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Phenotyping

The genomes of humans, mice and other species
have been completely sequenced, yet the knowledge
of genome sequences as such does not shed light on
questions concerning the functions of these
sequences. In order to describe biological functions
of a gene, informative genetic modifications are
introduced into the genes...

Learn more =+

CCP: model generation services

Genetically medified mouse models have become a
key tool in basic and biomedical research. The ability
to engineer the mouse genome has greatly
transformed biomedical research in the last decade.

Learn more -+

Research

The research program is focused onto functional
genomics using genetically engineered models and is
closely connected to the infrastructure of Czech
Centre for Phenogenomics that provides the project
indispensable core facilides

Learn mare -+
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How to study the function of genes ? &

Hurman
22,333

Chicken

Fruit fhy 15,736

14,889

transcription translation folding
protein

ANA amino acid chain

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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.......we know identities of genes, their sequences and
organization in genomes.....

chromosom 12

B Al ERASECECEEONEEE O Eel G RSB  E EEaameie

I 1.00 Mk Forward strand mme—

20.90 Mb 21.00 Mb 21.10Mb 21.20 Mb 21.20 Mb 21.40 Mb 21.50 Mhb 21.60 Mb 2170 Mb 21.80 M
Chromosome bands Al 2
= AC153140.51.241834

Contigs.

EnssmblMHavana ... — ; — {
he ZFpl25 he
he GML0478 ! kL

h=3110053B16Rik hCpf3 =
Hahl =
he RP24-370C21.2
EnssmblMHavana ... hEmA410 =
neRMNA. L | 1!
8C156032.1 =
Mo ORAZL =
b =

MAC140457.1 o
20.90 Mk 21.00 Mb 21.10 Mk 21.20 Mhk 21.20 Mb 21.40 Mb 21.50 Ml 21.60 Mb 21.70 Mk 21.20 MU

Ensembl Mus musculuswversion 84.37 (NCBIM37) Chromosome 12: 20,854,432 - 21,854,431
Gene Legend B protein coding Bl processed transcript

------------------- merged Ensembl/Havana Bl pseudogene ;
R RNA gene € Ensembl _http://www.ensembl.org/index-htm!

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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How to create mouse models of human diseases

Generation of transgenic mice

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding
the Centre of Transgenic Technologies”

Introduction to gene targeting and genome editing
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Animal transgenic models

1974 Rudolf Jaenisch ... First transgenic mouse

1989 first ,knock-out” mouse... M.R.Capecchi, M.J.
Evans, O. Smithies (Nobel price 2007)

Menchaca et. al 2013

Houdebine et al. 2000

B W

Park et al. 2001

Wongsrikegao et al.

Introduction to gene targeting and genome editing

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding
the Centre of Transgenic Technologies”
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“for their discoveries of principles for introducing specific gene
modifications in mice by the use of embryonic stem cells”

Photo U, Mantan : l:ItD: U, Mantan Photo: U, Montan
Marie R. Capecchi Sir Martin J. Evans Oliver Smithies
® 1,3 of the prize & 143 af the prize 3 143 of the prize
IS A United Kingdom LSA
M. RaB, Infrafrontier
The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding Introduction to gene targeting and genome editing

the Centre of Transgenic Technologies”
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H 3
G e n e ta rgEtl ng: ,,l transcrlptlon translation g foldmg
s proteln

amino acid chain

a) Knock-out mutants

c) Conditional mutants

QY —

- Tissue specific or developmental specific mutants

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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Example of mouse knock-in mutant

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X ' Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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Why mouse?

Functions of individual genes should be studied in complexity of whole organisms

Mouse genome became the 2nd mammalian genome, which was completely
sequenced .....

Number of genes in both (mouse, human) is about.......... 20,000 -22,000.

Mouse and human differ in only several hunderts genes......

