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@ Cancer diseases
@ Infectious diseases
@® Other

® Ocular diseases

@ Monogenic diseases

® Cardiovascular diseases
@® Neurological diseases
® Inflammatory diseases

Monogenic disorders
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Adrensledhotysirophy 1
o1 anttrypais delickncy
Becier muscular dystrophy
p-thalssssemmis

Caravan diseare

Cheonic pramiomaiows disease
Cystic fiteosls

Duchenne muscular Sysuophy
Fatey disease

Familisl sdenomatous palyposhy
Fancond anaemla
Galacteslalisosls

Gaochar's divease

Gyrate avvopdy

Hatencphila A and B

Murler syndrome

Hustiagion's cheeea

Juncticas! epidermodysls bulloss

Late Infantle rewronal cerodd lizofuicingsls
Levikocyle agherence defichncy

Umd gledie muscular dystrophy
Upopeotein Bpase defickency
Mocopolysaccharidosls type VI

Crrithine transcabamylase deficlency
Pompe disease

Purine rodclecsddo phosphoryline deliclency
Recessive dystyophic epidermalysls butiosa
Sichle cell disease

Severe combined immunodeficienty

Tay Sachs disease
Witkott- Aldrich syndrome




PREREQUESTS

* Somaticcells

* Finished experiments on cells and animal models

®* Only for some medical conditions
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Microinjection




Viral vectors

Adenovirus (~36 kb genome)

E1 deleted, replaced

Y by expression cassette L1, L2 L3 L4, LS

7-8 kb max ~E2B oA E3 “E4
deleted
Adeno-associated virus (4.7 kb genome) Expression
Yy cassette
%} ITRES] | HITR

4.5 kb max

Retrovirus (7-10 kb genome) Expression Self-inactivating
L) cassette 3’ LTR
8 kb max

Lentivirus (9-10 kb genome) cPPT  Expression Self-inactivating

y + CTS cassette 3’'LTR

8 kb max
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Jesse Gelsinger
was the first person publicly identified as having died (1999,
in a clinical trial for gene therapy. He was 18 years old.



In 2013.

Highly purified, —3i
HSC high-titre LV Cytokines

HSCs with
corrected gene

Cell release
without cryo-
preservation

Patient with Myeloablation Intravenous infusion of
MLD or WAS (x immunosuppression fresh, transduced cells
adapted to specific disease) (high dose of cells)




* Metachromatic leukodystrophy
 Destruction of white brain matter - leukodystrophy
» Ex vivo therapy with lentiviral vectors
* 60% blood cells with vector (1 vector per cell)
 Arilsulfatase-A: 10 x higher then in healthy people

e Disease onset was late for 7 to 21 months

* Wiscott-Aldrich syndrome

« 25%-50% k. stanica eksprimira vektor

* Lentiviral vectors
« Accepts big genes
 Easy to isolate and efficient transduction
 Safety — integrates gene near HMGA?2 gene



IPS
induced pluripotent stem
cells
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IPS production

. KLF4, SOX2, c-Myc, Nanog, Oct-3/4, LIN-28 |
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Adult Fibroblast Cell

iPS cells
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Motoneurons




DAY 1 DAY 12 DAY 30:
Human skin fibroblasts, after gene transduction Partially reprogrammed colony iIPSCs growing on a fibroblast feeder layer




Possible use of iPS

CoME

Dusease modelling  Molecular mechanism
of the disease

b q.:Q R

Differentiation

Rep rammin

Somatnc cells iPS cells Specaaluzed Drug screening
(unipotent) differentiated and discovery
L cells ) | :

Patient

Cell therapy?
Human preclinical

trials ‘in a tube’

Cardiac, neural,
liver toxicity tests |

J

Nature Reviews | Molecular Cell Biology




How scientists generated ova from iPS cells

OOO —_—) 9}3;: — s (3 ' Cultured with somatic cells

iPS cells. Primordial O ® ~ destined to form ovaries
ES cells germ cells p
Immature ova extracted,
cultured in vitro

Transplanted to
female ovary

Normal mouse offspring (Provided by Kyoto University) ~ Returned to matemal body, delivered |




Gene editing




Gene editing technologies

TALEN CRISPR-Cas system

T

DNA double-strand break
at nuclease target site

Non-homologous end-joining Homology-directed repair
‘ ~— Exogenous donor template ——— — :
2 =
Gene disruption Gene correction Transgene insertion

Nature Reviews | Genetics




Matching genomic
sequence

Guide RNA

" Genomic DNA Cas9

i A

i
Donor DNA Em====)» Repair .

Gene therapy ‘ Targeted genome editing

¥

Mice
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First human gene - editing therapy

NEJM Dec 2014.

