CHICEITEC

Central European Institute of Technology
BRNO | CZECH REPUBLIC

Zeleny mimozemstan - krasa a
vyznam molekularni biologie rostlin

Jan Hejatko

Research Group Leader

Brno, Sep 12, 2022




KliCove objevy, zakladni pojmy a pristupy
Mezniky genetiky a molekularni biologie
Centralni dogma molekularni biologie

Metody analyzy genové exprese a lokalizace proteinu
In vVivo

Hormonalni signaly a rust rostlin

GMO - duvod k obavam nebo optimismu?



“...We used to think our fate
was in our stars. Now we know,
In large measure, our fate is in

our genes.”
James Dewey Watson, 1989
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Osnova

= Mezniky genetiky a molekularni biologie
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Klicové objevy
Zakony dedicnosti
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of the genius of genetics
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Johannes Friedrich Miescher

= 1869, Tuebingen
=  Publikovano 1871




Klicove objevy
DNA jako nositelka dedicnosti

Experiment ()
W [ Heating kills the virulent
) ‘.\ S-strain bacteria.
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[SIEERENE What is the material that transforms cells? Is it protein, RNA, or DNA?
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Combined treated extract
with non-virulent R-strain
bacteria.

Results. Protease-treated  RNase-treated

O

The transformation worked in
the protease and RNase-treated
flasks.
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Transformation occurs: Transformation
New S-cells appear does not occur:
mixed with R-cells Mo change; only R-cells.

T DNA is the molecule responsible for transformation.

Oswald Avery Colin MacLeod

= 1944, New York

,R* kolonie (nevirulentni)

1S* kolonie (virulentni)
PRy

Maclyn McCarty
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Klicove objevy
Struktura DNA a geneticky kod

Hydrogen bond

Photo 51

James Watson Francis Crick Maurice Wilkins
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= Centralni dogma molekularni biologie
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Zakladni pojmy
Centralni dogma molekularni biologie
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Zakladni pojmy

Centralni dogma molekularni biologie




Zakladni pojmy

Centralni dogma molekularni biologie
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= Metody analyzy genové exprese a lokalizace proteinu
in vivo
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Struktura genu

promotor
ATG....ATTCATCAJT

pocatek
transkripce

pocCatek
translace

ATTATCTGATATA....ATAAATAAATGCGA




Zakladni pristupy

Tkanoveé specificka genova exprese

Kazda burika obsahuje totoZnou sadu vSech genu daného organismu, ale jen
Cast z nich je v daném bunécném typu aktivni
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Zakladni pristupy

Priprava rekombinantni DNA

~ reporter gene
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Zakladni pristupy

Priprava transgennich rostlin

l Agrobacterium tumefaciens Plant cell ‘

Bacterial
chromosome

Transport channel Nucleus
Mitochondrion

Chloroplast

Vin, Nature, 2005 : Copyright@AF‘SlPress
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TranskripCni fuze

o Transkripéni flze s promotorovou oblasti

. Identifikace a klonovani promotorove oblasti genu

. priprava rekombinantni DNA nesouci promotor a reportérovy gen
(uidA, GFP)

TATA box 5 UTR ATG...ORF reportérového genu

promotor .
pocatek transkripce

BamHI

GAGGAGGCACAAAATGACGAA —/f/— TGTATTCTTTTGTTATCAAAGGGT TTCCACTT TGCTCCGAGGAAGAAGATAATATG! GGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGT AGAAACCCCAACC
@RIPRVGQSLMLRPVETPT

/r ——

MMVYKVTK.,
-2739

GAGGAGGCACAAAATGACGAA — /- GTTATACAAGI TCACT CAAAT GATGGTGAAAGT TACAAACCTTGIGCCTTCACGTCGGATCCCCCGOGTAGGT CAGTCCCT TATGI TACGT CCTGT AGAAACCCCAACC
M MV KV T KLVASRRIPRYGQSLMLRPY ETFPT

— intron

.
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TranskripCni fuze

Transkrip€ni flize s promotorovou oblasti

(]

Identifikace a klonovani promotorove oblasti genu

priprava rekombinantni DNA nesouci promotor a reportérovy gen

(uidA, GFP)
pfiprava transgennich organismud nesoucich tuto rekombinantni DNA a

jejich histologicka analyza




GUS reporter in mouse
embryos




Translacni fuze

o Translaéni  flize kodujici oblasti analyzovaného genu
repotérovym genem

. Identifikace a klonovani promotorové a kodujici oblasti analyzovaného
genu
. priprava rekombinantni DNA nesouci promotor a kodujici sekvenci

studovaného genu ve fuzi s reportérovym genem (uidA, GFP)

TATA box 5 UTR ATG...ORF analyzovaného genu....ATG...ORF reportérového genu.......STOP

promotor

BamHI

GAGGAGGCACAAAATGAGGAA —//— TGTATTCTTTTGTTATCAAAGGGT TTCGACTT TGCTCCGAGGAA CAAGATAATATGA GGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGT AGAAACCCCAACC
@RIPRVGQSLMLRPVETPT

MMVKVYTK.