Additional advantages of the mouse model:
m Fysiology of human and mouse is very similar; pathology of many diseases is
reproducible

B Mouse breeding is economical and relatively easy
B Mouse breeding is efective: large litters & short generation time

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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How to create transgenic mouse

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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How to create transgenic mouse

1. Injection into pronuclei (PNI)

>>>> frangenesis by injection of DNA into
fertilized oocytes

2. Injection of ES cells into developing embryo

>335 gene targeting by homologous recombination
in Embryonic stem cells

Micromanipulator

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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I. Pronuclear microinjection
generation of transgenic mouse with random insertion

intron .
Gene of interest

Injection NA
into fertilized
oocytes (zygotes)

Transfer into l’ recipient (foster) mather

"4 N

] Bockamp et al., 2002, adapted
Transgenlc mouse

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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Pronuclear microinjection (PNI)

polar body _ _ o
holding pipet nucleolus Holding pipet Male Injection needle
l pronucleus
1 |
__.-""'--- = Qg o
Transgene
DA,

female pronucleus

Medium droplet
male pronucleus

injection needle (] Slide Zona pellucida

containing DNA
solution

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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Pronuclear microinjection (PNI) and generation of transgenic mouse

Adult mouse (7-8 weeks)

transfer into
foster mother

In next 3 weeks —
Weaning of pups
In 3 week — P T

newborn




I. Pronuclear microinjection
example

| Promoter, ennancer,intron | | reporter - GFP(venus) | |
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I. Pronuclear microinjection
II. random insertion

B geneispresentin every cell -transferred into germ line

B expression is often controlled by associated regulatory elements — the expression is
influenced by the insertion place

m generally, the expression must not be achieved in every cell

m ! Carefull evaluation of founder - line selection

Positional effects

The expression of some transgenes can be dependent on the
place of insertion

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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How to create transgenic mouse
by using of ES cells

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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Embryonic stem cells (ES cells) are pluripotent stem cells derived from the inner cell mass of a
blastocyst, an early-stage preimplantation embryo.

Blastocyst

Morula

Mouse embryo

Pluripotent
Inner Mass Cells

—

Circulatory System

Nervous System

‘ Unipotent

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding
the Centre of Transgenic Technologies”

Introduction to gene targeting and genome editing
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http://en.wikipedia.org/wiki/Embryo
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Generation of mutants by deletion cassete - by DNA cloning

Cassette with Long homology arms —
which are difficult to construct

HOMOLOGY HOMOLOGY |

INSERT DELETION CASSETTE INTOMOUSE
BY HOMOLOGOUS RECOMBINATION

| GENOMIC DNA GENOMIC DNA |

(T | DN
TAG TAG

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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Transgenic Mouse Production by BAC (Bacterial Artificial Chromosomes) Transgenes

A
=——a—a
1st Targeting I-Sce | ITCeul
Bsd
BAC
2nd Targeting &P F3 N
B
I-Scel I-Ceul IoxP. F3 F3
Lgsal E;?
Retrieving
PL611
C
Ligation
I-Sce | . I-Ceul
SAIRES lacZ Puro loxP_ F3 F3

I-Ppol | Frt loxP

I
i

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding
the Centre of Transgenic Technologies”

Introduction to gene targeting and genome editing
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Homologous recombination is always necessary for integration of vector DNA in proper
genomic locus

short designed “vector”

EmE—— ===

thymidine
inase gene

MEW Or match
/ match modifed \4
- 2rnes
homologous recombination 9 random Insertion
cn:&::— atrandom
: i | location
‘matching target chromosome * random genes, no match )
COmMmMon crossing &
occasional splicing
3 K T modified -
' ; l " . .[ thymidine
y ) . « chromosome kinase gene
Rt | o e -  — o S |14 L neane B TS

desired modification

unwanted random insertion

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding
the Centre of Transgenic Technologies”

Introduction to gene targeting and genome editing
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Embryonic stem cells & homologous recombination

EIMG &) siocev
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Embryonic stem cells & homologous recombination

MWewborm chimeric mouse

8. Birth and breeding of
chimeric micg

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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Transgenic models from ES cells (pluripotent cells)

Injection in 8-cells
embryo stage

or

into blastocyst

transfer into
* #. | foster mother

... In 3 week chimeric mouse is born
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Chimer'ic mouse and generation of transgenic mouse

B. Generation of gene targeted mice

ﬂ
black:
Targeted ES cells -.which are No germ line transmission
are injected implanted into
into blastocysts... foster mothers

Chimera light brown - founder:
Strong possibility for trasnmission

which give birth
to ﬁhllmrlc rr1iCE‘ @ & &

Mating between
chimeane mousa
and normal
Mouse,

Chimera brown/black- founder:
Weak possibility for transmission

ES cell derived
from 129 Strain

Gene targated mics [@‘ @?

