Gelelektrophorese von DNA erlaubt deren Auftrennung nach
Grosse im elektrischen Feld

a) Partial restriction digestion of genomic DNA.

b) Agarose gel electrophoresis analysis of genomic DNA
partially digested with restriction enzyme.

Genomic DNA

= ©
8 £
03 o=
= 0D 'QD
O = =< O
T £ O (3
8 228 ¢
Partial digestion with i - 88, 86
a restriction enzyme 3 DD E I g:)
~—0 _ € 3 E2H
c £ O w0
Large, overlapping DNA fragments \\:/\ — / il °|' °r ki
Separate the DNA fragments by l 231
size using agarose gel electrophoresis ®
gag g p 9_4\'
6.6
Agarose gel ‘ 4.4
7 /5 o — 2.3
Well S Iy \ 2.0
Buffer =7
solution —— 7 \\0 (15
Large DNA > Small DNA '

I
fragments fragments Lanes
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DNA-Sequenzierung

a)
DNA to be sequenced
|
[ I
S TTTTTTTTT T I I T T T T T T T T T T T T T T T T T I 77771793
g LLILTII LTI TP IL T TITIITITIl] g
Denature DNA to single
strands and anneal the ﬁ \
sequencing primer Seq@ncing orimer
4 v 4
STTTTTT T T T T I I I I I T T T T T T T T I T T TTTTTT1TTTT3

No primer anneals to this strand; it is
not involved in the sequencing reaction
5 3’
3,IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII5,

Extension of primer by DNA polymerase produces
new DNA; that is the sequencing reaction

© 2010 Pearson Education,



b)

pBluescript Il lacZ* gene DNA
vector (part)

5 aes
[

3 .. Ll

Kpnl site insert
I—Ll

L1 L]

SP6 universal sequencing  Sacl site
primer annealing site ’

Denature to
single strands

S TTTT

IIIllIlIIlI,,I,lIIIIIII sl

Anneal SP6 universal
sequencing primer

5 3

R N T

3 ... LLLL

“'|“"""//"""" e 5

Extension of primer by DNA

polymerase—this is the

sequencing reaction into the
DNA insert from the left end

© 2010 Pearson Education, Inc.

T7 universal sequencing
primer annealing site

- 3
- 5

IIIIIIIIIII’I'lIIIIIIII ¥
Anneal T7 universal /
sequencing primer
Y
TTTTTTTT T T A TTTTTT I S
3'| 5’
Extension of primer by DNA

polymerase—this is the
sequencing reaction into the
DNA insert from the right end



Der Einbau eines didesoxy-Nukleotids fuhrt zum Strangabbruch

a) Deoxynucleotide (ANTP) DNA precursor

P
“O—P—0O—P—0O0—P—0— Base
O~ P—0-P-0-P-0_CH, 5

o o O ¢L<i;_j£ﬁv

H\E&_2) H

OH H

b) Dideoxynucleotide (ddNTP) DNA precursor

P00
“0—P—~0—P—0—P—0=cH Base

| | | 2 0O
O O O 4’@‘1,
HN\E_2)'H

H H



Durch eine Mischung von normalen und didesoxy Nukleotiden
kommt es nicht an jeder Position zu einem Abbruch.

a) Universal
sequencing
rimer
P Cloned sequence
5 | 3 to be anlalyzed

|||||IATGACCATGATT]|||
3 ... I T TR T T T T |
L

s 5’

|

T
Template DNA
dTTP ddTTP

The normal T nucleotide added

The dideoxy T nucleotide added has a
has a 3’-OH making it a template

3’-H which is not a template for addition of

for addition of the next nucleotide DNA polymerase DNA polymerase a nucleotide by DNA polymerase; DNA
by DNA polymerase extends primer extends primer synthesis is terminated
using dTTP using ddTTP /
5/ T 3/ 5/ 3/
y. o lLI1|ATGACGATGATT ||| o .. .1LI1IATGACCGATGATT| || .
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Didesoxy Nukelotide sind
mit Fluoreszierenden
Farbstoffen markiert. Daher
sind alle Molekule, welche
mit einem ddG enden zB
Grun, alle mit ddC
terminierte Molekule blau,
alle ddT rot und alle ddA
Gelb.

