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nepLUMN eKCNepuMeHT No «iMmyHisauii»
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(BakUMHaLiS POCNH)
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Immunity of Plants to Infectious Diseases.




AKi mexaHi3Mu HabyTOI CTIMKOCTi pPOCNMH nicns

«BaKUMHaLUii»?
Uun e y pocnuvH

‘ aHTUTINAa? ‘

«ICHy8aHHSA aHmumin y
POC/IUH
€ MPUHUUMOBO HEMOXITUBUM»

«8 Micmi 8I0Mopa2HEeHHS rnpuwenu
nicris WerseHHs HeCcropiOHeHUX

POCJIUH YyMB0OPHHMbCH
B. Enekgn)eH (1922 ERBIBET3829
Y. OBeHC (1928 p.) p.) |
|
1931-1933 pp. — BIAKPITTA @aHTUTIN Y POCIIUH
CMpOCTOBaHoO,

K. 3inbbepwmiar — TepmMmiH «<nceBAOAHTUTINAY
(BMAABUNUCS KpUCTanamu okcanary KanbL,ito)



CTtaHoM Ha 1930-i pp. 6yno BCTaHOBMEHO, WO CTINKICTb
POCIVH,
LLIO BUHUKAE NiCng BNNUBY «BaKLUMNHN»:

KOPOTKOCTPOKOBA (cTiiknin ctaH 36epiraetbCs HETPUBANuin 4ac Ta He
yCcnaaKoBYETLCA)

HECMNEUUN®DIYHA (pi3Hi BiOTUYHI Ta abioTUYHI doakTopu
cepenoBuLiaHecneyMdIvHO NiaBULLYIOTL CTIMKICTL POCIIMH 40 HECMPUATANBUX
drakTopiB cepenosuLLa, B TOMY YUCIIi O XBOPOO)

CUCTEMHA (BuMHMKAe He nuwe B MiCUi BHECEHHSI «BaKUUMHW», ane n y
BigdarneHmnx opraHax poCruvHK)

EHEPITOMICTKA (Ha 3axucHy peaudito BuTpadvaetbcsl 6araTto eHeprii, B
HaCNigOK YOro 3HY>XYETbCSH aKTUBHICTb POCTOBUX NpOLECIB Ta NMPOAYKTUBHICTb

(BpoXkan) .
NIABULLEHHSA CTIMKOCTI POCJIIUH, WO
CMNOCTEPIFTANNIOCA -
HE IMYHONOTrIYHA, A HECNELUU®IYHA 3AXUCHA
_ PEAKL|IA _
TEPMIH «BaKUMHa» 3aMiHUIIN Ha «iIHAYKTOP»,
a Lueu T1n CTIMKOCTI Ha3Banu «iHAYKOBaHOKO

CTiUKICTIO»



TEOPIA

dITOANFKCUHIB
AFFINITY AND REACTIVITY OF
ANGIOSPERMS TO PHYTOPHTHORA
INFESTANS

By K. O. MULLER

National Institute of Agricultural Botany, Cambridge

ORMER literature! has indicated that the Phyto-
phthora-resistance of the ‘W’ varieties, discovered

by me in 1923, is controlled by a gene that is not
present in the common European varieties. This
resistance is caused by the increased reactivity or the
‘hypersensitivity’ of the host cells which have been
penetrated by a parabiontic strain of the parasite®?2.
The phenotypical effect of this gene is therefore chiefly
characterized by the extreme rapidity with which
the affected cells collapse. Recent investigations have
shown that in those genotypes possessing the highest
degree of resistance, this collapse is effected within
7-8 hr., using potato sprouts and at a temperature
of 22° C. Furthermore, there is associated with this

K.O. Monnep ta X. beprep, 1941 p.
(DocnigXeHHs BipyNeHTHOT Ta aBipyfeHTHOI
pac
30yaHuKa diTtopTopo3y KapTonsi)

«IiC/151 HAHECEeHHS CyCreH3ii criop asipyrieHmMHoi pacu goimogmopu
8 byribbax Kkapmorisi CUHME3yrMbCS SIKICb PEHO8UHU, WO pobrsme Ui
6ynbbu
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OCHOBHI NOJTIOXXEHHSA TEOPII