Mormal mice

for Compotitvenese 15011 o Molecx Gt of e ASCR. v v
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How to create conditional mutant mouse

- Mutation of geneis
a) tissue specific
b) induced by tamoxifen (in particular time)

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”



A ' ’ ’“ european
N y social fund in the MINETRY OF Ao
. (%4 czech republic  EUROPEAN UNION S0

» o ) /OUTH AND SPORTS
Czech Centre for Phenogenomics INVESTMENTS IN EDUCATION DEVELOPMENT

7 EIMG

for Competitvness 1t

Conditional gene targeting in ES cells

=10 +1 +10

5- ATAACTTCGTATAGCTATACGAAGTTAT -3 ] )
e e loxP site / Cre recombinase

3'- TATTGAAGCATATTACATACGATATGCTTCAATA -5’

-10 +1 +10

5= G»ﬁw\GTTCCTAf’“’*.GT*’*T*”‘GGA_ACTTC < Frt site / Flp recombinase

3'— CTTCAAGGATAAGAGATCTTTCATATCCTTGAAG -5’

p—ETH—

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding
the Centre of Transgenic Technologies”

Introduction to gene targeting and genome editing
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Conditional Knockout

Targeting .
Vector kS i

: cells
Wildtype /
Allele

injection

Targeted .
Allele 3 E

chimera

\ mouse

krizenec

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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Conditional gene targeting in ES cells

>

Pliver

Pliver

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”
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Tamoxifen-inducible Cre—loxP system

Mutant

Tamoxifen (TM)
administration
and binding

Cre-ER™-HSP90
sequestered

in cytosol /

HSP90 =\ Cre-ER™
dissociates o translocates
upon TM to nucleus

binding

=0 e - .-

hoxf lond®

Floxed Hip14 gene

@ Recombination event
I

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding
the Centre of Transgenic Technologies”

Introduction to gene targeting and genome editing
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New tools to target genes and genomic DNA
Zinc-finger, TAL-efector nucleases,
CRISPR/Cas9 system

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding
the Centre of Transgenic Technologies”
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programmable nucleases
-mediated gene modifications

/Zinc Finger Nucleases \

= Cys2-His2 zinc finger domain

= Artificial arrays of 3-6 Zinc Fingers (9 -
18 bp)

= C-terminal fusion with endonuclease
(Fokl)— ZFN

Right ZFP

C-
TJAJAICITIG] taaace [CIAIG[TITIA[G]
€| atttgq [GITIGIAJAITICIGITIGIGIC]

Transcription Activator-Like
Effectors nucleases (TALENS)

= Central Repeat Domain (CRD) responsible for
DNA binding
= CRD consisting of 34aa highly homologous
repeat modules
= DNA specifity determined by aminoacids 12
and 13 of each repeat
— repeat variable diresidues (RVDs)

NLS NLS
] | HEEENENEREREEEE c
N ! DNA Binding Domain &

" i c-
5 - ACGTAGCTGCATCGCCACTACCGTATGA' CTGTGCAGTTGTGGTTTGTCTACCGTA
e -TacmcuaccmccccTcxrcc-:':.‘rannﬁmacmcmmccmcacamr

Modular assembly allows efficient and low-cost
generation of TALEN vectors

/ CRISPR/Cas9 system\

= interspaced short palindromic repeats
(CRISPR) systems

= CRISPR RNAs (crRNASs) in complex with
CRISPR-associated (Cas) proteins

:3’
i
=
&
8 g
=8 3
B |
z2  puide
Casd §E§ ANA ;
T T
3'~Wlﬂ'ﬂ: - '3" RS
o, .