5 3
gl LIS [SES0TOMTTI 1]
5 -_F 3
g 111 ATERCCRATGATTI]]
- 3
TA
o e L A
5 3
C
o menniad el L QRGN TORT I ] |
5 = 3
TACT
3 |1l JATGACCATGATT | |]
5 - 3
TACTG
3 LlljjaTGacCcCATGATT]| ||
5 -rrrrr- 3
TACTGG
3 |11 | JATGACCATGATT | ||
5 —p————r—r=-— 3
TACTGGT
3 L1l JATGACCATGATT |||
5 e —p—p———— 3
TACTGGTA
3 L1l JATGACCATGATT |||
5 T —————r—r—r—t 3
TACTGGTAC
3 L1l JATGACCATGATT |||
5 T ——p——————r—T 3
TACTGGTACT
el L L SR GC R TR KT ] 1] ;
5 eye————— 3
TACTGGTACTA
P A P :
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Gelelektrophorese in Acrylamid Kapillaren und Abtasten der
Signale mit einem Laser, erlaubt die Sequenzbestimmung.

c)

Sanger Sequenzierung, Kettenabbruchverfahren

10

Juilh

20

30

40

50

60

70

80 90

100

ﬂ

ATG ACCATG ATTACGCCAAGCT CTAAT ACGACTCACTATAGGGAAAGCTGGT ACGCCTGCAGGT ACCGGTCCGG AAT TCCCGGGTCGACCCACGCGTCCGGAANAACAATGGCTTCCTCTATGCTCTC
110 120

130

150

$

T

170

180

190

200 210 220

J,..ANM.WLUMM«

|

TTCOGCTACT ATG GTTGCCTCTCCGGCTCAGGCCACTATGGTCGCTCCT T TCAACGG ACTTAAGTCCTCCGCTGCCT TCCCAGCCACCCGCAAGGCTAACAACGACATTACT TCCATCACAAGCA 4

230

240 250

MM‘L‘M.



Next Generation Sequencing: Pyrosequencing.

Nachteil: Kurze Sequenzen, teuer pro Lauf
Vorteil: Millionen an Sequenzen gleichzeitig, billig pro Base

a) A pyrosequencing reaction

Deoxynucleotide
precursors for

new DNA Excess dCTP Enzyme reaction
‘ destroyed uses ATP to
%° G 7 produce light
s . C c Pyrophosphate |
equencing DNA
primer | ‘/\* /\*.
palymelgse PPi | ATP  Light
5 ‘ 4 / Enzyme reaction
GCAGGCCT é) converts PPi to ATP
| [ 1| | TS CRORGeCIOTARER &

L

I |...5'

3" :
| Single-stranded
template DNA
attached to bead

© 2010 Pearson Education, Inc.

\
The next time dGTP is
added to the reaction,
two will be incorporated
into the growing chain



b) Pyrogram result of pyrosequencing

Nucleotide sequence of new DNA
5 G C A GGCC T C GG ¥

— Double-height peak indicates that two nucleotides were incorporated
into the new DNA when the precursor was added. In this case a G was

incorporated meaning that there were two adjacent C nucleotides on
the template.

Single-height peak indicates that one nucleotide was incorporated into
\ the new DNA when the precursor was added. In this case a T was

Amount of light

incorporated meaning that the template had an A.

— .

- N

The absence of peaks when nucleotides are added means that they
A GCTAGCTAGTCTAG could not be incorporated into new DNA, meaning that the template

did not have complementary bases.
Nucleotide added —>

© 2010 Pearson Education, Inc.



lllumina Sequencing



Library Preparation
llumina Nextera DNA Sample Preparation Kit

ORI v
\ 4
_No—»

(B) ¥

-
- — .-

©—_ Index! Asapher Adapter Indee? Y

A Nextera Transposome with Adaptors
B Tagmentation to Fragment and Add Adaptors

C Limited Cycle PCR to Add Sequencing Primer Sequences and Indicies

TAAC AL A PAGATAC TT A a A AALITA ARAL T TACTT 3 “ ATDCAMCGTAL A AR O AR D ARTTOAGAL TAARTAT TAAL S TACUAT TAA MG ACCTOATAA AG TAACACA
TG AN A TR AL s ACCT AMGATIAS TIGAICCAL TG AMASSTA AL A AT CAN TS ACA Y AT A TTAA G A C CAT AL C T AR AL CAAMACARTE A AR A NG T 3T L AAL A UALA
{ B AACCTIAAGATIAC TIGATCCAL TOA MO TASES PACGAALGTAT CAAT TGALAL TAAATAT INL G ACCAT AASAGE ™A TG T TG T A T TAA AT TAC T Gl oA TRAT T LAACG AMACACASTI CTOT TAACC TTA
AAL RPN AT TAL T TUAT LA WA TCAACTA ANAC AL O TA AR DA AT TAACTT TAAGAT TS (48 ALT OB T UAA L 15 1 AALDAA TR CAAT TOAOAT AT AACOACTAA A
A A A AT IO TTAA T TTA | AT AT CARCG A COTAL A AFCAR 3 AR AT A GO A AT A A SN ’ \ \

