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DNA —wat is het ?

« DNA is verantwoordelijk voor de opslag van genetische informatie
 DNA chromosomen komen voor in (bijna) alle organismen

 DNA komt voor in elke levende cel (bacterie, plant, mens)



DNA —wat is het ?
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid

E widh 1o wuggest o siructure for the et
of deoxyribose nucleis acid (D.NAJ.  This
strusire hae Rovel foaties which are of carsidcable
Diological interest.

A structure for mueleic acid has alrady been
propased by Pauling and Carey’. They kindly made
their manusoript available to we in advanse of
publieation. Their model consista of thees inter-
twined cheins, with the phosphates neer the fibre
axis, and the bases ou the outside. In our opinion,
his structure is unsatisfactory for two reasons :
(1) We believe that the materisl which gives the
X-ray dingrams is the salt, not the free aeid. Without
the neidic hydrogen atoms it is not closr what forces
would hold the structure together, especially na the
nogativoly oharged phosphates near the axis will
repel each other. (2) Somo of the van der Waals
distanocs appear to be too small,

Another three-chain structure has also been su

gostod by Frasor {in the pressh. Tn his model the
Phoaphates aro on the outaids sad tho basss on, the
inside, linked together by hydrogen bonds. This
structure as described i v ill-defined, and for

renson we shall not corment.
B it

We wish to put forward &
radtienlly different structure for
e sall of deoxyribose nueleie
jucid.  This structure hae two
helioal chains each coiled round
he swme #xis (see diagram). We
have made the usual chemical
frssumptions, namely, that each

NATURE 737

it & Mmue--nemum. every
tion, have assumed sn lm;(ir of 56 Lutwoon
M‘Uuum[ resitlues in the sume ohain, 50 that the
atruckure ropaita after 10 residues on eash shain, that
is, after 3¢ A. The distance of & phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the mnmdo cations have easy necess to them.

'he structurs is an apen om, and its water content
i ml.l:ur high. At low ater contents we would
oxpoet the bases to £ilh 3o that the structure sould

oM maone compact

The novel feature of the structure is the manner
in which the two echaina nre held mgctha'r by the
puring and pyrimidine bases, The planes of the bases
ara perpendicular to the fibro axis. They sre joined
together i pairs, a single baee from one chain being
hydrogen-bonded to & single base from the ather
ohain, o that tho two lia side by side with jdentioal
z-go-ordinates. One of the pair must bo & purina and
the ather a pyrimidine for bonding to oocur. The
Iiydrogen bonds are made as follows : purine position
1 to pyrimidina pueil.mr 1; pusine position 8 to
pyrimiding

If it is ussmmd Lhm. the basss only ocour in the
strueture in the most plausible tautomer
(that is, with tho Leto rather thon the ens
figurations) it is found that only specific pairs of
basea nd together, Theso pairs ara :
(purins) with thymine (pyrimi
(puring) with oytosine (pyrimiding).

er words, if an adenine forma one member of

& pair, on either chain, then on these sssumptions

the other member must be thymine ; similarly for

guanine and oytosine. The soqueae of bases on &

single olmin does not appear to bo restricted in sny

) Hquth if only Hpac!hc paira of bases can be

t follows ihat if the soquence of bases on

win is given, then the seqienco on the other
ohain is automatically determined.

It hiae been found experimentallyt that the ratio
of the amounts of adenins to thymine, and the ratio
of guanine to cytosing, are always very closs to unity
for deoxyribosa mucleic acid.

Tt is probably impossible to build this strusture
with & ribose sugar in place of the deoxyribose, 8s
tho extra oxygen stom would make too close & van
der Waals contact.