. ®ITOANEKCUHIB: . .
diToanekcuHn BIOCYTHI Y 340POBIN POCNUHI | CUHTE3YIOTbCS

(de novo) y BigNoOBIOAb HA 3apaXXeHHS

diToanekCcnHn — HecneundivyHi TOKCUHK

CUHTE3 TOKCUHIB fIoKanisoBaHUM B ypaXKeHNX TKaHMHaX Ta 1X
HanBMXYOMY OTOYEHHI

CTIMKNM CTaH He yCnagKOBYETbLCS

Teopis diToanekCcuHiB He morsna NoOBHOKO
MipPOIO MOSICHUTM IHAYKLIIO CTIMKOCTI, Hanpuknag,
CUCTEeMHICTb

OripKu, WO BMpoLLyBanuncs
B CTPeCOBUX YMOBaXx
€ ripKumn, Yyepes
HaKOMNMUYeHHS
KYKypOiTauuHy




TEOPIA CTPECY

(po3pobrieHa Ha TBapuHaXx, a 3roqoM NepeHeceHa Ha iHLi

00 eKTN) §
HEeCnpUATNNBUN

doaKkTop —

T

CTaH OpraHiamy

3 ™ @

cmepT

NaHc Cenbe, 1975
P. 5

agjantauis —
HecneundgivyHNn
apganTauinHumn
CUHAPOM

OAQMH 3 CUMMNTOMIB B MeXax aganTtauiHOro CMHApPoOMY:
KOpOTKOTEPMIHOBE HecneuudiyHe NiagBULLEHHSA
CTINKOCTI



lHOYKOBaHa CTIMKICTb POCIINH noAibHa go mobinisauii
nig Yac BINCbKOBOIO CTaHy, KOnu 3Ha4yHa YaCTuHa pecypciB
3aMICTb HOpMarsibHUX PI3IoNOriYHUX NPoLEeCiB TUMYaCcOBO
BIABONIKAETLCA Ha 3aXMUCT Bi4 HECNPUATIINBUX YNHHUKIB

B «MobinizoBaHOMY» CTaHi pocrimHa rotosa 0ifbLU LWBUAKO Ta
NOTY>XHO BI4MNOBICTU Ha arpecito, are BOHA HE MOXe NOCTINHO
doyHKLIOHYBaTV B TAKOMY pPeXUMI




TEOPIA ENICITOPIB

(po3pobrieHa Ha TBapuHaXx, a 3roqoM NepeHeceHa Ha iHLi

H. KiH, 1975 p. — K%glﬁ;ﬂ % E. ®apwmep,
1991 p J

|

Ha 3MiHY TepMiHaM «iHOYKTOP» Ta «CTPEeCcop», MPUNLLOB TEPMIH
«enicitop»

(Big aHrn. elisite — «BUKNUKATUY)
Enicimop — 6iomuyHut abo abiomu4Huu chakmop, wo iHOyKye

8 poCrIUHax Hecrneuugi4HUU KOMIEKC 3axUcHUX peakuiu
(HecrieyuiyHulu adarnmauituHut cuHOPOM), OOHUM 3 r1posiele
K020
€ KopomkomepmiHoge HecrieyugiyHe niosuweHHs cmiukocmi

- TepMiH iHAYKTOP paHiwe OyB 3anpoBagXeHUN Yy reHeTuLi
i Ma€ iHLIe TNyMa4YyeHHs, HiX Yy dpiToimyHonoril

- He BCi (hakTOpU cepenoBULLa, LLO iIHAYKYHOTb CTIMKICTb € CTpecopamMmm
(Harpuknao, yrnaMKu nekmuHie 3 KiimuHHUX CMIHOK POCITUHU,
Wo HecrieyugivyHo cuzHarsi3yomse rpo Hanad gimoramozeHy)



