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Krusteniska tolerance
Hipersensitiva reakcija
Inducéta izturiba
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Krusteniska tolerance
Hipersensitiva realkecija
Inducétd izturiloa
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Stresa atbildes indukcija (idealizéta)

SIGNALI

UZTVERSANA
UN
ATPAZISANA
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Stresa atbildes indukcija (reéla)

O L)
o“

K

SIGNALI
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SPECIFISKAS




Stresa atbildes indukcija (reéla)

CROSS-TALKS
CROSS-TOLERANCE:
Viena nelabvéliga faktora darbiba padara augu izturigu
pret cita faktora darbibu

4 \4
UZTVERSANA
UN
ATPAZISANA
' )\ A
N N b N\ O\

REGULACIJA
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SPECIFISKAS




Stresa transkripcijas faktori

35S:DREB1Aa 35S:DREB1Ab wt rd29A:DREB1Aa
v _ry
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6.9+4.8 cm 21.7£6.8 cm 35.6£5.4 cm
(n=4) (n=6) (n=7) 40.8+5.5cm 42.2+5.4 cm

“Dehydration Responsive Element” parekspresija



Stresa transkripcijas faktori

A rd29A: 35S: 35S:
DREB1Aa DREB1Ab DREB1Ac

Ev,

control
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drought ‘: ™ Y

AUGU

high- o
salinity | s

“Dehydration Responsive Element” parekspresija




Stresa transkripcijas faktori

A rd29A: 35S: 35S:
DREB1Aa DREB1Ab

R N
3
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lzdzivojuSo augu daudzums (%)

Sals Sausums NaCl
wt 9.5 1.8 17.9
rd29A:DREBa 96.2 76.7 78.6
35S:DREBb 77.9 69.2 29.4
35S:DREBc  48.8 39.7 n.d.

AUGU

“Dehydration Responsive Element” parekspresija



Transkripcijas faktoru piesaistisanas taktord

high salt

<
aa]
o'
>
|_
N

= gr— )
a OsIE AIA AU AIB AIC g w1 AtlA AtlA 1B AEIC ¢ OsIA AtIA AUA AtID At‘:C
[ 9 < y i 4

vild wil 1 5 4 21 1 9 wild wil 1 1 2
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“Dehydration Responsive Element” Binding Factor
parekspresija izraisa aizsardzibu




Krusteniska tolerance
Hipersensitiva reakcija
Incducéta izturiba
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Hypersensitive Response (HR)
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Augu rezistences reakcija uz patogéna invaziju
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grammeéta sunu bojaeja)
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HR rezultéts atkarigs no patogéna veicda

Cellular phenotypes
Uninfected cell
<E Fungal pathogen attack
(a8}
| —
o Programmed cell death Necrosis
DNA laddering Plasma membrane rupture
D Organelle fragmentation Leakage of cytoplasm
Cell surface phosphatidylserine
I— Cell shrinkage
N
e.q., Cowpea rust fungus: ) Organismal phenotypes

Susceptible to
Infection

-
O
>
<

¥
Hypersensitive /
Response

Immunity ﬁ

Disease
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/

e-3-like cascade

\ oxidation I
\ / /Caspas
MR A

= 7/
Y/ /
Leaf cell death v
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Krusteniska tolerance
Hipersensitiva realkecija
Inducéta izturiba
e SAR
e [SR
e [RH



Krusteniska tolerance
Hipersensitivd reakcija
Inducéta izturiba
e SAR (Systemically Aquired Resistance)
e [SR (Induced Systemic Resistance)
e |RH (Induced Resistance against Herbivores)
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SAR rodas ka HR rezultats

PATOGENS /\
atpazisana

= SISTEMISKIE SIGNALI
- . A O
— hipersensitiva reakcija D _
N LOKALIE SIGNALI sistemiski ieguta rezistence
- LOKALIE SIGNALI
O
> HR
< =
(lokala) SAR

(sistemiska)

