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Ehhancer/promoter interactions

Bromoter] _Gene =2 3’

Enhancer regulatory elements induce gene expression via looping

Inducing a DSB within the enhancer regulatory region prevents loop-mediated
contact and abrogates gene expression
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Regulatory sites that determine loop structure
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CTCF binds to regulatory sequences and mediates foop formation and gene expression

Inducing a DSB within CTCF binding sites prevents loop formation and abrogates
gene expression
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Intra- or inter-chromosomal contact in multigene complex

s
Multigene complex

Inducing a DSB at the site in the gene loop that engages in
contact abrogates transcription of interacting members
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Co-expression analysis in total population (T/P)
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~60% of cells display double strand breaks (DSBs)
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SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

11/37

Post transfection

‘u-

® Single allelic break O Dual allelic break ¢ Multiple breaks @ No breaks

Figure 14

5
SAMD4A locus
Intron 1 (Chr14)

3

‘A H2A X pSer139 - ¥ sampaapna

Figure 15

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

D Enhancer
MV
pcDNA-
SAMD4A-L SAMD4A-R 4 500bp
- <4400bp
Left TALEN «300bp
< 200bp
« 75bp
264bp
f -
5 Coneodhd 193853 04420948 hor
3!
L i ]
114bp
Figure 16
Olr]r 6i|1r . 24|1hr + 110/30mi'n
Dual transfection Serum-withdrawal Stimulate  Assay for DSB(H2A.X)
with pcDNA with TNFe  and SAMD4A mRNA
SAMD4A TALENS (smFISH)
+TNF a(10min) &
~1.5kb 'K{V SAMD4A; 221kbp (chr14)
G % g4
Site where probe set (i) binds
+TNFo (10min) _ ; i ] observed
- T : ‘ vy BN Expected
Sa got
§8 ,
2 60} NS
£3
52 a0t
22 |
g g 20¢
®

0 7
SAMD4A 1.5kbp
Probe set (i)

Figure 17

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

Exon
7] observed
¥ Expected
&
£@ 80T posze
'(% < B0 F
3 L
5% 40
£%5
. o> 20+
o™
H2A.X pSer139 ‘ % ES o vl
SAMD4A mRNA : L SAMD4A 34kbp
Probe set (ii)
Ollw 6?r 8i]1r +I16hr
Dual transf‘ectionb "~ Serum-withdrawal Stimulate Assay for DSB(H2A.X)
with pcDNA with TNFa and SAMDA4A protein (IF)

SAMD4A TALENS

Upstimulat_ead

HeAX pSert3s : H2A.X pSer139
Anti-SAMD4A . Anti-SAMDAA

Anti-SAMD4A
I. Single allelic SAMD4A DSB

s s
4o
if/-— :\*’\\ § n=22 n=17 n=27

¥ =
c ..
;‘! uxﬁ SAMDAA transcription confined to.the @ 1.2r .
3 S P intact SAMD4A aliele 8,0l | N
Y o Q -
y @ 4 <y |
< L
3’\%/ 2 o8
e . 25 o6
II. Dual allelic SAMD4A DSBs 5wy
2804
T X
. N 3 02}
No SAMDJ4A transcription downstream N o7 14
of DSB from either allele » DI{)’\’{\ 0 Iy .
i hN 1. Single Il. Dual  {ll.No DSB

DSB DSB

Figure 19

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

14/37

BMP4 TALEN

7| otiserved
B Expectod

F
o <
T ¥

- N
o O
T ¥

o)

%6 individual gene expression
per BMP4 DSB
W
o
T

SAMD4A  TNFAIP2 SLCBAS

Figure 20

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

16137

GCAGCGCCACAGTCCCCGG

YL E
BMP4 left TALEN i A gﬁa :
SR N8 0 WD Y XD ! TN D) O RS £ WD 1D D B T Y SN Y N m;.

& TCTCOAGLOTGCAGCGCCACA GTCCCCGGOCCTC‘&GWYT CACTRCAMLCOTTICAGAGOTCCCCAGRAGLTELIG ¥
FAGAGCTCOBALHTCGLOOT GTQ»‘%QG(‘&GCC%MG?CCN!&GTM,CGWGGC&MGTG TCCAGGEGTCLTOOAMON §

e

v
GITGGCAAGTCTCCAGGSG

NG T O MDY B 3 024 DL 40 P 20D WA 1 K2 AR

BAMP4 right TALEN

» 420bp

Figure 21

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

16/37

SAMD4A TALEN 3
) TNFAIP2  SLCBAS.

