaatag 720
tggactcttyg ttccaaactg gaacaacact caaccctate teggtctatt cttttgattt 780
ataagggatt ttgccgattt cggcctattg gttaaaaaat gagctgattt aacaaaaatt 840
taacgcgaat tttaacaaaa tattaacgtt tacaatttaa atatttgctt atacaatctt 900
cctgtttttg gggcttttet gattatcaac cggggtacat atgattgaca tgctagtttt 960

acggcgegece gggttggeca ctecctetet gecgegcectege tegctcactg aggccgggcyg 1020
accaaaggtce gcccgacgcece cgggcetttge cegggeggece tcagtgageyg agcgagegeg 1080
cagagaggga gtggccaact ccatcactag gggttcctac gecgtagatct catattcectgg 1140
cagggtcagt ggctccaact aacatttgtt tggtacttta cagtttatta aatagatgtt 1200
tatatggaga agctctcatt tcetttcectcag aagagcctgg ctaggaaggt ggatgaggca 1260
ccatattcat tttgcaggtg aaattcctga gatgtaagga gctgctgtga cttgctcaag 1320
gccttatate gagtaaacgg tagcgctggg gcttagacge aggtgttctg atttatagtt 1380
caaaacctct atcaatgaga gagcaatctc ctggtaatgt gatagatttc ccaacttaat 1440
gccaacatac cataaacctc ccattctget aatgcccage ctaagttggg gagaccactce 1500
cagattccaa gatgtacagt ttgctttgct gggeccttttt cccatgcecctg ccectttactcet 1560
gccagagtta tattgctggg gttttgaaga agatcctatt aaataaaaga ataagcagta 1620
ttattaagta gccctgcatt tcaggtttce ttgagtggca ggccaggcct ggccgtgaac 1680
gttcactgaa atcatggcct cttggccaag attgataget tgtgcectgtce cctgagtecce 1740
agtccatcac gagcagctgg tttctaagat gctatttceccce gtataaagca tgagaccgtg 1800

