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LECTURE 1-
PLANT ENVIRONMENT.

PLANT STRESS RESPONSES: OXIDATIVE STRESS AND SENESCENCE

- Argentina’s agriculture

- National Institute of Agricultural Technology (INTA)

- Plant stress responses: oxidative stress and senescence

INTA IA Centro de Investigaciones I FRGV
Agropecuarias

ltttdF Ig
s Genétic Vgtl

Secretaria isterio de Produccion y Trabajo
de Agroindustria Pre5|denC|a de Ia Nacioén

RN
National University of ‘
Cérdoba




(\'
\t\\.
UNE

A v

. c AR FAR Amyg ;.

v

\

N
L e




South America

-
4
- n ’
-
. 3
" .
.

Argentina

mMendoza
5 1 Tosario
15 :
BUENnOS Aires
18

17 :

19 mar del Plata

20

OEariloche

Fuerto madryn

Islas malvinas

23
0

zhuaia




NATIONAL UNIVERSITY OF CORDOBA (1613)

.?l Il 4
i ‘
in 1
- J
- . L = A
# - ) |
. B
r =3 | R - ' A
- y
’. )
s N . S
/

\_»_0_

Faculties

High Schools

Institutes and Research Centers
Libraries

Museums

Radios / TV channels

Hospitals / Laboratories / Blood Bank




Argentina: 2.78 millions km? ,‘.-,f"
Population: 45 millions

1! Tropic of
Capricorn

4 |5/ Ll 9

8
S PR S 3000
Meﬂndn:_uza = .14 |
L Rosario
15 o
i Buenos Aires

17 i o

19 miar del Flata

_—m ——40°

- Dgariloche

o
Puerta mMadrn

21
2 B
BN ac talinar — o R e .zurm-'-o w’_ :' - A
Islas malvinas 50 ;"U o «%‘m {:& ‘MA,&M
| -""::.:-- LB
23 -

.

, ".4_ . ol
0

0
Ushuaia



https://commons.wikimedia.org/wiki/File:Neuquen_river_1.jpg
https://commons.wikimedia.org/wiki/File:LaAguada.JPG
https://commons.wikimedia.org/wiki/File:Quebrada_de_Cafayate.JPG
https://commons.wikimedia.org/wiki/File:PeritoMoreno007.jpg
https://commons.wikimedia.org/wiki/File:Tierracolorada.jpg
https://commons.wikimedia.org/wiki/File:Talampaya_NP.jpg
https://commons.wikimedia.org/wiki/File:Paso_San_Francisco_2.jpg
https://commons.wikimedia.org/wiki/File:Vi%C3%B1edos_de_Mendoza.jpg

PRODUCTION OF THE AGRICULTURAL SECTOR (2014/2015)

et el

~IProduct _|Production |
|

Grains 122,4 million tonnes
Citrics 2,6 million tonnes
Wine 13,4 million hectoliters
Beef 3 million tonnes
Poultry 2 million tonnes

o Pig 441 thousand tons
Bovine Milk 11 billion litres

B Biofuels 3. 900 m|II|on I|tres

21.170. 000 ha 0|Iseed crops?- | " 1}
16 120. 000 ha cereals ¥




PRODUCTION OF THE AGRICULTURAL SECTOR
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@ Argentina produces enough food g; |
for 450 million people (10 times
the Argentine populatlon)
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However, almost four million
& of our own citizens face
# serious food insecurity...




PRODUCTION OF THE AGRICULTURAL SECTOR (2014/2015)

Organics Olympiad 2016: Global Indices of Leadership in Organic Agriculture

Table 1: Organic agriculture hectares(Willer & Lernoud, 2016).

MEDAL Country Statistic

Gold Australia 17,150,000 hectares
Silver Argentina 3,061,965 hectares
Bronze USA 2,178,471 hectares

Organic agriculture is reported as just 0.99% of world agriculture

John Paull, 2016. Journal of Social and Development Sciences




NARGENTINEAN EXBORES 120462l Technology (INTA) | INIA

&
Japan International Research Center for JIRCAS
Agricultural Sciences

"Promote innovation and contribute to the sustainable

development of the agri-food system”




National Institute of Agricultural Technology (INTA)
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Institute of Physiology and Plant Genetic Resources G IFRGV

How do plants respond to stress
conditions, and how do these affect

plant growth and yield?
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PLANT ENVIRONMENT
WHY STUDING THE RESPONSES OF PLANTS TO STRESS?

