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s A novények fejlodését befolyasolo extrém kdrnyezeti hatdasok
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Stressz: szarazsag, hideg, meleg, szikes talaj, és ezek kombinacidja




A szdrazsdg és magas s6 hatdsa az Arabidopsis novényekre

Negative hatasok
Novekedés
Sejtosztddas
Fotoszintézis
Parologtatas
Reaktiv oxigén fajtak
Sejthalal
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A szdrazsdg stressz fokozatai és a névények vdlasza
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Major Ar.climatinn Med'tanisms Signaling + Gmwth Itegulatinn Control and repair of

Metabolic Adjustments cellular damage
Optimalis koriilmények: Kismértékii szarazsag: Sulyos szarazsag:
Normal novekedés alkalmazkodas Sejt karosodas

Verslues PE (2017) Time to grow: factors that control plant growth during mild to moderate drought stress.

Plant Cell Environ 40: 177-179




A szdrazsdg, so és hideg hatasa a fotoszintézisre

Low temperature Drought / High salinity
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Saibo NJ, Lourenco T, Oliveira MM (2009) Ann Bot 103: 609-623




= Stressz jeldtvitel vazlata a névényi sejtekben
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Arabidopsis thaliana (l4dfd), a névénybioldgia modellje

Felfedez6: Johannes Thal (XVI. szazadban a Harz hegységben, Németorszag)

Rendszertani besorolas: keresztesviragu novény, a Brassicaceae csaladba tartozik

Magyar neve: |ludfi.

Els6 kutatasok:

A. Braun (1873) az els6 Arabidopsis mutans

F. Laibach (1907) kromoszdma szam meghatarozasa
(1943) potencialis model ndévény

E. Rheinholz (1947) az els6 indukalt mutans gyujtemény

Rédei Gyorgy (1950-70 évek) Arabidopsis genetika alapjai
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Az Arabidopsis kutatas uttoré kutatoi

Friedrich Laibach  Gerhard Robbelen  Rédei Gyorgy




Arabidopsis thaliana (ludfii) fontosabb tulajdonsagai

Tulajdonsagok:
» Csalad: Brassicaceae.
» Gyors életciklus: 2-3 honap.
« Konnyl szaporitas, sok mag.
« Hatékony transzformacios modszerek (Agrobacterium).
« 5, apro kromoszéma.
« Sok mutans, nagy, hozzaférheté mutansgyijtemeények.
* Legkisebb ismert névényi genom méret (125 Mb).
» Nagyfelbontasu genetikai és fizikai térkép.
* Ismert genomikus DNS szekvencia
(az elsé megszekvenalt novényi genom (2000).
* Legtobb alapkutatast az Arabidopsis-on végzik
(sok egyetemi, ipari kutato intézet).
- PubMed: 64 ezer kozlemény (Drosophila: 50 ezer).

s
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Az Arabidopsis vad és termesztett rokonai

Halophytes High altitudes

- e 1
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Lepidium crassifolium Arabidopsis lyrata

Crop plants

Arabidopsis Eutrema
thaliana salsugineum

cauliflower cabbage

Oilseed rape
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A novenyi gének felfedezése és jellemzése

Cenome sequence

i

Gene discovery
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In silico gene prediction ESTs Full-length cDNAs

l

Gene functional annotation

Tiling and expression arrays MP55 SAGE

In silico prediction Cene expression Mutant analysis Frotein-protein interactions
Forward genetics Reverse genetics

a Select a biological process a Select a gene or genes of interest

b Generate highly redundant mutant populations b Generate highly redundant mutant populations

e Screen for mutants with a desired phenotype ¢ Develop and conduct sequence-based mutant screens

d Map and clone the gene responsible for the phenotype d Analyse the phenotype of the mutants

Figure 1| From genome sequence to gene function. Steps and experimental approaches that are used in the
functional annotation of the genome. MPSS, massively parallel signature sequencing; SAGE, serial analysis of
gene expression,

Alonso and Ecker (2006) Nature Reviews 7:524-536
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Chemical mutagenesis vs. T-DNA mutagenesis
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blue light

