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Biological systems are complex...
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What is complex about biological systems?

> . Metabolites

N

Most of biology is driven by these molecules.
What difficulties do we face thinking about,their, function? &

I



What is complex about biological systems? (
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Life's Complexity Pyramid
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Level 4 (syste N

Modules are nested.in a hierarchical
fashion and define cell's large-scale
functiona ation

P vel 3 (functional modules)
@) | Group of nodes
e, WA Level 2 (building blocks)

Genetic regulatory motifs:
metabolic pathways

Level 1 (components)

Genome, transcriptome
proteome, metabolome, etc
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What is Systems Biology?

-~ =

The understanding of biology at the
system level, by examining the structure
and dynamics of cellular and organismal
function, rather than the characteristics

of isolated parts of a cell or organism.
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. .
What is Systems Biology?

-~

Systems biology seeks to explain
biological phenomenon not on a gene by
gene basis, but through the interaction
of all the cellular and biochemical

components-in a cell or an organism.
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Systems Biology is all about what the system does (cell/organism/ecosystem)

Why this fly has
two pairs of wings

instead of one

carpels

stamens /

Why this plant has

abnormal flowers
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Systems Biology is all about what the system does (cell/organism/ecosystem)

new
insights
Modeling and Computation 4 A ,
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Applications

new
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Approaches
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Infectious diseases
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ystems Biology Approach

1.Data Acquisition Data Analysis &Interpretation
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Systems Biology in plants
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our bodies act as
INTEGRATED
SYSTEM

RESPONSE
INPUTS

E(exposures) 3
N(nutrition) o
L{lifestyle) Ve
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i MOLECULAR PLANT DEVELOPMENT LABORATORY \,ﬁ’




S

ystems Biology Approach (1. Data Acquisition)
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 Genomics

* Transcriptomics

- Epigenomics

* Proteomics

b virug
s S disease - f—-“
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* Lipidomics

 Glycomics

 Metabolomics

* Nutrigenomics

» Pharmacogenomics

 Pharmacomicrobiomics
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Systems Biology Approach (1. Data Acquisition - combined)
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g 5
Single omics Trans-omics Genome Measurement

'4abgng2} NGS

Transcriptome

Conventional
molecular biology

RNA-seq (NGS)

Microarray

Mass spectrometry

Metabolome

Mass spectrometry

\ y NMR
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ystems Biology Approach (”

Data Analy \ terpretation

i

1.Data Acquisition
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Systems Biology Approach (2. Data Analysis)

/Thanks to Systems
Biology, we now have

a clear picture of
complex diseases!
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ystems Biology Approach

1.Data Acquisition Data Analysis &Interpretation
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Systems Biology Approach (3. Data Interpretation Tools)
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GofFF

“And that’s why we need a computer”
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atabase resources for System Biology

Microarray gene expression database

* ArrayExpress
- GEO
» CIBEX

Protein-protein interaction database

- BINDplus
- DIP

* MINT

+ STRING

Pathway database

- KEGG

* REACTOME
* MetaCyc

* EcoCyc
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Database resources for System Biology

Network Visualization Tools

* Cytoscape (http://www.cytoscape.org)
* BioTapestry (http://www.biotapestry.org)
* BioUML (http://www.biouml.org)

* CADLIVE (http://www.cadlive.jp)
* Edinburgh Pathway Editor (http://www.bioinformatics.ed.ac.uk)

Data Analysis & Interpretation

Modeling & Simulation tools Y
* CellDesigner (http://www.celldesigner.org) -
» Jarnac/JDesigner (http://sbw.kgi.edu) %
* COPASI (http://www.copasi.org) e
+ E-Cell (httpi//www.e-cell.org) S -T = l

Data Interpretation Tools

Y
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Systems Biology in pleiotropic phenotypes ’
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Systems Biology is all about what the system does (cell/organism/ecosystem)
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It inspects the status or how the system reacts to a certain.condition

)
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Genomics
Transcriptomics
Proteomics
Metabolomics

Network inference
; "= Pathway mapping
- | y- @@=  Signature identification
| s s :
e ‘H(_,-_}ﬁ i Causal reasoning

Understand disease; phenotype, behavior
Identify possiblesmeansifor manipulation

Systems biology not only looks into these
data sets at the individual gene level to
identify, forexample, genes that are up or
down-regulated under a certain condition,
but tries-to.have a holistic view of this data
to understand the mechanism(s) of e.g. a
specific disease, disease symptoms, a
certain plant or animal phenotype, or a
cell/organism/ecosystem behavior.