~
TrEA

|_i0bs
B ewp

n=3i2

W

L=
¥
o

A0 P =a3E6
#xk

P = 3.2E-3

o e 4
r ik
R
o
e -
L] i

TNFAIP2 SLCBAS TNFAIP2/SLCBAS gene pair

% Co-localization

o N s o

]

% gene expression per
SAMG4A DSB

Figure 22

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293

PCT/IB2014/064259

% gene expression per
single SAMD4A DSB

% gene expression per
dual SAMD4A DSB

[7] observed £ Observed
M Expocted B Expected
S0 ¢ e 8+ " 4 562
8 {W....' g
30} “~Pn 2,38 8
i 8 4 -
20 [ - 3
‘ S oL
1ol .
0 funssioton S 0 ! i
TNFAIP2 SLCBAS TNFAIP2/SLCE6AS gene pair
EJ Observed f:: 1 Obsorved
B cxpocted B oxpected
501 5 81 Pe 3262
40 . 2 6k 1"-_w----.
3ol PR N
[ 8 4t
20 S
ol 1. 0
TNFAIP2  SLC6AS TNFAIP2/SLC6AS5 gene pair

Figure 23

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293

PCT/1IB2014/064259
Otlw Gsw 8rlw +I1 6hr
Duat transfection Serum-withdrawal Stimulate Fix and assay for
with pcONA with TNFa DSB(H2A.X) and
SAMD4A TALENS

SAMD4A protein (IF)

THEAWD

(
\

J\Ai” %
HZAX (SAMDIADSB) - H2AX (SAMD4A DSB)
K INFAIP2 prolenn v SLCIAS prote:n

Figure 24

4

B0 e e B —

Chromosome 14

Figure 25

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/1B2014/064259

19/37

°F = J.6E-2

% gene expression per
TNFAIP2 DSB

SAMDAA SLCBAS SAMBDIAISLCEAS gene pair

Figure 26

NI A CGAT
TNFAIP2 left TALEN ROoNE
D 8O HID NI AN KD HD HIY K1 HE HD NG PN NN D HO ¢ RVD: NI HD NN NG
TCGCGGCCCACCTGGCCGC
5 S NI ENns @ 3

RN nnis

GACACGCTCGCGCTGTGGA

RN MR NG 5 MG HD 1 WO M HD NG HD NN RO NEHD N

TNFAIP2; 11kbp (chr14) TNFAIP2 right TALEN

20 .

Site where RNA FISH
probes bind

Figure 27

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

20/37

Post transfection

24hr
128

€@ Single allelic break
@ Dual allelic break
@ Multiple breaks
€ No breaks

Figure 28

+TNFo(10min) = . H2AX pSer139] «sp=T 2E-11
NF ny - L *P=7 2E6-1
S s TNFAIP2 mRNA SRR
‘ o v -

2o 30)

2

8%

5L 20}

& -

5%

g"fn 10+

T

TNFAIP2

Figure 29

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

‘Unstimulated ¥

Figure 30

[ b, -
v o N
T Y H
_j

o o
o

Nt
N
i

Ratative TNFAIP2 prolein expiession
(REU)

H2A.X pSeri39
Anti-TNFAIP2

No DSB Duai DSBs

Figure 31

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

22/37
A S—

TNFAIP2 foft TALEN % HT A S oM
SR T N VRS P 1 0 VI3 A YT 0 6 HS 9D s U VD {

i
H

[

TCGCOGCCCACCTGGCCGE . [RVDy e 10 i

P

§ ACACCAGCACTTCGCGECCCACCTOGCCHCOGTGGUGCAGTICEAGCTETACGAGCOORACACCTACATELTGCTG

F TOTGETCOTGAAGCCECOOOTOGACCHACOOLACCGOETOAMGCTCGACACGCTCGCOCTGYGOATSTACCACOAC 5

v )
GACACGCTCGCGCTGTGBA

FNVE T 1 117 P DY RN T TG BB 1D WSS

TNFAIP? right TALEN

4 htb‘p

Figure 32

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293

% gene expression per
single TNFAIP2 DSB

% gene expression per
dual TNFAIP2 DSB

Single all

50
40
30 -
20¢
10

0

-

elic DSB i, e

m Cbserved

SAMD4A SLC6AS

m Observed
¥ Expected

S ——

SAMD4A SLC6AS

= B

PCT/IB2014/064259

SAMD4A ~ SLC6AS

% Co-localization

% Co-localization

Figure 33

™ observed
xpectod

imo

8
6
4t
2
0

[]

SAMD4A/SLCEAS gene pail

S Observed
B Expected
L

—
SAMDJ4A/SLCEAS gene pais

8
6
4L
2
0

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/1B2014/064259

24/37

TRYAIPE

81CEAS . '5 - N ’ .
H2AX (TNFAIP2 DSB) :
SARDEA proten N

H2AX (TNFAIP2 D5B)
SLESAS protein

| Figure 4

SLCGBAS TALEN

<

N

N SARDAA k

SAMD4A  TNFAIP2 JSAMDAA

(] obs
Exp

- A= 109 L

g . 8

5o g

‘W th ~ 6r

go g

O Q

® Ty Q

bl L.