N NN I.&.\_N chromosome
PAM
'
23bp genomic target sequence
Malietal Science 2013

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

the Centre of Transgenic Technologies”
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KO mouse generation by homologous recombination
in ES cells
vs TALEN technology

Time O 10 weeks 14- 20 weeks 24-44 weeks >

Injection of ES

Generation of Electroporation . o
: cells into Chimeric . ) .
targeting construct ) of ES cells ) blastocyst ) mice born ) Mice breedmg/) KO-het mice born

germline

Time 0 2- 3 weeks 6-7 weeks >
Design, generation Microinjection into .
and evaluation zygotes KO/mutant mice born
of TALENs

The presentation is supported from the project OP EC CZ.1.07/2.3.00/30.0027 “Founding

X : Introduction to gene targeting and genome editing
the Centre of Transgenic Technologies”



NP

Centre for Phenogenomics

ropean
social fund in the MINISTRY OF Ic ation
4 czech republic  EUROPEAN UNION TOUTHANG SF0RTS " torGampeienee st of Mol Gengtcsof e ASCR v

INVESTMENTS IN EDUCATION DEVELOPMENT

Deveiop. (ot Difer. (2014) 56, 46-52 g0z 10.1111/8gd 12110

CRISPR-mediated direct mutation of cancer genes
in the mouse liver

Available onfine al wew soencedinect com:
ScienceDirect

Joumsl of Geneics snd Cenemics 41 Q014) 719 Review Article

Wen Xue, Sidi Chen, Hao Yin, Tuomas Tammela, Thales Papagiannakopoulos, Nikhil 5.
Joshi, Wenxin Cai, Gillian Yang, Roderick Bronscn, Denise G. Crowley, Feng Zhang,
Daniel G. Anderson, Phillip A. Sharp & Tyler Jacks

Gene targeting technologies in rats: Zinc finger nucleases,
transcription activator-like effector nucleases, and
clustered regularly interspaced short palindromic repeats
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TALEN-mediated precise
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homologous recombination
in zebrafish
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(Fig. 1) and used the ‘unit assembly’ method for construction
of the transcription activator-like effector repeats. To evaluate the
efficiency of the generated TALENs, we PCR-amplified a 297-bp
genomic DNA fragment containing the target site from injected or
control embryos and then digested the amplified INA with Becl
Inembryos injected with TALEN mRNAs, 270% of the DNA frag
s i ntact e digestion (. 1) Indeed, e
fere del mutati

had occurred (Fig 1.

For gene targeting by homolagous recombination, we
sequenced parental animals and used only parents whose th locus
was identical to each other and to that of the targeting construct
(Supplementary Results), as procise homology may affect the
effiincy of omologous recombination'”. On the basis of the

We report gene targeting vis homologous

zebrafish. We co-injectad fertilized eqas with transeription
activator-{ike efector nuclase mANAS snd danar vectar
with

o part of exan 4 of th, including the TALEN binding
sites, was replaced by EGFP flanked by homologous arms of dif

arms targeting the y
(£h) locus, and we observed cffective gene m.ﬁam.. mn
was transmitted through the germ line. We alss successfully
targeted two additional genes. Homologous recombination
in zebrafish with a dsDNA donor expands the utility of this
model erganism.

Gene targeting by homologous recombination can precisely
modify the genome and has been widely used to study gene
function and introduce mutations of interest in mice”. Recently,
rinc-finger nuclesse and transcription activator-like effector
nuclease (TALEN) technologies have been developed to gener-
ate site-specific DNA double-strand breaks (DSBs), resulting in.
unpredictable gene mutations when the DSBs are erroneously
repaired by brafish, various
targeted mulagensis strategics, including the use of zinc-finger
nucleases and TALENs, have been established® £, More recently,
TALEN-medisted gene editing using ssDNA oligonucleotides
(ssODNs) has also been reported®i%. However, homologous
recombination using a long dsDNA donor, for knack-in of large
DNA fragments, has yet to be achieved in the zebrafish.

it a very law frequency. DSBs gener.

ferent ‘Table 1). We injected each donor
and the TALEN mRNAs into zebrafish embryos. Most injected
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Figure 1| TALEN design for inducing D58s at the endogencus zebrafish
th gene. (a) Schematic of the zebrafish th gene. The binding sites for

dnm}u(al_ly in fruit flies, rats, mice and maire!!-1%. We there-
fore reasoned that TALENs may be useful for targeted knock-in
through homalogous recombination in zebrafish as well