acttgccagce cccacagagc cccgececttg tcecatcactg gecatctggac tecagectgg 1860
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gttggggcaa agagggaaat gagatcatgt cctaaccctg atcctcecttgt cccacagata 1920
tccagaaccce tgaccctgece gtgtaccage tgagagactc taaatccagt gacaagtctg 1980
tctgectatt caccgatttt gattctcaaa caaatgtgtc acaaagtaag gattctgatg 2040
tgtatatcac agacaaaact gtgctagaca tgaggtctat ggacttcaag agcaacagtg 2100
ctgtggcectg gagcaactag tcaatattgg ccattagcca tattattcat tggttatata 2160
gcataaatca atattggcta ttggccattg catacgttgt atctatatca taatatgtac 2220
atttatattg gctcatgtcc aatatgaccg ccatgttggce attgattatt gaccagttat 2280
taatagtaat caattacggg gtcattagtt catagcccat atatggagtt ccgcgttaca 2340
taacttacgg taaatggccc gectggctga ccgecccaacg acccccgcecece attgacgtca 2400
ataatgacgt atgttcccat agtaacgcca atagggactt tccattgacg tcaatgggtg 2460
gagtatttac ggtaaactgc ccacttggca gtacatcaag tgtatcataa tccaagtcecg 2520
cceectattg acgtcaatga cggtaaatgg ccecgectgge attatgccca gtacatgacce 2580
ttacgggact ttcctacttg gcagtacatc tacgtattag tcatcgctat taccatgatg 2640
atgcggtttt ggcagtacac caatgggcgt ggatagcggt ttgactcacg gggatttcca 2700
agtctccacce ccattgacgt caatgggagt ttgttttggc accaaaatca acgggacttt 2760
ccaaaatgtc gtaataaccc cgcccegttg acgcaaatgg gecggtaggeg tgtacggtgg 2820
gaggtctata taagcagagc tcgtttagtg aaccgtcaga tcactagaag ctttattgeg 2880
gtagtttatc acagttaaat tgctaacgca gtcagtgctt ctgacacaac agtctcgaac 2940
ttaagctgca gaagttggtc gtgaggcact gggcaggtaa gtatcaaggt tacaagacag 3000
gtttaaggag accaatagaa actgggcttg tcgagacaga gaagactctt gcgtttcectga 3060
taggcaccta ttggtcttac tgacatccac tttgccttte tcectceccacagg tgtccactcece 3120
cagttcaatt acagctctta aggctagagt acttaatacg actcactata ggccaccatg 3180
gcgetcecccag tgacagectt acttttacct ctggegttat tattgcacgce ggctegtect 3240
gacatacaga tgactcagac tacctcttcc ctatctgctt ctttaggcga ccgagtaaca 3300
atatcttgcce gggccagcca ggacatctca aaatacttaa actggtatca gcagaagccg 3360
gacggaacag ttaagttgct catttaccac acgtcgagat tacactcagg cgttcctage 3420
cgattttcgg gttceceggtte cggtacggac tacagcctga caatcagtaa ccttgagcag 3480
gaggacatcg ccacctactt ctgtcagcag ggcaacacgc tcccgtacac atteggtggg 3540
ggaactaagce tggagattac cggaggcggt ggcageggtyg geggceggcag cgggggtgge 3600
ggcteggagyg tcaagttaca ggagagcgga ccgggcttgg tegcacctag ccagagecte 3660
tcagtcacgt gcactgtgtc tggagtcagt ctcccagact acggggtatc atggatacga 3720
cagccgecta gaaagggcett agagtggctg ggggttatct ggggaagtga aaccacatac 3780
tacaactcag ctctcaagag ccgcctcacce atcattaagg acaacagtaa gtcgcaggtt 3840
ttcttaaaga tgaactctcet ccagactgac gacaccgcta tttactactg cgcgaagcac 3900
tactactacg gcgggagtta cgcaatggac tactggggtc agggcacttc tgtgaccgta 3960
tccagcacta ctaccccage cccacgtecece cecacgcecag ctcecaacgat agcaagtcag 4020
ccettatete ttecgecctga ggcttgcagg ccegeggegg geggcgcecgt tcacacgcega 4080