12 people with HIV
cover 70 patients treated to date,

ZNF

50% of patients do not take antiviral TH



CCRS (Wild type)
A

co4a’ 1 cells
CcD34* stem cells

Genome editing

(ZFN,TALEN,CRISPR/Cas9 system)

)

CCRS (Edited)
A

cDa* T cells
CD34% stem cells

Patient

TRENDS in Biotechnology
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Matt Chappell had his immune cells gene edited

Matt Chappell

Two years without therapy (most of his adult life he was HIV positive)




Haemophilia

* Healthy gene for factor IX under albumin
promoter in monkeys

* September 2017.. “green light” for human trial




Leukemia

* Edited donor cells toavoid GVHR

&

®* Donor cells resistent to chemotherpy




Retinitis pigmentosa

* Editing of RPE65 improved light sensitivity in all

21 patients

—



The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 NOVEMBER 2, 2017 VOL. 377 NO. 18

Single-Dose Gene-Replacement Therapy for Spinal Muscular
Atrophy

J.R. Mendell, S. Al-Zaidy, R. Shell, W.D. Arnold, L.R. Rodino-Klapac, T.W. Prior, L. Lowes, L. Alfano, K. Berry,
K. Church, J.T. Kissel, S. Nagendran, J. L'Italien, D.M. Sproule, C. Wells, J.A. Cardenas, M.D. Heitzer, A. Kaspar,
S. Corcoran, L. Braun, S. Likhite, C. Miranda, K. Meyer, K.D. Foust, A.H.M. Burghes, and B.K. Kaspar







Vectors in Gene Therapy

Proteins produced

DNA encoding by normal gene

‘normal’ gene

Virus carrying
‘normal’ gene
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Gene editing of human zygote




Gene editing of human zygote

® August2017.
®* Oregon Health and Science University

* Gene MYBPC3

® CRISPR-Cas9




CRISPR-Cas9

Mut
MYBPC3AGAGT
I

Untargeted
mutant embryo

MIl oocyte Zygote Mosaic embryo

S-phase

/"
.

/0%
nature .
HDR-repaired
embryo



First gene edited human by
CRISPR-Cas9

® November 2016.,China (soonin USA,

®* Lung cancer

* Gene PD-1 was modified




IPS + CRISPR

Mouse with

sickle cell anemia
-

- Transplant

<

Collect skin cells
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Genetically identical 3
iPS cells ™ /
Wusteation by Tom DiCesare




HUMAN GENOME
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Prior HGP

° Linkage analysis of large femilies, confirmation on animal
models...

* Around 1000 (out of 7000) single gene disorders were
identified (Huntington d., cystic fibrosis etc) by year 2000




Importance of HGP

> Molecular mechanisms of diseases
> Multigenetic disorders
> Microbial genetis
> Antropology, evolution, migration

> Agriculture



Medical impact

> Better diagnosis and prognosis

* Genotype then therapy

* Health risks in %




Novel scientific disciplines

* Proteomics
* Bioinformatics

* GINA 21.05.2008.
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DNA sequencing development

Output per instrument run
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Platforms
ABI 3730xI 454 GS-20| Solexa/lllumin ABI SOLID Roche/454]| lllumina GAllx, | lllumina Hi-Seq|
capillary pyrosequencer sequence sequencer Titanium, SOLID 3.0 2000
sequencer analyser lllumina GAII
J
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
o ir B
1,000
1,000 Genomes, Watson Genomes pilot
Draft human Human Microbiome genome and HapMap3
genome HapMap Project begins | ENCODE Project begins projects begin publication publications
ENCODE Project| First tumour:normal Human genetic
pilot publications! genome publication syndromes publications |

Projects and publications




Dissociate

>

Solid tissue Cell suspension

Micromanipulate /ell sort or enrich
Tube- or microfluidics-
based steps

Captured single cell
Wy 2
e ™Y A
DNA RNA
RT and
Preampli second-strand
/ PCR l m[hosjs
or
Looped MDA N
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T ==
\ “DNA
PCR
v ron Amplified RNA
Amplified DNA
Amplified cONA
Prepare sequencing ibraryl
Sequence

Gene or transcript
abundance

Genomic sequence,
allele copy number
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Single-cell sequencing

* DNA and RNA

® On average between 5000 and 15000 active genes per
cell

®* Prenatal dg, cancer etc.