/7 L 77

-2739

BamHI

GAGGAGGCACAAAATGACGAA —//— GTTATACAAGI TCACT CA AT GE TGGTGAAAGT TACAAAGCTT GTGECTTCACGICGGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGT AGAAACCCCAACC
M MV KV T KLVASRRIPRVY GQSLMLR®PVETTPT

— intron

.
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Zakladni pristupy

Zobrazeni rekombinantnich proteinu in vivo
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Osamu Shimomura Martin Chalfie Roger Y. Tsien




Zakladni pristupy

Zobrazeni rekombinantnich proteinu in vivo




Zakladni pristupy




Zakladni pristupy

Zobrazeni rekombinantnich proteinu in vivo
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= Hormonalni signaly a rust rostlin
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Vyvojova plasticita rostlin

Arabidopsis thaliana, embryo at the torpedo stage
Mus musculus, embryo, longitudinal section

Co je zasadnim rozdilem mezi zivo€ichy a rostlinami?

o Schopnost postembryonalni organogeneze de novo (tedy tvorba
bocnich kofend, listu, kvéta, plodd...)

o Enormni vyvojova plasticita rostlin — totipotence diferencovanych
rostlinnych bunék

o Tato vyvojova plasticita umoznuje rostlinam se prizpuisobit ménicim se
podminkam vnéjsiho prostredi
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Dominantni role cytokininGi a auxinu v regulaci vyvojového osudu rostlinnych

bunék

AUXIN [ng/mi]

20 100 300 1,000 3,000

CYTOKININ [ng/mi]

Skoog and Miller, Symp
Soc Exp Biol (1957)

AUXIN:cyTokinins - kofeny

AUXIN:CYTOKININ -pryt
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Prenos signalu prostrednictvim MSP

Soucasny model prenosu cytokininového signalu
prostrednictvim vicekrokového prenosu fosfatu

PM

~

AHK receptorové histidinkinasy
- AHK2
* AHK3
* AHK4

=

HPt proteiny —@lD-" pagulatory odpovédi

-AHP1-6 .ARR1-24
NUCLEUS
’ REGULACE TRANSKRIPCE

— B

INTERAKCE S EFEKTOROVYMI PROTEINY
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Signal Transduction via MSP

Co nas zajima?

I I mm) Interakce s jinymi signalnimi

PM drahami

AHK Receptorové histidinkinasy
- AHK2
* AHK3
* AHK4

,

mm) Structural determinants of signaling
\ specificity
HPt proteiny — @D pagulatory odpovédi

+AHP1-6 . ARR1-24
NUCLEUS ’

—I50— =) Identifikace cil a regulatoru
MSP
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|dentifikace CKI1 aktivacni
mutagenezi

o CKI1 overexpression mimics cytokinin response

ctri1 Plasmid Rescue ctri2 Pro35S::CK1

NO
hormones

Kakimoto, Science, 1996
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|dentification of insertional
cki1 mutant allele

aattcaagicgtCACTACAAGA . ! En-1 TCTTGTAGTGCgtggagac

A. aattca agj cgt'gga gac tacfact tgg tac act caa acc gtg gat cag tta act ggt
N s sSIR G DY|Twy T Q@ TV DQ L TG




CKI1 Regulates Female Gametophyte
Development

CKI1/ckit-i CKI1/CKI1

Hejatko et al., Mol Genet Genomics (2003)
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P CKI1/cki1-i

F1 Anticipated: 1 CKI1 : 2 CKl1/cki1-i : 1 cki1-i
Observed: 1 CKI1 : 1 CKI1/ckit-i

4
9 CKI1

CKl|1 | CKI1/CKI1




CKI1 and
Megagametogenesis

cki1-i is not transmitted through the female gametophyte

|

|

|

A. @ wtx @ CKI1/cki1-i

CKI1 specific primers (PCR positive control)

B. & CKI1/cki1-i x & wt

C. & wt x & CKIl1/ckit-i

cki1-i specific primers

D. & CKI1/cki1-i x & wt




CKI1 and

Megagametogenesis

FG @

56§ 68

FG1 FG2

Nucellus
Embryo sac

4L~ Integuments

FG3 FG4
CHCEITEC



CKI1 and
Megagametogenesis

Fadsgte FG5
CKI1 | ckit-i 28 HAE
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CKI1 is Expressed During

Megagametogenesis
Tra oA
Fm\ml/m F .