ggactagact tcgcctgcga catctacatc tgggcaccac tagccgggac ttgcggagtg 4140
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ttgttgttga gcttggtaat aacgctctac tgcaagcecgtg ggagaaagaa gctcttgtac 4200
attttcaagc agccattcat gecgtccegtt cagacgactc aggaggagga cggctgctceg 4260
tgccgattcece cggaggagga ggagggcggt tgcgaactca gagtgaagtt ctcetcegetcece 4320
geggacgcac ccgettacca gcagggtcag aaccagetat acaacgagtt aaacctgggg 4380
cgecgggagg agtacgacgt gttagacaag cgtagaggta gggacccgga gatgggagge 4440
aagcctcegga gaaagaaccce ccaggagggce ctgtacaacyg aactccagaa ggacaagatg 4500
gectgaggegt actcggagat tggtatgaag ggcgagagac gtcgcggaaa gggacacgac 4560
ggcttatace aggggcttte caccgcgacce aaggacacat acgacgcegcet gcacatgcaa 4620
gccttaccac ctcecgatgagg taccagceggce cgcttcgage agacatgata agatacattg 4680
atgagtttgg acaaaccaca actagaatgc agtgaaaaaa atgctttatt tgtgaaattt 4740
gtgatgctat tgctttattt gtaaccatta taagctgcaa taaacaagtt aacaacaaca 4800
attcgaattt aaatcggatc cgcaacaaat ctgactttgc atgtgcaaac gccttcaaca 4860
acagcattat tccagaagac accttcttce ccagcccagg taagggcagce tttggtgect 4920
tcgcaggetg tttecttget tcaggaatgg ccaggttetg cccagagctce tggtcaatga 4980
tgtctaaaac tcctcectgatt ggtggtctcecg gceccttatceca ttgccaccaa aaccctettt 5040
ttactaagaa acagtgagcc ttgttctgge agtccagaga atgacacggg aaaaaagcag 5100
atgaagagaa ggtggcagga gagggcacgt ggcccagcect cagtctctece aactgagttce 5160
ctgcctgect gectttgete agactgtttg cceccttactg ctettcectagg cctcattceta 5220
agcccecettet ccaagttgec tetecttatt tcetecctgte tgccaaaaaa tettteccag 5280
ctcactaagt cagtctcacg cagtcactca ttaacccacc aatcactgat tgtgccggca 5340
catgaatgca ccaggtgttg aagtggagga attaaaaagt cagatgaggg gtgtgcccag 5400
aggaagcacc attctagttg ggggagccca tctgtcaget gggaaaagtce caaataactt 5460
cagattggaa tgtgttttaa ctcagggttg agaaaacagc caccttcagg acaaaagtca 5520
gggaagggct ctctgaagaa atgctacttg aagataccag ccctaccaag ggcagggaga 5580
ggaccaattg atggagttgg ccactccctce tcectgegeget cgectcegectca ctgaggecgce 5640
ccgggcaaag cccgggegte gggcgacctt tggtegeceyg gectcagtga gcgagegage 5700
gegcagagag ggagtggcca acggegegece tgcaggtcte aaaaataget accctctecg 5760
gcatgaattt atcagctaga acggttgaat atcatattga tggtgatttg actgtctcecg 5820
gcctttecteca cececgtttgaa tcetttaccta cacattactce aggcattgca tttaaaatat 5880
atgagggttc taaaaatttt tatccttgcg ttgaaataaa ggcttctcce gcaaaagtat 5940
tacagggtca taatgttttt ggtacaaccg atttagcttt atgctctgag gcectttattgce 6000
ttaattttgc taattctttg ccttgcctgt atgatttatt ggatgttgga attcctgatg 6060
cggtattttc teccttacgca tcetgtgeggt atttcacacc gcatatggtg cactctcagt 6120
acaatctgcet ctgatgeccge atagttaage cagccccgac acccgccaac acccgetgac 6180
gcgeectgac gggcettgtcet gcteccggeca tceccgecttaca gacaagctgt gaccgtcetece 6240
gggagctgca tgtgtcagag gttttcaccg tcatcaccga aacgcgcgag acgaaagggce 6300
ctcgtgatac gectattttt ataggttaat gtcatgataa taatggtttc ttagacgtca 6360

ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt ctaaatacat 6420
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tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata atattgaaaa 6480
aggaagagta tgagtattca acatttccgt gtcgccctta ttccecttttt tgcggcattt 6540
tgccttectg tttttgcteca cccagaaacyg ctggtgaaag taaaagatgce tgaagatcag 6600
ttgggtgcac gagtgggtta catcgaactg gatctcaaca gcggtaagat ccttgagagt 6660
tttcgeecceg aagaacgttt tceccaatgatg agcactttta aagttctget atgtggecgeg 6720
gtattatccc gtattgacgce cgggcaagag caactcggtc gecgcataca ctattctceag 6780
aatgacttgg ttgagtactc accagtcaca gaaaagcatc ttacggatgg catgacagta 6840
agagaattat gcagtgctgc cataaccatg agtgataaca ctgcggccaa cttacttctg 6900
acaacgatcg gaggaccgaa ggagctaacc gcttttttge acaacatggg ggatcatgta 6960
actcgecttg atcgttggga accggagctg aatgaagcca taccaaacga cgagcgtgac 7020
accacgatgc ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg cgaactactt 7080
actctagett cccggcaaca attaatagac tggatggagg cggataaagt tgcaggacca 7140
cttctgeget cggcecttec ggctggetgg tttattgetg ataaatctgg agccggtgag 7200
cgtgggtecte gecggtatcat tgcagcactg gggccagatg gtaagcccte ccgtatcegta 7260
gttatctaca cgacggggag tcaggcaact atggatgaac gaaatagaca gatcgctgag 7320
ataggtgcct cactgattaa gcattggtaa ctgtcagacc aagtttactc atatatactt 7380
tagattgatt taaaacttca tttttaattt aaaaggatct aggtgaagat cctttttgat 7440
aatctcatga ccaaaatccc ttaacgtgag ttttecgttecce actgagcecgtce agaccccgta 7500
gaaaagatca aaggatcttc ttgagatcct ttttttctge gegtaatctg ctgcttgcaa 7560
acaaaaaaac caccgctacc agcggtggtt tgtttgceccegg atcaagagct accaactcectt 7620
tttccgaagg taactggett cagcagagcg cagataccaa atactgtcct tcectagtgtag 7680
ccgtagttag gceccaccactt caagaactct gtagcaccge ctacatacct cgctctgceta 7740
atcctgttac cagtggctge tgccagtgge gataagtegt gtcttaccgg gttggactca 7800
agacgatagt taccggataa ggcgcagegg tegggctgaa cggggggtte gtgcacacag 7860
cccagettgg agcgaacgac ctacaccgaa ctgagatacce tacagcegtga gctatgagaa 7920
agcgecacge ttcccgaagg gagaaaggeg gacaggtate cggtaagegyg cagggtcgga 7980
acaggagagc gcacgaggga gcttccaggg ggaaacgcect ggtatcttta tagtcctgte 8040
gggtttcgece acctctgact tgagecgtecga tttttgtgat getecgtcagg ggggcggagce 8100
ctatggaaaa acgccagcaa cgcggcecttt ttacggttecce tggccttttg ctggectttt 8160
gctcacatgt tectttectge gttatccect gattectgtgg ataaccgtat taccgecttt 8220
gagtgagctyg ataccgcteg ccgcagecga acgaccgage geagcgagtce agtgagcgag 8280
gaagcggaag agcgcccaat acgcaaaccg cctctecceg cgegttggec gattcattaa 8340

ty 8342
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cagcagctgg cgtaatagcg aagaggcccg caccgatcge ccttcccaac agttgegeag 60
cctgaatgge gaatggaatt ccagacgatt gagcgtcaaa atgtaggtat ttccatgagce 120
gtttttectyg ttgcaatgge tggcggtaat attgttctgg atattaccag caaggccgat 180
agtttgagtt cttctactca ggcaagtgat gttattacta atcaaagaag tattgcgaca 240
acggttaatt tgcgtgatgg acagactctt ttactecggtg gcctcactga ttataaaaac 300
acttctcagg attctggegt accgttcctg tctaaaatcc ctttaatcgg cctectgttt 360
agctccceget ctgattctaa cgaggaaagce acgttatacg tgctcgtcaa agcaaccata 420

gtacgegece tgtageggeg cattaagege ggcegggtgtg gtggttacge geagegtgac 480

cgctacactt gccagegece tagcgeccge tecttteget ttettecett cctttetege 540
cacgttcegee ggetttecce gtcaagetcet aaatceggggyg ctecectttag ggttecgatt 600
tagtgcttta cggcacctcg accccaaaaa acttgattag ggtgatggtt cacgtagtgg 660
gecatcgecee tgatagacgg tttttegece tttgacgttyg gagtccacgt tcetttaatag 720
tggactcttyg ttccaaactg gaacaacact caaccctate teggtctatt cttttgattt 780
ataagggatt ttgccgattt cggcctattg gttaaaaaat gagctgattt aacaaaaatt 840
taacgcgaat tttaacaaaa tattaacgtt tacaatttaa atatttgctt atacaatctt 900
cctgtttttg gggcttttet gattatcaac cggggtacat atgattgaca tgctagtttt 960

