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- Novel “Brave New World” in 1931 by Aldous Huxley
- Movie in 1997 by Andrew Niccol
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- novel in 1990 by Michael Crichton
- movie in 1993 by Steven Spielberg







Paramecium Parlor @AmoebaSisters

Okay, class, let's
all say our alphabet!

— = Adenina

Aol J ' DNA

= = Timina

3 = Citosina

2 = Guanina

= Struttura laterale
(gruppo fosfato
e 2-deossiribosio)
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R | gene {
Organism Each cell Each DNA is 3
(human) nucleus One specific chromosome :
Ahumanbody  ;ontains an  chromosome is one long DNA double helix.
IS made up et . el d
of trillions St pair molecule, an
&t calls complement of genes are
: chromosomes functional
in two copies. regions
Each copy of this DNA.

IS a genome.





발표자
프레젠테이션 노트
Chromosome -> 염색체
Cell -> 세포 
Nucleus -> 핵
DNA
Gene -> 유전자

용어 수정, 통일할 예정입니다.
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DNA 7}2] 2} biotechnology

e 19709 restriction enzyme (H|gtga4)Q] vtA ->
O XA A A& (DNA recombinant technology) 71
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Heredity

Thomas Hardy
(1840-1928)

| am the family face;

Flesh perishes, | live on,
Projecting trait and trace
Through time to times anon,
And leaping from place to place
Over oblivion.

The years-heired feature that can
In curve and voice and eye
Despise the human span

Of durance -- that is [;

The eternal thing in man,

That heeds no call to die
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°17F S XA Human Genome =2 AN E

- 1990 A=}

- 23} (Rough draft), 20014
- 99.9% 2 47, 2003

- 0]= $4l, UK, Japan, France,
Germany, China, and India

- 309 & (3billion dollar) project
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DNA sequencing costs have gone down

Cost per genome - § million, log scale

100
Moore's Law: & long-term treénd in the computer
hardware industry that involves the doubling of
‘compute power’ avery two years
10 2001:
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- 23 and Me : Google, Anne WojcicKi

- deCODE : Amgen, Iceland genetic information (-\\-)

- Navigenics : Life Technology Navigenics

- Foundation Medicine : Personalized Cancer Treatment

Huge Computing Power

Combining with artificial intelligence (ex, IBM's Watson system)

AMGEN

- SK chemical: DNA &4 AMHlA ga
|
deCODE =i genetics
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Big data analysis Jl&
- &4 SDS genome analysis software

- KT Cloud Computing Infrastructure
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welcome

buy one, get

20%

off each
additional kit

Receive in time for Christmas, order by December 13.

Watch Greta and
Stacy's story.

ancestry

¢ECEDEID ~0

howitworks research buy help Q

Give the gift of
knowledge.

* Leamn what percent of DNA comes from populations
around the world

» Contact DNA relatives across continents or across
the street

$99

order now

Select Standard shipping at checkout.
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Normal Form of Gene
Exon Intron Exon

Gene

Transcription ‘

Processing

e

MRNA G\AANANAANNNNL AAAA

Translation

Protein
(enzyme)

Substrate —

. Product

Pigmented cell

Malfunctional Form of Gene
Mutation
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Muscular Distrophy ALD
(Duchanne and Becker types) ({adrenoleukodystrophy)
Progressive detection of the 1 Nerve disease portrayed
= in movie Lorenzo’s Oil
Hemophilia

blood defect making it difficult
to control hemorrhaging

Neurofibromatosis, Type 2
Tumeors of the auditory nerves and tissues
surrounding the brain

Down’s Syndrome
C ital

1 defi diti,

marl’md by three copies of r.h,rommma 21

Amyotrophic Lateral Sclerosis*
(Lou Gahrig's Disease)
Fatal degenerative nerve ailment