The previonsly published X-re
riboso nucleic aoid are insufficient, for
of our strueture, 5o far a5 we can tell,

4 A. in the s-direc

hain consists of p
ster groupe joi

ibofuranose
linkages. The two chains (but
ot their bases) are reladed by &
iyad porpendicular to the fibre
xis. Both chains follow right-
handed helices, but owing to
he dyad the zou‘]ucmm of the

toms in the two chains run
in opposite directions,  Each
chain loosely resembles Fur-

borg's' model No. 1
s are on the
and the phosphates on

=N

the hol

tho o

The configuration

Abgrammaric, The twe h
sugar o

Tibions Tywtoias of the o atoms
i phoslil—sgt  ear it i3 close to Furborg's
Btad s the ot
il vy lh&\luén‘nf standard configuration’, the
bussbaldingthe okl sugar being roughly perpendi-
e hly perpendi

ilne maris the fiare s oular to the sttached base. Thers

blo with the exy data, but it must
eckod

Some of thesn are givon

bo regarded as unproved until it has been o
againat mare exact results,

davised our structurs, which rests main
ontiroly on published oxporimental date, and streo-
chamical srguments.,

It has not escaped our notice that

y though not

pairing we have postulated immedint
possible copying mechanism for the
Full details of the structure, inc
ditions sssumed in building it, together with s set
for the stoms, will

of co-ordinates be published
elsewhere.

We ato much indebied to Dr. Jorry Donokus for
constan ism, capecially on intor.

atomio distances. Wo have also beon stimulated by
 Imowladgs of the ganersd nauts of the -...pum.ssm.l
oxporimental rosulis and idoss of Dr H.

Wiking, Dr. . . Frankin and thoir oo wurkcrs t

Watson & Crick 1953




DNA — wat is het ? i

specifieke
base paring
G-CenA-T

“This structure has novel features
which are of considerable biological
interest.

It has not escaped our notice that the
specific pairing we have postulated,
suggests a possible copying
mechanism for the genetic material. “

Watson & Crick 1953



DNA — wat is het ?
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Central Dogma of Molecular Biology

Ho il
« The central dogma of melecular biology deals with the detalled
i . FRANCIS CRICK tesidue-by-residue transfer of sequential information. lc states
MRC Labaratory af Malecular Blolagy. that such information cannot be transferred from protein to either

pratein or nusheis acid,

ils Read,
Cambridgs CB2 2QH
MOLECULAR
NUCLE
De|

“The central dogma, enunciated by Crick in 1958 and the  mnalogous to tymine in 1.\_
keystons of malecular blolegy ever since, it kely to prove 3 gyunbols 1y
considerable over.simplification. P

ing four standard

e P al problem coll'ld Lhm ‘m stated s the
Tuis quotation is taken from the be of o unsigned.  formalstion of the ganeral rules for information transfoc
articlet headed “Cantral dogrna reversed ', rees from one polymer with & defined alphabet. te anothor.
very important work of Dr Howard Torin® a This oould ba compactly mpeessnted by the disgeam of
showing that wn R, Fig. 1 {which was actunlly drnwn ab. that e, though |
s plato for DNA sy am nob sure thet it was ever published) in which all
Tire that the idea of the central <|u5u-... hna be possible simplo transfors were roprosented by aerouws
understood, in one way or another. Tn 4 Tha nrrows do not, of course, ropresant the fiow of ma
oxplain why i orm s originally ntrociue but. the directional Row of detailed, res
ving, wod stal why [ think that, p séequence informti ano. polyr
wtoor, 14 in till an on. of fondamntal mportance. anot
Thae central dogins was put forward! at o period when
ek, of whal wn now know in moleeular genotios was not, would have heen
tablished wire cortein freg.  theories.
o b

A Structure for

all possiblo transfors commonly
pun\bl:\ o o

W Iu\nu'ﬂ\ it was beng
L transfers conld not «
-t

probably much the swme m all Lving th
situaiion woll constructed thearies can play o
part in shabing peoblara cloarly and e goidin
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which are of cof
interest. i :-:fn“n:;»m.-

that & protgin had o well |io u-.i mek mmu g
ary modifieations; ar v o wriversal
wet of twenty used thmaghout nature, In the same way

minor modifications to the nucleic acid bases wers ignored ;
Trneil in RNA wes considered 0. b miormaonally

—J
%))

I Ptia ohain folded itaolf up,
from & th

i= showed that the
o thres groupe. )
thoss for .-I el worme evidence, direet
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specific pairing| we. have postiffated; -
suggests a possible-copying: e
mechanism for the genetic material.