Stress conditions are the main factor affecting plant growth and
productivity

Plants are sessile organisms



PLANT ENVIRONMENT
HOW DO PLANTS RESPOND “PROPERLY” TO THE ENVIRONMENT?

Ozone Drought

Salinity Pathogens

Herbicides

N\

Intense light —p

Heat and cold

"// Heavy metals

4+—— Root nodulation

Wounding

Increased stress ___ ———> Biological Nitrogen

tolerance / \ Fixation

Plant Nutrient use
productivity/quality efficiency




HOW DO PLANTS RESPOND TO THE ENVIRONMENT?
FROM CELL BIOLOGY TO PLANT PHYSIOLOGY

Environmental conditions are sensed and transformed by the
plants into biochemical signals. For example, hervivore attack...

100 mM Glu

Toyota et al. 2018. Science




HOW DO PLANTS RESPOND TO THE ENVIRONMENT?
FROM CELL BIOLOGY TO PLANT PHYSIOLOGY

Environmental conditions are sensed and transformed by the
plants into biochemical signals.
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OXIDATIVE STRESS AND ACCELERATED SENESCENCE: A COMMON
FEATURE OF STRESS CONDITIONS

Ozone Drought
Pathogens

Salinity

Herbicides Heat and cold

Wounding Heavy metals

Reactive oxygen

Intense light
species




REACTIVE OXIGEN SPECIES (ROS)

Singlet Oxygen R - + Different energy and
I reduction states of the
""""" OXVSGHOTT oxygen molecule
__________________ é ;'_;_\ YoV o Ta Sl Koh T Vab fa (oY F T ol ok T 4} f Y0 T 311 o 4 o VoA
Superoxide radical Oy~ Ti T Because of their
o+ zwﬂl oxidative capacity, ROS
areaenparouadl we. 3 | f | are toxic molecules
e~+ B ~>
Hydroxyl radical HO» T
e-ﬁ\‘l SENESCENCE
Water H,O Ti




SENESCENCE AND CELL DEATH

Stage of the ontogeny of the plant that culminates in the death of a
part of the plant (leaves, roots, flower parts, tissues of ripening
fruits) or the whole organism

Senescent plant

Mature plant

Young plant

Germinatio ‘Y
e




SENESCENCE AND CELL DEATH

Stage of the ontogeny of the plant that culminates in the death of a
part of the plant (leaves, roots, flower parts, tissues of ripening
fruits) or the whole organism

Highly regulated process characterized by the disassembly and

remobilization of components of cellular structures

PHOTOSYNTHETIC CELL

Micronutrients y Micronutrients Micronutrients

peroxisome

o glyoxysome ®
[ ]
mitochondria % @_tgql_mp_qgtia . o
Wiha L ; Chloroplast %
PR -~ Ochlorophagy
1 pE Ypp—— -, ~.
A~ Proteases = "‘\ .,, o , Do , o \_‘
23 : - .
) oy 3
P vacuole m M o Ve a'.c.l_lqlf,l'
- Carbon assimilation - Redox imbalance - Permeabilization of membranes
- Energy production - Chloroplast degradation - Cell death
- Anabolism - Modification of peroxisomesin
glyoxysomes

- Recycling and Remobilization

Pottier et al. (2014) Frontiers in Plant Science



SENESCENCE AND CELL DEATH

Stage of the ontogeny of the plant that culminates in the death of a
part of the plant (leaves, roots, flower parts, tissues of ripening
fruits) or the whole organism

Highly regulated process characterized by the disassembly
and remobilization of components of cellular structures

SENESCENCE IS A YIELD LIMITING FACTOR




SENESCENCE AND CELL DEATH

Stage of the ontogeny of the plant that culminates in the death of a
part of the plant (leaves, roots, flower parts, tissues of ripening
fruits) or the whole organism

Highly regulated process characterized by the disassembly

and remobilization of components of cellular structures

SENESCENCE IS A YIELD LIMITING FACTOR
- Accelerated Senescence
Reduction of the total capacity to assimilate CO,
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SENESCENCE AND CELL DEATH

Stage of the ontogeny of the plant that culminates in the death of a
part of the plant (leaves, roots, flower parts, tissues of ripening
fruits) or the whole organism