Biological diversity

Healthy Pathological
Tissues
e Single-cell RNA-seq
v QI v
- Expression profile clustering
v \4
Cell-type
maps © &o e © % ©
< o o fe
O o © C23@
O S (®) © O J o ©®%0
© Yo o . O ©
- y o
\_/ © - (®) 0& Disease-associated
cells
©
Types of analyses
_N -3
Within cell type Between cell types Between tissues
* Stochasticity, variability of transcription » |[dentify biomarkers * Cell-type compositions
* Regulatory network inference * (Post)-transcriptional » Altered transcription
* Allelic expression patterns differences in matched cell types

* Scaling laws of transcription




After HGP i

® 5% of our genome 1s conserved, but only 1,1% are protein
coding genes

® Remaining 4 % are regulatory elements and RNA genes

® Around 90% euchromatin is transcribed

¢ Pseudogenes (around10% genes has it, regulatory role)




After HGP ii

* Gene number: around 21.000

* Gene with most exons - 363 1s TITIN

* Longest gene 1s DISTROFIN 2,4 M bp
* Very active genes have a few introns

* 9% of genes are overlapping (usually second strand 1s
~ transcribes)




After HGP iii

* Biological world started as a RNA

Followed by proteins — due to their adjustability, and a DNA
due to its stability

* H. Sapiens and C. elegans have 21 and 20 thousand genes
respectively, and it seems that our complexity comes from
RNA and proteins




ENCODE 1
Encyclopedia of DNA Elemnts

Goal: To determine function of human DNA

Who: 440 scientists on 147 cell types

RESEARCH (24 types of experiments):
® Histone modifications (13/60)
® Binding of transcription factors (120/1800)

® Distant chromosomal interactions

® Promoter region quantification




ENCODE II

® 80% of our genome has some sort of functional activity !
® 70,000 promoters and 400,000 enhancers
¢ Around 50bp 1s common for 1000 promoters

¢ 2.9 millions of DNasel sites, and 3700 of them 1n all cell
| types




Topologically associated domains

a Intra-TAD gain of function Phenotype Examples

&
Gain of function:

KX @ * SOX9 locus: duplications of gonad
oo ¢ enhancer cause 46,XX sex reversal
KX XXHKLS o icati
0.626°0%%%% 0. 4* &% * BCL6 locus: duplications of super
¢ (IR o
o' o 0% 000000 o 0% 0.4%. enhancers cause B cell lymphomas
S4060 SO W 000N 0 0. %, 0NN

* SHH locus: duplications of limb
enhancer causes polydactyly

Loss of function:
* PAX6 locus: aniridia

—ﬂlﬂ:-l—m-ﬂ—ﬂﬂﬂm Duplications of enhancer

IHH elements cause preaxial DLXS and/or DLX6 loci: solit hand foot
L — svnpolvdactyly of feet ¢ andaj/or OCI: splt hana oo
Duplications — ynpolydactyly e
* SOX9 locus: deletions of gonad enhancer
cause 46,XY sex reversal

b Neo-TAD o

¢
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o0 i NN %
% ¢ o296 0 o% %
s > 6. PRES s 6.8

P09 %%, e 0 e’ t (WL %%

200 0000 00008 0% 6 6%,

N

—H-0 . . { Cooks syndrome:

KCNJ16 KCNJ2  PRS RevSex  SOX9 Duplications of TAD boundary,
KCNJ2 and KCNJ16 cause

Duplications —— ———— aplasia of nails and short digits

Boundary
: * FGF2 locus: colorectal cancer

* PRDM6 locus: medulloblastoma
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HOW TO MAKE A GENETICALLY MODIFIED PLANT

g he bacterium 3 1S - B &) N/ A Niowthe genetically
Bacillus thurin- 3o W 02 it altered cells to
giensis, isolate the a“marker” gefv Wl o I growinto plants. Those
gene that directs cells flag cells that JRIG' = _umen e N\ | plants—and crops derived
to produce a protein up the Bt gendiiR® D R , Vo \ | fromtheir seeds—produce
toxic to certaininsects  markers shiel[E A AN _ ' the Bt toxin in their cells.
being killed b ' A o . . ' ] Asinsect pests susceptible
antibiotic or a et SRS ) '} tothe toxins dine on the
' i ] plants, they die instead of
destroying the crop

CLINRRTAY TOXIN GENE MARKER DYING PLANT CELL THAT  PLANT CELL THAT DID DEAD PESTS
THURINGIENSIS [BT) FROM BACTERIUM  GENE DID NOT TAKE UP GENES ~ TAKE UP GENES




COUNTRIES PRODUCING
GM CROPS IN 2000

M INDUSTRIAL = DEVELOPING
NATIONS NATIONS

U.s.
68%

ARGENTINA
23% \

CANADA 7%
CHINA 1%

OTHER 1%
IN DESCENDING ORDER:
= SOUTH AFRICA
M AUSTRALIA
m ROMANIA
=m MEXICO
M BULGARIA
= SPAIN
m GERMANY
m FRANCE
= URUGUAY

PERCENT OF TOTAL
GM AREA

BY TYPE ...