However, the aim is again fo pinpoint
particular genes in order to engineer
strategies for effective interference.
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ystems Biology...
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Systems Biology...
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GENE REGULATION AND
PROTEIN FUNCTION
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. Protein degradation
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ystems Biology applications in plants
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Mop1akn YEVETIKA TNC avdTTuENng TWV QUTWV

@ O1 TTOAUKUTTOPOI OPYaVICHOI TTAPOoUCIAouV Wdia opydavwaorn Fwy 10TWV Kal
OpPYAVWY TOUG, N OTToia €ival XApAKTNPIOTIKA TOU €i00UG OTO OTTQIO AVIKOUV.

@ To yovIdiwua TwV aVWTEPWYV PUTWV TTEPIEXEI TTEPICOOTEPA aTTO 22.000 yovidia,
KaBéva atrd Ta oTToia YTTOPEl va eTTNPEACEI TNV AVATITUEN ME DIAQPOPETIKO TPOTTO.

@ [loAAG yovidia KwdIKOTToIoUV YIa CUCTATIKA TOU [aciKoU MPETABOAIOHOU KABE
KUTTdpou (housekeeping genes). Av Kal Tayovidla auTd €ival arrapaitnTa oTnv
avaTITu¢n TwV QUTWYV, €VTOUTOIC OdIa@EPOUV aTTd TA AVATITUSIAKA yovidia

(developmental genes).

@ H ammwAegia AsiToupyiag evog avatrTugiakou yovidiou odnyei o€ Pia atTwAEIa Tou
QVTIOTOIXOU QVOTITUCIOKOU PNXAVIOMOU, TO OTTOI0 JE TN CEIPA TOU ETTIPEPEI Mia
aAAayr] OTO KAVOVIKO TTPOTUTTO AVATITUENG TWV QUTWV.

@ O QaIVOTUTTIOG TWV PETAANAYMEVWY QUTWYV ATTOTEAET TO «KAEIBI» TNG JOPIAKNAG Kal
YEVETIKNG avAAuong, KABWG ETTITPETTEI TNV AvVAYVWPION KAl TOV XOPOKTNPIOKO
€VOG yovIdiou; KaBwg €T1TioNg Kal TOV TTPOCdIOPIoHO TNG AEITOUPYIOG KAl EUTTAOKNG
TOU O€ BacIKOUG avaTITUEIaKOUC JNXavIiououc.

o)



Mutant plants vs. Trans-genic plants vs. Cis-genic plants
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MetaAAaypéva outa: Tpomomoinon TOU- YEVETIKOU
urtoPpaBpou evac @utou.

Awayovidiak@ @uta: Tpomomoinon)® “Tou  YeEVETIKOU
utoPpaBpou evoc @utoU WE \Tnv €loaywyn oTo
vovidiwpa Tou egvac diayovidioy n DNA aAAnAouxiac.

Evdoyovidiaka outa: —Fpomomoinon TOU  YEVETIKOU

utoPpaBpou e€voc( @uToU pHE Odldpopikn pUBuIoN,
andAsiyn n PeAtiwon evoc evdoyevoug yYovidiou.

Kai oTI¢ TPEIC mepImTWOEIC TO anoTEAETpa €ival n
OnpIovpyia YEVETIKA TPOTOTOINUEVWY QUTWV
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Current Model Organisms

* Drosophila
* Xenopus
Zebrafish
Mouse

C. elegans
Yeast

E. coli
Arabidopsis




The model plant Arabidopsis thaliana




To @uTo povtéAo Arabidopsis thaliana
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| TPEIC KUPIOI OIKOTUTTOI TTOU XPNOIKJOTTOIoUVTAl

Wassilewskija Columbia Landsberg erecta
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Arabidopsis History

» Member of Mustard Family

» Discovered by Johannes Thal in the 1500s

» 1873 First mutant reported

» Chromosome number discovered in 1907 by Friedrich Laibach

» Entire genome sequenced.in 2000

Christopher

4 | Somerville...