Highly regulated process characterized by the disassembly
and remobilization of components of cellular structures

SENESCENCE IS A YIELD LIMITING FACTOR

- Delayed Senescence

Maintenance of CO, assimilation, but reduction of nutrient
remobilization
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REACTIVE OXIGEN SPECIES (ROS) AND ANTIOXIDANT SYSTEM

Singlet Oxygen 10,
Oxygen O,

Superoxide radical  ©O,e-

-+ 2H+—.
g 0 5 )'l

Hydrogen peroxide H,0,

e~ H" Ny
HLE

Hydroxyl radical HO»
e-ﬁ\l'
Water H,O

Non-enzimatic components
Glutathione
Ascorbate
Tocoferol
Carotenoid

Enzimatic components
Enzymes that degrade ROS
superoxide dismutase (SOD), peroxidases (PX),
catalase (CAT)

Enzymes that regenerate non enzimatic
antioxidants
gluthatione reductase (GR), dihydro- and
monodihydro-ascorbate peroxidase (DHAR,
MDHAR)




REACTIVE OXIGEN SPECIES (ROS) AND ANTIOXIDANT SYSTEM
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ANTIOXIDANT SYSTEM: m
KEY ELEMENT IN TOLERANCE TO STRESSFUL SITUATIONS

» Positive correlation between antioxidant enzyme activity
and tolerance to different stress conditions

Antioxidant system response of different wheat cultivars under drought:
field and in vitro studies

Herndn R. Lascano®C, Gerardo E. Antonicelli®, Celina M. Luna®™, Mariana N. Melchiorre®,
Leonardo D. Gémez®, Roberto W. Racca®™, Victorio S. Trippi® and Leonardo M. Casano®
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Lascano et al. (2001) Australian Journal of Plant Physiology




ANTIOXIDANT SYSTEM: m
KEY ELEMENT IN TOLERANCE TO STRESSFUL SITUATIONS

» Cross-tolerance phenomena
ROS

% Responsive
,d“e“ Genes

* Stress 1 . Stress 2

ROS
Responsive

i, Stress 3
eatfn A
ent - >
INDUCED CROSS-TOLERANCE: Priming of SHARED TRANSCRII?TIONAL RESPONSE:
resistance through previous exposure to another Overlap of differentially expressed gene
biotic, abiotic, or chemical stress inducer networks between stresses

Barrios Perez and Brown (2014) Frontiers in Plant Science




ANTIOXIDANT SYSTEM: m
KEY ELEMENT IN TOLERANCE TO STRESSFUL SITUATIONS

» Overexpression of antioxidant enzymes

Transgenic cotton plants expressing
chloroplast-localized SOD have increased
tolerance to chilling-induced oxidative
stress

Wild-type SOD

Allen (1995) Plant Physiology




HOWEVER...
ENHANCED ROS, ENHANCED TOLERANCE?

Superoxide dismutase and glutathione reductase Mariana Melchiorre * Germéan Robert -
overexpression in wheat protoplast: photooxidative  Victorio Trippi - Roberto Racca -
stress tolerance and changes in cellular redox state  H. Ramiro Lascano
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REACTIVE OXIGEN SPECIES (ROS) AND ANTIOXIDANT SYSTEM:
OXIDATIVE SIGNALING

) __—>| Signal
NADPH oxidase RN

Calcium channel , quaporin

......................

........

FAD

Signal

NH
- : NADPH
N-terminal domain Ccoo

tive stress

Robert et al. (2009) Plant Science




REACTIVE OXIGEN SPECIES (ROS) AND ANTIOXIDANT SYSTEM:
SYSTEMIC OXIDATIVE SIGNALING

Activation Propagation Defense

of signals of signals %/i:climation

‘ = ORIGINAL RESEARCH
> frontlers published: 15 February 2019

in Plant Science  doi: 10.3389/fpls.2019.00141

Redox Systemic Signaling and
Induced Tolerance Responses
During Soybean-Bradyrhizobium
japonicum Interaction: Involvement
of Nod Factor Receptor and
Autoregulation of Nodulation ’_‘l

Tadeo F. Fernandez-Gébel!, Rocio Deanna2, Nacira B. Munoz13,
German Robert13, Sebastian Asurmendi* and Ramiro Lascano®3*