OCHOBHI LLUNAXU 3ANYCKY IHOYKOBAHOI

‘ CTINKOCTI ‘

caniymnaTtHun XXaCMOHaTHUM
y Bf¥osins Ha aito 3(/J'|§‘|)ﬂ,nosiub Ha fito
bioTpopHMUX HEKTPOTPOHMUX
napasuTis napaswTis
Ta CUCNHX Ta XXYMHUX LUKIOHWKIB
. (dbroemHux) ‘ , J
WKigHWKIB
caniuunjioBa XXaCMOHOBa,
KUCIoTa MEeTUNJIIXKaCMOHOBaA...
Kucnotu + etuneH (ET)
Le AyXe AaBHi 3aXUCHI rnpocmaeanaHOUH-rooibHI pe4o8UHU,
CUrHarnbHi rMPoOYKMuU OKUCIIEHHS JTIHOe8oI
cucTtemu, ki ccpopmyBanucs Kucriomu,

OinbLU K 470 MJTH. POKIiB TOMY (okcuniniOHa cu2HasibHa cucmemay

BULLIeHa3BaHi pe4OBUHU YacTO poO3rnaaaloTb K «FOPMOHU CTIMKOCTIi»
pocnuH



Systemic acquired  :  Induced systemic
resistance resistance

S~ Priming for
> JA/ET defenses

Induced Systemic
Resistance — ISR

System Acquired
Resistance — SAR

Pieterse et al., Nature Chemical Biology, 2009
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Simplified schematic representation of the SA, JA and ET signaling pathways

(a)

SA mediates a change in the cellular redox potential, resulting in the reduction of the
NPR1 oligomer to its active monomeric form. Monomeric NPR1 is then translocated
into the nucleus where it functions as a transcriptional co-activator of SA-responsive
genes, such as PR-1, by enhancing the binding of TGA transcription factors to
SA-responsive promoter elements

In the JA signaling cascade, the E3 ubiquitin ligase SCFCOI1 complex and jasmonate
ZIM-domain (JAZ) proteins form a complex that represses transcription of
JA-responsive genes. Upon accumulation of JA, JA-isoleucine (JA-lle) binds to the F-box
protein COI1 in the SCFCOI1 complex, after which the JAZ proteins are ubiquitinated
and subsequently degraded through the 26S proteasome. This results in the activation
of JA-responsive genes through the action of transcription factors such as MYC2, ERF1
and ORA59

In the ET signaling cascade, the gaseous hormone ET is perceived by plasma
membrane receptors such as ETR1. Genetically, these receptors are negative
regulators of the ET response, because in the absence of ET they maintain the negative
regulatory role of CTR1, which represses the positive regulator EIN2. Upon perception
of ET, the repression of ET signaling by CTR1 is relieved, allowing downstream signaling
through EIN2. Subsequently, critical positive regulators of ET-responsive gene
expression, such as EIN3, become active because the E3 ubiquitin ligase
SCFEBF1/2-dependent 26S proteasome degradation of these proteins becomes
inhibited. EIN3-like transcription factors activate transcription factors such as ERF1,
resulting in the expression of downstream ET-responsive genes



CaniumnatHum

1979 p. -y Bignosigb HalAEA X TOpiB Y

coKax

POCINUVH NigBULLYETLCA BMICT caniyunary (SA)
1980 p. — curHan nepenaeTbcs no gonoemi,
3aBOSKM YOMY OOCAra€TbCA CUCTEMHICTb
cTinkocTi (0. Ky4y — BiakpuTo «prnoemMHun

_ cCUrHamn»)
B KMITUHHNX

CTIHKax
K@M SAyitioeThes NPOHMKHICTS
nnasmanemu,

. SaKNCIIOSTECH ANOYIRGH SA ekcnpecis PR-
BMBINbHEHH ) )
3 Bakyoneu Ta reHis,

SF,lA noro akTuBauis
NOLLUMPEHHSA 3aXUCHUX
no doroemi peakuin

- BUBYEHHST mpaHC2eHHUX POCIIUH MIOMIOHY 3 2eHOM carsiuuniam-2i0poKcunasu

(nahG)
- 8uB4YeHHSs 83aeMoO0ii Arabidopsis thaliana ma Pseudomonas syringae pv. syringae

- BUKOpUCMaHHSA memuri-2,6-0iX/10pi30HIKOMUHOB0I Kucriomu ma beH3omiodia3ony
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Chloroplast

Peroxisome
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JA-response genes o
[ TF | pr—
¢

pecypcu pOCIINHU pecypcu poCInNHU
HanpasreHi Ha HanpasieHi Ha
BereTawito 3axucT

JAZ Ginkn peryniorTb TPaHCKPUNUitO JA-3aneXXHNX reHiB (MPUrHivyoTb
TpaHcKpunuito DNA-3B'A3y04MX hakTopiB TpaHCKpUNLil 3a BIACYTHOCTI
JA)
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Review Cell

PRESS

Special Issue: Specificity of plant-enemy interactions

Evolution of jasmonate and salicylate
signal crosstalk -

Jennifer S. Thaler', Parris T. Humphrey? and Noah K. Whiteman? p.