ADA Immune Deficiency
Severe susceptibility to infections.
First hereditary condition

treated by gene therapy

Familial
Hypercholesterolemia
Extremely high cholesterol

Myotonic Dystrophy
Frequent form of
adult muscular dystrophy

Amyloldosis
Accumulation in the fissures
of an insoluble fibrillar protein

Breast Cancer®
5% to 10% of cases

Polycystic Kidney Disease
Cysts resulting in enlarged
kidneys and renal failure

Tay-S5ach’s Disease

Fatal hereditary disorder
invelving lipid metabolism
often occurring in

Ashkenazi Jews and
Alzheimer’s

Gaucher’s Disease
A chronic enzyme deficienc

£
fr

y occuring
i Jews

q

Familial Colon Cancer

One in 200 people have this gene;
of those, 65% are likely to develop
the disease

Retinitis Pigmentosa®
Progressive degeneration of the retina

Huntington's Disease
N deg tive di
strike people in their 40s and 50s

d A

to

Famial Polyposis of the Colon
Abnormal tissue growths
frequently leading to cancer

Hemochromatosis
Abnormally high absorption
of iron from the diet

/ Spinocerebellar Ataxia
Destroys nerves in the brain and
A spinal cord, resulting in loss
of muscle control

18 7 Sp——

o e o e

Cystic Fibrosis

Mucus fills up the lungs, interfering
with breathing. One of the most
prevalent genetic diseases in the U.S.

Multiple Exosioses*
A disorder of
cartilage and bone

"-M.all-gnant Md;noma
Tumors originating in
the skin

Multiple Endocrine Neoplasia, Type 2
Tumors in endocrine glands and other tissues |

Sickle Cell Anemia

Chronic inherited anemia, primarily affecting blacks,
in which red blood cells sickle, or form crescents,
plugging arterioles and capillaries

French Canadians

Bi *
Deg nerve
disease marked by

premature senility

Retinoblastoma
Arel ly
the eye, accounting for 2%
of childhood malignancies

Figure 1-17
Introduction to Genetic Analysis, Tenth Edition
© 2012 W. H. Freeman and Company

tumor of

PKU {phenylketonuria)

An inborn error of metabolism
that frequently results in
mental retardation



Desire of human for genome editing
. gene therapy (S-A XX &)

- ~700 genetic diseases
- mainly by a mutation of a single gene

- scissors for genome necessary




Previous scissors for DNA and genome

e Restriction enzyme: 4-6 nt 45/302=732421 hit
e Zinc-finger nuclease (ZFN): 8-10 nt, 2861 hit

* Transcription activator-like effector nuclease (TALEN):
10-12 nt, specific sequence design




QARW Y] 7H5e M2e SHA 71 5%
, CRISPR (2013)

SEEII AHD {IESTII[W

'



CRISPR

* A novel and specific scissors for genome

e CRISPR (clustered regularly interspaced short
palindromic repeats) gene and Cas9 nuclease

Guide RNA ‘%% Cas9 enzyme

Matching gene sequence |

ﬁf

/

Genomic DNA o = E—




CRISPR:

Adapted immune response of bacteria

Targeting

E- v (1) Virus invades
TAr—g—__ bacterial cell

(2] New spacer is
derived from virus
and integrated into
l CRISPR sequence

4 4T ¢

{4) CRISPR RNA l

guides Cas9
protein to

target and destroy

viral genome

- 5-?_ (3} CRISPR RNA

is formed

Cas9 protein

—

— Adaptation

_ Production of
CRISPR RNA




t}hFst A L2} organismo| 4] gene editing 7=

sequence § B =
Matching genomic '

Donor DNA

: Targeted genome editing %
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Genome Editing Era!

Dawn of the
gene-editing age

CONSERVATION PLANT BIOLOGY
AWORLDOF FLOWER
TWOHAIVES ARRANGEMENT

E. 3. Wilson'svigton foran Anarnaenms/receprorpaly
Earth shaved with noture drving pollen-tube growth
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DNA-free genome editing in
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These Foods Aren’t Genetically
Modified but They Are “Edited’

W
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DeExtinction: Woolly Mammoth Revival Project

e 2015 A]&}F
e Using DNA from a 42000 year-old frozen woolly mammoth
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HIV &tX] 7F=A: &40]Al ifj HIV receptor CCR5 knock-out(KO)
3 o]