——

Early Late

wounding, heat, cold,
Miller et al. (2009) Science

high-intensity light, salinity
e e Baxter et al. (2014) Journal of Experimental Botany
stresses, and symb|05|s Fernandez Gobel et al. (2019) Frontiers in Plant Science




REACTIVE OXIGEN SPECIES (ROS) AND ANTIOXIDANT SYSTEM:
SYSTEMIC OXIDATIVE SIGNALING

w - n [ ~1
L L L I

‘ = ORIGINAL RESEARCH
> frontlers published: 15 February 2019

in Plant Science  doi: 10.3389/fpls.2019.00141

SPAD (arbitrary units)

Redox Systemic Signaling and
Induced Tolerance Responses
During Soybean-Bradyrhizobium
japonicum Interaction: Involvement
of Nod Factor Receptor and
Autoregulation of Nodulation

Quantum efficiency of PSII

Reduced Senescence symptoms

Tadeo F. Fernandez-Gébel!, Rocio Deanna2, Nacira B. Munoz13, - a a g
German Robert!3, Sebastian Asurmendi* and Ramiro Lascano3* g : b ,
k=
£ o4
wounding, heat, cold, & o -
high-intensity light, salinity Time post inoculation (hours)

stresses, and symb|05|s Fernandez Gobel et al. (2019) Frontiers in Plant Science




SUMMARIZING...

THE DARK SIDE OF ROS

ROS are highly reactive and induced
OXIDATIVE DAMAGE = OXIDATIVE STRESS

ROS are highly reactive and induced
OXIDATIVE CHANGES = OXIDATIVE SIGNALING

THE BRIGHT SIDE OF ROS




SUMMARIZING...

OUR HYPOTHESIS

Controlling the processes associated with senescence
(i.e. ROS production, disassembly/remobilization and
cell death) increases stress tolerance and yield
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KNOWLEDGE CONSTRUCTION IS A DYNAMIC AND COLLECTIVE PROCESS

OUR TEAM

Ramiro Lascano (Group Leader)

German Robert (Researcher)

Laura Saavedra (Researcher)

Santiago Otaiza (Postdoc)

Alejandro Enet (PhD student)

Tadeo Fernandez (PhD student)

Sofia Andreola (PhD student)

Georgina Pettinari (PhD student)

Tatiana Bellagio (undergraduate student)
Juan Finello (undergraduate student)

Collaborators:

Sebastian Arsumendi (INTA Castelar)
Claudia Vega (INTA Manfredi)
Constanza Carrera (INTA Manfredi)
Vanina Davidenco (FCA, UNC)

Overseas Collaborators:
Kohki Yoshimoto (Meiji University)
Céline Masclaux (INRA Versailles)
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LECTURE 2-

PLANT ENVIRONMENT.

BIOLOGICAL NITROGEN FIXATION: LEGUME-RHIZOBIA
SYMBIOTIC INTERACTION

German Robert - robert.german@inta.gob.ar
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PLANT ENVIROMENT

PLANT GROWTH AND DEVELOPMENT

fllHe CH,CO0"
Hall —C—C00"
I N
H
Alanine N\‘
{an amino acid) H
NH Indoleacetic acid
| 2 (IAA, an auxin)
C
NF “c*’"{}
| Il C—H
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H N \
H Q CH
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(a nucleoside base) &
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Agroecosystems:

Nitrogenous fertilizer

\

- Contributes to greenhouses
emissions

- Highest cost in crop
management

NITROGEN




OVERVIEW OF NITROGEN UPTAKE IN PLANTS

Natural ecosystems:

80-90% of the N available
to plants originates from

reduction of atmospheric
N, to NH,*

¥

Biological Nitrogen
Fixation (BNF)

\ 4

= 80% is produced in
symbiotic associations

Leaf

/fNO- N

NO; NH; —Amino |

A

+ Amin ':..I-'?.
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OVERVIEW OF NITROGEN UPTAKE IN PLANTS

Legume-rhizobia interaction

Agroecosystems:

Nitrogenous fertilizer

¥

- Highest cost in crop
management

- Contributes to
greenhouses emissions

¥

-including legumes in
crop management
(crop rotation)

Leaf

NO-_, ~

_._acids

NO; l'-.JHJI —Amino
__acids

Vacuole

NODULES

Leaf

Amino
acids

Amides,

ureides
Iy

Modulated root




LEGUME - RHIZOBIA INTERACTION:
BIOLOGICAL NITROGEN FIXATION

However, the benefits of nitrogen fixation are not without cost...