SAR ir atkariga no PR proteiniem




SAR rodas ka HR rezultats
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SAR
(sistémiska)

SAR ir atkariga no PR proteiniem




C ) [ ] a» 0
SAR un ISR salidzinajums
C“) 0
- g -
o O Jasmonic acid JA)  Ethylene ()

Salicylic acid (SA) Methyl salicylate (MeSA)

Volatile SAR-inducing
signal to other plants

Increased
preparedness
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Increased

| resistance
Increased

resistance

The generation of a
phloem-mobile signal

results in higher levels

of jasmonic acid and ethylene

AUGU

Neighboring plant

Pathogen
infection
A phloem-mobile signal results
in higher levels of salicylic acid (SA), infected plant | -
its volatile ester (MeSA), and | Interaction with
Infected plant  pathogenesis-related proteins (PRP). ’ nonpathogenic microbes

SAR ISR
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SAR un ISR salidzinajums

Induced Resistance

Non-pathogenic rhizobacteria Pathogen infection Wounding
@ ®l l@ @
'
JA response Necrosis l
J
Ethylene response SA production <}—, JA + ethylene production
+
ISR - SAR
ISR SAR
Unknown SA-inducible SA-non-inducible Plant defensins Proteinase
defensive compounds PRs PRs thionins inhibitors
? s
? _________________
JA = jasmonicacid PR = Pathogenesis-Related genes
SA = salicylicacid > peroxidase and catalase

ISR = Induced Systemic Resistance
SAR = Systemic Acquired Resistance




ISR paplasinata definicija

FIZIKALA, KIMISKA vai BIOLOGISKA FAKTORA
iedarbiba uz augu, ka rezultata augs iegust
(palielinatu) izturibu pret biotisku stresa faktoru
(patogénu, augédaju)
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ISR paplasinata definicija

FIZIKALA, KIMISKA vai BIOLOGISKA FAKTORA
iedarbiba uz augu, ka rezultata augs iegust
(palielinatu) izturibu pret biotisku stresa faktoru
(patogénu, augédaju)

“imunizacija”
“vakcinacija”
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ISR paplasinata definicija

FIZIKALA, KIMISKA vai BIOLOGISKA FAKTORA
iedarbiba uz augu, ka rezultata augs iegust
(palielinatu) izturibu pret biotisku stresa faktoru
(patogénu, augédaju)

Kimiskie savienojumi:
e dabiskie (abiotiskie) elisitori;
e sintétiskie elisitori.
Biotiskie:
e senu komponenti; baktéeriju komponenti;
e augu komponenti, augu ekstrakti.
Biologiskie agenti:
e augsnes baktérijas;
e mikopatogénas sénes;
e mikorizu sénes, endofiti (?).



ISR izraisitaji: kimiskie savienojumi

acetilsalicilskabhe
5-hlorosalicilskabhe
amfomicins

tunikamicins
DL-3-amino-n-butanskabe
vitamins K3 (menadions)

« heta-aminosviestskahe

 EDTA

dzelzs hlorids )\/mﬂ /Y
skabenskabe

L
o
3-Amino-n-but id DL-2-Amino-n-bu id 4-Amino-n-butyric acid
. fosfats s . o
L

COOH HzN COOH
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BABA

N-trimetil-lizins




ISR izraisitaji: kimiskie savienojumi

* lbenzotiadiazols (BTH, acibenzolar-S-metil, Bion)
« 2.6-dihloroisonikotinskabe

 harpins (Messenger)

e probhenazols (Oryzemate)

* VacciPlant (brunalgu glikans)