acggcgegece gggttggeca ctecctetet gecgegcectege tegctcactg aggccgggcyg 1020
accaaaggtce gcccgacgcece cgggcetttge cegggeggece tcagtgageyg agcgagegeg 1080
cagagaggga gtggccaact ccatcactag gggttcctac gecgtagatct catattcectgg 1140
cagggtcagt ggctccaact aacatttgtt tggtacttta cagtttatta aatagatgtt 1200
tatatggaga agctctcatt tcetttcectcag aagagcctgg ctaggaaggt ggatgaggca 1260
ccatattcat tttgcaggtg aaattcctga gatgtaagga gctgctgtga cttgctcaag 1320
gccttatate gagtaaacgg tagcgctggg gcttagacge aggtgttctg atttatagtt 1380
caaaacctct atcaatgaga gagcaatctc ctggtaatgt gatagatttc ccaacttaat 1440
gccaacatac cataaacctc ccattctget aatgcccage ctaagttggg gagaccactce 1500
cagattccaa gatgtacagt ttgctttgct gggeccttttt cccatgcecctg ccectttactcet 1560
gccagagtta tattgctggg gttttgaaga agatcctatt aaataaaaga ataagcagta 1620
ttattaagta gccctgcatt tcaggtttce ttgagtggca ggccaggcct ggccgtgaac 1680
gttcactgaa atcatggcct cttggccaag attgataget tgtgcectgtce cctgagtecce 1740
agtccatcac gagcagctgg tttctaagat gctatttceccce gtataaagca tgagaccgtg 1800
acttgccagce cccacagagc cccgececttg tcecatcactg gecatctggac tecagectgg 1860
gttggggcaa agagggaaat gagatcatgt cctaaccctg atcctcecttgt cccacagata 1920
tccagaaccce tgaccctgece gtgtaccage tgagagactc taaatccagt gacaagtctg 1980
tctgectatt caccgatttt gattctcaaa caaatgtgtc acaaagtaag gattctgatg 2040
tgtatatcac agacaaaact gtgctagaca tgaggtctat ggacttcaag agcaacagtg 2100
ctgtggcectg gagcaactag tgggcggagt tagggcggag ccaatcagceg tgcgecgtte 2160
cgaaagttgce cttttatggc tgggcggaga atgggcggtg aacgccgatg attatataag 2220