& 3
AMDAATNFAIP2 gene pair

w

SAMD4A TNFAIPZ

Figure 35

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

25/37

, NE A CGIAT |
SLC6A5 left TALEN 1
205§ 160 HD YO MO NG NG 155 2 9 s 8 K0G 26 vt RVD: Ni HD NN NG
GTCCCTTTAAAACTTGAA ’ -
3
_ imwp
3 : R T e I T R o
GACACGCTCGCGCTGTGGA
NG 1 O BT 2T 1 4 M G I G 1R D MG e G v
SLC6AS right TALEN
SLC6AS; 60kbp (chrit)
PR
i t
Site where RNA FISH
probes bind
Figure 36
Post transfection
24hr

n=134

@ Single allelic break
@ Dual allelic break
€ Multple breaks
@ No breaks

Figure 37

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/IB2014/064259

26/37
+TNFe | E}Observed
{10min) . . | B Expected
401
30r *TP=2.6E-7

34
(=]

% geng expression per
3 of SLCBAS DSB

3

0 !
SLC6AS

Unstimulated

Figure 39

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/1B2014/064259

27137

12F
1.0-

o
o
S

FU.)

: 06

¥

AS proteln exprossion

(R

8

Reaatve SLC
o ©
N F -

No DSE Dual DSS8s

SLCBAS lefl TALEN
A A G 0 0D MU, T R % 2 B0 0 Y WL RYE S By

T@:‘CCCTTTN&AACTTGF}A [0t e e

8 o ¥ Yy . A
§ ACTCTAGURCTUTTIGTCCCTTTAAAAGTTOAATCCAAGREGUTAATGRT TIATEAMC TTOTATTATCAAGAANATITCAA ¥

T TOAGATCCEACAACAGOOAATITIOAAC TTADGTTCCCCCATTACTAAATAGTFTCAACATAATAGYC TTTTACAGTT 5
F ik - 9

) N
ﬁ\/fcws”rrmmcmmmé

ot pX B A A U N AT O K8 w3 T IR 90 B0

SLC6AS right TALEN

417hp

3 Ui B LE e S g

Figure 41

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/1B2014/064259

SAMD4A TNFAIP2]

’

{1 observed {77 observed
B Expected B8 Expected
= A L ]
&o 50 g 8 |
&0 40+ 2 sl |
s N i
23 30+ g
-t o 4y
e 20+ ‘ 3 v
£ 10/ | e 2 |
£ 0 ] 0 ‘ i
SAMD4A TNFAIP2 SAMDA4A/TNFAIP2 gene pair
{ "l observed ™ observed
I Expected B Expected
B 50+ 8-
[« 92} g
58 40} % 6L
) &
gg 30 g
&0 s 4:
g 20+ &
235 O o
g g 10+ R
& 0Lt : \ ol :
SAMD4A TNFAIP2 SAMDJ4A/TNFAIP2 gene pair

Figure 42

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293

SAMD4A protein
n=23 n=13

R.FU.

n=11

29/37

PCT/1B2014/064259

H2AX{SLC6ASOSE) .° . - RS HZAX (SLCEAS DSB)

SAMDIA protein ) - TNFAIPZ protein

TNFAIP2 protein
n=26 =10 n=12

R.FU.

No DSB8 INFAP2Z
Cuat 089

SLEBAS
Dual 0SB

No 0S8 SAMDLA

Cuat 0S8

Figure 43

SUBSTITUTE SHEET (RULE 26)

RFU.

SLC6AS protein
n=21 n=12 n=14
12
‘ P —— S
10

No 0SB TNFAIP2 SAMODSA
Ousi 0S8 Cunt 0S8



WO 2015/033293 PCT/1B2014/064259

30/37

Region of SAMDA4A identified by 3C that contacts TNFAIP2 and SLC6AS5 after 10min TNF« stimulation
L

1 \ 1
%{} -s%w T+ i 0000000

- ~~ _ intron 1 (~84kbp) L L ‘
PP Seal Exon
- , TS SA, splice acceptor
B T RES T Y TEGEP L il P v

SD, splice donor
B homologous region |

After homologous recombination:

NFKB
T

SSi Y L IRES T . eGEE T

o]
iz

Spliced SAMD4A transcript:

~ Ve
¥ . Py
—3 —p  CCFP g Shypda
expression })(ofeig
. I, \w

Ribosome

Figure 44

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/1B2014/064259

31137

Left TALE

SAMDA4A 3'intron1 18bp 3' Homologous arm

Y, eGFP

pDT-SAMD4IA-L+R pCR-SAMDAA-IRES-GFP

SAMD4A 5" intront 20bp 5' Homologous arm

Time course of eGFP protein detection

Obe 24br 54hr 72hr + 24hr
) ) j
Dual transfection Replenish media Serum-withdrawal Stimulate Assay
with pOT SAMD4A ’ with TNFa for repair
TALENS and PCR product
‘ ( _ (

SAMD4A SAMD4A

+TNFa 24hr ‘n=9 (0%) +TNFa 24hr  n=251 (0%) +TNFa 24hr  n=487 (1%)

e

Figure 45

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/1B2014/064259

32/37

CMV promoter - constitutive eGFP expression

CMV promoter

Figure 46

Endogenous SAMD4A promoter - weak eGFP expression

SAL_IRES MRS oSS

Time course of eGFP protein detection

Ohr 24hr 54hr 72hr + %4hr
Dual transfection Replenish media Serum-withdrawal Stimulate Assay
with pDT SAMD4A with TNFa for repair
TALENS and PCR product

IRES-GFP repair |

Figure 47

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293 PCT/1B2014/064259

33137

Pol i transits to this !ocmi‘on after 20min TNFo stimutation

- —# -4
Exon
Time course of eGFP mRNA detection
Ohr 24hr S4hr 72hr + %Omin
Duat transfection Replenish media Serunm;ﬁzhdra\vat Stimulate Assay
with pDT SAMD4A with TNFa for repair
TALENS and PCR product

SAMDAA smFISH probes eGFP smFiSH probes
A !

! ; N— %"l

% cells

{jonscwed {:]Obsemed
B Expectee B Expected
8 40 ¢ 8
= =
g © NS
zg 30 Se- S
228 G
g 20 g 4F
@ g &
€° 10 S0
@ ®
oy 1
\9_
B 0 O_MH oS
TNFAIP2 SLCBAS Triplet co-localization

Figure 49

SUBSTITUTE SHEET (RULE 26)



PCT/IB2014/064259

34/37

WO 2015/033293

0G inbi4

SYIDIS §v82718

Z4ivaNL
VYPAWYS

Tl I T
.mw..ssasx.u RS Mmrh!ﬁuw.ﬁ DS (QvL) uewop Buneisosse Aesibojodoy

{10} Aiojis) SIoSOWOIYD)

i 0—..:000—.:9_50

e = - m

e S TA 1
SLIBEOWOIU | &

g ?x,..x»,m T
B e ) [ s
Lo e :
. A

TN -
1ol et 1T 9
s SN y =
7 it 12 & — AL ﬂuu
Yqﬂrﬁ.ai 25 b4 olierowoys

R+
i

SUBSTITUTE SHEET (RULE 26)




WO 2015/033293 PCT/IB2014/064259

35/37

A.

@ IL8 enhancer

T R R .

S

Feem non coding RNA brsieS

% individual gene expression

SAMD4A IL8 Inc-IL8

Figure 51

SUBSTITUTE SHEET (RULE 26)



WO 2015/033293

A BMP4 TALEN

-

% individual gene expression
por BMP4 0SB

% gene expression per-
SAMD4A DSB

% gene.axpression per
TNFAIPZ DSB

D sLceAs5 TALEN

% gene exprassion per
SLCBAS DSB

Figure 52

' fo}

PCT/IB2014/064259

(T} Obscrved
[

50
40
30+

T

O:IFE ﬂﬁJ

TNFAIP2

SAMDIA

SLCBAS

% Co-localization

g0
56
S
8 . |
® 2 !
ot L
SAMD4A  SLCEAS. SAMDAA/SLCEAS gene pair
{Tobs [Tobs
o & [. Exp
{ o= 109!
sof ] ¢ s{ |
40} A % j
30f i g
1 5 g 4% i
2 i g 1 |
10} ! R 2 b
|
oloi I . ol— }
SAMI

A TNFAIP2,

SUBSTITUTE SHEET (RULE 26)

SAMDA4A/TNFAIP2 gene pair



WO 2015/033293 PCT/IB2014/064259

37137

Custom guide

Chri14 103,592,664 - 601,697 1

(CTCF SNSRI TINEAIRZT T B e CTCF

+ TNF 10min ; " (] Expected
’ . Observed n=124

- ——

I

Hoon
o O

—

=N
o o
L

%. individual gene expression
per TNFAIP2 3' CTCF DSB
w
&

o

SAMD4A TNFAIP2

Figure 53

SUBSTITUTE SHEET (RULE 26)