We constructed a TALEN pair targetingexon 4 of the zebrafish
th gene. We selected a 47-base-pair (bp) site including a restric

the TALEN pai by "LeR” and “Right') are
ighlighead in cyan; the Beel siten the spaceris highlighted in yellow.
& econ. () Gl sbowig Bl digestion of PR praducs amplified o

lw&
M, marker; pg. picograms. (c) Representative sequencing results of the
uncleavad PIR fragments, revealing ciffarent indel mutations in the

tion site for Becl using the targeting software TALE-NT'S!€  TALEN target site.
ol P ” My Tefins. O
Cell,mnd Developroental Biclogy,Univers Loe Angeles, Los Angele, Calffornia, USA "
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Introduction

Seneticely ModTeq enimas et Meve Deen ensrsd
using gens 1rgetNg TRENNCIDgIes &re Lsed &5 Sxpen-
mental madsts to perform functiensl enalyses or vark
cus tests i bomedical ressach I particuiar
knockeut (90) animals can el In undecstanding how

knockout mice witn spetial or tsmporal control of
genstis nactation. are widsly used Gene taretng
tecnnoiogies Meve Decome Gtical Tools Tor Lnger-
SIEndINg 28NS TUNCHIONS INCcIINg The genetio besis of
human dsseses.

Untl recently 1t wes ditfcutt to produce mammalian
KD animals otrer then mics using nens tareting tech.

The study of cancer genes in mouse models has traditionally relied on genetically-engineered
strains made via transgenesis or gene targeting in embryonic stem cells’. Here we describe a
new method of cancer model generation using the CRISPR/Cas (clustered regularly interspaced
short palindromic repeats/CRISPR-associated proteins) system in vivo in wild-type mice. We
used hydrodynamic injection to deliver a CRISPR plasmid DNA expressing Cas9 and single
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Genetic engineering of

human pluripotent cells

using TALE nucleases

Dirk Hockemeyer!4, Haoyl Wang'4, Samira Kiant!,
regory | Cost!,

Eryan Zatter,
+

Lt Zhang?, Yolanda Santiago®.fffrey C Millr’,
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fic enginesring of
prersquisie for explctngteir fll potential Such gneti
manipalations can be achieved using ite-specific ucleases.

nucleases (TALENS) for five distinct genomic loci. At all loci
tested we obtained human embryonic stem cell (ESC) and

calls™ 10 of TAL
engineering of encogenous oct 1n human ESCs and IPSCs.
‘W designed TALENS targeting the PPPIRLZC (the AAVS1 locus),
OCT4 (also known as POUSF1) and PITX3 genes al precisely the same
posttions a5 targeted esrler by ZFNY”. TALEN expression constructs
and

Introduced Info ESCs (line WIBR#3)!'! and 175Cs (ine ©1)2 by elec-
troporatson (Supplementary Fig. 1 and supplementary Tables | and 2),
Southern biol analysts was used to Menlify correctly targeted cioes.
‘W targeted PPPLRIZC With & gene t72p approach (expressing paro-
mycin (Puro) from the endogenos gene: Pig. 1 and Table 1) or wih

eﬂ‘u:lenq was high and sumiar 10 that with ZFNS%: 50% of the clones
a

\ransgeces (g 1, Table 1 2nd Supplementary g 2, Sy, an
SA-PUID-CAGGS-€GFP transgene was highly expressad from this locus
{Fig. 1a and Supplementary Pig. 3ab). Notzbly, such targeted cell

remaned

casseties solely at the TALEN-specified location. Our data

tomas. (Supplementary F1g. 3c-e). Cells ofall germ leyers in tecatomas

et
plurpotentas

suggest that TALENS ing the specific that TALEN- 25 well a3 2P

described site-specific ion i Ingaf PPPIRIZC results n

human pluripotent cells with similar efficiency and precision as  wall as In differentlated colls (Supplementary Fig, Jab.d.el

do zinefinger nucleases ZFNs). ‘OCT was targeted using three different donor plasmids,resulting In