gacgcgcegg gtgtggcaca gctagttceceg tcgcagcecgg gatttgggtce gecggttettyg 2280
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tttgtteccgg aaagccacca tggcgctcecce agtgacagec ttacttttac ctetggegtt 2340
attattgcac gcggctcecgte ctgacataca gatgactcag actacctctt cecctatctgce 2400
ttectttagge gaccgagtaa caatatcttg ccgggccagce caggacatct caaaatactt 2460
aaactggtat cagcagaagc cggacggaac agttaagttg ctcatttacc acacgtcgag 2520
attacactca ggcgttccta gecgatttte gggttceggt tccggtacgg actacagect 2580
gacaatcagt aaccttgagc aggaggacat cgccacctac ttctgtcagc agggcaacac 2640
gctececgtac acattcggtg ggggaactaa gctggagatt accggaggcg gtggcagcegyg 2700
tggcggegge agcegggggtyg geggctegga ggtcaagtta caggagageyg gaccgggcett 2760
ggtcgcacct agccagagcce tctcagtcac gtgcactgtg tetggagtca gtctcecccaga 2820
ctacggggta tcatggatac gacagccgcce tagaaagggce ttagagtggce tgggggttat 2880
ctggggaagt gaaaccacat actacaactc agctctcaag agccgcctca ccatcattaa 2940
ggacaacagt aagtcgcagg ttttcttaaa gatgaactct ctccagactg acgacaccgce 3000
tatttactac tgcgcgaagc actactacta cggcgggagt tacgcaatgg actactgggg 3060
tcagggcact tctgtgaccg tatccagcac tactacccca geccccacgte cccccacgcece 3120
agctccaacg atagcaagtc agcccttatce tcttegeect gaggcttgca ggcccgeggce 3180
gggcggcgece gttcacacge gaggactaga cttcgectge gacatctaca tctgggcacce 3240
actagcceggg acttgcggag tgttgttgtt gagettggta ataacgctcect actgcaagceg 3300
tgggagaaag aagctcttgt acattttcaa gcagccattc atgcgtcccg ttcagacgac 3360
tcaggaggag gacggctgcet cgtgccgatt ceecggaggag gaggagggeyg gttgcgaact 3420
cagagtgaag ttctctcget ccgcggacgce acccgcttac cagcagggtce agaaccagct 3480
atacaacgag ttaaacctgg ggcgccggga ggagtacgac gtgttagaca agcgtagagg 3540
tagggacceg gagatgggag gcaagcectcg gagaaagaac ccccaggagyg gcectgtacaa 3600
cgaactccag aaggacaaga tggctgagge gtactceggag attggtatga agggcgagag 3660
acgtcgegga aagggacacg acggcttata ccaggggcett tcecaccgega ccaaggacac 3720
atacgacgcg ctgcacatgc aagccttacce acctcgatga ggtaccagceg gecgcttega 3780
gcagacatga taagatacat tgatgagttt ggacaaacca caactagaat gcagtgaaaa 3840
aaatgcttta tttgtgaaat ttgtgatgct attgctttat ttgtaaccat tataagctgc 3900
aataaacaag ttaacaacaa caattcgaat ttaaatcgga tccgcaacaa atctgacttt 3960
gcatgtgcaa acgccttcaa caacagcatt attccagaag acaccttcett ccccagecca 4020
ggtaagggca gctttggtge cttegcagge tgtttecttg cttcaggaat ggccaggtte 4080
tgcccagage tctggtcaat gatgtctaaa actcecctcetga ttggtggtet cggecttatce 4140
cattgccacc aaaaccctcet ttttactaag aaacagtgag ccttgttctg gcagtccaga 4200
gaatgacacyg ggaaaaaagc agatgaagag aaggtggcag gagagggcac gtggcccagce 4260
ctcagtcectct ccaactgagt tecctgcectge ctgectttge tcagactgtt tgccccttac 4320
tgctctteta ggcectcatte taagccecctt ctceccaagttg cctcetectta tttetecctg 4380
tctgccaaaa aatctttcecec agctcactaa gtcagtctca cgcagtcact cattaaccca 4440
ccaatcactg attgtgccgg cacatgaatg caccaggtgt tgaagtggag gaattaaaaa 4500

