AoKLUEG (ZuoTpata) mapodkic EkPpaong yovidiwv

LAettoupyia yovidiou

LAVAAUGN TtpoaywyEwv

Ly upumAnpwpatikotnta StayoviSiwv
LNapaywyn TpwIEiviv

MAgovekTtnuata o€ oxeon UE oTATEPO UETACKXNUATIOUO

eTaXUTATN TIPOCEYYLON TOU {NTAMATOC UTTO LEAETN

® ETUTPETEL TNV avaAuon Ekdpaonc yovidiwv pe emiPAaBeic emdpaoelg otnv avantuén
Kal avénon tou putou

® TAUTOXPOVN AVAAUCH AVEEAPTNTWY UETOOXNHUATIOUEVWY KUTTAPWY XWPLC
OWHOTOKAWVLKN TIOLKIAOTNTA

e efaodalilel emapk ToooTNTA LoTOU Yot avaAuon RNA kal TpwTeivwv

e eaodalilel onpavtika avénpeva emnineda Ekppaong tou dtayovidiou

Mewovektiuata
® ATIOTEAEOUATLKI) LOVO OE OpPLOMEVA £16N duTWV
® LEAETN YOVIOLWV HE KUETPNOLUO» GALVOTUTIO OE GUVTOUO XPOVLKO SLaotnua



(a)

“Agroinoculation”- “Agroinfiltration” (“vacuum- infiltration”)

Aleiobuon Baktnpiwv Agrobacterium, LETACXNUATIOUEVO UE KATAAANAO TTAACULOLOKO
dopEa, UE EVECN OTO UTIEPYELO TUNHA Tou duTtol (ouvBwc duAAQ)

(b)




lwkol Ppopeig

2tpatnywkn “full-virus”
Qopeic oL onoiol petadEpouv Kkat ekppalouvv €va Yyovidlo-umo-peAETN HECA oTA PUTIKA
KOTTOpol aAAQ cupTepldpEpovTal OTWCE oL Lot dypLou tuTtov T.X. TMV, PVX, AMV

MoAuvon Twv EEVIOTWV e OAOKANPA LKA CWHATLAL

(a) A typical expreszion vector based on ThWY

F >'| T Pol M ‘ S0 \ CPT
TT.X.ouvtnén UE MPWTELVN Kapidiou

MAeovektrpota MELOVEKTA AT
Taxvtatn ekdppaon

MeyaAn anodoon Ekbpaong
Alacvotnuatikn petadopa (?)

Metadopd HOVO ULKPOU LEYEOUC EVOETWY
Mn ékdppaon o ToAAOUC emBUPNTOUC LOTOUG
TL.X. AvOn, wplpa , tpwta GUAAa

Auénpevn emkivduvotnta

Fovidlakn Zlynon

Elboeteldikevon



Ytpatnylkn “deconstructed virus”

e Qopeic oL omoiol pEpoUV OpLOpEVA LOVO OTOLXELD TOU LLKOU pnxaviopou (in vitro
transcription ywa touc RNA oug)

a— FdRP M1 M3 | Target| CP ——
2

e Avtiypada Tou Lkou popEa elodyovtal ite pe anevBeiac edpappoyn ota putd N
eloayovtal pwta o€ T-DNA dopeic kal petadépovtal pEow Agrobacterium
(agroinfection) =2 avaocuvOuaoUEVOL LOL TPOKUTITOUV PE PETaypadn Ao Evav
LOXUPO TIpoOYyWYEQ

'H avtiypada pokUTTTouV armo to puTkO XpwHoowHa (Kat utdo puOuwon)

b_p HiaEs RdRF M1 HM3|Target] CF | Term g BB [
hA2




1. Localized infection
with virus/BNA

1. Whole plant transfection
with Agrobacterium

2. Cell-to-cell
movement

2. Cell-to-cell
movement

3. Cell-to-cell movement,
systemic spread,
accumulation of viral particles

3. Cell-to-cell
movement

Current Opinion in Biotechnology




eKarmoteg LHLOTNTEC TOU KOV pnyaviopol mpoodEpovtal in trans ano deltepo popéa
Kol oo to dpuTO (T.X. TTOAUUEPACN, MPWTEIVN METAPOPAC MO KUTTAPO-0E-KUTTAPO,
MPwWTeivn tou kaydiov)

C— LB - 255 RdRFP 1 M pMipgTam | RE —
+
— LB [ 355 - <P RfTamet Term | BB

- ATTOTEAEOUATIKOTEPN HOAUVON aAAA Kol TTAAL Alya KUTTapa poAuvovtal

- H Staocvotnuatikn petadopd dev gival mavia enapknc Kol anattel tn dnuoupyia
EVEPYWV LWV