LEGUME NODULE PROVIDES:

* Carbohydrates
* Microaerobic conditions

NODULES

High %BNF played a pivotal role in determining neutral soil N balance

Vessey (2004) Crop Management
Santachiara et al. (2017) Plant Soil



LEGUME - RHIZOBIA INTERACTION:
BIOLOGICAL NITROGEN FIXATION

However, the benefits of nitrogen fixation are not without cost...

ENZYMATIC REDUCTION of N, to NH, = NITROGENASE

NODULES




STRICT NODULATION CONTROL MECHANISM
FROM ROOT INFECTION TO NODULE DEVELOPMENT

Ros and cell death modulating the nodulation process

Early events Late events
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STRICT NODULATION CONTROL MECHANISM
Molecular dialog between plant and bacteria

Bacteria

s 5 3

><><$x;<

Flavonoids

&

ﬁ/ ﬁy % ﬁ Nod factors = Chitin

(lipochitooligosaccharides)

C162( A2A9)

Nodulation shares features of signaling pathways involved in
other symbioses, and in plant-pathogen interactions



STRICT NODULATION CONTROL MECHANISM

Very early host responses

Relative intensity
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Cardenas et al. The Plant Journal (2008)
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STRICT NODULATION CONTROL MECHANISM
Very early host responses
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DPI = NADPH oxidase-inhibitor
LY294002 - PI3K-inhibitor

CMH,DCFA

Mufoz et al. (2012) Environmental and Experimental Botany
Robert et al. (2018) Journal of Experimental Botany




STRICT NODULATION CONTROL MECHANISM
Very early host responses: a very early control of nodulation

;--,q ¢ Tube 1:
| Pre-treatment
(30 min)
DPI or LY294002

20‘ - T

Nodules number/plant

Tube 2:
Inoculation (30 10
min) 0
B. japonicum +
%ﬁ 20
z 0
Hydroponic medium: c3 15 T
(24 days) L ol .
Nodule formation 0] g‘
J = 5
go)
o)
Z 0 .
0\000 T
Ny
DPI = NADPH oxidase-inhibitor v

LY294002 - PI3K-inhibitor Robert et al. (2018) Journal of Experimental Botany



STRICT NODULATION CONTROL MECHANISM
Early host responses: root hair curling and infection thread
formation

Control Inoculated

}
=]
=

oo
=

S

F=y
=

[
L=

Curling deformation (%)

e

o T

Control Mntlg Tiron

A

Fournier et al. (2015) Plant Physiology
Santos et al. (2001) MPMI

Munoz et al. (2012) Environmental and Experimental Botany
Robert et al., (2018) Journal of Experimental Botany

2 h post-inoc



STRICT NODULATION CONTROL MECHANISM
Early host responses: root hair curling and infection thread

formation

Fournier et al. (2015) Plant Physiolog'
Santos et al. (2001) MPMI

Early control of nodule number by

Mufoz et al. (2012) Environmental ar.

infection thread abortion

“'I

Robert et al., (2018) Journal of Experlmental Botany



STRICT NODULATION CONTROL MECHANISM
Bacterial infection (epidermis) and nodule development (cortex)

- Epidermis
Root hair
Halnrsiionie S LysM-RLKs
Ca*" spiking
CCaMK==> NSP1/2 =% ENODs

NIN?

fCytokinin =g LHK1 =3 NSP1/2

‘Auxin
Cortical cell
Cortex division

Oldroyd and Downie. Annual review of plant biology (2008)



STRICT NODULATION CONTROL MECHANISM
Local responses involved on nodulation

CORTICAL CELL

Cellwall  plasma membrane

F———— 4
Golgi

o

\

Fournier et al. (2015) Plant Physiology
Estrada-Navarrete et al. (2016) The Plant Cell




STRICT NODULATION CONTROL MECHANISM
Autoregulation of nodulation: root-to-shoot-to-root signaling

,‘,' frontiers
— in Plant Science
.(b ’.'.'- .
’/.:. )
0 o Redox Systemic Signaling and
NARK Induced Tolerance Responses
Heteromer

During Soybean-Bradyrhizobium
japonicum Interaction: Involvement
of Nod Factor Receptor and
Autoregulation of Nodulation