Watson & Crick 1953 Crick 1958, 1970



DNA — wat is het ? i

()

DNA

RNA — PROTEIN

the Central Dogma of Molecular Biology is defined as
the directional flow of detailed, residue-by-residue, sequence information
from one polymer molecule to another: DNA < DNA > RNA > PROTEIN

Watson & Crick 1953 Crick 1958, 1970




DNA —waarom is het belangrijk ?

DNA wordt verdubbeld voor celdeling (als organisme groeit)
DNA kopieer-fouten komen voor (soms in mensen, vaak in virussen)
DNA veranderingen kunnen nadelig zijn (genetische ziekte)

DNA veranderingen kunnen ook voordelig zijn (evolutie)




de CRISPR-Cas revolutie A

« DNA —wat is het, en waarom is het belangrijk ?

* CRISPR-Cas — van ontdekking tot toepassing
* Recente voorbeelden — van biotechnologie tot gen therapie
e Dilemma — waar trekken we de streep ?

e Surprise act !



CRISPR-Cas mechanisme

\_\\

cas genes CRISPR locus

ILeaderI l
BERRRENE—

Repeat lSpacer

CRISPR = clustered regularly interspaced short palindromic repeats

Cas = CRISPR-associated proteins



CRISPR-Cas mechanisme A
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CrRNA guides Cas nuclease to DNA target oum=g

in dit voorbeeld is
een crRNA guide gebruikt
/ \ van 9 letters
crRNA | (GATCTCATCO),
: dit “woord” komt 10.000x
guide voor in het humane genome ...

in een echt CRISPR systeem,
zijn guides vaak 20 letters
(GATCTCATCATGATCTCATOC),
dit “woord” komt slechts 1x
voor in het humane genome ...

DNA
target

dus, we kunnen een guide
ontwerpen die heel specifiek

één enkele plek
/ kan vinden en knippen
op het humane DNA
Cas eiwit(ten) (net als Ctrl-F / Ctrl-X)

A

dit maakt specifieke
genome editing mogelijk



CRISPR-Cas — DNA editing

Class-1

Class-2

Type |
Cascade

Type I
Cas9

Type V
Casl2a




CRISPR-Cas — DNA editing

CRISPR-Cas9 CRISPR-Cas12

PAM s PAM ./

AENRNNNNNENNENEENER
I

5 .lllllll

specifieke dubbel-strand breuk door Cas9 / Casl12

|

SN

niet-homologe reparatie homologe reparatie
\
—— e—
.
.

gen inactivatie accurate engineering



CRISPR-Cas — DNA editing A

N [ F— r—
Site-Dir.Nucl.1 (SDN-1) B SDN-2 ¢ SDN-3
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Cold tolerance

ID]]IEDIE::: Drought tolerance A c ]:[[ c
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gene inactivation accurate engineering



de CRISPR-Cas revolutie A
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* Recente voorbeelden — van biotechnologie tot gen therapie
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e Surprise act !



Cas9 & Cas12 — humane genome editing A

Genome editing

CRISPR-Cas9

e Insertion of gene(s), deletion
of gene(s), replacement of
gene(s) by DSB

* 1-1,000s of nucleotides
e Permanent
¢ Other tools: meganucleases,

TALENS, ZFNs, other CRISPR
nucleases

“in ovo”

Oocyte

Edited Child
— Sperm

embryo without mutation

I
Harmful mutation — 5 @ _—
o— .

®

Child will not
develop disease

ex Vvivo

Sickle cell disease

HSPC @

Adult HBB gene

GGA CAC CTC

DNA 111 111 [ —
CCT GTG GAG

RNA CCU GUG GAG Sickle-

i G0  ghaped
&S

Aggregated HbS

Blood cell editing

HSPC @ @Edited

CAC cTC
T =111
GTG GAG _)'.
E Healthy
RBC

Healthy haemoglobin

-or-

HSPC I
BCL11A gene
@ -0
ite
HSPC

Healthy

.@®@® RBC

¥-Globin production,
healthy haemoglobin

in Vivo

Duchenne muscular dystrophy

®
= Skeletal muscle cell

- TITATITLT

IEEE) - EyX]