Separate fragmentation not
required

Tag with enzyme mix

PCR
Polishes fragment ends and
incorporates optional indices

Numina




Cluster Generation

(T A g e

Bind single
DNA
molecules to
surface

I ll |'|
':'| u"l

~1000 molecules per ~ 1 um cluster

Numina




Hybridize Fragment & Extend

Adapter
sequence

Single DNA libraries are
hybridized to primer lawn

Bound libraries then
extended by polymerases

e

Surface of flow cell
coated with a lawn
of oligo pairs

‘—( ITERRN ey ]
c‘«uuc

.—«uuu-

CLeececns Prereneeies

'-tuuuu fetiietenne

N
.-««c««
.-«««uc
| eceececceop

Numina




Hybridize Fragment & Extend

LA R 2d ] vvv‘
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Bo— 333-907.‘ N
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'--vv-nv‘

033939‘ \

o
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w
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to flow cell in a
random pattern
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Denature Double-Stranded DNA

Newly

\ synthesized
strand
Double-stranded Original
molecule is denatured template
Original template washed e ra
away :
Newly synthesized strand s {1 BLA 1 LA 37 4R
is covalently attached to 1 1A 1B 1117, 51i i)
flow cell surface : P HEC B S ii 3%
LA 1Y AY U
L 3 : /f',' : s 5
i Z i BEVAL AR
g Y il
4 / 7 4 - :ﬂ;/ rd /
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Bridge Amplification

Single-stranded molecule flips over
and forms a bridge by hybridizing to

adjacent, complementary primer

Hybridized primer is

extended by polymerases " ¢ § o i3
Lt s E Y 3l ii)
P11 1% D
i b 7 &

e

ccecccee

AAMCAGTACACALTTCTRY

ATTAAL STACUAT TAN

o1 AL AL CARALL
7oA

TGO SAME O U CATTAADATTALT

% ACCATTOATAAC AG TAACAC N T

TOATAD AAGC ADCSET
G AAALAL

A DAL O TA L AR TLACC] o TAAC Ak
CACEUATT CARCS AL C O AL ,.G. 0y Ay

Numina
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Bridge Amplification

g
@
s
lm
o
()
37
b
o
g
@
©
&
7
Q<
7o)
=
o
(@]

,
9222233
33303333 L
333233204 08800009"‘
33:37.
vouuvovuvlo

55353555 U 800.‘38[‘ ,/
1 \

\ »
03333333 I
Ovvvvvvvvvll

@
=
=

=




Denature Double-Stranded Bridge

Double-stranded bridge is
denatured

Result:

Two copies of covalently bound
single-stranded templates

.’—aun.n'ltuv-““ >

EEE R PRl
3

" i—cuuuuo
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Hybridized primer is
extended by polymerase
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Reverse Strand Cleavage
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Blocking
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Read 1 Primer Hybridization

Sequencing primer is hybridized

to adapter sequence g

CASCUEaaCCa i naae

LA L LY
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Sequencing
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MiSeq Sequencing Workflow

Sequencing

-

23

llumina




Sequencing by Synthesis

Incorporated FI- # Terminator & fluorescent Il
NTP imaged dye cleaved from FI-NTP

24 lumina




MiSeq Sequencing Chemistry

Sequencing

Menu N N L

which relies on Reversible Terminator Chemistry (RTC).
« All 4 |abeled nucleotides in 1 reaction

« Higher accuracy

The MiSeq sequences the DNA clusters using lllumina's Sequencing By Sythesis (SBS) Chemistry

A (o}
3 @ :
N 4 FTA 50 HN
cleavage \ )\N
site SHGK DNA O
07 N \
ﬂ o (0]
PPP o
Incorporation 3
3’ Detection H free 3' end
block Deblock; fluor removal l
Next cycle