Rhizobia-Induced
CLE Peptides

P

L ?0|>NGGI"DPQHN
A
,N—/

\L(

RIC2

, { Fernandez-Gébel et al. (2019) Front. in Plant. Sci.
AA VA RN Dass 5 i '

i 1 1
LAPEGPDPHHN L wr -+ i e
7 N\ Sa s TFs (NSP1/2, NIN, NNC1, etc.)
\"_/r
RIC1 Flavonoids Rhizobia NFRla
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T 4 . ENOD40
S e F \)>4 ] k/
Nodulation

Ferguson et al. (2018) Plant, Cell & Environment



STRICT NODULATION CONTROL MECHANISM
Autoregulation of nodulation: root-to-shoot-to-root signaling

0,26 |i|
6] *®
50254 1 —cC .
= ~—7 ,‘ frontiers
S 0241 in Plant Science
& T Redox Systemic Signaling and
- Induced Tolerance Responses
E During Soybean-Bradyrhizobium
» japonicum Interaction: Involvement
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STRICT NODULATION CONTROL MECHANISM
Autoregulation of nodulation: root-to-shoot-to-root signaling
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LEGUME — RHIZOBIA INTERACTION
How is it affected under stress conditions?

/

Legume host would suppress nodulation under stressful
conditions to conserve resources

What are the underlying molecular mechanisms?




LEGUME — RHIZOBIA INTERACTION UNDER SALINE STRESS
Effects on the very early responses and root hair curling
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Mufoz et al. (2012) Environmental and Experimental Botany
Robert et al. (2014) Plos One



LEGUME — RHIZOBIA INTERACTION UNDER SALINE STRESS
Effects on the very early responses and root hair curling
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LEGUME — RHIZOBIA INTERACTION UNDER SALINE STRESS
Induced root hair death

Evans Blue staining
Rhizobia J..—.f-g, > ,
(B. japonicum) Nt o M

Does rhizobium perception trigger root hair death?

Mufoz et al. (2012) Environmental and Experimental Botany
Robert et al. (2014) Plos One



LEGUME — RHIZOBIA INTERACTION UNDER SALINE STRESS
Induced root hair death

Evans Blue staining
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Rhizobia
B. japonicum)

,‘, - ROS plays key role in the very early control of
s

nodulation

\"!

- Saline stress affects very early host responses
impacting on nodule formation

- Rhizobium perception under sublethal saline stress
induces root hair death (as if it were a pathogen?)

- Root hair death prevents the allocation of
resources/energy for nodule formation under
unfavorable environmental conditions



TAKE HOME MESSAGE - CONCLUSION
Root hair death as a very early control of nodulation

Controlling the process of cell death
could improve the stress tolerance
during legume-rhizobia interaction, <

and therefore the BNF

+24h00

Early control of the number of nodules under
control and stress conditions by cell death process



Animal cell-death suppressors Bcl-x;, and Ced-9 inhibit cell death
in tobacco plants

Ichiro Mitsuhara*!, Kamal A. Malik**, Masayuki Miura$ and Yuko Ohashi*t

Plant Cell Physiol. 43(9): 992—1005 (2002)
ISPP © 2002

Enhanced Resistance to Salt, Cold and Wound Stresses by Overproduction of
Animal Cell Death Suppressors Bel-xL and Ced-9 in Tobacco Cells — Their
Possible Contribution Through Improved Function of Organella

Jingbo Qiao "*?, Ichiro Mitsuhara "% Yosiaki Yazaki ', Katsuhiro Sakano ', Yoko Gotoh ', Masayuki Miura *
and Yuko Ohashi %3

Joumnal of Experimental Botany, Vol. 55, No. 408, pp. 2617-2623, December 2004 Journal of
doi:10.1093/jxb/erh275 Advance Access publication 8 October, 2004 M

Experimental
Botany

RESEARCH PAPER

Bcl-2 family members localize to tobacco
chloroplasts and inhibit programmed cell death
induced by chloroplast-targeted herbicides



Expression of Animal Anti-Apoptotic Gene Ced-9
Enhances Tolerance during Glycine max L.-
Bradyrhizobium japonicum Interaction under Saline
Stress but Reduces Nodule Formation

Expression of Ced-9 in transgenic
hairy roots by Agrobacterium
rhizogenes infection

Robert et al. (2014) Plos One



Expression of Animal Anti-Apoptotic Gene Ced-9
Enhances Tolerance during Glycine max L.-
Bradyrhizobium japonicum Interaction under Saline
Stress but Reduces Nodule Formation
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Expression of Animal Anti-Apoptotic Gene Ced-9
Enhances Tolerance during Glycine max L.-
Bradyrhizobium japonicum Interaction under Saline
Stress but Reduces Nodule Formation

599-CED9 composite plants

TO BE CONTINUED...