O. _S-CH,
~

Cl N Ci S
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\N
/ N//

COOH

Dichloroisonicotinic Benzothiadiazole
acid (INA) (CGA245704)
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ISR izraisitaji: biotiskie

e sénu komponenti:
ee arahidonskabe no Phytophthora infestans
ee cerebrozidi no Magnaporthe grisea
ee hitozans
ee Siinapvalka komponenti no Phytophthora infestans
ee Saccharomyces cerevisiae ekstrakts

e paktériju komponenti:

ee lipopolisaharidi no Pseudomonas fluorescens

ee pseidobaktins no Pseudomonas fluorescens

ee ekstrakts no Xanthomonas campestris pv. campestris
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ISR izraisitaji: biotiskie

e augu komponenti:

ee benzoskabe ee [inolénskabe

ee floroglucinols ee [inolskabe

ee galakturonskabe ee protokatehinskabe
ee glicins ee salicilskabe

ee hidroksibenzoskabe ee skabenskabe
oo jasmonati
e augu ekstrakti:
ee ekstrakts no Hedera helix
oo ekstrakts no Reynoutria sachalinensis

e augu izcelsmes produkti:
ee komposts, vemikomposts



ISR izraisitaji: biotiskie
IEROSINATAJS

SIGNALI

\
REZISTENGES FAKTORI
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SLIMIBAS
IZRAISITAJS




ISR izraisitaji: biotiskie

IEROSINATAJS IEROSINATAJS
SENSITIZACIJA
SIGNALI SIGNALI

\
REZISTENGES FAKTORI
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SLIMIBAS
IZRAISITAJS




ISR izraisitaji: biotiskie

IEROSINATAJS IEROSINATAJS
SENSITIZACIJA
= SIGNALI SIGNALI
:_3 \J \/
S REZISTENCES FAKTORI REZISTENCES FAKTORI
SLIMIBAS SLIMIBAS

IZRAISITAJS IZRAISITAJS




ISR: fizikalie faktori

4 -
E 024 h
S Ll W48 h
-
I
< =
.
= £ 2|
= 7
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N i
— o
- B
o I 900-600 nm
=l =
< 4
0 1 1 _- ] | 1 . 1 ]

BPB45 BPB50 BPBS55 BPB60 IR&2 WHITE DARK

Light treatment

Gaismas vilna garums ietekmeé Vicia faba izturibu pret
Alternaria tenuissima




ISR: fizikalie faktori

024 h
W48 h

Number of lesions / half leaflet
[\e]

Red

gl FI 550-650 nm
. . s B . . B

BPB45 BPB50 BPB55 BPB60 IR82 WHITE DARK

Light treatment
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Light condition

AUGU

Dark

Sarkana gaisma induceé
Vicia faba izturibu pret
Alternaria tenuissima Water A, tennuissima




ISR: benzotiadiazols

14 -
= n - COBTH E Control
2 12
< >
= £ 10-
o < g - b b
-
N = 6-
_ e
. g 4-
g S 2 - ! a
<
0 . |
Shade Partial shade Full sunny

Pasarga kartupelus no riisas Erysiphe cichoracearum




ISR: aminosviestskabe

wild-type ibil-1

control BABA control BABA
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o—Aminosviestskabe inducé izturibu pret Botrytis cinerea



Oxycom

Oxycom A - etikskabe + H,0,
Oxycom B - salicilskabe

Inoculum dose Inoculum dose
cfu/ml cfu/ml
107 R 107
: 106

e 106~

B . 10°
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Water-treated Oxycom™ A-treated Oxycom™ B-treated  Oxycom™ A+B-treated

Oxycom inducé fenilpropanoidu enzimus, peroksidazi un
Sunapvalka struktirproteinus
Palielina izturibu tabakai pret P. syringae pv. tabaci




Adipinskabes monetiléstera glikozids

OT\/\/\OH
20 | Toses

1,2,3,4—tetra—O—acetyl—6-et£|yladipate— Furfurylamine
D-glucopyranose

a

O

< b
o © OEt
- 0o
o P H2N NH

AcO OAc 2 2
D AcO + NN
> 7 TOGE-2
N 1,2,3,4-tetra-O-acetyl-6-ethyladipate- 1,3-diaminepropane

D-glucopyranose

Palielina tomatu
izturibu pret
nekrotrofam seném
Phytphthora
citrophthora un
Alternaria solani

