A |
PN Fi
[ I N A |
[ A W A |
| §F ¥
——

Modulation of Sox2 Gene Expression in Cattle
Fibroblasts by using Transcription Activator

Like Effector-Transcription Factors (TALE-TFs)

Mojtaba Tahmoorespur, Ph.D.




INTRODUCTION

RNA interference

(RNAI)

Literature @

Revi -

Research Gene EmpiTession
Objectives Geﬂe ﬁ
Material & Exogenous

Methods Gene Introduction
Results &
Discussion
|«




v Expressing correct spliced version of mRNAs

INTRODUCTION
v All gene products will be produced
Literature /~ RNAinterference \ v’ Useful for big genes
Review @l) . ess'lon
B {7
Research Gen® oo ATFs
Objectives \_ Gene Introduction _/ Il regsio“
F L0
. A& Gen®
Material & A ATFs
Methods ———
. x
A
Results & o _—
Discussion

|<




INTRODUCTION

TALE-TFs

Literature

Review Transcription Activator Like Effector
Transcription Factors
Research
Objectives
Material &
e ZF-TFs |
Zinc Finger-Transcription Factors |
Results &
Discussion

1<




Introduction

LITERATURE
REVIEW

Research
Objectives

Material &
Methods

dts caused by
hs campestris pv.

Results &
| . derae
Discussion he
I< Boch et al. (2009) Science




Introduction - 283-290aa | 54-909 aa

1 17 aa

AD

Repeats (1.5 to 33.5)

=
<L

LITERATURE C.-d—D 3 phﬁ%

scriptional

REVIEW DNA binding, spesificity ‘
Translocati
Research X
1 1 acti fatlon

Objectives 283-290 aa 54-909 aa 274-%9
LTPOQVVATASHDGGKOATFT VLREEPVICQUDHG s Ao

Material & = C
Methods r o
NN DNA binding, specificity " Nuclear
Translocation ek Iocall_lrzatlgn
Results & l ‘lf J Transcriptional
. . activation
Discussion C G A I

—

1< Boch et al. (2009) Science




Introduction

LITERATURE
REVIEW

Research
Objectives

Material &
Methods

Results &
Discussion

|<




Introduction

LITERATURE
REVIEW

Targeted
DNA cleavage

Research

5‘;; ; ’“M Y
& Foki %W‘Bm

Materia]. & Gene activation

MethOdS : Q Gene repression ?
' F } ( RD

it
Results &
Discussion

Bogdanove A. and Voytas D. (201 1) Science




Introduction ,‘ >

Literature s e b ‘Q«b
o k T’T'L.»'"J : ’ % A 1]2
Review ) U R e e AR g 1?/\/\
S A o ety 8 4

RESEARCH
OBJECTIVES

Material &
Methods

iy ok, it \
(g PO | AR S ol | I Fie
Ky TR 4 —'tﬁ': 1 P £ AFH L Soe T b 2 "”;""4,

Results & < Promoter Regit,. ). P SOX2 ORF

. . TALE-VP64
Discussion Binding site

|<




Introduction

Developing a method for
generating TALE-TFs

Literature
Review

-

Research
Objectives

MATERIAL &
METHODS

Results &
Discussion

|<

10



— Developing a method for generating TALE-TFs

Introduction
Literature
Review
!;“Indum plasmids T Array plasmids
ResearCh pHD1-pHD10, pNG1-pNG10, etc. ke rea(llomlDlgeS.tlon & F";ldz %”T;:JSSAS??H;ZZE p???sﬁ and
Obj ectives Ligation