Clone gene
containing

T-DNA

Kémiai, inszercios mutagenezis, genetikai komplementacio

(B) Complementation of mutant yeast

Isolate mutant yeast
unresponsive to
osmotic pressure

Mutant gene
for blue light

receptor

Transform yeast with
plant cDNA library

Disrupted gene i i j

for blue light Screen or select for
veast isolates responsive

receptor ,
to osmotic pressure

Identify plant osmotic
sensor by sequencing the
complementing gene

Alonso and Ecker (2006) Nature Reviews 7:524-536




Direkt és forditott (reverz) genetikai stratégiak

Forward genetics

¢ Generate a random and highly

Noror
R Suiscrabiolcglest process redundant mutant population

g Map and clone the mutation

EMS mutagenesis & 5Screen alarge number of
mutagenized M2 plants
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several weeks several months several months several months, 1 year

Reverse genetics

b Selectagene or genes Generate a collecthon of mutants or tools : B Select mutants I the gens orgenes
ATNGXXXNY af inramas
thg
= ArNgXXXNX Plant transformation f Catalogue the mutants in the callection
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Alonso and Ecker (2006) Nature Reviews 7:524-536




Arabidopsis fejlodési mutansok.

Flower

Embryo lethals
Wild type silique

SZEGEDI TUDOMANYEGYETEM

agamous

mutant

Page and Grossniklaus (2002) Nature Reviews 3:124




A stressz gének azonositasa 1: hiperszenzitiv mutdansok

EMS SR
mutagenesis Ao 28y |:>

Mutant line

Il
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_ M2 generation:
M1 generation screen for stress
hypersensitivity

Genetic analysis:
crossing with other mutants

Physiological, biochemical analysis

Gene identification: (eg. positional cloning)

Molecular analysis, functional characterisation
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A so toleranciat szabdlyozo SOS1 gén: Na+/H+ antiporter

The sos1 mutant is hypersensitive to NaCl

WT sosl-1 3i§;ﬁ{)fi Positions of mutations on SOS1 protein

sos -4 sosl-5

11, 14b
e, £08 P (stop) (splicing junction)

(frameshift)

sosl-12(G* E)

s0s1-10, A 63bp oy
sasl-3 (R"C) (splcmg_mnctmn) po:2

Salt sensitivity of wild type Arabidopsis,
the sos71 mutant,
and the 35S-SOS1 complemented mutant.

Expression of SOS1 in Arabidopsis

ABA Cold SOS1: plasma membrane Na+/H+ antiporter
S0S1 ‘ Mediates NaCl exclusion through plasmalemma
RD23A ﬁ SOS1 is controlled by SOS2/SOS3 signals.
actn | S ———]

Shi et al., (2000) PNAS 97:6896-6901




Rootcell
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SOS1: plasma membrane Na+/H+ antiporter
S0OS2: SnRK-type protein kinase

SOS3: calcium sensor

MPKG6: MAP kinase 6

SCaBP: Ca?* binding protein

PIN: auxin transporter

NHX1: tonoplast Na+/H+ antiporter

A SOS szabdlyozads és a sé tolerancia kapcsolata

Na~

¥
Co?" e

Lateral root initiation/

,:. "" \ Emergence/
endocylosis ’ \ Root hair distribution modification/
vacuolar functions / Primary root inhibition

andintracellular pH etc / \
[ v |
r '
lon homeostasis Root architectural changes

\ '4

Salttolerance

Ji H, Pardo JM, Batelli G, Van Oosten MJ, Bressan RA, Li X (2013)

The Salt Overly Sensitive (SOS) pathway: established and emerging roles. Mol Plant 6: 275-286




- Gene identification with the
Conditional Overexpressing System (COS)

e @
pLexA £ cDNA £ term.

RNA source: E—
salt-treated :> t _/l |:>
Arabidopsis
RB LB

Thellungiella
Lepidium

—
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PERS
-GW

L I Screening for a stress T2 plants:
abidopsis . test segregation,

ArabidopS!S tolerance (high salt) confirm phenotype
transformation ﬂ D
Insert: PCR "'I:h'
amplification

sequencing

COS cDNA library

Sequencing,
gene identification Selected lines:

and clonin -
g @ genetic, molecular,

—> . .
physiological
' characterization

Cloned genes:

Plant <::| molecular, |
biochemical analysis

vector

Information on
Cloning genes in gene function
plant expression Gene cloning
vectors