Assemblierung von genomischen Sequenzen erfordert grossen
Rechneraufwand

Cells of organism
of interest

Extract DNA \

DNA fragments of various sizes

—
e —"— — S ——
Prepare a clone library —_—— —

DNA fragments 1.6-2.0 kb

Lane 1: Cellular DNA
Lane 2: DNA ladder

V) ==
Obtain end sequences b/ ] 1
of DNA inserts \ p——— = |
B R Short decoded
End sequences T———, segments

Enter sequences into computer \

Overlaps

—

"GTACCATTCGTAAGCCC
Computer assembles the short segments
into contiguous sequences

© 2010 Pearson Education, Inc.



cDNA Banken: mRNA wird mittels Hybridisierung an oligo dT Saulen
gereinigt. Von einem oligo dT primer wird mittels REVERSER
TRANSKRIPTASE eine cDNA hergestellt. DNA-Polymerase stellt den

zweiten DNA Strang her.

Poly(A) tail
!—;\
mRNA 5 AAAAAA S
\
Anneal oligo(dT) primer

’ + ’
5 AAAAAA 3
ITTTITT g

Reverse transcriptase,
dNTPs produces cDNA:mRNA

DNAS;IIIII]IIIIIIIIIIIIIIIHI\IHI]TTTTTTS,

mRNA degraded by RNase H

5 AR S Degraded RNA fragment
g I A used as primers for new
DNA synthesis
DNA
polymerase I
STTTTTTT T T T T T TR T T T T T T T T T T T T TAHAAR 3 DNAgﬁl’g\'mera?.lSymhes'zes
g lLUL LI LTI LI TTTTTT & new strand in segments
and removes RNA primers
\ DNA ligase
STTTTTTTTTT I T I T LT T T T T T T T T T T T T TAARAAA 3 DNA fragments joined by
g LLL LI LI LI LITTTTTT o DNA ligase
Dolioie- 5/IllllllIIIIIIIIIIIJIIIHIHHH 3
stranded AAAAAA
<DNA LGP L L LI LI LI TTTTTT g

© 2010 Pearson Education, Inc.



Die cDNA Fragmente werden

mittels LINKER in einen Vektor kloniert

Double- 5’ 3
stranded 3 5
cDNA
+ 5 GGATCC &
T4 DNA 3’ [CCTAGG 5
ligase
(BamHI linkers)
| !
5" GGATCC GGATCC &
3 CCTAGG CCTAGG %
} }
Cleavage of
linkers with
BamHI
5 GATCC G 3
3G CCTAG Y
Insertion into vector
cleaved with BamHI
GGATC o
/Q,CMGG
(@)
/ AR
| N
|\ ]
4
— /\ Vector

© 2010 Pearson Education, Inc.



Variationen in Genomen konnen mit Single nucleotide polymorphisms
(SNPs) identifiziert werden. Korrelationen von SNPs und bestimmten

Merkmalen kdnnen fir die Bestimmung komplexer Erbgange verwendet
werden.
a)

Complete match between
SNP probe and labeled target

DNA: the two form base pairs SNP probe
W Pel (unlabeled)
5,IIIIIIIIIIIIIIIIIIIII,
FeeATIARTTOTIEATIOT IR
CGGTAATTCAGAAGTAGGGAT
3/IIIIIIIIIIIIIIIIIIIIIII[IIIIII%E)/
Target DNA
Tag SNP (labeled) Fluorescent
label
Single mismatch between
SNP probe and target DNA
prevents base pairing of Misrrsiteh: base oai
; pair
the two molecules /cannot form
5 /N Y
Illlllllllcllllllllll
GCCATTAAGT TTCATCCCTA
T AT TCAGAAGTAGEGAT

|||1|||||||||11*5/



SNP-maps kénnen mittels

Microarrays identifiziert
werden.

Auf einem Objekttrager | 5

N

4

b) Diagram of part of the hybridized probe cell

sind Oligonukleotide, L
g S

we I C h e d as gesa mte Individual’s labeled genomic DNA \ 7 v 7 /
containing a SNP allgle binds to the C { \

Genom abdecken sl . /

aufgebracht. An diese 20 um

Individual’s labeled genomic DNA
containing a SNP allele does not
bind to the SNP probe on the
microarray slide if the two sequences
are not perfectly complementary

Sequenzen konnen
markierte Sequenzen
hybridisiert werden.