gtcagatgag gggtgtgcce agaggaagca ccattctagt tgggggagcec catctgtceag 4560
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ctgggaaaag tccaaataac ttcagattgg aatgtgtttt aactcagggt tgagaaaaca 4620
gccaccttca ggacaaaagt cagggaaggg ctctctgaag aaatgctact tgaagatacc 4680
agccctacca agggcaggga gaggaccaat tgatggagtt ggccactccece tetcetgegeg 4740
ctegeteget cactgaggcece geccgggeaa ageccgggeyg tegggcegace tttggtegee 4800
cggectcagt gagcgagcga gegcgcagag agggagtgge caacggcegeyg cctgcaggte 4860
tcaaaaatag ctaccctcte cggcatgaat ttatcagcta gaacggttga atatcatatt 4920
gatggtgatt tgactgtctc cggcecctttcect caccecgtttg aatctttacc tacacattac 4980
tcaggcattg catttaaaat atatgagggt tctaaaaatt tttatccttg cgttgaaata 5040
aaggcttcecte ccgcaaaagt attacagggt cataatgttt ttggtacaac cgatttagcet 5100
ttatgctctg aggctttatt gettaatttt gctaattcett tgccttgcct gtatgattta 5160
ttggatgttg gaattcctga tgcggtattt tctecttacg catctgtgceg gtatttcaca 5220
ccgcatatgg tgcactctca gtacaatctg ctectgatgece gecatagttaa gccagccccg 5280
acacccgceca acacccgetg acgcgcecctg acgggcttgt ctgctecccgg catccgetta 5340
cagacaagct gtgaccgtcet ccgggagctg catgtgtcag aggttttcac cgtcatcacc 5400
gaaacgcgceg agacgaaagg gcctcecgtgat acgcctattt ttataggtta atgtcatgat 5460
aataatggtt tcttagacgt caggtggcac ttttcgggga aatgtgcgcg gaacccctat 5520
ttgtttattt ttctaaatac attcaaatat gtatccgctc atgagacaat aaccctgata 5580
aatgcttcaa taatattgaa aaaggaagag tatgagtatt caacatttcc gtgtcgccct 5640
tattccettt tttgcggcat tttgcecttce tgtttttget cacccagaaa cgctggtgaa 5700
agtaaaagat gctgaagatc agttgggtgc acgagtgggt tacatcgaac tggatctcaa 5760
cagcggtaag atccttgaga gttttcecgcce cgaagaacgt tttccaatga tgagcacttt 5820
taaagttctg ctatgtggcg cggtattatce ccgtattgac geccgggcaag agcaactcgg 5880
tcgccgecata cactattcte agaatgactt ggttgagtac tcaccagtca cagaaaagca 5940
tcttacggat ggcatgacag taagagaatt atgcagtgct gccataacca tgagtgataa 6000
cactgcggcece aacttacttce tgacaacgat cggaggaccg aaggagctaa ccgcetttttt 6060
gcacaacatg ggggatcatg taactcgecct tgatcgttgg gaaccggagc tgaatgaagce 6120
cataccaaac gacgagcgtg acaccacgat gectgtagea atggcaacaa cgttgcgcaa 6180
actattaact ggcgaactac ttactctagc ttcccggcaa caattaatag actggatgga 6240
ggcggataaa gttgcaggac cacttctgeg ctcecggeccctt ccggetgget ggtttattge 6300
tgataaatct ggagccggtg agecgtgggtce tcecgeggtatce attgcagcac tggggccaga 6360
tggtaagccce tcccegtateg tagttatcta cacgacgggg agtcaggcaa ctatggatga 6420
acgaaataga cagatcgctg agataggtgc ctcactgatt aagcattggt aactgtcaga 6480
ccaagtttac tcatatatac tttagattga tttaaaactt catttttaat ttaaaaggat 6540
ctaggtgaag atcctttttg ataatctcat gaccaaaatc ccttaacgtg agttttegtt 6600
ccactgagcg tcagacccceg tagaaaagat caaaggatct tcttgagatce ctttttttet 6660
gcgegtaate tgctgcttge aaacaaaaaa accaccgcta ccagceggtgg tttgtttgece 6720
ggatcaagag ctaccaactc tttttccgaa ggtaactggce ttcagcagag cgcagatacce 6780

aaatactgtc cttctagtgt agccgtagtt aggccaccac ttcaagaact ctgtagcacc 6840
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gcctacatac ctegcetectge taatcctgtt accagtgget getgccagtg gcgataagtce 6900
gtgtcttacc gggttggact caagacgata gttaccggat aaggcgcagc ggtcgggcetg 6960
aacggggggt tcgtgecacac ageccagett ggagegaacg acctacaccg aactgagata 7020
cctacagegt gagctatgag aaagcgecac getteccgaa gggagaaagg cggacaggta 7080
tceggtaage ggcagggteg gaacaggaga gegcacgagg gagettccag ggggaaacgce 7140
ctggtatctt tatagtcctg tegggtttcg ccacctetga cttgagegte gatttttgtg 7200
atgctcegtca ggggggcgga gcectatggaa aaacgccagce aacgcggcect ttttacggtt 7260
cctggecttt tgctggcectt ttgctcacat gttetttect gegttatcce ctgattetgt 7320
ggataaccgt attaccgcct ttgagtgagce tgataccget cgccgcagcec gaacgaccga 7380
gegcagegag tcagtgageg aggaagcegga agagcgccca atacgcaaac cgectctecc 7440
cgegegttgg ccgattcatt aatg 7464