* Esp3l overhangs differ in different
array plasmids. See Step 2

MATERIAL &
METHODS

Results &
Discussion

7011) Nuc Acids Res
I< Cermak et al. (2011) Nuc AC

11



Introduction .
Literature :
Review 4

5

Research 6
Objectives ’
MATERIAL & | °
10

METHODS

Results &
Discussion

|<

A C G T G
pNI pHD pPNN pNG pNK
CTAT [ NI | GTAC { CTAT | HD | GTAC CTAT ||NN | GTAC CTAT LG | GTAC CTAT 1 NK  GTAC
e Pl B e )
{ CATG | HD | CCT6 r] _I_l_ _I—
CATG | NI | cCTG [" CATG | HD | ccT6 '] r CATG | NN | ccT6 [' CATG | NG ‘ CCT6 -l rchG . le ‘ CCTG ‘l

 tet tet tet { tet | tet |

GGAC TINIT| GGTC Array:cac [HD | GGTC Last Regeatic GGAC |G| d33ckbone GGACiNK GGTC
( n;ﬁwr”nrm“?r%1

lcc"f\%-‘r cccr o GGC ACG celti NnP | ACAA G | ACAE.';%U' fcc NK_ ACAA
pr‘:;ﬁ'ﬁ — CTAT [.'E “CTAT [HDJ TTGC M) A W] soea AACG mw )
G 3:4:? = r TeT1 RN rﬁlﬁ!ﬁ H—FM]
pFUS—A30OBt{ CTGA GATA tet | tet tet

r TGCA | NG I GCCAJ

F?%f‘@ﬁ%%sfq ]

e et
r CGGT

TGCA | NI
picliode Joan
— «

=Y
GATA

ec
- CTTT

TGCA | NK GCCA
563%;]_-
TALC'

s leRE t et | L1
- - - S Tmn | A
W__I_G_G_{m GATA LacZ F Eﬁ\? NIMl Wégr:{ r GAAA I AGCT 1 rGAAA BE AGCT ]
— ke et } { tet | { tet |
’F‘E%I_T TGGC _G,m TGTT | GATA ]G }'] [' TCGA [ NN_I CGAG '] %.GA% NG CGAE " rt TEGEB [ NK | CGAG !
[ 1o sl TAHI' GGG AAcGFrAL

="L3.

USTB5 1 T66C_ GATA m TGCA LGATA _L:] Iads Lee T ccac .]
—m—’r‘— e = et | - et |
pFUS_B6 |1 TGGC _ GATA CGGT | GATA ] spec

pFUS_B7 FTGGE GATA MGAM GATA,_ 'j"‘ :

se § pTAL4 s 8

g . T AT
LEUZ amp

spec y

cara P vca [ GAatA § o

Spec

pFUS_B9 [l TGGC _ GATA m GCTe GATA

wr’r

pFUS_B8 (L1ssc

pFUS_B10 [ TGGC  GATA meece GATA ]

spec |

| [ () 1) T
Cermak et al. (2011)

12



Introduction

i f1 Ori
Literature

Review

BamH/|

pCS2TAL3-DD
5,768bp

Research A
. . mpR_promoter —=
Ob]ectlves Ampicillin ~

MATERIAL &
METHODS

Results & o o
Discussion ’
I< Dahlem et al. (2012) PLoS Genetics

13



Introduction

Literature
Review

Research
Objectives

~NG2—

MATERIAL &

AmpR_promotet——‘___‘
AmpR

Sox2-TALE-TF

polyA Terminator

METHODS

Results &
Discussion

|<

G2
13
G4
G5
D6
D7
D8
G9
N10
pFUS_B
111
HD12
13
N14
D15
HD16
HD17
D18
D19
NN20

ast Repeat NG

TAL-Cterm
LS
VP64 AD
2A
GFP

14



12 13
LTPDQVVAIAS**GGKQALETVQRLLPVLCQDHG

Introduction & —
° Qv" ¢ NG —> T
SoF *%
[ 8152 HD —> C
Literature Modular DNA binding domain NN —> A/G
Review
Research
Objectlves NG NG NG NG HD HD HD NG NN HD NN HD HD HD HD NG
Sox2-TF-2 .60
|
MATERIAL & |\ 17ATTCCCTGACAGCCCCCGTC
METHODS \
7 Sox2-TF1 S°x2-$:x22-w] Sox2-TF4
Results & 0 E 20 b H 200 "ﬁ 60 o 1.200 . 1400
Discussion °* P