-
O
>
<

control TOGE-1 TOGE-2




Milsana — Reynoutria sachalinensis ekstrakts
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Milsana pasarga gurku augus no miltrasas




Milsana — Reynoutria sachalinensis ekstrakts

= 35
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S 5 25 péc 4. =IW
< @) 20 - M
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i
) | |
0 4 8 24 48 72 96

Time course (h)

Milsana izsauc flavonoidu sintézes aktivaciju
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Disease Index

Biotiskie ISR

Disease Index

1 aA

P. s. pv tomato alone

/s

bA

A. brasilense in presence of
P. s. pv tomato

bB /

bC

A. brasilense challenged
by P.s. pv fomato

Dry weight after 30 days
10
C D
T
C
bA T
8 - B ?rc
T
@B |§
a
Dg

cC

aD / av[)

A. brasilense alone

0 5 15
Days after inoculation

3'2 (\50

Bakteérija
Azospirillum
brasilense
pasarga
tomatus no
Pseudomonas
syringae pv.
tomato



Trichoderma mijiedarbiba ar augiem

Trichoderma gints mikoparazitiskas
sénes - izmanto augu slimibu
biologiskaja kontrolé

Trichoderma harzianum
 aktiva kultura
 autoklaveta kultura
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Pseudomonas syringae pv. phaseolicola
aktiva kultura




Trichoderma mijiedarbiba ar augiem
20 dienas 4
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Kontrole Pseud.




Trichoderma mijiedarbiba ar augiem
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10 dienas
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Pseud. T.h. Pseud. MCP Pseud. T.h. MCP Pseud.




Trichoderma mijiedarbiba ar augiem

a g  @TK7 b -
Control
80 —
(an) < 9
I— 2 5 Control
o £
o =10
Q —
= = - ® o 3
— e TH-23  GTK-53 ©
N 40 — o G-6/lg*m* g
— G-4/gm™ el
GTH-34
30 o o T22-treated
oD G-11/g*m*
O = G6-5/g° M ©
oD | | | 0= \ | |
< 60 110 160 85 95 105 115
Total terpenoid content (ug per gram of tissue) Days after transplanting

Slimibu samazinasanas tomatiem lauka apstakjos saistita
ar terpenoidu satura palielinasanos




Trichoderma mijiedarbiba ar augiem
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Saknu kolonizacija inducé ISR un izmaina augsanu



Trichoderma mijiedarbiba ar augiem

—Zone of interaction
g —~CWDEs
f

—Cell wall fragments
—Other proteins/enzymes

—Avr homologues
- Root surface

'Cell wall deposits
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IRH saistita ar augédaja ierosingtam
sistemiskam izmainadm
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IRH ir atkarigs no augédaja veida

- i .
A Specialist i B Generalist
i Manduca sexta | : Spodoptera exigua
| | :
: {
< | I
o) : |
|
- !
o [ : :
|
- I
- I Il
I 0l
N | |
|
- : Recognition i : = CHZOZ N Cell exterio
|
- : : : /NPR 1 Cytoplasm \
|
O) : Hormonal : : JA SA
| pathways Il
> [ 1
I I
< ' ¥
: Cross talk : : ?
' [
| |
P @ I
| I
| I
| : :
|
1!
: I
: k Nucleus ) : : N\ Nucleus )
| \ I \
I VOC |
: Defences BTl : i PR-1
K

E———————— Nicotine _ _ __________
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IRH ir atkarigs no augédaja veida

Hormonal
pathways

Cross talk

________________________________________________________________________________________________________________________________________________________

Specialist
Pieris rapae

\Recognition "

N

N
Cell cx!crick

Cytoplasm N |

Spodoptera exigua

./'//.-/ Gl
P o2 CH 202>

Generalists

(.