Elliot o
Meyerowitz &

...won the Balzan Prize in
2006 for Plant Molecular
Genetics, “for their joint efforts
in establishing Arabidopsis as
a model organism for plant
molecular genetics.

N
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What makes Arabidopsis thaliana a model organism?

Arabidopsis: A model plant

Relatively smaller
and simpler
genome

Genome size:
Nuclear: 125 Mb
Plastid: 154 Kb
Mitochondria:367 Kb




S

Easy to grow, short life cycle and many offspring

Arabidopsis can be grown in small spaces or indoors. They only require
water, soil, and light to reach maturity in 48 days from germination.




Modern Technology

Mb

The Arabidopsis genome was sequenced in 2000 and is readily
available to the scientific community.

Genome is relatively small, compared to other plants.
Detailed chromosome maps exist for all 5 chromosomes.
Both physical and genetic maps exist.
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Outcomes of the Arabidopsis sequencing project

* 115409949 bp (~¥115.4 Mb) are sequenced

* The unsequenced centromeric and ribosomal
DNA repeat regions measures roughly 10 Mb

* 25498 genes are predicted

GG!.'mcq'rTCCGAG!!ccqnGmcc. ANOICK
COTTACTACATGGATAACCGTGGIP AN 2AGASH
o GGAACGGGACG@ h £ th di .
@’GCGGG&.‘TCQTTCC‘ Characterization of the coding regions

e . e e fele Vlslelclcl © Genome organization and duplication

MGAMTQTGGg; * Comparative analysis of Arabidopsis
.GGGRGAGAGECEE accessions

P e

* Comparison of Arabidopsis and other plant
genera

* Integration of 3 genomes in the plant cell
* Transposable elements
rDNA, telomeres and centromeres



To guTé HovTéAo Arabidopsis thaliana

RN " mutagenize
N seeds :
b Y [ self
\ " L pollinate
¥ i \ & & y LN T
] e —> | —
V9 4/ mutant
~ sector A
v\ M2 seedlings
A -~
Arabidopsis thaliana M1 plant

[MAgovekTriuaTa

Mikpd péyebog -EUukoAn kaAAIEpyela
Mikpo yovidiwpa - 5 XpwHOooWHATA
MeydaAog apIBUOG oTTEPUATWV
AUTOYOVIUOTTOIOUMEVO

EUKOAEG YEVETIKEG DIAOTAUPWOEIG
MeTaAAQgIyEVEON OTTEPUATWYV
EUkoAog pJeTaoXNUATIONOG

¢ O 0 0 0 0 O




To @uTé povTéAo Zea mays

self
pollinate

y

mutagenize
pollen

Zea mays

M1 plant M2 seedlings
[MAgovekTrpaTa MelovekTripaTa
@ EUKOAEC yeVETIKEC DIOGTAUPWOEIG @ Meyalog KUKAOG Cwn¢
@ MeydAog apIBudS oTTEPUATWYV @ Xwpog KaAAIEpyelag

@ Evdoyevh ueraBeta otoixeia (As kai Ds) @ KAIJATOAOYIKEG OUVONKES
@ EoappuoyiuetaAlagiyovwy otn yupn @ Metaoxnuatiopog
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®uTtd povTéAa atn Mopiakn Avamtuén utwy

Zeamays Oryza sativa

N

MovokOTuAa

AIKOTUAO Lotus japonicus Antirrhinum majus Pisum sativum

4
4

i

Arabidopsis thaliana Medicago truncatula Lycopersicon esculentum
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Genomes sequenced

-~

Mari civar onpavtiki n petaAAaiyéveon/dnpiovpyia peTaAAaypévwy: kai diayovidiakwy

OcIpWVY A 0 EVTOTIIOHOC YovIdiwv TToU eUTTAEKOVTAI O€ évad PnxXavigyo avamrTuéng ?