CANOLA

6%
COTTON

12%

SOYBEANS

... AND TRAIT HERBICIDE

TOLERANCE

INSECT 0
RESISTANCE 4%

19%
BOTH
’%

Figures may not add up to 100% because of rounding.




Commercial planting of genetically modified crops began in China with GLOBAL AREA

tobacco in 1992, according to Clive James of the International Service
for the Acquisition of Agri-biotech Applications. In 1994 the slow- OF GM CROPS
softening FlavrSavr tomato became the first GM food to be planted for — 50

sale in the U.S. Since then, the land area devoted to GM crops has
soared. James has tracked the changes annually since 1996.
In the year 2000, he says, the planted area continued to
rise—by 11 percent (equal to 4.3 million hectares, or

10.6 million acres)—so that GM crops covered
44 2 million hectares, an area almost twice
the size of the U.K.

Last year’s increase was smaller than e vy | 33.5
before, however, mostly because of % |30 INDUSTRIAL
reduced planting by U.S. corn growers. NATIONS
Among the reasons for their pullback
were less need for the pest control
provided by some GM varieties
and worry that markets for
GM corn were declining.

44.2
TOTAL

MILLIONS OF HECTARES*

10.7

DEVELOPING
NATIONS




Adoption of genetically engineered crops grows steadily in the U.S.

Percent of acres
100
HT
“* Soybeans
80 —
e HT Cotton
60 «= Bt Cotton
*= HT Corn
«= Bt Corn
40 —
20 —

0 T T T T T T T T T T
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Note: Data for each crop category include varieties with both HT and Bt (stacked) traits.
Source: 1996-1999 data are from Femandez-Comnejo and McBride (2002). Data for 2000-07 are
avalable in the ERS data product, Adoption of Genetically Engineered Crops in the U.S., tables 1-3.



Use this section to get more information about ‘branded’
foods. These are products carrying brand names of individual
companies as sed to those that carry the supermarket’s
own label. This section looks at familiar branded foods that
could be g 1} d or could so in the near
future and gives each brand a red/amber/green rating*
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» most likely to find GM food and drinks as you shop.
your way around & supermarket or smaller food shops, it’s helpful to
(ories of food are ‘most likely (o conceal products that may have been
fied 50 that you can be on your guard. Not all shopping zones arc the same
nwm;lnulmrkﬁd‘modﬁl at, for exsmple — you can of
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Food tecn“‘)l()gy: A new breed of eco-warrior is Cllallel}glllg the blg COorpor ations by ta}(lllg direct action

By DAVID DERBYSHIRE
Sciinoe Corespondent
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Test fields
of conflict







INNOCENT CREATURES
WILL BE HURT by insecticides

built into many 6M crops.

What the research says:
Laboratory studies indicate that
nontarget insects, such as monarch
butterflies, could be harmed, but field
studies suggest that the risk is small,
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GM CROPS WILL SUDDENLY FAIL

because insect pests will evolve tolerance
to built-in insecticides and because weeds
will evolve immunity to herbicides sprayed
over fields of herbicide-tolerant GM plants.

What the research says:

No failures have been documented, but
they are likely to occur. Critics and
proponents of GM crops disagree over the
adequacy of current preventive measures,
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2 000 000 /y. of kids die or suffer developmental defects




® InUganda 30 % of calories from bananas

® Xanthomonas bacterium but there is GMO resistant
ariety (gene from pepper),




Papaya in Hawaii was viraly infected (ringspot virus,

Now in USA 80% papaya are GMO
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Laureates Letter Supporting Precision Agriculture (GMOs)

June 29th 2016
To the Leaders of Greenpeace, the United Nations and Governments around the world

The United Nations Food & Agriculture Program has noted that global production of food, feed and fiber will need approximately to double by
2050 to meet the demands of a growing global population. Organizations opposed to modern plant breeding, with Greenpeace at their lead, have
repeatedly denied these facts and opposed biotechnological innovations in agriculture. They have misrepresented their risks, benefits, and impac
and supported the criminal destruction of approved field trials and research projects.

152 Laureates Supporting Precision Agriculture (GMOs)

Peter Agre 2003 Chemistry
Zhores 1. Alferov * 2000 Physics
Sidney Altman 1989 Chemistry
Hiroshi Amano 2014 Physics
Werner Arber 1978 Medicine
Richard Axel 2004 Medicine
David Baltimore 1975 Medicine

152 Nobel laureates supports GMO



thank you