Robert et al. (2014) Plos One
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AUTOPHAGY IN PLANTS: ONE PROCESS, MULTIPLE
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New advances in the role of autophagy on Nitrogen Use Eficiency (NUE)
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AUTOPHAGY IN EUKARIOTES:
SELF-EATING PROCESS

Lysosomal/vacuolar degradation pathway of self-digestion



AUTOPHAGY IN PLANTS:
MACRO- AND MICRO-AUTOPHAGY

Macroautophag\’(/

Auloph 1gic
body

Vacuole

Autophagosome N

- Vacuolar
hydrolase

Adapted from, Cell Research (2014)
FEBS Journal (2016)



AUTOPHAGY IN EUKARYOTES

Christian de Duve = proposed the
term Autophagy to denote the
function of lysosomes in self-eating
(Nobel Prize in Physiology or
Medicine in 1974)

Fusion Degradation

e, Phagophore irol
o B Hydrolases.
‘ -0 -0~
Cargo
i Autophagosome

Vacuole
Lysosome

Ho‘w“could autophagy functions be proved by

Recycling

morphological observations?



AUTOPHAGY IN EUKARYOTES
ATG, AUTOPHAGY-RELATED GENES

Autophagic bodies
- ' 2016 NOBEL PRIZE IN
PHYSIOLOGY OR MEDICINE

—

P e A

Analysis of mutant-yeast (1993) = identification of ATG genes (1995)



AUTOPHAGY IN EUKARYOTES
AUTOPHAGIC AND ENDOCYTIC PATHWAYS CROSSTALK

1) Induction of 3) Autophagosome

Autophagosome formation

Ty

Hydrolases

2) Vesicle
nucleation

)
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MONITORING AUTOPHAGY IN PLANTS
atg MUTANT AND GFP-ATG8 EXPRESSING PLANTS

Wt atg5

ElenelbusClaal

D SR <
ATGS

R — qFree
GFP

abGFP

Yoshimoto et al. (2004) Plant Cell



NITROGEN RECYCLING >> NITROGEN USE EFFICIENCY
PHYSIOLOGICAL FUNCTIONS OF AUTOPHAGY

The Plant Cell 2015

Autophagic Recycling Plays a Central Role in Maize
Nitrogen Remobilization

Fagiang Li,® Taijjoon Chung,®' Janice G. Pennington,® Maria L. Federico,® Heidi F. Kaeppler,© Shawn M. Kaeppler,©
Marisa S. Otegui,? and Richard D. Vierstra®?

Journal of Experimental Botany 2016

Nitrogen remobilisation during leaf senescence: lessons from
Arabidopsis to crops

Marien Havé', Anne Marmagne', Fabien Chardon' and Céline Masclaux-Daubresse’*

Guiboileau et al (2013). New Phytologist

Masclaux-Daubresse et al. (2018) Curr Opinion in Plant Biol
Wang et al. (2017) Seminars in Cell & Developmental Biology



PHYSIOLOGICAL FUNCTIONS OF AUTOPHAGY
NH," TOLERANCE >> NITROGEN USE EFFICIENCY

NH,* accumulation >>>> reduced plant growth
DOES AUTOPHAGY HAVE A ROLE IN NH,* TOLERANCE RESPONSES?

Aminoacid
catabolism

Photorespiration

Soil nitrogen
NO; ; NH,*

Sarasketa et al. (2014) Journal of Experimental Botany



PERSPECTIVES

AUTOPHAGY: ONE PROCESS, MULTIPLE PHYSIOLOGICAL FUNCTIONS
|

wnduction

Autophagy function

Development

W,
Nutrient starvation N Many physiological
functions

sue development

emobilization

How are they
regulated?

stasis

SLLELINY Stress response
Heat stress

Hypoxia

uality control of
oteins/organelles

Rhizobia? N starvation? Symbiotic interaction

NH,* tolerance Nitrogen management

Wang et al. (2017) Seminars in Cell & Developmental Biology
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