1-69. (canceled)
70. A method for producing a genetically-modified human
T cell comprising a modified human TCR alpha constant
region gene, said method comprising:
(a) introducing into a human T cell an mRNA comprising
a first nucleic acid sequence encoding an engineered
nuclease,
wherein said engineered nuclease produces a cleavage site
at a recognition sequence within said human TCR alpha
constant region gene; and
(b) introducing into said human T cell a second nucleic
acid sequence comprising an exogenous polynucleotide
encoding a chimeric antigen receptor comprising an
extracellular ligand-binding domain, a transmembrane
domain, and one or more intracellular signaling
domains, or encoding an exogenous T cell receptor,
wherein said second nucleic acid sequence is introduced
by contacting said human T cell with a recombinant
adeno-associated virus (AAV) vector comprising said
second nucleic acid sequence;
wherein said second nucleic acid sequence comprises,
from 5' to 3"
(1) a 5' homology arm that is homologous to the 5'
upstream sequence flanking said cleavage site;
(ii) said exogenous polynucleotide; and
(iii) a 3' homology arm that is homologous to the 3'
downstream sequence flanking said cleavage site;
wherein the sequence of said exogenous polynucleotide is
inserted into said human TCR alpha constant region
gene at said cleavage site by homologous recombina-
tion,
and further wherein said genetically-modified human T
cell does not express an endogenous TCR on the cell
surface.
71. The method of claim 70, wherein said recombinant
AAV vector is a single-strand AAV vector.
72. The method of claim 70, wherein said recombinant
AAV vector has a serotype of AAV6.
73. The method of claim 70, wherein said recombinant
AAV vector has a serotype of AAV2.
74. The method of claim 70, wherein said engineered
nuclease is a recombinant meganuclease, a recombinant
zinc-finger nuclease (ZFN), a recombinant transcription

activator-like effector nuclease (TALEN), a CRISPR/Cas
nuclease, or a megaTAL nuclease.

75. The method of claim 74, wherein said engineered
nuclease is an engineered meganuclease.

76. The method of claim 75, wherein said recognition

sequence within said human TCR alpha constant region
gene consists of SEQ ID NO: 3.

77. The method of claim 76, wherein said exogenous
polynucleotide is inserted between nucleotides 13 and 14 of
SEQ ID NO: 3.

78. The method of claim 70, wherein said exogenous
polynucleotide comprises a promoter that drives expression
of said chimeric antigen receptor or said exogenous T cell
receptor.

79. The method of claim 70, wherein said recombinant
AAV vector is a single-strand AAV vector, and wherein said
recombinant AAV vector has a serotype of AAV6 or AAV2.

80. The method of claim 79, wherein said engineered
nuclease is a recombinant meganuclease, a recombinant
zinc-finger nuclease (ZFN), a recombinant transcription
activator-like effector nuclease (TALEN), a CRISPR/Cas
nuclease, or a megaTAL nuclease.

81. The method of claim 80, wherein said engineered
nuclease is an engineered meganuclease.

82. The method of claim 81, wherein said recognition
sequence within said human TCR alpha constant region
gene consists of SEQ ID NO: 3.

83. The method of claim 82, wherein said exogenous
polynucleotide is inserted between nucleotides 13 and 14 of
SEQ ID NO: 3.

84. The method of claim 70, wherein said recombinant
AAV vector is a single-strand AAV vector, and wherein said
recombinant AAV vector has a serotype of AAV6 or AAV2,
and wherein said exogenous polynucleotide comprises a
promoter that drives expression of said chimeric antigen
receptor or said exogenous T cell receptor.

85. The method of claim 84, wherein said engineered
nuclease is a recombinant meganuclease, a recombinant
zinc-finger nuclease (ZFN), a recombinant transcription
activator-like effector nuclease (TALEN), a CRISPR/Cas
nuclease, or a megaTAL nuclease.
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86. The method of claim 85, wherein said engineered
nuclease is an engineered meganuclease.

87. The method of claim 86, wherein said recognition
sequence within said human TCR alpha constant region
gene consists of SEQ ID NO: 3.

88. The method of claim 87, wherein said exogenous
polynucleotide is inserted between nucleotides 13 and 14 of
SEQ ID NO: 3.