Image of hybridized SNP DNA microarray

© 2010 Pearson Education, Inc.



23andMe

welcome

23andMe DNA Spit Kit

I Y0

search

Be your own
best advocate.

$299

Add to Cart




A 4

Two-Step Allele Detection

= —
Step 1. Selectivity

Hybridization of unlabeled DNA
fragment to 50-mer probe on array

Step 2. Specificity

Enzymatic single base extension
with labeled nucleotide




SNP Variationen in einer isolierten Population (zB Island) kénnen gut zur
|Identifikation von genetischen Risikofaktoren und Pradispositionen
herangezogen werden. Die Islandische Firma DeCode Genetics hat
Stammbaume aller Islander und deren Krankengeschichte zur
|dentifikation derartiger Risikofaktoren verwendet und genetische Tests
hierflr vermarktet.

deCODE t‘agenctics

» PRODUCT PIPELINE » EMPOWERING PREVENTION .
- M M0

» COMPANY * INVESTORS » SERVICES




Genanalyse im 21. Jahrhundert:
Vergleichende Genomik.

Komplett sequenzierte Genome erlauben die Identifikation
homologer Gene mittels Bioinformatik.

Query 2072 RPRPY--PPNVGQEALSQTTISWAPFQDT 2098
+ P GQEALSQTTISW PFQ++
Sbjct 1982 KSEPLIGRKKTGQEALSQTTISWTPFQES 2010



Bioinformatische Vergleiche erlauben die funktionelle Zuordnung vieler

Gene.

Hier: Mehr als 60 % aller S. cerevisiae Gene kann eine Funktion
aufgrund bioinformatischer Ahnlichkeiten zugeordnet werden.

A
Nt

. Degradation of large molecules

. Transfer of functional groups
RNA binding
. Protein binding
. Transport of small molecules
- Structural molecules, including cytoskeleton
. Regulators of transcription

B oNA binding

Other

©2010 Pearson Education, Inc.

. Organelle organization and creation
Transport

. Translation

- Stress response

. Cell cycle

. Meiosis and sporulation

. Transcription

Other



Isolation von homologen Genen mittels
Komplementation

@ High molecular ghtDNAfom
wild-type (/\R(‘I)y
w

Hier: Hefe DNA wird in einen

[2) Mk e gen omlclb ary
Expressionsvektor kloniert. SR | g .
Alle Plasmide werden in S. cervisiae |
Zellen transformiert welche KEIN arginin =~ o I e

synthetisieren kbnnen.

Die Rekombinanten Zellen werden auf
Wachstum auf Medium OHNE Arginin
getestet. Nur Zellen, welche das fehlende
Gen am Plasmid enthalten kdnnen
wieder wachsen und Kolonien bilden.

(6) Complementati oooooooo because

ector produces functional enzyme.



Reverse Genetik: Vom Gen zum Phan.
Erlaubt die Analyse von Gen-Funktionen
aufgrund spezifischer Inhibition eines
bestimmten Genes



Isolation eines bestimmten Gens mittels Polymerase Chain Reaction

(PCR)

Original double-stranded
DNA containing target
sequences o
Target DNA for amplification
STTTTTTTTITT I I I I I I I I I I T I T I T T TIT S
3.1111111111111 O LS00 Ll 15,
0 Denature to single strands /_ -
and anneal primers LL | \
g \|/ N\
Primer B Primer A
Y
STTTTTTTTTI I T T I T I T T I I I T I T T T TTT S
3 5

5 3
3.LLllllllllllllllllllllllllllllllllll5.

9 Extend the primers with

Tag DNA polymerase
STTTTTTTTTI T I T T T I I I T I I T T I I T T TTI T oIS
g el Ll L) 5

~ ~

© Repeat the denaturation
and annealing of primers

New prlimef A

3.lllllllllllllllllllllllllllllA,, 5'

5 REERRREANRRERSERERRERRRRRERRES
3[_],5[
© Extend the primers with New primer B
Tag DNA polymerase
Unit-length strand
5 ﬂT‘f‘f‘l’T‘f‘ﬁﬂTﬁ'l"l’ﬂ'l’ﬂ'l‘ﬂ'r’:"
gl LU UL UL L L 5 /Strandlonger
5 TTTTTTTT T T T T T T T T T T TTTTTTTTT 3 than unit length
3: ,51
e Repeat the denaturation
and annealing of primers

Unit-length strand

’ - ’

5 RESESEREEEREREERRERRERE RN
5’

5’

P RN RENN NN NENERN NN A NN

© Extend the primers with

Tag DNA polymerase
5 llIllllllllllllllllllllllll3,
3’<llllllllllllllllllllllllll 5 Unil-lenglh,

double-stranded
DNA

Continued cycles to
amplify the DNA

© 2010 Pearson Education, Inc.