Exon structure of DMD gene

Dy@hin
Vo

N

- AT
sEoprNy
Muscle contraction
causes cell damage .
. -CEQ* i T i Ca2+'

u--..-v
S

Calcium influx causes cell death

¢

Progressive muscle weakness

Muscle-cell editing

Jer]le] |1H| 2y

Exon 51 skipped, frame restored

Jr]l] l [=2=I

Healthy muscle and
healthy muscle contraction

reviewed by Doudna (2019) Nature




Mei 2022 — CRISPR therapy in Nederland -
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Eerste Nederlandse patient
behandeld met CRISPR-
Cas9-infuus

Innovatie Patiéntenzorg Zeldzame ziekten Genen

“hereditair angio-oedeem” is een zeldzame erfelijke aandoening,

veroorzaakt door een tekort aan het eiwit C1-esteraseremmer. Als deze remmer ontbreekt,
krijgt het zogeheten boodschapper-eiwit kallikreine vrij spel. En daardoor kunnen

op allerlei plekken in het lichaam plotselinge zwellingen ontstaan.

CRISPR-Cas9 onderdrukt de aanmaak van een belangrijk boodschapper-eiwit (prekallikreine),
zodat het signaal dat leidt tot zwellingen niet meer kan worden doorgegeven.”




Juli 2022 — CRISPR therapie voor SCD

e\d itas Research and Pipeline

Newsroom Get in Touch @

CRISPR Gene Editing For Patients Who We Are  Join Our Team Investors
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Stock Quote & Chart
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Contact

PRESS RELEASE

Editas Medicine Announces Clinical
Achievements In The Development Of EDIT-
301 For Sickle Cell Disease

July 27, 2022 at 6:30 AM EDT
A Download PDF

Successful engraftment of first patient dosed with EDIT-301 for
sickle cell disease

FDA removed partial clinical hold for the RUBY trial in EDIT-3017
First clinical use of Editas-engineered AsCaslZa enzyme

Initial clinical data from the RUBY trial expected by year-end




Dec 2022 — CRISPR therapie voor leukemie A

How does the treatment work?

Base editing: Revolutionary therapy | @wsmormm.

T-cells, a type of white blood

clears girl's incurable cancer

®11D ber 2022 Alyssa's were out of control
ecember

o Doctors used 'base editing' to engineer her therapy

Base editing changes one

‘\; C letter in the genetic code

o Donor T-cells were edited in three ways

DNA altered to resist
chemotherapy

Markings removed to
protect donor T-cells

Receptors removed to prevent

donor T-cells attacking the body

o T-cells further modified to attack cancer

T-cell rearmed with
new receptors

e Battle of the T-cells

Modified T-cells find and
destroy cancerous T-cells

Source: BBC research []B]c]

https://www.bbc.com/news/health-63859184



Sept 2022 — plant genome editing

Genome editing CRISPR-Cas9
e Insertion of gene(s), deletion

of gene(s), replacement of Cas9
gene(s) by DSB

Q
* 1-1,000s of nucleotides S \) Q

>
8

e Permanent

¢ Other tools: meganucleases,
TALENS, ZFNs, other CRISPR
nucleases

CRISPR-Cas is gebruikt om de voedingswaarde te verbeteren van tomaat.
Deze tomaat is onlangs geintroduceerd op de Japanse markt.
Door inactivatie van een natief gen, is de concentratie verhoogd van een stofje met de naam
gamma-aminobutyric acid (GABA), wat kan leiden tot bloeddruk-verlaging van de consument

https://www.isaaa.org/kc/cropbiotechupdate/article/default.asp?ID=18668



de CRISPR-Cas revolutie A

« DNA —wat is het, en waarom is het belangrijk ?

« CRISPR-Cas — van ontdekking tot toepassing

* Recente voorbeelden — van biotechnologie tot gen therapie
* Dilemma — waar trekken we de streep ?

e Surprise act !



Dilemma — humane genome editing

—

Humane genome editing

gene therapie — buiten lichaam, in lichaam, in embryo

designer baby’s — van uiterlijk tot talent tot meer ...

gen doping - ter compensatie voor minder talent talent ...