Organism Size (mil. bp) Genes. “Gene density Chromos
Homo sapiens 2900 ~30,000 1/100 Kb 46
Rattus norvegicus 2,750 ~30,000 1/100 Kb 42
Mus musculus 2500 ~30,000 1/100 Kb 40
Drosophila melanogaster 180 13,600 1/9 Kb 8
Arabidopsis thaliana 125 25,500 1/4 Kb 5
Caenorhabditis elegans 97 19,100 1/5 Kb 6
Saccharomyces cerevisiae 12 6300 1/2 Kb 16
Escherichia coli 4.7 3200 1/1,4 Kb 1
H. influenzae 1.8 1700 1/1 Kb 1

s



MeTaoxnuationog eutwyv e Agrobacterium tumefaciens
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Ti plasmid
Xpwudéowua

T-DNA |

NS | _—
LB - Tumor genes - glg “RB
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VirA-VirB -V 'ylr_%”‘\?il_&D'VlrE— ori
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Agrobacterium
tumefaciens
mediated
transformation

A Xpwpoowpiké DNA
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T-DNA petaAAaiyéveon - To Baupatoupyd Agrobacterium

Thenatural pathegenesis, of
Agrobacterium timefaciens

P. Sforza, GLacy,
M. A . Hansen, and .. Jelesko

", »
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Agrobacterium fumefaciens mediated Tranform@l}cm

| T-DNA |

Tumor genes SE RB
Ti-plasmid ) _>

T
VirA-VirB - VirG - VirC - VirD - VIrE —_ ori-Ti VIrA - VirB
R — — —

R — X |

Agrobacterium —  Kmf - X-gene - RB
tumefaciens
O Binary plasmid
c\'&‘ O (AuadIkog Qoptag)
.
AmaR — ori-BP
Plant cell
e == - ‘7";:’ <
Intro- L T =
duction = UGy \. L L
into \ P S LY
plant . |
cellsin \ '
culture  TDNA R é Transgenic " \ Cell of
acabd \ - W e plant /L) transgenic
& = " Cultured | \__/ Plantlet plant
JiRp pia =" cells
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Use of gold or tungsten nanoparticles (”

Monolayer coated Biomolecu%&i:é |

Protein

Drugs

..

Prot? \‘ W}\
argeted delivery N

»
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Use of gold nanoparticles in plant ’rr'ansforma’riocq

“outside” gg “inside” Cell ‘\b
-0

DNA —><-r§§ Q
NS,
0 G \@3

cationic gold &0 TR
nanoparticles 0::‘0 Q

)
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Particle bombardment (Biolistics) plant transformation méthods

-~ - - =

A N
AN/

switch Disk retaining

On/of] iwr—““"-’ l[ Microcarrier.

] s Iaunck ussembly
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Vacuum || d Target
gunge

Ce—
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Use of gold nanoparticles in plant transformatioh

-~ - - =

? 1.6pm Gold 10mM cameleon
Hs~~g. q\x\ ¥ #Jfo Micrnprnjg}ctnes p!d

A~~~

HS ~~ ,/-jj% o',/%k

HAUCI,  NaBH, \\3 Lo
TOAB ——> “Ma:
S

DNA

Plant leaf samples
y treated with either H,0,
EGTA, CTC or CaCl,

Intact Pinto . s
@ Gp DNA/Gold Laafn . 15mm

,.-"'"
Nanoparticle ,.’ leaf disk
Complex A
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Agrobacterium Biolistics

Agrobacterium Recombinant DNA coated onto microcarriers
\ < foreign
gene
Selectable =3
gene
Biolistic

Migiocarrier
laufich assembly

Plant tissue

incubated
with
Agrobacterium
DNA-coated
microcarriers propelled
into plant cells -
LY L4
l. o <« DNA-coated
[ ] microcarners
Plant cell
Recombinant foreign ONA
DNA transferred carried into
into plant plantiéelt on
nucleys microgaier

L
’ ;