Rh(+) 2 Rh(-) by RhD-target KO in erythrocyte

Muscular dystrophy, cancer 5 thfst SXw¥o] S XX} X| w0 A

&3

CCRS {wnld type) CCRS (Edited)
Genome editing 4

|ZFN, TALEN, CRISPR/Cas9 5 sysbem)
-:m T cells cnf* T cells
Cl:l-34 stemn cells CD347 stem cells
Apheresis Reinfusion

Patient

production
Cell Killing
Recruitment of
other immune

TRENDS in Biotechnalogy
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N[zP? NATIONAL CANCER INSTITUTE

1-800-4-CANCER

ABOUT CANCER CANCER TYPES RESEARCH GRANTS & TRAINING NEWS & EVENTS ABOUT NCI
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Live Chat Publications Dictionaj

search

Home > News & Events > Cancer Currents Blog

With FDA Approval for Advanced Lymphoma, Second CAR
T-Cell Therapy Moves to the Clinic

Subscribe

October 25, 2017, by NCI Staff

Just a month after approving the first cancer therapy that uses
genetically engineered immune cells collected from patients, \
the Food and Drug Administration (FDA) has now cleared a \\\
second such therapy. R

\

The approval, announced October 18, covers the use R
of axicabtagene ciloleucel (Yescarta™) for patients with large- 3
B-cell lymphomas whose cancer has progressed after receiving
at least two prior treatment regimens. Large B-cell lymphomas

include diffuse large B-cell ymphoma (DLBCL), the most

W

" Cancer cell
-

common type; primary mediastinal large B-cell lymphoma; Minge

high-grade B-cell lymphoma; and transformed follicular Costimutatory Cytolytic activity

I h domein Cytokine release

ymphoma. masenta] | Proliteration
activation |~

domain
Axicabtagene, a form of immunotherapy called CAR T-cell ).

therapy, was initially developed at NCI by Steven Rosenberg,
M.D., Ph.D., of the Surgery Branch in NCI's Center for Cancer S Soeand
Research (CCR), and his colleagues. It was later licensed to a
private company, Kite Pharma, for further development and

T The engineered receptor on CAR T
commercialization.

cells binds to an antigen on cancer
cells. After binding, components of
the receptor inside the T cell provide
sianals that activate it.

The clearance of the first CAR T-cell therapy—tisagenlecleucel
(Kymriah™)—for some children and adults with advanced

ENLARGE Q
CHIMERIC ANTIGEN RE OR [CAS

A Y G

Featured Posts

Advancing Patient Care
Through Focused Innovation
April 16, 2018, by Norman E. Sharpless,
M.D.

Study Tests Way to Lower

Dose of Prostate Cancer Drug
April 23, 2018, by NCI Staff

Cancer Immunotherapy Drug
Targets Two Proteins
April 4, 2018, by NCI Staff

Categories

Biology of Cancer

Cancer Risk

Childhood Cancer

Clinical Trial Results
Disparities

FDA Approvals

GClobal Health

Leadership & Expert Views
Prevention

Prognosis

Screening & Early Detection



“Genetic Gold Rush”

e Partnership between pre-existing pharmaceutical companies and gene-editing start-ups

Pre-existing Gene-editing start-up S Topic
company (USD)

Novartis

AstraZeneca

Microsoft &
other patrons

Vertex
Pharmaceuticals

Bayer

Regeneron
Pharmaceuticals

Dupont

Intellia Therapeutics
Caribou Biosciences

Wellcome Trust Sanger
Institute

Innovative Genomics

* engineering immune cells and blood stem cells
* aresearch tool for drug discovery

* identifying & validating new targets in preclinical
models across a range of disease areas

Initiative
the Broad 4dnd Founded by Feng Zhang * Founded by Caribou * A French Biotechnology firm
Whitehead| Institut@s@tspr patent holder) Biosciences & Atlas Venture p GLEREILE L

MIT *  $160 million+
* The most promising start-up

Thermo Fisher Scientific

Editas editas) million
CRISPR Therapeutics - 526 billion
S300 million

ERS Genonlicimmmrs

* Founded by Emmanuelle
Lithuania’s Vil thaspentier (Switzerland)

. . b illion (since April 2014) +
U_mve_rSIty t Céﬁ@rﬁm lion (Vertex)
Biosciences

* Funded by both Atlas Venture
& Novartis Institutes for
Biomedical Research (NIBR)

THERAPEUTICS

“Engineering Plant Genomes
Using CRISPR/Cas Systems”

ceE‘eciis

CARIBOU
BIOSCIENCES

* Founded by Jennifer Doudna

plicativhgion
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Dupont: a scientific company not pharmaceutical
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Human Embryo Editing 017} ujjo} AL =27

.