st bl in Nature Bctochmology 29 731734 (20

01010381927

expressian ofparomycin and an OCT4 ex0n1 2GFP fusion protem under

s Inefficient, which has impeded the use of buman ESCs and 195Cs In
disease madals. To overcome this imutattan, weand others have shown
that ZFNs can be used o modify the genomes of ESCs and 1PSCs!-2

controlof "4 promotee. Th

‘were designed o tnlegrate 2 splice acceptor-eGFP-2A-Puro asette tnto
the st intran of OCT4, whereas the third donor generated an in-frame
fsionafexon | with the eGFP- 2A-Pum cassete (Supplementary Fig. 4]
ani PSCs was 70-100% as determined by

s can double-strand break praciselyat 3
predetermines position In the genome*. The double-strand break can

‘Southern blot analysis and DNA sequencing ofsngle cell-dertved cones

hway using
an exogenous danor plasid a & emplale. Depending o @ Lhe donar

(Table 1
‘We also targeted the first exon of PITX3, which Is not expressed 1n
Do et cel, andfound it 6% f g e oo

destgn, omqmmnmm TX3ko
ot syt ol 2ndSupplamentary Fge 1205, a1 0ne
nmmmu ciane both alldes of PITC).

‘Recent
a.nallzrmnvuppmammﬂmdmy\ nfn\e»spz(lﬂt ucieasest N

‘networks#. The DNA-binding domain of TALEs &5
unusual Multiple units of -34 amino aclds (called TALE repeats) are
arranged intandem.

™. Fach indvidus] domain determines the speciictey of binding
10 cne DNA base parr 1n the TALE racogniion sequence, and there-
fore arraysoffour dffrent repest unitsare sufcien 1o gEnerate TALES

To target the C terminus of OCT4, which has not been previously
targeted by z¥e, we gemerated TALENS durected 2ganst sequences
flanking the stop codon of OCT4 uslng two donor plasmids: the last
OCTd codon was elther fused In frame with an eGFP-PGK-Puro con-
struct o with eGP preceded by a 2A sequence (2A-eGFP-PGE- PurD;
Fig. 1cand Table 1}. After exclsion of the LoxP-flanked PGK-Puro cas-
sette, ether & C-terminal OCT4-£GFP fusian protem of & separaly
translted eGP protein will be expressed undar the contrel of endog-

906 OCT(re 13, Soubern oL analssshwed that 2- 1% of snge

‘with novel DNA

TALE domalns hve been shown 10 target endogenos genes In trans-

1PSC clones carried the transgene cassette at the
Dcrmcus(ng m.um Table 1) Cre-mediated exctsion of the PGK-
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ABSTRACT and a web-based version of our software is freely

S TALENs are important new tools for genome engin-  2cCessible online.

effectors of plant pathogenic Xanthomonas spp. to
the Fokl nuclease, TALENs bind and cleave DNA in
pairs. Binding specificity is determined by custom-
izable arrays of polymorphic amino acid repeats in
the TAL efiectors. We present a method and
reagents for efficiently assembling TALEN con-
structs with custom repeat arrays. We also describe
design guidelines based on naturally occuring TAL
effectors and their binding sites. Using software that
applies these guidelines, in nine genes from plants,
animals and protists, we found candidate cleavage
sites on average every 35bp. Each of 15 sites
selected from this set was cleaved in a yeast-based
assay with TALEN pairs constructed with our re-
agents. We used two of the TALEN pairs to mutate
HPRT in human cells and ADH1 in Arabidopsis
thaliana profoplasts. Our reagents include a
plasmid construct for making custom TAL effectors
and one for TAL effector fusions to additional
proteins of interest. Using the former, we con-
structed de novo a functional analog of AwHah1 of
Xanthomonas garcner. The complete plasmid set is
available through the non-profit repository AddGene