Recombinant DNA inserted into plant chromosome

Only cells containing recombinant DNA survive Cells regenerate into transgenic plantlets Plantlets grow into plants with new traits
and divide in culture on selective medium
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Agrobacterium tumefaciens-mediated transformation

| T-DNA B T—IXL\ 7
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Selection and plant regeneration by tissue culture

-~ = =

Leaf discs infected with Agrobacterium 3
Leaf discs removed and placed in culture medium containing recombinant plasmid ‘ T ic plants grow
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Agrobat terium
jransformati

P, Sforza, D. Tillman, E. M ns

F. Medina-Bow.l. Jele .A. Hansen

(c) 2002




MeTaoxnuaTiopog Tou Arabidopsis thaliana

A. AvAatrTu¢n Qutwy

B. EyparrTion‘ce Agrobacterium

C. ZUAN\oyn oTTEPUATWV

D. ETAoy HETAOXNMATIOUEVWY QUTWV
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MeTaoxnuaTiopog Tou Arabidopsis thaliana

Reproductive Seed Germination
growth and and vegetative
fertilization growth

self
pollinate
i O —
=i (i EsEs=m
'/ mutant
" sector .
/ M2 seedlings
Floral
transition B p'am
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Agrobacterium transformation to add a sequence into the genome

Adding gene‘@n
Tag DNA é

h Nucleus :Q
Gene A’ }

Adding a feature to the
plant genome must ensure
normal activity of
endogenous gene function
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To Agrobacterium tumefaciens yia TTpoo0rnkn XapakTipwv/1I010TATWV
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yovidio X

yovidio X yovidio ave&:KTlKéTnng oTn BgpoKpacia




Agrobacterium transformation to tag a sequence in the génome

Disrupting gene function

T: Tag DNA

v \ Nucleus

\ Gene A*

Tag DNAis useij as a mutagen

Sometimes tag DNA
enters gene A*
causing A phenotype

-~ - - =

T-DNA
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MéBodol MeTaAAaliyéveong

f )
2 toixeia £vOeong (insertion elements)

amokTnon AciToupyiacg, amwAeia AsiToupyiag, eUpeon yovidiou

(
&

Boupapdiopdc verpoviwv (fast neutral bombardment)
HIKPEC XpWHOOWWHIKEG eAAgipeIg, amtwAeid AsiToupyiag

f
&

Ethyl Methane Sulfonate (EMS)
pHeTaAAd€ eic onpeiou (G ae A), TTOIKIAEC OUVETTEIEC

f
&

~
J

Oligo-directed mutagenesis (ODM)
synthetic oligonucleotides homologous with a target sequence

(
&

~
J

Side-directednucleases (SDNs) for genome editing ww zeus raex csee

yovidiwpaTikn tapépupaon/ e epyaaia
- J

Y
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MéBodol MeTaAAaliyéveong

f )
2 toixeia £évOeong (insertion elements)

amokTnon AciToupyiag, amwAeia AsiToupyiag, eUpeon yovidiou

-
&

Boupapdiopdc verpoviwv (fast neutral bombardment)
HIKPEC XpWHOOWWHIKEG eAAgipeIg, amtwAeid AsiToupyiag

f
&

Ethyl Methane Sulfonate (EMS)
pHeTaAAd€ eic onpeiou (G ae A), TTOIKIAEC OUVETTEIEC

f
&

~
J

Oligo-directed mutagenesis (ODM)
synthetic oligonucleotides homologous with a target sequence

(
&

~
J

Side-directednucleases (SDNs) for genome editing ww zeus raex csee

yovidiwpaTikn tapépupaon/ e epyaaia
- J

Y

MOLECULAR PLANT DEVELOPMENT LABORATORY @




MeTaAAa&lyevean ue oToixeia EvBeong (insertion elements/Tag DNA)

I— T ———
yovidio X yovidio A
————
[— T —
yovidio X yovidio Tag DNA A
_ﬂ -_
METAAAQypQ
(T-DNA line)