Spodoptera littoralis

Cell exterior \ Cell exterior
~ I Cytoplasm 4 \\ Cytoplasm N\ i
1
JA SA A !
P ca?t_____, CPK3 '
MYC2 /\ S~ CPK13
> ~
JAZ = NPR1 /
HsfB2a
7/
/
il
[/~
Nucleus 4 \__ Nucleus W,
TPI PDF1.2
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IRH ir atkarigs no augédaja vei

Herbivory

ln.\ul oral \u retion

\olluun -"lllLﬂ\ldd\L

2+
‘z$ et ABA

Wound signal

1GPS

v
Indole-3-glycerol phosphate

Indole

Cyclic hydroxa,
acid (DIMBOA D

Y
Tryptophan

=

Indole
phytoalexin
(camalexin) Y

Indole

ghucasinate

Indole
alkaloind
(Tryptamine)

-
Y calmodulin]

-
El IGL Protein kinase| €¢——

S 6
. SBP30 Phospholipids Py
v L AL

B-glucans Oligosaccharides

Phospholipase

Linolenic acid \ \

MAPKinases

HPL

- «————— HPOTIE

1ssedosopy )

Allene oxide

mnic

BOA) -\( LS

_

Reductase| | B-oxidation

12-0x0-PDA

[apA]—— | <

PIOURIIPEINO)

@®
vl <4—p Jasmonic acid

S R — » Gene activation ] Nucleus

R —» [

Defense proteins
Proteinase unhibitors, a-amylases, lectins, PPOs etc

Cytoplasm
(vacuole)

Systemin

N g
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IRH ir atkarigs no augédaja veida

0 SHOOT
0 Defense elicitors
e.g. Mp10, Mp42 » ET |[—» ETRI—> MYB44
4 l
TPS11 13-LOX a-DOX1 RBOHD EIN2
Suc l Small RNA gene l l
T6P silencing pathway _—
) Tre DCL1, HYL1, HEN1 || OXViipin || Hz0;
Starch v
v A H.ST' el MYB15 MYB30
PAD4 <~ 9-HOD i~ | MYB51 MYB108
$ ¥ : MYB73  ZFP6
1-> /1 1 : oons RAP2.6L
7’ ]
4 I
1

Facilitate

infestation

Defense

11

NATA1 PAD3

L

Né-acetyl- Camalexin

-
CYP79B2
CYP79B3
CYP81F2

Indole-

v

Facilitate
infestation
ornithine glucosinolaes
v v
Defense

9-LOX =iy

9-HOD

ROOT

Laputis
izraisa
sarezgitakas
atbildes
reakcijas



IRH ir atkarigs no augédaja veida

- Phloem
Sieve cell TEISE

)/ s
3 Effectors o ® . 1. effectors in host cytoplasm
‘ - Ii - oo ) effectors i" host ,.‘|‘ oem
Epidermis lnsatva.. N ol i 1 ‘ 1 ] .
] 3. effectors in host apoplast

< Cellular W o e —
s o Mesophyl signalling | “
— . |
o epidermal cells |
= Companion cell Reduced immune :
—
N

-
O
>
<

sieve elements

7

modulate host»cell processes

Laputis izmanto efektorus,
lai izmainitu auga atbildes reakcijas
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Rezistence pret auged

ajiem un pa

A
Resources
(Basic) PR proteins (Acidic) PR proteins
- phenolics phenolics
©  Sec. compounds Phytoalexins
6 volatiles, Cell wall components
S | Pls N _ /
= U
£
Gene Gene
expression expression
— SA
o0 1]
k= Cinnamic ac
= T :
e Phenylalanine | Systemic
.°..° Systemic transport
w2 fb Linolenic acid| transport Systemic
S¥eton] signal?
Systemin
JA
i SA
Systemic T« lsrzzl:p'g:'f
transport OPDA -
ﬂ Cinnamic acid
f:) Linolenic acid Systemic ﬂ’
S Systemin 1r g |
A signa :
= 1) Nocsoss 4 B phenylalanine
S Cell wall cell wall :ﬁ
R ¢ fragments, HR, necrosis,
m | saliva: Mechanical | (IR oxidative burst %
cellulase damage burst U Local
responses
" B .
? Damage !

togéniem
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