INTRODUCTION

Transcription activator-like (TAL) elfeviors are a newly
inding protein, so far

unique i the siplity and ranipulabiby of thet target-
ing mechanism. Produced by plant patho genic bacteria in
the genus Xanthomonas, the native function of these
proteins is to direely modulate host ne expression
Upon delivery into host cells via the bacterial type 111
secrelion system, TAL effectors enter the nucleus, bind
to effector-specific sequences in host gne promoters and
activate transeription (1). Their targeting specificity is
determined by a central domain of tandem, 33-35 amino
acid repeats, followed by a single truncated repeat of 20
amino,acids (Figure a). The majority_of natuall
occurring TAL effectors cxami ve between 12 and
27 ull repeats (2). Members of our eroup and another b
independently discoversd that a polymorphic pair of
adjacent residues at positiens 12 and 13 in each repeat,
the ‘repeat-variable di-residus’ (RVD), specifies the target
one RVD 1o one nucleotide, with the four most commen
RVDs each preferentially associating with one of the four
bases (Figure 1) (3.4). Also, mlum\l) oceurring recogni-
tion sites are uniformly pr a T that is required
or TAL effctor actvity (34). These straightfonvard
uence relationships allow the prediction of TAL
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1. Organizmy, které byly geneticky modifikovany vnesenim jednoho nebo vice cizorodych geni se nazyvaiji:
a) transgenni

b) liga¢ni

c) inzeréni

2. Jakym zpGsobem NENI mozné vytvofit transgenni mys?

a) pouzitim DNA metylaz a restrikénich endonukleaz

b) injikaci transgenu do pronuklea (PNI)

c) injikaci geneticky pozménénych embryonalnich bunék do vyvijejictho se embrya (zygoty)

3. Embryonalni kmenové buriky jsou pluripotentni. Co to znamena?

a) jsou to potomci totipotentnich bunék a mohou produkovat jakékoliv typ buriky kromé bunky totipotentni
b) mohou produkovat pouze jediny typ bunék

c) jsou to buniky schopné intenzivniho déleni

4. Ktera z uvedenych metod vam umozni zkonstruovat transgenni mys rychleji?
a) injikaci konstruktu nesouci transgen do mysiho oocytu
b) pouziti modifikovanych mysich embryondlnich bunék na vytvoreni chiméry

5. Co se rozumi pod pojmem knock-in mutace?

a) cilena delece nékolika nukleotidi pomoci homologni rekombinace

b) inzerce protein-kddujici DNA sekvence procesem homologni rekombinace v definovaném misté genomu
c) transverze protein-kodujici DNA sekvence procesem nehomologni rekombinace



6. Co se rozumi pod pojmem kondiciondlni mutace?

a) mutace vedouci ke translokaci ¢asti chromozomu

b) inzerce DNA sekvence kddujici fluorescencni protein

c) mutace, kdy je mozné modifikaci sledovaného genu vyvolat kdykoli béhem Zivota zvirete v predem definovanych tkanich

7. Které z nasledujicich tvrzeni o embryondlnich kmenovych bunkach jsou spravne?

a) embryonalni kmenové buriky jsou diferencované bunky vyizolovany z pozdejsiho stadia vyvinu embrya

b) embryondlni kmenové buriky jsou pluripotentni kmenové burky nachazejici se ve vnitfni bunééné mase raného embrya ve stadiu tzv.
blastocysty

c) embryonalni kmenové buriky nejsou schopné obnovy poskozené nebo opotiebované ¢asti a udrzovat homeostazi organizmu

8. Které z uvedenych tvrzeni o homologni rekombinace NENI spravné:

a) umoznuje inaktivovat nebo nahradit endogenni kopii genu transgenem

b) je proces uplatiiujici se pti opravé dvouretézcovych zlomi DNA

c) umoznuje integraci transgenni molekuly nespecificky, t.j. kdekoli v genomu

9. Ktera z nasledujicich moznosti predstavuje embryonalni vyvoj od nejrannejsiho po nejstarsi stadium embrya?
a) morula - blastula = gastrula - zygota
b) zygota - morula - blastula = gastrula
c) zygota - blastula = gastrula - morula

10. Co je to chiméra z pohledu genetickych manipulaci?

a) vyhynuly Zivocich z doby pravéku

b) organizmus, ktery se vyvinul z embryonalnich buriek pochazejicich ze 2 rlznych zdrojl v laboratofi
c) organizmus, ktery vznikl z buriek nebo genl pochdzejici z 2 a vice rliznych druh( Zivocichd
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