Agrobacterium transformation for adding or mutagenizing

-~ - - =

Disrupting gene function Adding gene function

- —\ Nucleus

. T-DNA

Adding a feature to the
plant genome must ensure
normal activity of
endogenous gene function

Sometimes tag DNA
enters gene A*
causing A phenotype
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TTapaAAayéc Twv T-DNA petaAAaiyovwy €vBeong

EVIOXUTNG 1". -

TO EUKOPUWTIKO YOVidlo

YTTokKIvnTAG

] TEOMOTIKN
ecwvia PHATIKN
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TTapaAAayéc Twv T-DNA petaAAaiyovwy évBeang

«lMayidec evioyuonc» (enhancer traps)
@ [ovidio ava@opdg pe TuRUa evog uttokivnTh (A35S::GUS/GFP)

T-DNA cuvopiakd

’ II|I' -H-""'--_______‘_H-‘
Mayida
evioyxuong Kanm

GUS/GFP

«Mayidec yovidiwv» (gene/promoter traps)
@ [ovidio avagopdc (GUS ] GFP) xwpic utrokivnTn

GUS/GFP

ol —C—H
yovidiou
KanR

«lMayidec evepyotroinanc» (activation traps)
@ T-DNA peroxupd utrokivntA 1 u€pog autou (CaMV-35S)

Mayida I |:| . I
EvepyoTTOiNONG

KanR
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TTapadeiypara "mayidwv" evioxuang kai yovidiwv ato Arabidopsis

— endodermis
cortex

pericycle

corntex
epidermis
lateral root cap

J2812| J0571 J3212 | J2501
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MéBodol MeTaAAaliyéveong

f )
2 toixeia £vOeong (insertion elements)

amokTnon AciToupyiacg, amwAeia AsiToupyiag, eUpeon yovidiou

(
&

Boupapdiopdc verpoviwy (fast neutral bombardment)
HIKPEC XpWHOOWWIKEG eAAgipeIc, amtwAeid AsiToupyiag

f
&

Ethyl Methane Sulfonate (EMS)
pHeTaAAd€ eic onpeiou (G ae A), TTOIKIAEC OUVETTEIEC

f
&

~
J

Oligo-directed mutagenesis (ODM)
synthetic oligonucleotides homologous with a target sequence

(
&

~
J

Side-directednucleases (SDNs) for genome editing ww zeus raex csee

yovidiwpaTikn tapépupaon/ e epyaaia
- J

Y
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MéBodol MeTaAAaliyéveong

2 Toixeia évBeanc (insertion elements)
amokTNon AsiToupyiacg, amwAeia AsiToupyiag, eupean yovidiou

Boupapdiopdc verpoviwy (fast neutral bombardment)
HIKPEC XPWHOOWHIKEG eAAEiYeIC, atwAeid AeiToupyiag

-— -

Ethyl Methane Sulfonate (EMS)
pHeTaAAd€ eic onpeiou (G ag A), TTOIKIAEC OUVETTEIEC

Oligo-directed mutagenesis (ODM)
synthetic oligonucleotides homologous with a target sequence

Side-directednucleases (SDNs) for genome editing ww zeus raex csee
vyovidiwpaTikn tapépupaon/eme epyaaia




MeTaAAaliyéveon pe dAAec pe©odoug

'

Ethyl Methane Sulfonate (EMS) \
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EMS petaAAaliyéveon oe omépuata Arabidopsis

AMB

M1 omeppa XapoKTARIOTIKA TNC
EMS EMS peTaANagIyEveong
——
v MIKp£G OUYKEVTPWOEIG
o oo v YwnAr peTalagiyéveon
eyt o | /TR v ATAG peTaMGypaTa
v PaIvoTUTIOC TTOIKIAEI

s
v AtToudévwaon Tou yovidiou pe

"KAwvoTtroinon 6éong”

M2 omrépua

MOLECULAR PLANT DEVELOPMENT LABORATORY @
.