Voraussetzung fur die erfolgreiche Anwendung der PCR war die
Isolierung von thermostabilen DNA-Polymerasen. Diese wurden in
Thermophilen Prokaryoten gefunden. Thermus aquaticus,
Pyrococcus woisei, Pyrococcus furiosus.

Diese Organismen leben zum Grossteil in heissen Quellen




Das Gen, welches mittels PCR amplifiziert wurde, wird in einen Vektor
kloniert und kann mit einem Resistenzgen zerstort werden.
Das resultierende Konstrukt kann mittels homologer Rekombination das

endogene Gen zerstoren.

a)

kanR deletion module
Transcription start

Part of 5" end of Part of 3’ end of
target gene Selectable marker target gene
, kanR
Chromosomal
gene —

Deletion of large segment of target
gene by homologous recombination

Transcription start
Target ORF replaced £
by kanR
AUG kanR |

© 2010 Pearson Education, Inc.



Die erfolgreiche Insertion des Konstrukts wird wieder
mittels PCR Uberprift

b) Confirmation of deletion

Q Unsuccessful deletion (gene still present)
A C

— —_—>

< <

B D

9 Successful deletion (gene replaced by the kan® module)

Transcription start

A KanC
o o

kanR

KanB

© 2010 Pearson Education, Inc.



Um rekombinante Mause zu generieren, wird das Zielgen in
Embryonalen Stammzellen (ES) Zellen durch homologe Rekombination
zerstort.

a) Transformation of mouse ES cells in culture with a linear DNA deletion module
containing a target gene disrupted by the neo® gene

Clone of target gene disrupted with neo® gene

Ends of target gene Mouse ES cells in culture

pmtl

Selectable markers
Transform mouse ES cells
and grow on neomycin

Homologous recombination Random integration
>< neo® >< tk | neo® tk
. [ B

l l

P neo®| [ a neo® Ltk |

L L I
T

Knocked out target Whole target vector
gene in chromosome integrated into chromosome

Plate transformed ES cells on medium
containing neomycin and ganciclovir

transformants with

Colonies that grow are (
knocked out target gene
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Rekombinante ES Zellen werden in Blastozysten injiziert, wo diese zum
sich entwickelnden Embryo beitragen. Die Blastozysten werden in
scheinschwanger Mause injiziert. Ist die Injektion erfolgreich entsteht
eine chimare Maus. Haben die transgenen Zellen zur Keimbahn
beigetragen, kann eine heterozygote Maus entstehen, die anschliessend
homozygotisiert wird.

b) Using the cells with the knocked out target gene to produce a knockout mouse strain

Knockout ES cells Blastocyst from
from agouti mouse black mouse
Inject ES cells -
4 into blastocyst o

»

Blastocyst develops into a chimeric mouse,
which may have agouti (knockout) germline cells

: Mate chimeric mice

W|th black mice

Test agouti progeny for presence of knockout gene ko (knockout of target gene)
and mate siblings to establish homozygous knockout straln

:\ kolko
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Reverse Genetik kann auch mittels RNA-interferenz (RNAi) durchgefiihrt
werden

a)

5 3" dsRNA

3 - 5’ molecule
Cellular proteins cut dsRNA into ‘>Cellular
short 21-23 bp dsRNA molecules proteins

Short dsRNA

Slicer binds to the dsRNA and . Slicer
unwinds one strand, which is
discarded

Small regulatory RNA—— Q

; Pairing of small
The small regulatory RNA pairs :
with a complementary sequence l regulatory RNA with
in the target mMRNA target RNA
Q

[T 111 ] | HH,;H Target mRNA
Translation of the target mMRNA
is repressed, or Slicer cleaves
the target mRNA and the pieces
are degraded. Expression of the
target mRNA has been knocked
out or knocked down

RN ‘ m- N
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Gene Manipulation mittels CRISPR/
Cas9

Guide RNA

Target specific
crRNA sequence



Viel Erfolg!