Testing in Arabidopsis
or other plants

Papdi et al., (2008) Plant Physiol 147: 528-542, Rigo G, et al., (2012) Methods Mol Biol 913: 277-290




S6 tolerancia gének azonositdsa
a COS cDNS transzformdcios rendszer segitségével

Screening for plant survival on
high salt medium
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:> Gene identification
Gene cloning

l

Full length cDNA of HSFA4A

»
|

plLexA HSFA4A pA

mock factor: HSFA4A

01 Il

DBD oD NLS AHA1 AHA2 NES

Papdi et al., (2008) Plant Physiol 147: 528-542, Rigo G, et al., (2012) Methods Mol Biol 913: 277-290




S A heat shock factor A4A (HSFA4A) tdltermelése
- javitja a so és ho toleranciat
o=
B Control Heat stress Salt stress
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Pérez-Salamo et al., (2014) Plant Physiol 165: 319-334, Norbert A., unpublished
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A MAP kindazok (MPK3, MPK6) foszforilaljak és aktivaljak
a HSFA4A faktor

Peroxide-induced MAPK signalling

Abiotic
Biotic

streis/ T
OXI1 m
‘P> ANP1 MEKK1

i F & 4

NDPK2 “MKK4/MKKS 7 MKK3

T ¢y

MPK3/MPKE MPK4  MPKT

P11
;

——3 H202

P hsr 2
QLay |

Gene regulation

4

Activation of target genes:
Transcriptoin factors: ZAT12, WRKY30

Defense genes: HSP, APX, ROS detox.

Pérez-Salamoé et al., (2014) Plant Physiol 165: 319-334

HSFA4A phosphorylation by MPK3/6

MPK3 MPKG
MPK + + - 4 + + - +
MyelinBP -+ - - 5 TR
mbp-HSFA4 - - -+ - - - ¥
hieMBRS: —— -
_ -26
MyelinBP- . .

HSFA4A phosphorylation site: Ser309
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S Gén aktivacio a hosokk faktorokkal
L
-
L In the unstressed Upen heat shock or HSF trimers bind
>' cell, HSF is maintained other forms of stress, to the heat shock
in a monomeric, non- HSF assembles into element in heat shock
T = fonal actival
w DNA-binding form a trimer gene promoters ranscriptional activation
>_ through its interactions of the heat shock genes
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= of HSP70
n< - j > 1
. O Heat mRNA
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=
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m @ rF 3
- HSP70 @ ®

HSF/HSP70
complex forms
to the DNA

F 3

HSF/HSP70 dissociates from
the DNA and is converted to
non-DNA-binding monomers

Gechev et al., (2006). Bioessays 28, 1091-1101.,

Perez-Salamo I, et al., (2014) Plant Physiol 165: 319-334
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A ROS jelatvitel, a MAP kinazok és a hosokk faktorok kapcsolata

HSFAA4A targets:

Transcription factors

>

APX

APX1 GR

E3 lig.

REDOX homeostasis,

Y - S0D
e TR "’°"X‘“ defense to abiotic
DHAR . GSH APX MOHAR, Fa
= ‘_>.—<m o e stress, pathogens

GSH +—— GSSG

Gechev et al., (2006). Bioessays 28, 1091-1101.,

Perez-Salamo I, et al., (2014) Plant Physiol 165: 319-334
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Fujita Y, Yoshida T, Yamaguchi-Shinozaki K (2013) Pivotal role of the AREB/ABF-SnRK2 pathway

in ABRE-mediated transcription in response to osmotic stress in plants. Physiol Plant 147: 15-27
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Az ABA érzéketlen mutansok fenotipusa

Col

Gyors fonnyadas

srk2died Col

\

“n.l"'; r(

Col

srk2a/e/d

Col

0 um
ABA
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srk2d/ei
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Nakashima K, Yamaguchi-Shinozaki K (2013) ABA signaling in stress-response and seed development.