MeTaAAaliyéveon kar adpwon Tou TANBUGHOU TWV OTTEPUAT

Seed pods from: Q
Mutagenized  Seedling NMutant sector Mutant sector Nenmutant

seed of cells
in meristem

25% hamaozygous
mutants

25% homozygous 100% homozygous

50% heterozygotes wild type wild type
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2 nuelakécg peTaAAda eic pmopouv va odnynoouv ae aAAayn Tou ORF

atcgatcgatcgatcatgccgaagcactacagacctcctggtaagaagaaggaaggcaac
r b R s I M P K H Y R P P G K.K«K E G N
gccgccagatacatcaccaggtctcaagctgtcaagtaccttcaactcagtectttetgtt
A A R Y I T R S Q0 A V K Y L O+L S L S V
ttcaggagattatgtatcttcaaaggtattttcccgecgggatccaaagaaaaaggtgaag
F R R L. ¢ I ¥ K G I F P_.R. D P K K K V K
ggaaaccaccatacctattatcacatgaaggatatcttgtttcttaaacatgagccactt
G N H H T Yy ¥y H M K D T .L F L K H E P L
cttgataaattccgtgagatgcgagcatacgagaagaaggtcaagaaagctatttctaag
L b K F R EM R A Y - EK K V K K A I S K
aagaacaaggatctcgctgaacgcttgttgacaagaaagcctacttacactcttgatatg
K N K D L A E R L LT R K P T Y T L D M
aaacaagctgctgaggcaaaacaaaagatggcacttcatgaaaaacaatatcatgaagag
K ¢ A A E A K. QO Kk M A L H E K Q Y H E E
agcgatgatgaagaaaatatggacgatgtgtcgccacagcaacttgttaaggatgatgag
s bD D E E N M D D V S P QO O L V K D D E
aatatgaccatggtttcaatgtcccgtaaaaagagaagactttatgaagccatgaagatt
N M T M ¥V S M S R K K R R L ¥ E A M K I
tcacaaggaaggaaaaaggcaaatgtggaaactctcgagacaaggaagaaaaatattcaa
S @ G.ROK'"K A N V E T L E T R K K N I 0
aaaaacaagaaaaagtcatcagattgagtcgctcgatcagtacgatcgatc
K N K XK K s s b - VvV A R S V R S I
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MéBodol MeTaAAaliyéveong

2 Toixeia évBeanc (insertion elements)
amokTNon AsiToupyiacg, amwAeia AsiToupyiag, eupean yovidiou

Bopupapdiopdc verpoviwy (fast neutral bombardment)
HIKPEC XPWHOOWWHIKEG eAAEiYeIC, atwAeid AeiToupyidg

-— -

Ethyl Methane Sulfonate (EMS)
pHeTaAAd€ eic onpeiou (G ae A), TTOIKIAEC OUVETTEIEC

Oligo-directed mutagenesis (ODM)
synthetic oligonucleotides homologous with a target sequence

Side-directednucleases (SDNs) for genome editing ww zeus raex csee
yovidiwpatikn mapéuPpaon/eneepyaaia (gene drive)




ligo-directed mutagenesis (ODM)

A A
AT 1 J

6 € Ay G A C ‘ lf ~ €
e .7l¢ [ ' o~
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mutagenic oligonucleotide &a
Chemically differing from DNA
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ODM-oligonucleotide
/‘ Host genome
4 -
\\\ MHH [ ‘ K \

YOOI OC
¢ v g

Plant DNA repair enzyme
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v f
-"_ \ ‘ N 5 PLADA “ “
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Oligo-directed mutagenesis (ODM)

-~ = =

The chemically synthesised oligonucleotide (20 — 100 bp) has
homology with the target gene except for the nucleotide(s) to
be changed. |

o v 2

- oligonucleotides are added Oligonucleotide
directly and hence do not
involve a transgenic stage

- oligonucleotides themselves Mismatch
are not “heritable material®

- oligonucleotides act like a

mutagen, but are sequence <<t }
specific ‘/ N
- the obtained mutations @ e

cannot be distinguished from
spontaneous mutations
(natural variation) or:
mutations induced by

. A X ; Modified from Songstad et al (2017) Critical Reviews in Plant Sciences
classical mutagenesis M
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ligo-directed (ODM) vs. classical mutagenesis