@ \FGB-FE4




Paternal CKI/1 is Expressed in the
Arabidopsis Sporophyte Early after

Fertilization
2 wtx & ProCKI1:GUS

22 HAP
(hours
after
pollination)

Hejatko et al., Mol Genet Genomics (2003)
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CKI1 is Active in Arabidopsis Gametophyte
and Sporophyte

S |

T |

‘ | |
| —

Hejatko et al., Plant Cell (2009)
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RNA interference

Molekularni podstata posttranskripéniho umi€ovani gent (PTGS)

= RNAI objevena u rostlin, pozdéji u Coenorhabditis
elegans

U rostlin identifikovana jako ,sense effect® v systémové
negativni regulaci genové aktivity

Umicovani exprese vnesenim dalsi kopie
genu pro biosyntézu flavonoidu

Systémovy efekt na regulaci exprese GFP

Nicotiana benthamiana
exprimujici GFP
Retransformace
jednoho z list
konstruktem pro
expresi GFP

Absence GFP je
viditelna jako Cervena
fluorescence chlorofylu

p35S::DFR

Voinnet and Baulcombe. Nature (1697)



p35S::DFR

UmiCovani exprese vnesenim dalsi kopie
genu pro biosyntézu flavonoidu

van der Krol et al., Plant Cell (1990)

DICEITEC



Systémovy efekt na regulaci exprese GFP

= Nicotiana benthamiana
exprimujici GFP
= Retransformace

jednoho z list{
konstruktem pro
expresi GFP

- Absence GFP je
viditelna jako Cervena
fluorescence chlorofylu

Voinnet and Baulcombe, Nature (1997)
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RNA interference

Molekularni podstata posttranskripéniho umi€ovani gent (PTGS)

- RNAIi objevena u rostlin a pozdéji u Coenorhabditis
elegans

U rostlin identifikovana jako ,sense effect® v systémové
negativni regulaci genové aktivity

umlCovani bylo indukovano jak sense tak antisense RNA

dsRNA indukovala uml€ovani cca 10-100x ucinnégji

Posttranskripéni uml€ovani u rostlin je
zprostfedkovano dsRNA

)
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Wstermaus et al.. PNAS (1998)
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Posttranskripcni umiCovani u rostlin je
zprostredkovano dsRNA
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Waterhaus et al., PNAS (1998)
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The Nobel Prize in Physiology or Medicine 2006

g

Andrew Z. Fire Craig C. Mello David Baulcombe

i
—

USA USA UK

RNAiNobel ignoresvital values at the centre of the prizeand is will not do so in the future. We believe that

sending a discouraging message, especially Iranian scientists can and will respond
grou ndworkon p| ants to young researchers. appropriatelyto the country’s needs.

Marc Bots*, Spencer Maughant, Kamran B. Lankarani
SIR — The Nobel prize, by recognizing Jeroen Nieuwlandt Ministry of Health and Medical Education
the individuals behind breakthroughs, *Flanders Interuniversity Institute for Biotechnology,  of L R.Iran, Tehran, I.R. Iran
inspires all scientists to do great science. Technologiepark 927, BE-9052 Gent, Belgium

The discovery of RNA interference (RNAi) tinstitute of Biotechnology, University of

changed the face of gene regulation, a feat Cambridge, Cambridge CB21QT, UK " iy
tesensedly recogrined with this pest’s Nobel Iran: productivity is not
M 0B Medicine' 1. Natire443, 488 (2006). :
Prizein ghys‘:]duu'g’ orvedianes. 7. Baukombe, D.C. AantMal Bol 32, 79-88 (1996). simple to evaluate
As undergraduates, we witnessed with 3. Van derKrol, A R. etal Plant Cell 2, 291-299.(1990). .
great excitement the discovery of gene 4. Voinnet, Q. & Baulcombe, D. C Nature 389, 553(1997). SIR — Eran Meshorer, in Correspondence
silencing. At that time, almost all research 5. Metzlaff, M, O'Dell, M, Cluster, P.D. &FAavel R.B.Celi88,  (“Iran is sixth, not second, in Middle East

in that area was being conducted by plant bl publication list” Nature 443, 271; 2006), states: )
| 40 CEITEC



Hormonalni Signaly Ridi MnoZstvi Biomasy

WT CKI1 2-2

A AN £ A B :i:

Hejatko et al., Plant Cell (2009)
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Hormonalni signaly ridi kvalitu biomasy