- H mapaywynn RNA avtiypddwv wv pe agroinfection eivat moAU meploplopévn yla
epappoyng peyaing kAipakog (aAda bde¢ Magnifection, Marillonet et al, Nature
Biotechnology, 2005, 23: 718)



Xpnon tTwv uKwv ¢opewV yLa yovidlakn clynon ota putd

% TMV:GFP % |
weeks

VIGS Challenge
inoculation inoculation vnsualtsatlon-

(a)

TRV/"

vector

(b)
TRV vector: TRV:00 TRV:N

TMV:GFP
local
5 dpi

TMV:GFP ol
systemic Pl
15 dpi LY ¥




Virus-Induced Gene Silencing (VIGS)

PVX-GFP




Systemic Gene Silencing

e V4

Agroinfiltrate with 355-GFP

355-
WT GFP Genctype

- inf. - inf. Treatment

25nt
+GFP
asRNA



RNA gene silencing - PTGS mechanism

DNA virus
(i & geminivirus) ‘@ Inverted repeat
ransgene

Single copy, sense

dsDNA w————— dERNA
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Systemic Gene Silencing




High-throughput VIGS

=
e oamm Transform
(——— —_—
D s | Clone O ‘W"'C'?W"'l .
[=—=1] fragment
into VIGS
random V5 A virus i
CONA library w2 Agro-inoculate
seedlings
=
candidate
gene

Virus spreads &
silencing occurs

2-3 weeks

Observe
phenotype




VIGS in Fast-Forward Genetics

Systemic infection
and silencing




Fig. 2. Selected VIGS phenotypes. From a VIGS survey of 5000 dif-
ferent N. benthamiang cDNAs approximately 15% produced pro-
nounced symptoms resulting in suppression of plant growth or
development. These images illustrate three of the symptom types due
to silencing of ubiquitin (a), magnesium chelatase (b), or an unknown
gene (c).







[+]
*TaxuTnTa
* OEV ATTAITEITAI YEVETIKOG HETAOXNHUATIONOG
* TTAPAKAMTITETAI I TTAPOUCIA TTEPICCOTEPWYV TOU VOGS YOVIDioU e

TTapopolIa AgIToupyia
* EQPOAPMOYN O€ OINPOPETIKA YEVETIKG UTTORaBpa/ QuTa

[-]
« 2TTaViWG OUMBaivel OAIKR KATAOTOAR TNG EKQPOAOCNG TOU YOVIdiou
* H atroucia @aivoTuTtrou dev onuaivel 6Tl TO Yovidlo Oev £x&l dpdon
» Aev utrapyel og 6Ao 10 QUTO id10g BaBUOG oiynong
* AlapecoAdpBnon TraBoyovou
* TI0avr) KAaTaoTOAN Kal aAAwWYV yovidiwv (Un oToXWwvV- 10iwg 6TaV TO
yovidiwua Tou guUTOU eV €ival YVWOTO)



Qopeic yLa yovidlakn olynon ota puta pe popeic-
douvpkeTa (Hairpin vectors)

Term [

SEaCiank
Mmarnksr Jare

1 RE




Gene function studies through gene silencing

pUC118

1k 250 bp
gusant| | . YFG [OCS-ter]

HSANA Chavage

l

XOOOQO0OQK (25t

siRMA

|

TR
plant transformation
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TTapaywyn diayovidiakwyv QuUTWV eAeUOepwv and

vovidia emiAoyng - clean gene technology

Xpnon kataAAnAwv TTAaopiIdIakwy opEwy, Ol 0TIoiol

1. @épouv yovidia emiAoyNC Xwpic emiKivOuveg PlroAoyIKEC OpAOTIKOTNTEC

m.X. gfp, ipt
2. emTpETOUV Thy £€vBean Tou Evou yovidiou Kal Tou yovidiou £TIAOYAC O€
OIdPOPETIKEC TTEPIOXEC TOU YOVIOIWHATOC TOU YUTOU, HN ouVOEDEUEVEC

HeTall Toug t%I>
MeveTIKA avdAuon Twy admoyovwy yid Thv avayvwpion Twy emOuunTwy pUTWY

3. au&davouv Tn ouxvOTNTA TWV AvaouvOUdoHWY pe amoTéAeopa Thv e€aywyn
TOU Yyovidiou eTIAOYAC