Dilemma — plant genome editing

. B

genome editing gebruikt voor steeds meer voedingsgewassen

© EU-SAGE
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EU-SAGE is a network representing plants scientists at |-
134 European plant science institutes and societies that
have joined forces to provide information about genome
editing and promote the development of

European and EU member state policies

that enable the use of genome editing

for sustainable agriculture and food production
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Dilemma — plant genome editing

voordelen voor producenten en/of consumenten

Trait category

Trait category explanation

Improved food/feed quality

improve nutritional value.

Plant yield and growth

increased vyield related to fruit size or weight or to
increased number of flowers, seeds and fruits.

Biotic stress tolerance

resistance to plant diseases caused by bacteria,
viruses, fungi or nematodes

Industrial utilisation

bio-fuel production

Herbicide tolerance

tolerance of plants to various types of herbicides

Abiotic stress tolerance

resistance to abiotic stress factors such as: drought,
heat, salt and UV radiation

Product flavour/colour

modified flavour or colour

Storage performance

increased shelf-life, non-browning properties




Dilemma — plant genome editing

—

verschillende categorién van genetische aanpassing

Conventionele
Kruising

Transgene
technologie
.Klassieke GMOs”

Punt mutaties
(inserties,
substituties of
deleties)

Spontane
mutaties

mutagenese

Lange DNA
fragmenten
ingebracht

(,transgenen”)

Inserting
transgenes




Dilemma — plant genome editing

—

iIn EU: “alle genome editing planten zijn GMO (SDN-3)”

(A

o

- i
3 ) ‘{‘”.,J*
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I Gerome-ccted crops. oa
. . (s N (o )
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Dilemma — plant genome editing A

The EU is lagging behind in the development of GE-crops

350
300

euSage

250 N =613
200
150

100

50

B
Z_8
Iﬁ.ﬁ
I
iy

|
[

Japan South UK India Australia
Korea

euage



plant genome editing — (mijn) conclusies

. B

 edits should benefits society: consumers & planet (“the Norway model”)

« small edits that do not introduce foreign DNA (SDN-1, SDN-2) = hon-GMO

 bigger edits by introduction foreign DNA (SDN-3) = GMO

(A

Site-Dir.NucI.-l

4
P

Enhanced yield

Disease resistance

Cold tolerance

Drought tolerance

Salinity tolerance

\




de CRISPR-Cas revolutie A

« DNA —wat is het, en waarom is het belangrijk ?
 CRISPR-Cas - van ontdekking tot toepassing
* Recente voorbeelden — van biotechnologie tot gen therapie

Dilemma — waar trekken we de streep ?

* Surprise act !



CRISPR patenten & licenties A

* duizenden CRISPR-Cas patenten (MIT-BROAD, UC-Berkeley, ...)

* 00k WUR heeft een paar CRISPR-Cas patenten

Toepassingen

« Biotechnologie — microorganismen &

« Diagnostiek van ziekteverwekkers - virussen & bacterién

» Gen therapie — buiten lichaam (ex vivo) & in lichaam (in vivo)



CRISPR patenten & licenties

Over WUR Vacatures Contact Inloggen nl|[Nederlands v
WAGENINGEN Onderwijs & Onderzoek & Waardecreatie &
UNIVERSITY & RESEARCH Ouleidi = 7 [ Zoeken Q)
P king

Christa Testerink in ‘Grote Vragen’ over hoe planten zich wapenen tegen droogte en zoute bodems >

Stel uw vraag over dit
onderzoek aan onze expert:
prof.dr. CS (Christa )

Testerink

Contactformulier

Recent op radio en tv:

Anouk van Westerhoven bij
miewd EenVandaag over

P& bananenziekte Tropical Race 4
26 september 2022

Radio & TV
Dolfi Debrot bij

Nieuwsweekend over het
geitenprobleem op Sint
Eustatius

26 september 2022

Christa Testerink in ‘Grote Vragen
over hoe planten zich wapenen
tegen droogte en zoute bodems

! Luisa Trindade bij EenvVandaag
~ over Miscanthus
26 september 2022

Toepassingen
« Biotechnologie — microorganismen &
« Diagnostiek van ziekteverwekkers - virussen & bacterién

» Gen therapie — buiten lichaam (ex vivo) & in lichaam (in vivo)



CRISPR patenten & licenties

Waive CRISPR
patents to meet food
needsinlow-income
countries

Wageningen University &
Research announced this
week that it will provide non-
profit organizations with free
licences to use its CRISPR-Cas
gene-editing technology for
non-commercial applications.
CRISPR tools can then be used,
forinstance, to help make
food production sustainable,
nutritious and safe. The
university hopes that the move
will inspire aworldwide change
in CRISPR-Cas intellectual-

property policy.