Pratein Cell 2015, 6(5):363-372 \ .
DOI 10.1007/513238-015-0153-5 @G‘“ﬂ"ﬁ Protein & Cell

RESEARCH ARTICLE

CRISPR/Cas9-mediated gene editing in human
tripronuclear zygotes

Puping Liang, Yanwen Xu, Xiya Zhang, Chenhui Ding, Rui Huang, Zhen Zhang, Jie Lv, xlanwel Xie,
Yuxi Chen, Yujing Li, Ying Sun, Yaofu Bai, Zhou Songyang, Wenbin Ma, Cangquan Zhou , Junjiu Huang ™

Guangdong Province Key Laboratory of Reproductive Medicine, the First Affiliated Hospital, and Key Laboratory of Gene
Engineering of the Ministry of Education, School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China

4 Correspondence: hjunjiu@mail sysu.adu.cn (J, Huang), zhoucanguan@hotmail.com (C. Zhou)

Received March 30, 2015  Accepted April 1, 2015
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ARTICLE

doi:10.1038/nature23305

Correction of a pathogenic gene
mutation in human embryos

Hong Ma'*, Nuria Marti- Gutierrez'*, Sang-Wook Park?*, Jun Wu’#*, Yeonmi Lee!, Keiichiro Suzuki?, Amy Koski!, Dongmei Jit
Tomonari Hayama', Riffat Ahmed!, Hayley Darby!, Crystal Van Dyken!, Ying Li!, Eunju Kang!, A.-Reum Park?, Daesik Kim?,
Sang-Tae Kimz, Jianhui Gc)11g5’6’7'8, Ying Gu™®7, Xun X115'6’7, David Battaglia]'q, Sacha A. Kriegg, David M. Leeg, Diana H. Wu’®,
Don P. Wolf!, Stephen B. Heitner!?, Juan Carlos [zpisua Belmonte?®§, Paula Amato!?§, Jin-Soo Kim?4§, Sanjiv Kaull% &
Shoukhrat Mitalipovl 10g

Genome editing has potential for the targeted correction of germline mutations. Here we describe the correction of
the heterozygous MYBPC3 mutation in human preimplantation embryos with precise CRISPR-Cas9-based targeting
accuracy and high homology-directed repair efficiency by activating an endogenous, germline-specific DNA repair
response. Induced double-strand breaks (DSBs) at the mutant paternal allele were predominantly repaired using the
homologous wild-type maternal gene instead of a synthetic DNA template. By modulating the cell cycle stage at which
the DSB was induced, we were able to avoid mosaicism in cleaving embryos and achieve a high yield of homozygous
embryos carrying the wild-type MYBPC3 gene without evidence of off-target mutations. The efficiency, accuracy and
safety of the approach presented suggest that it has potential to be used for the correction of heritable mutations in human
embryos by complementing preimplantation genetic diagnosis. However, much remains to be considered before clinical
applications, including the reproducibility of the technique with other heterozygous mutations.
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World's first gene-edited babje

Unconfirmed scientific breakthr,

S Created in China, clajmsg scientist
moral concerng

ough sparks ethical and

20184H 11

2|
F="

Xl 5| 0
A AFRuAEYE



발표자
프레젠테이션 노트
중국 과학자 사진 크게

언제 어디서 발표했는지 
위슬라이드처럼


oF& of7] (designer baby) AT =7
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Pre-implantation Genetic Diagnosis (PGD)
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Fetal genomic screening?
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http://www.obgyn.net/Frontiers_In_Reproductive_Medicine/images/PGD.gif

Issues over genome editing by CRISPR

 Ecological concerns
* Meaning of gene editing
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