4. eTuTpéTOUV ThV £€aywyn Tou yovidiou £TIAOYAC ATIO TO YUTIKO yovidiwpa He
XpAon ouaThpdTwy pekopTivdong pe e€eidikeuon B€anc




ZUOTAMOTO PEKOUTILVAONG ME e€Eldikevuon OEonC

CRE-lox a6 tov payo P1
FLP-frt ano Saccharomyces cerevisiae
R-RS ano Zygosaccharomyces rouxii

To vyoviblo emhoync TtomobOeteital ovapeoo o€ BO€oelg
avayvwpLlonc plac pekoprmvaonc (lox, frt, RS)

H pekoumwvaon (CRE, FLP, R) mapadyetal

elte amo evav popea e mapodIKn EkPpach NG

elTE ME KAMOLO OUOTNUO EMAYWYNG TNC EKPPACAC TNC
(eEmoywuEeVOC TpoaywyEoc)

elte pe Slaotavpwon Twv Gutwv HE GUTA TIOU TAPAYOUV
PEKOUTTLVAON




Fisftchinid salinid Rk KA T

8 bp core
loxP ATAACTTCGTATA GCATACAT TATACGAAGTTAT
A. B.
LoxP LoxP Gene LoxP Insert LoxP

Gene ' Insert ’

Cm‘ *Inlcgralion G *T -
Excision ’ ' I .

RS




—  yovidio X OXF OXF

CRE

v

yovidio X loxP +

loxP
ATAACTTEGTAT}#G EATACAT{TATACGAAGTTAT

-+ L

Core spacer




2 Tpatnyikn petaAlAaypévne Béanc lox yia evowpdrwon yovidiwy

A. Sequences of LE and RE lox sites.

LE Mutant: TACCGTTCGTATA GCATACAT TATACGAAGTTAT
RE Mutant: ATAACTTCGTATA GCATACAT TATACGAA CGGTA

B. De novo Lox site generation in DNA recombination.

RE mutant

lox site D

<+ LE mutant
lox site

Integration * Cre

p A —

Double (LE+RE) LoxP
mutant lox site




A. WT loxP and Mutant /ox site sequences:

, 8 bp core
ZTP arnyikn loxP ATAACTTCGTATA GCATACAT TATACGAAGTTAT
, . loxFAS ~ ATAACTTCGTATA TACCTTTC TATACGAAGTTAT
HeTaAAaypevng O¢o NG lox lox2272  ATAACTTCGTATA GGATACTT TATACGAAGTTAT
lox2372  ATAACTTCGTATA GGATACET TATACGAAGTTAT

Yid EvOow |_|(]TUJ on VOVIB Iwv lox 511 ATAACTTCGTATA GTATACAT TATACGAAGTTAT

B. Insertion of floxed sequences via double reciprocal recombination.

-2272 -
Lo "“j 72 Cassette | E LoxP
+

ot

Lox2272 LoxP

i] Cassette 2 E




KateuBuvopevn sioaywyh yovidiou aTo QUTIKO Yovidiwpd

Spacer

(a) PLTFLPLCTTCGTATTEGCFLT.&CPL T‘PLTACGAFLGTT.E&T
TATTGAAGCATATICGTATGTAATATGCTTCAATA

l Crossover

—{ — loxP
— B 2 loxB6/71
()
loxT 1 Incoming plasmid DMNA
X
------------ - e
loxB6 Chromosomal target site

loxP loxGET1



Amtopdkpuvon Tou dopEa

(Recombinase mediated cassette exchange)

Lo o,

F’—r}:

(b) RMCE

Integration via
recombination at loxP

P
o - SM GOl > P ——

Excision via
recombination at lox2272

F—
L . SM GOl - .




Eioaywyn yovidiou kai amahoiphn Tou yovidiou eTIAOYAC

(a) npt GOl Integration construct

P ) cre hpt Pi FLP
H | b | -> Target construct

i Cre-mediated integration

<]] loxP (] lox75 <' lox76 ‘ dmlox

Srivastava and Ow, Trends in Biotechnology, 2004




TermH msfr'fﬂcrt?qglﬁg H RE l—

PCR product of gene
ar.rE?—}| | Gene >y |- attB2

PCR-amplified BF‘ i LR reaction to generate:
inserts for reaction axprassion vectors,

hybridizing to GFP fusions
micmarrajﬁ

(Gene fragment
cloned into entry
plasmid

atrl ] — (3ene gt

LK recombination reaction / \ LR recombination reaction

into hpRMNA vector, into VIGS vector,
such as pHELLSGATE such as pTRV-attP/R

= Promoter -| |Ger|e p -|Ir|trc:n - m Term = = Promaoter —Cpm — Term —
[ 1 1 [ 1 1

attB1 aB2 atB2 attB1 aB1 atB2




Likoi @opeic

20otnpa ntpo-popEa ya tn cuykpotnon wkwv amplicons in
planta peta tn petadopd pe Agrobacterium

| RS
P ™VPo =, e il
P_{Recombinase T X

PO _TMvPo [P WpeGOL] CP [T




Zuotnua puOulopevnc Ekdppacng Tou Lkou amplicon ano to
PUTLKO XPWHOCWUOL LLE XNHLKN EMOYWYN