Van der Oost & Fresco (2021) Nature 597, 178



SurpRICE project A

zout - & droogte-tolerante RICE (steun via WUF)

« optimalisatie Thermo-Cas9 — Microbiologie (WUR)

« analyse verbeterde ThermoCas9 in Rijst — Planten Physiologie (WUR)




SurpRICE project A

zout - & droogte-tolerante RICE (steun via WUF)

« optimalisatie Thermo-Cas9 — Microbiologie (WUR)
« analyse verbeterde ThermoCas9 in Rijst — Planten Physiologie (WUR)

« daarna: zout - & droogte-tolerante Rijst — IRRI (Philippines), ...

.




SurpRICE 2.0

zout - & droogte-tolerante RICE (steun via WUF)

J v o———

- . .

we hopen dat dit initiatief een stimulatie zal zijn voor genome editing van
belangrijke voedingsgewassen, en misschien ook andere patent-eigenaren
zal overtuigen om ook vrije licenties te verlenen voor gebruik van
de CRISPR technologie door non-profit instituten in ‘arme landen’,
met uiteindelijk als doel om honger de wereld uit te krijgen !



wat iIs jullie conclusie ...?

EU besluit dat “CRISPR = GMO"

een evaluatie op basis van solide argumenten

European
Commission

Statement by the Group of Chief Scientific Advisors

A Scientific Perspective on the Regulatory Status of Products
Derived from Gene Editing and the Implications
for the GMO Directive

documentaire over

On 25 July 2018, the Court of Justice of the European
Union (‘the Court') decided that organisms obtained
by the new techniques of directed mutagenesis are
genetically modified organisms (GMOs), within the
meaning of the Directive 2001/18/EC on the release
of genetically modified organisms into the
environment (‘'GMO Directive')*?, and that they are
subject to the obligations laid down by the GMO
Directive.

New techniques of directed mutagenesis include
gene editing such as CRISPR/Cas9 methodologies.
The legal status of the products of such techniques
was uncertain, because it was unclear whether they
fell within the scope of the GMO Directive.

These techniques enable the development of a wide
range of agricultural applications and the ethical,
legal, social and economic issues of their use are
discussed intensively. The European Commission’s
Group of Chief Scientific Advisors (the ‘Chief
Scientific Advisors’)’ recognises the complex nature

Biotechnology’ (SAM, 2017a), we have examined the
GMO Directive taking into account current
knowledge and scientific evidence.

1. The Ruling of the Court of Justice

On request by the French Conseil d'Etat, the Court
was asked to determine whether organisms
obtained by mutagenesis* should be considered
GMOs and which of those organisms are exempt
according to the provisions of the GMO Directive. In
particular, the Court was asked to determine
whether organisms obtained by new directed
mutagenesis techniques are exempt from the
obligations imposed by the GMO Directive, as are
those obtained by conventional, random
mutagenesis techniques that existed before the
adoption of the Directive, or are regulated like those
obtained by established techniques of genetic
modification (ETGM).

The Court declared that organisms produced by

organisch & GE voedsel
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https://www.youtube.com/watch?v=t654yDVIDpo
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(mijn) conclusies

Editing van mensen alleen voor genezen van genetische ziektengenetic diseases

GMO classificatie van planten niet nodig in geval van kleine aanpassingen

Editing van voedselgewassen: “Noorwegen model” ipv “Monsanto model”

Streven naar een compromise tussen voor- & tegen-standers genome editing

vaak zijn hun doelen hetzelfde:

= MINDER — water, kunstmest, betrijdingsmiddelen & energie

» MEER - duurzame productie van veilig, gezond, & lekker eten
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