0 Rostlinné hormony fidi tvorbu ligninu v rostlinnych bunécnych
stenach a vodivost cév

WT

Water Conductivity

hormonal mutants

WT

Acid-insoluble lignins

mutant
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= GMO - duvod k obavam nebo optimismu?
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Vyvoj lidské populace na Zemi

Rist lidské populace v prib&hu historie
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40% orné pudy na Zemi je vazné
poskozeno nebo zcela neurodné:

« 75% pudy ve stfedni Americe
« 20% pudy v Africe
* 11% pudy v Asii

1961 1997 2050

Zdroj: UN Millennium Ecosystem Assessment



Rezistence k patogenum
Bt plodiny

Bacillus thuringiensis (Bt) Solubilization

R Activation
E PR
. M Bt toxin

F y crystal

Septicemia
Dead larvae

Cadherin

Bindingto
receptor i

Membrane

Toxin . .
insertion

oligomer  GPI-anchored

protein

Iy

Pores lead to Cell death

Insect midgut cells : .
osmotic cell lysis

P L
Jurat-Fuentes Laboratory 3 \ Activation of
(http://web.utk.edu/~jurat/) cell death pathway
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Specifita CRY proteinu

VY CRY proteins toxic to
Insect not exposed [ | nsectexposed larvea feeding on
crops from insect
orders Lepidoptera,
Protoxin processed to | [ | Protoxin/toxin precipitation Coleoptera,

activated toxin or degradation Hymenoptera and

Crystal solubilized 11 Crystal insoluble

/ -~
Transgenic Bt plant

" , : Diptera.
Toxin in circulation | [y Toxin sequestration

Toxin crosses peritrophic | '}/ Toxin retained by
matrix peritrophic matrix

Toxin binding to A\ | No receptors for toxin present

receptors Toxin receptors altered (no binding)
Toxin pore formation V][ No functional toxin pores formed
Gut epithelium collapse Healing of gut epithelium

Jurat-Fuentes and Crickmore, 2017
IPDCEITEC




Bt plodiny a ekologicke dopady

jejich pestovani

0 Péstovani Bt plodin v Cin& zvySuje mnozstvi pfirozenych
nepfatel Skudcu a snizuje mnozstvi nutnych postfiku

b 40
12

% 13 berusky

el - pavouci v s v £ s

e i Pocatek péstovani Bt baviny

- : _ Zlatoocka /

8 20 “gg0 1994 1908 200M

(73]

o

5 :

o 10f c

& 20 \
.................... l

0
1990 1994 1998 2002 2006 20 15f

10f

Pocet postfikd proti
¢ernopasce bavinikové

Sprays per season

0
1990 1994 1998 2002 2006 2010

Lu et al., 2012, Nature
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Zvyseni nutricni hodnoty
Zlata ryze
Biosynteticka draha B_—karotenu

T phytoene synthase
Y

phytoene+ 2 pyrophosphate
crtd

Y -
zeta-carotene

T crtd

L J
lycopene

/ \\i}fmpme cyclase =

alpha-carotene beta-carotene
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Nahodna mutageneze vs.
editace genomu

Parental cross Random mutagenesis Genome editing

i %

ah
N Dispersed Targeted
SEEBIRIGALEN ! mutations mutation
[
| B |
-

....in the EU

i Hu et al., 2018, Agriculture P CEITEC



Vyuziti editace genomu v

,domestikac

3L
3L

3L

12-17L

—

1
|

rostlin

Trait introduction

" Compact plant architecture
Synchronized fruit ripening

N

SP
Day-length insensitivity

>

SP5G
Enlarged fruit size

>

SICLV3 and SIWUS
Increased vitamin C level

Wild tomato

>

_ SIGGP1

>

7

v

De novo domestication
by CRISPR-Cas9

Coding sequences
Cis-regulatory regions

uORFs

Trait retention >

Biotic/abiotic tolerance

oL
1L

1L

7-12L

De novo—
domesticated tomato



Vyzkum Zzivota s vyuzitim modernich pfistupu
genetiky a molekularnim biologie je uzasné
dobrodruzstvi ©

Genove manipulace nam davaji moznost
porozumet zakladni mechanismum vyvoje
(nejen) rostlin

Priprava geneticky modifikovanych organismu je
mocny nastroj, ktery lze zneuzit, ale neni duvod
se ho obavat



Vitejte v Brne!

= Brno — misto nejen s bohatou historii....

o
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Vitejte v Brne!

= .....ale také budoucnosti vedy!

7. Molecular Veterinary Medicine 1. Advanced Nanotechnologies
and Microtechnologies

6. Brain and Mind Research

3 | Biol
5. Molecular Medicine 3. Structural Biology

4. Genomics and Proteomics of Plant Systems

2. Advanced Materials
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Thank you for your attention
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