Plant Cell Rep 32: 959-970

Csirazas ABA jelenlétében




Az ABA mutansok izoldldsa homérséklet kilonbségek alapjan
(infravoros képelemzés).

abi1 abi1
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Digitalis kép Infravoros kép
Az ABA érzéketlen abi1 mutans:

a nyitott sztdbmak miatt jobban parologtat,
emiatt alacsonyabb a novény hémeérseéklete

Merlot S, Mustilli AC, Genty B, North H, Lefebvre V, Sotta B, Vavasseur A, Giraudat J (2002) Use of infrared thermal

imaging to isolate Arabidopsis mutants defective in stomatal regulation. Plant J 30: 601-609



A nyitott sztoma (open stomata, ost) mutdnsok izoldlasa
infravorés képanalizis segitségével
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Merlot S, Mustilli AC, Genty B, North H, Lefebvre V, Sotta B, Vavasseur A, Giraudat J (2002) Use of infrared thermal

imaging to isolate Arabidopsis mutants defective in stomatal regulation. Plant J 30: 601-609




Az ABA érzékelés molekularis mechanizmusa

a ABA absent

- ABA

i
P PRZE Phosphatase
Receptor
PYR/PYL/RCAR

b ABA present + ABA
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Kinase

- Active site’
' o)

-

PYR/PYL/RCAR

Sheard LB, Zheng N (2009) Plant biology: Signal advance for abscisic acid. Nature 462: 575-576




Az ABA receptor szerkezete
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Sheard LB, Zheng N (2009) Plant biology: Signal advance for abscisic acid. Nature 462: 575-576




Az ABA érzékelése és a jelatvitel

Cellular dehydration
Guard cell l o
ee
. Apoplast e Seeds - dormancy
PDIC ' ranscription
Cytosol P28 p

, o — Seedling
ABAR —> i = owth
P — < arrest

Anions <=— '§JI._AC1 —_

"""" \_O’ =

Nuclei Cytosol
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SnRK2
: / \ s Stress
e AREB G tolerance
ABF =—>= m  =—p
{ T—" Growth
regulation
Stomatal closure Vegetative tissues
f;ast response Slow response

Miyakawa T, Fujita Y, Yamaguchi-Shinozaki K, Tanokura M (2013) Structure and function of abscisic acid receptors.

Trends Plant Sci 18: 259-266




A stresszfiiggd transzkripcios szabdlyozds Arabidopsis-ban
A

Drought Salinity Heat Cold
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Stress Tolerance Stress Tolerance Stress Tolerance
Enhancement Enhancement Enhancement
and and and
Shoot Growth Shoot Growth Shoot Growth
Retardation Retardation Retardation
ABA ABA CBE
fuggd fuggetlen fiiggd

Todaka D, Shinozaki K, Yamaguchi-Shinozaki K (2015) Recent advances in the dissection of drought-stress regulatory

networks and strategies for development of drought-tolerant transgenic rice plants. Front Plant Sci 6: 84




A szdrazsdg érzékelése és hatdsa a levelek névekedésére

Growing leaf Proliferating leaf (P)
(ABap  DREBTFs Cell proliferation
ethylene —= GA catabolism — | Acute — Adaptation

Response Response
KRPs, SIMs AOX, mitochondria
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low GA levels

DELLA EThilizaﬁm
Acute Adaptation
k Response  Response

Mature leaf

Expanding leaf (E)

Cell expansion

Acute — Adaptation
Response Response

low turgor osmotic adjustment
cell wall tightening  cell wall loosening

:am idm Iﬂl I ! ) < |

Xylem
Signal(s) ]

Hydraulic

Rt ACC. ABA, ?

T

sensing
ABA, ethylene, ROS
aquaptﬁns
root uglnducti\rity

Current Opinion in Biotechnology

Skirycz and Inzé (2010) Current Opnion in Biotechnology 21:1-7




Reporter gének alkalmazdsa a szabdlyozé gének azonositasara

Stress

ABA
Reporter gene construct

mutation! — —>

mutatonz
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TF

m —>
PRD29A  LUC  pAnos | ciferase
expression

Activation of PC-LUC and RD29A-LUC reporter genes
before stress after stress

Ishitani et al., (1997) Plant Cell 9:1935-1949,

Control

PC-LUC

RD29A-LUC




A cos, los és hos mutansok azonositdsa megvdltozott
lumineszcencia alapjan

s
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Mutant categories:

cos: constitutive expression of

osmotically responsive genes
los: low expression of

osmotically responsive genes
hos: high expression of

osmotically responsive genes

J.-K. Zhu (USA, China)

Ishitani et al., (1997) Plant Cell 9:1935-1949

Chinnusamy et al., (2002) Science STKE 140:p10.