|<

15



— Developing a method for generating TALE-TFs

Introduction

TALE Toolbox Fass
<\
Literature ) %&
TS TALE-TFs & Efficient
Generating
Research Methods > 3
Objectives °‘§ &S
LIC Assembly \
Material &
Methods
Perez-Pinera et al. (2013) Nat Meth
RESULTS & TALE-TF Destination Backbone
D1scUSSION Compatible with Golden-Gate Cloning Method

|<

16



Introduction
. xe o
Literature -
Review minCMV | )
Research omo“"‘ ae™
.. 0T (ol oW
Objectives | — -
Repll5 || )
MATERIAL & |
| el
METHODS . e (e @
Results & Rep326 )
Discussion

|<

17



_ Repll5

: . A -
¢ . . . oy
<

N Ao
Bﬁo&mxﬂ.mqﬁsto&m

minCMV Rep326

Y
sinoy g¢

sinoy zT

— _/

Repll5

minCMV ~ Rep326

—

Y
sinoy pz




Introduction

Literature
Review

Research
Objectives Evaluating synergetic effects of

(i) multiple TALE-TFs

MATERIAL &
METHODS

Results &
Discussion

|<

19



Introduction TCCGAAAAGGCGTGTGGTGTGAC
bSox2-Promoter-F .
< SOX2 Promoter Region 320 bp =2

by st

Tt L

e, ok
S

N

Literature
Review

IO aiN Numianndna. N

Research
PCR

Objectives
- Cloning into pGEMt

MATERIAL &
METHODS Sequencing
-‘T 1
Results & TCTGCCTTGACAACTCCTGATACTTTTTTGAAC ]

- - . A Alad ‘J'\‘ A A fA i ! ANAA ‘f“l A ir A A
D. 18@881011 \/ )j\”“',‘f\'di[\ /\ fjl\hfl"\‘[\ y\ “JUL‘ML'“A

20



Introduction

Literature o
[¢) ¥.85
Review il o -
TTAGGGCTGTTTACCCACyGAGAGAAGTTTGAG CCCCAG!
Sox2-TF3
Research Sox2-TF1 Sox2-TF-2 J Sox2-TF4
. . 1 4
Ob]ectlves e k} '2?0 b 3 20 ﬁ oo 1.200

Sox2

/ SOX2-CDS \Son-TFti
MATERIAL & | |

‘ Sox2-TF-2 60 4 &
|
METHODS ATTTATTCCCTGACAGCCCCCGTC CATGTACAACATGATGGAGACGGAGCT
Results &
Discussion

|<

21



2™ _ Evaluatin

TAL-Nterm
NG1
Introduction ki i prUS_A
Hindlll| i
NG4

NGS5,
HD6
HD7
HD8
NG9
NN10

N | Transfected into

pFUS_B

n2 s GP2 Packaging
wiid"” Cells

Hindill §
pBR322

Literature
Review

Research
. . 5_LTR2
Objectives Amp

Ampicillin
HD15

HD16
HD17
HD18
HD19
NN20

Last Repeat NG,
TAL-Cterm

MATERIAL &
METHODS

ik ; — WG
Results & Ecort-¥— =\ \\m Clory &9

VP64 AD
. . \ \ Nau&w an
Discussion 44 = oL
~EGFP

|<

22



Introduction

Literature

=
ﬁ‘ll
=
=
=l
—
=l
—
=
—_—5
=
L3N
=
—_—1

Review jf
L Ey
Research

Objectives

ol ol | 4]