-~ = =

Natural random Induced random Directed
mutation mutagenesis mutagenesis
UV light, Chemical treatment Oligo
chemicals or radiation A & treatment
TRT P A BBy
too MHHARERE 5000 mﬁﬁuauu ifuﬂmifiu“
NN R ﬂlﬂi“nnﬂﬂn ﬁ"ﬂﬁ“ﬂ“'fu
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In that sense ODM is a genome editing method like SDM

Oligo-directed Side=directed
mutagenesis (ODM) nucleases (SDNs)

- - MNs . -, \ '
” e 5" -NNNNNNNNNNNHNNNNNNNN -3
Rapid Trait Development v _, 3- -5
System (RTDS™) ’ \ . Y A
ln Plants 6. 7ENs Zinc fingers array
5 - NNNNNNNNN -3
3= -5/
Zinc fingers array
This figure shows how RTDS can be used 10 convert a N
red flowening plamt 10 a white flowering plant. ATDS uses
molecules known as Gene Repair Oigonucieotides (GRONS) 10 JC. TALENS ) TALE repeats
create a structure in a plant gene (see insert) that appears to the cell as
a typographical error in the way In which the gene is spelied. ) , B
‘errors” also known as mismaiches are repaired by natural enzymes 5= -3
using the plam's own DNA. A single change in the genetic cotle is 3= -57
onough to ropair gones and in some cases create now valuablo plant
characteristics, known as traits J . \
‘ ) TALE repeats
GRON V=
y -\ ’ Jo. crispr/cass Cas9
Y20 20 &
. d" l‘ I’ % . \ Ruve
' NNNNNNNNNNNNNNNNNNNN pAf
Natura) . 5" -NNNNNNNNNNN NGCNNNNNNNNNNNNNNN-3 '
enzyme 3’ ~NNNNNNNNNNN \HNH NCCNNNNNNNNNNNNNNN-5'
; NNNNNNNNNNNNNNNNNNNN
5r
SERNA
3'




MéBodol MeTaAAaliyéveong

2 Toixeia évBeanc (insertion elements)
amokTNon AsiToupyiacg, amwAeia AsiToupyiag, eupean yovidiou

Bopupapdiopdc verpoviwy (fast neutral bombardment)
HIKPEC XPWHOOWWHIKEG eAAEiYeIC, atwAeid AeiToupyidg

-— -

Ethyl Methane Sulfonate (EMS)
pHeTaAAd€ eic onpeiou (G ae A), TTOIKIAEC OUVETTEIEC

Oligo-directed mutagenesis (ODM)
synthetic oligonucleotides homologous with a target sequence

Side-directednucleases (SDNs) for genome editing . zeus raex csee
vovidiwpaTikh tapépupaon/eme epyaaia




Genome editing by using Site-Directed Nuclease (SDN) téchnology

-~ = =

TALENs MN
ZFNs

O\
!

———— .\
Non Homologous End Joining NHEJ
(without donor DNA) /

SDN1 *

indel

Homologous Recombination
(with donor DNA)

SDNZJ a sON3| b

L X ST o

+ donor DNA

+ donor DNA (with correction)
\%
T

correction

deletion

v
N A

insertion.or replacement
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Genome editing by using Site-Directed Nuclease (SDN) téchnology

ZFN-;TALEN-;CRISPR/Cas3- Nuclease ‘b

trand break induction

& Added homologous
E%b template
& .
';- tié} *
<%
/ e
SDN 2: SDN 3:
Targeted mu Targeted mutagenesis Targeted mutagenesis

Targeted gene

replacement
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KUpiapxn n CRISPR (Clustered regularly-interspaced short palindromic repeats)

-~ - - =

Guide RNA

Targeted
DNA

o 4

|
1

Gene Silencing / \ Gene Editing
Repair

Attempted
Repair ———==— Template
e o S —
. O D
o - A — —
Gene'is disrupted Gene has a new sequence




CRISPR Appl ications (clustered regularly-interspaced short palindromic repeats)
‘\zcﬁ\

ical Treatment

-
-
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Agriculture

Human Species



END OF METHODS
(PART I)