A losl mutans és a LOS1 gén

ey LOsT losl-1 )
Structure and position ATG G1484A TAA

of the fos1 mutation I

PRD29A-Luciferase aktvivitas a los1 mutansban és komplementalt vonalakban
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translation
elongation
losi-1 factor 2
+EF2
los1 losi=1
g +EF2
mutans
Fontos
Cold ABA a gén aktivalashoz,

a hidegtiiréshez.

Control Freezing

Guo Y, Xiong L, Ishitani M, Zhu JK (2002) Proc Natl Acad Sci U S A 99: 7786-7791




A hidegtiirés szabdlyozdasa

Cold stress
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:

-

&

1

|
—he

HOS1 By ICE is a central regulator of cold stress
G i i‘, responses, controls cold-induced gene
YIS .
of ICE1 l expression and cold tolerance.

—Eh Other im-um::- CBFs

TFEs
l CBF1 CBF_;—t CBF3 LOS2
\ J

? - T A ?FWITEHE{?

| , ;
q cis-elements CRT/DRE F: Ep) n—

COR genes

1

Gene expression and cold acclimation

Zhu et al., (2007) Current Opinion in Plant Biology 10:290-295

Chinnusamy et al., (2006) Physiol.Plant.126:52-61




A szabdlyozo gének azonositasa az ADH1 expresszio alapjan

Transformation with COS library,
Genetic screen with
bioluminescence imaging
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Trans activation of pADH1-LUC

reporter gene
Stress, ABA
i >
I
PADH1 (2.1 kb) Ffluc+ pAnos+ Segregation of luciferase activity
@ in a T2 generation line.

Bioluminescence

Reflected light  bioluminescence

Papdi C, Leung J, Joseph MP, Salamo IP, Szabados L (2010) Methods Mol Biol 639: 121-139




A pADH-LUC aktivdlasa: a RAP2.12 faktor

LUC activation in ADH121 line

Control ABA Estr. ABA+Estr.
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cDNA insert in ADH121:
ERFVII type transcription factor RAP2.12

»
»

pLexA RAP2.12 pA
TF l
I
pADH1 Ffluc+ pAnos+

In ADH121 the ADH-LUC reporter is activated by ABA in
leaves and roots, estradiol induces luciferase activity in
roots. Combined ABA+estradiol treatment is additive.

Papdi C, Abraham E, Joseph MP, Popescu C, Koncz C, Szabados L (2008) Plant Physiol 147: 528-542
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RAP2.2, RAP2.3, RAP2.12 tdltermelés:
javitja a stressztiiro képességet.

Anoxia: Oxydative stress: Osmotic stress:

oxygen deprivation H,O, treatment mannitol treatment
Control/Mannitol

: Eore ¥ -M

el .

Better survival Better growth Better growth

RAP2.30x

RAP2.120x

Papdi et al., (2015) Plant J 82: 772-784




rap2.2, rap2.3, rap2.12 mutdnsok: stressz érzékenység

T-DNA insertions in RAP2 genes
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Papdi et al., (2015) Plant J 82: 772-784




RAP2.12 is sensor of hypoxia through N-end rule pathway

Hypoxia Mormoxia

[}issociatton- Cys oxidation R ;

Protection Arginylation
& , Ubiquitinatio
localization Translocation
to nucleus
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p oo e od

Regulation of transcription

Licausi et al., (2011) Oxygen sensing in plants is mediated by an N-end
rule pathway for protein destabilization. Nature 479: 419-422

Gibbs et al., (2011) Homeostatic response to hypoxia is regulated by
the N-end rule pathway in plants. Nature 479: 415-418
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A stressz jeldtvitel néhdany ismert komponense

Heat Drought Salt Hypoxia
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CAT APX1 RAB18, P5CS1




A koérnyezeti stresszhatdsokat kivédé mechanizmusok

Abiotic stresses
Sensors . 3 1 KO mutants <
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Hirayama T, Shinozaki K (2010) Research on plant abiotic stress responses in

the post-genome era: past, present and future. Plant J 61: 1041-1052
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