= j. '
= HéK293-GP2 Cells

MATERIAL & <pvevG. o A -E
METHODS

Results & Ve Ve

Discussion

|<

23



20 _ Evaluatin

Introduction

Literature
Review

Research

Objectives E Ep

MATERIAL &
METHODS

Results &
Discussion

|<

v
gz b2
: 1
= =
- ? =%
= (E
L B

=i Cattlegl? lb?blasts

=




2" — Evaluatin

4 e ——— X
/(" Control €. ) L /) 3
= / 134 X 234 X 1234 J

Introduction

Literature
Review

Research
Objectives

MetHoDs |~ « /( 4 »>C 12 oC 1 5

Results &
Discussion T

|<

25



2™ _ Evaluatin

Introduction =

Control

Literature
Review

100 pm

Research =
Objectives

Material &
Methods | >y

RESULTS &
DISCUSSION

1<

26



Introduction

o
Literature '{og
Review -%
<
Research %
Objectives ™
N
A
Material &
Methods
RESULTS &
DISCUSSION

|<

ns * i *T* H B _nTS | T HE B B
*T* *_r* *T* *_I>_|< I
S N9 DR PP P S
Sox2-TALE-TF Combinations t test

27



Introduction

Literature
Review

Research
Objectives

Material &
Methods

RESULTS &
DISCUSSION

|<

Morbitzer et al., PNAS (2010)

Zhang et al., Nat Biotech (2011)

Miller et al., Nat Biotech (2011)

Geissler et al., PLoS One (2011)

Cermak et al., Nucleic Acids Res (2011)

Bultmann et al., Nucleic Acids Res (2012)

Cong et al., Nat Commun (2012)

Tremblay et al., Hum Gene Ther (2012)

Garg et al., Nucleic Acids Res (2012)

Wang et al.,

* T+ t]

111 U

1C 'p. rescl

€ 10 >
1ce€ Ol k!‘:‘:,{k,f‘t\.,

1 '*\H";,‘r“.
f1C MOuUlilclo, 1A

Angew Chem Int Ed Engl (2012)

Egl3, Bs4, Bs3u

Plants
Knatl, UPA20

HEK 293FT Sox2
HEK 293FT KIfa
HEK 293FT cMyc
HEK 293FT Octd
HEK293 NTF3
HEK293-Rex PUMA
HEK293-Rex IFN a1
HEK293-Rex IFN b1
Plants Bs3
Mouse ES cells Oct4
Mouse neural SC  Octd
Human 293FT CACNA1C
Human 293FT FXN
Human U-20S OSGIN2
Human U-20S ZC3H10
Hela ROCK1

na. : Not \:‘,wp‘,gg;t‘;zi‘:, 0 T

Native

VP64
VP64
VP64
VP64

VP16

VP16
VP16
VP16

Native

VP16
VP16

VP64

VP64

VP64
VP64

VP64

5.5
2.2
n.a.
n.a.

15
3
35

30.
35

3.1

1‘3

nd

7”5

125
12.5
125
12.5

175

17.5
19.5
17.5

135
175
175
165

135

18.5
18.5

16.5



2" — Evaluatin

o - “| /»_,_ﬁ__
R Bultman et al., (2012) b\\ // \
Nu;@s Res / C/ C \\ | TALERVD
Literature // Comp05|t|on
Review PrOX|m|ty Genome folding & k/ .,
toTss Jhe Dominant Ro e —

R h Competltlon to the ‘*. Streuble etal., (2012)
esearch in determining the Nat Biotech
Objectives ~\  Other regulaiory

. \ '\l'ALEt-TF a’cz%gvnty
Material & VAN '
Methods
RESULTS & =
DISCUSSION et

|<
29




Our results provide proof of principle that artificial transcription factors

can be used for modulating endogenous gene expression in livestock cells.

Also the possibility to generate and delivering a combination of artificial
transcription activators opens up a window for fine tuning gene
expression in mammalian cells and should enable many applications of

these tools for biological research.
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