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Trillions of cells

Each cell: ! " 5
chromosomes

* 46 human
chromosomes

* 2 meters of
DNA

* 3 billion DNA
subunits (the
bases: A, T C G)

* Approximately
30,000 genes
code for proteins

that perform most _
life functions protein
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Capecchi, Evans and Smithies have revolutionized
the study of human health and diseases.

-Lasker Fundation Press Release 2001

It is now being applied to virtually all areas of
biomedicine - from basic research to the

development of new therapies.
-Nobel Assembly Press Release 2007

It is not an exaggeration to say that there is no
mammalian biologist today who does not use

these tools in one way or another.
—Science 2007
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Step 1 Gene targeting In ES cells

1. ES cell culture
Embryenic staem {ES] cslls
am cultvated from mouse

pre-amplantation embryos
(blastecysats),

\MJ;/ Rare ool camyng

targeted gere

Pastive-negalive
el scton

4. Proliferation e
of targeted ES cell '-/@%
Selaction for presence of neo” M
and abaance of HSY-tk :

enriches targatad ES cells. 2\:; ::T:::;:;; Eice‘ls
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Vector neoc’ HSV-1k
[ o —" N s —" . - - 3

—— _'—I
Homadogous DNA Homalogous DNA

2. Construction of targeting vector

Tha vector contains piecas of DNA that ara homalogous
to tha target gane, as well as insarted DNA which changaes
the target gene and alows for pesitive-negalive selection.

3. ES cell transfection

Tha cellular machinery for homealegous recombnation
allows the targating vector anables tha target wector to
find and recombina wrth tha targat gene,

neo
Vector ! ! [ETATY

1 L) L}
! .
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'!ar}vt gene o

Fomologous
recombinahon
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Targeted gone
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5. Injection of ES celis Into blastocysts

The targ=led ES cels - whee they min ard form a mesaic The inecled blastocysts are mplmed
oeirjacled wilh the cel= of the inner cel mass ™o & suircgate mother whers (hay
nio biaslocysls., fom which |he emuryo develops deve'ap mio massc emibiycs,

Mosaic mer
<ol mass

6. Birth and breeding Bom meaaie mice
of mosalc mice - _
Tha mosax: mice mata with nomal mca @ ; @ g("biﬁ- @\
to procduca both gene targeted and ’
noemal offepeng. l
Noemal

Mesaiz meusa mouse b

g@&»@%@@&/& o el (i

&:evm

Geanm largatad mice « caled "wnockows mice” Narmal mice
when the largeled gene < inactivaled
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Evans MJ and Kaufman MH. (1981). Nature 292, 154-156.



FEEETHAEAR

(1994-%4)

—ﬁ@ﬂe@?ﬁ%%'ﬂ“
NRSHFNFINREBARFE

~\ °.= W’ =\ °%/

¢HZ0%5 R Cre L \

e FHEEFTHE/E
,f:;\,_

/%uﬁﬁ'lﬁ

FHEEITHE/NE
6u H et al. Science 1994




HEEEEEEESS———m—m—m—mmmSSSS
ET ATL#ZERAVISAICRISPRITAR

(2013-ZE45)

— AR B HRIEEE
ZEFFS. HaEEFY
5FF|1EI'JI3E IJ

— e E RS 4HRa
—[Eri# T2 EEH &

Doror DN

Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA and
Charpentier E. (2012). Science 337, 816-821.



CRISPR-Cas9k I EE53k
201544 il oS

Jennifer Doudna Emmanuelle Charpentier



EEFTHR RN & RiASE

SEEEEMEG = SERRR-ZE M E
BEEREERMG = 2EFEAEER
EEEERG = BEET
RIDEFERPE ™ JERIDEERR
IR HAEREY




B FT R ARE
IR FMEP RN A

O it EERE IR IhEE
0 WHEIA KRN IEE



he Gt E A E TR R LI IER

L)
) 4’"‘"' f’.‘é" r"' )
& & '—.——' f_l H q !

o I ." gt
s e
Py & A

S Shawlot W & Behringer RR:
Nature, 1995, 374:425



37 B KI5 < R (6] K&

WT Smadaf/fl pPTENf/f s
L

. %

. ®

\, . . £
(ELE T RO @

SMAD4 CCND1 SPP1

Low risk

High risk

Ding Z et al: Nature, 2011
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TGF -B/Smad{5 5@

Type Il receptors: Type | receptors:
* ACTRII * ALK4
* ACTRIIB * ALKT. Activin A or

Type | receptors:  Type Il receptors:
NODAL GDF1and GDF3 41 e ALK3 ¢ ACTRII » BMPR?

e ALK2 ¢ ALK6 < ACTRIIB

CRIPTO or

BMPs and

@ SMAD4

SMAD?2 or
SMAD3 O \l
) SMAD1, SMAD5

or SMADS

Nucleus

Gene
regulation

Gene

Cofactors

Wakefield L & Hill C: Nat Rev Cancer, 2013
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Endothelial Smad4 Maintains Cerebrovascular
Integrity by Activating N-Cadherin
through Cooperation with Notch
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complex molecular signaling
cascades governing endothelial-
pericyte interactions have raised
several important questions.

—Dev Cell, 2011
I Pericyte, although long speculated to

Game of Brai Pericyte Hopscotch e M. fill critical position in BBB, have only
i i recently been demonstrated to help
form and maintain the BBB in vivo---

—Nat Neurosci, 2011
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Figure 8. A photograph of Chuxia Deng who worked in my laboratory as a graduate

student from 1987 to 1992,

(Figure 7). The exon we chose, exon 8, encodes the active catalytic site for

this enzyme. Homologous recombination between this targeting veetor and

the endogenous Aprt locus would generate hpre ES cells resistant o growth
in medium containing both 6TG (killing cells with untargeted hprt* loci)
and G418 (killing cells lacking the inserted nea’ gene, as described above)
All cell lines generated from cells selected in this way, had lost Aprt function

as a result of the targeted disruptions of the Agrtlocus™ ™. Thus, the Aprtlocus
provided Chuxia Deng (Figure 8), then a graduate student in our laboratory,
an ideal locus for further study of the parameters that influenced the target-
ing efficiency®=*,

Because we foresaw that the nes’ gene would probably be used as a posi
tive selectable gene for the disruption of many genes in ES cells, it was cs-

sential that its expression be mediated by an enhancer that would function

in ES cells, regardless of the expression status of the target locus. Here our

. We knew from those

prexious experience with enhancers proved of va
experiments that the activities of promoterenhancer configurations are very
cellaype specific. To encourage strong ned expression in ES cells, we chose

0 drive iis expression with a mutated polyoma virus cnhancer that had been
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