Repressor

P X TMV Pol

e Repressor inactive \S\




‘ZuveeTikég Noukhedoes yia Fovidiwapariki) Mayaviki

(b)  Zinc-finger nucleases (ZFNs)

~9nt ~9nt

(d CRISPR/Cas9

PAM motif
NGG

VAANYL,\ VAR \V/ ,\\

5

Cas9

| | | -t
~15nt ~15nt sgRNA

20 nt
(+ PAM motif)

EVOWHNATWON ME akpifBeia BEong Tou
EMIOUPNTOU YEVETIKOU UAIKOU O€ TTOAU
IOMEVEG BEoEIg HEoA OTO yoVIdiwua
(genome editing) “ﬁm"’



Nuclease-induced genome editing

>

Nuclease-induced
double-strand break

.\E
18

Deletions
T B W N B F — Donor
| — W E W N W N S— template
Insertions —_/{

HDR

| ]
Variable length
indels

<

I
Precise insertion or modification



sequence-specific nucleases

A c&csmcmcurcmmmwnﬂm&mcmum
CTCCTCGOCTRATAGAAGT CTAGA TTEATCTTCTACACATACG
ZFN Zink-finger nuclease

B TGGTCTGGAGCGT ACG'PGA'ICATC?TC'I-‘PGACGGCAAC TACAAGATGAGTATGA
ACCAGACCTCGCGTECACTAGTAG ACTGCCGT ATACT

TALEN
Transcription activator-like effector nuclease

C CAGGRAGCGCACCATCTTCAGATCTEGATGACGECAACTACAAGATGTETATGEE
GTCCTCGCGTEGTAGAAGAAGAACCTGCTGCCGTTGATGTTCTACACATACG

LHE



Clustered Regularly Interspaced Short Palindromic Repeats Type Il system

(CRISPR) / Cas 9

Eene of Interest
i

|
Promaoter A,
Target sequence PAM sequence
Cas9 binds gRMNA
target sequence
gRNA
5 h,\_ -
¥ —_
CasS-induced
DSB at target Double strand
sequence break (DSB)
¥ - — - ¥
¥ 5

Repair by MHED Repair by HDR

Gene Gene
disruption editing
(InDel)



H-H i - —> Indel

Cas9

:::.::: —> Insertion or replacement
n

Large deletion or rearrangement

> ON

- —
mnn

Gene activation

Other modification,
.g., chromati DNA modificati
w e.g., chromatin or modification

Imaging location
of genomic locus

suw P e _» :::

Katie Vicari



TauTomoinon diayovidiakwy QUTWY

B Me PCR, pe ekkivnTéC €€EIBIKEUPEVOUC

* yia Ta yovidia mpo¢ £vOeon

* yld Td ouvopiaKa

* yia neploxéc dimAa ora ouvopiaka (yia e§akpipwon evowparwong
DNA Tou @popéa)

« Avaotpoyn PCR (IPCR)

B Me Southern avaAuon yia Tnv avayvwpion povadidiov
avriypagpou Tou £VOETOU YoVIdioU OTO YUTIKOG yovidiwpa

m FISH



T-DNA fingerprinting
A DNA izolation

&’Q&%O-’Z‘ITIDQE’QG(

B. Tetracutter digestion

C. Adaptor ligation

L e L | T | S

0. Anchored PCR

e o+ e L e ! Ll 4+

E. Dataction
i
—A



I-PCR

YOVIOIWHUITIKO JINA

o
Lt

TTEWN YOVISIWHO-
TIkoU DNA pe éviu-
ga Trepiopiopou

uépog tou T-DNA
~AMETA TNV TTEWN

TO UTTOAOITTO HEPOG:
*TOU T-DNA perd v Tépn

evCupIKn avTidpaon
g Aiyaong

250

EKKIVATEC

ﬁw

EVIOXUMEVA
Tuipata DNA

aAuoidwrr
avridpaon
TToAUpEPAONG