' Department of Entomology and Department of Ecology and Evolutionary Biology, Cornell University, Ithaca, NY, USA
2Department of Ecology and Evolutionary Biology, University of Arizona, Tucson, AZ, USA

The expression level of SA and JA/ET responsive genes
transcripts before and after B. fabaci infestation

JAJET

JAJET ﬁ
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11,111 Instars
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o P-/B- P-B+ P+B- P+B+ P-/B- P-B+ P+/B- P+B+ P-B- P-/B+ P+B- PtB+
PI-I 100 250 1.21 1.33 1.19b 0.53ab 0.53ab 0222 1.00 107 066 088
PI-IT 1.00 437 1.24 3.64 1.00ab 166h 0.12a 0.16a 1.00ab 361b 0.12a 4.50b
PR-2 1.00a 4.45b 195ab 193ab 1.00ab 117h 0.64ab 052a 07 084 04 052

PR-5 1.00a 544b 0992 161ab 1.00 094 0.31 093 1.00 0.26 0.19 0.23







CMEUUDIYHA CTIMKICTb

POCIJIVH
Y Teopis «reH-Ha-reH» (1940-1955 pp.)
e ipXa NboHy (macmo) — rpub Melampsora

]
k BVa ‘ - -
1 A Q \ /
‘. ; -
VR -~ 4
: Y A ] ;
. 4 A
. % ¢

rnamoz2eHu Harnadarome Ha PoC/IUHU
3a805Ku
2eHaM eipyreHmHocmi (vir-2eHaM), a
POCIIUHU

Harold Henry Flor
(1900 — 1991)



30yaHKK ipXi NbOHY Mae baraTo (noHag 100) pac

[1eBHI copTun (CopTU-audepeHLiaTopu) 3gaTHI po3nidHaBaTu
NeBHI pacu napasuTta Ta 3anyckatu peakuito Hag4yyTNMBOCTI

Pacu pi3HATbCA 3a HADOPOM reHiB BipYNeHTHOCTI (Vir-reHis)

30aTHICTb 3anyckaTu peakuito Hag4vyTrMBOCTI BU3HAYaETLCS
HasABHICTIO

2. CxeMa HACACAOBANMA YCTOHYHBOCTH M BHPYACHTHOCTH B CHCTEME JICH —DKABTMHA
(Daop, 1962)

I CopT XO3gMHA _I_-F‘_—: --------- f;, 3i : T()momc-
Faca napawms | Orrama | Bouen | R | fooy| 2200 | 33 | 91y | MRS
22(alalA2-) R(A) S(a) R R R S S 3:
24 (Al-a2a2) S(a) R(a) R R S R S
£
(AlalA2a2) A A A A A A a 15:1
F,
(Al-A2-) A A 78(9) A A A A a 15:1
(alalA2-) a A 23(3) A A a A a 31
(Al-a2a2) A a27(3) A A A a a L d
(alala2al) a asS(l) a a a a a

Mpumeadanue R—ycTolunBOCTE; S — BOCITPHHMYHBOCTL; A — ABHPYJICHTHOCTS,
a — BUPYIACHTHOCTS.




Vir-reH ypaxKyBaHICT  CTIMKICTb
b

vir-reH ypaxyBaHICT ypa)KyBaHICT
b b




lNMpoTtarom TpmMBanoro Yacy npoaykTu R- Ta Vir-reHiB 3anuwanucs
HeBigOMUMM,
TOMY MeXxaHi3mu pacocneundivyHol (MOHOreHHOI) CTINKOCTi POCSIUH

3aJimuianuncs H93p03yMI.l1MMVI
1993-1996 pp. — poboTu J.L. Dangl Ta cniBaBTOpPIB

3 Arabidopsis thaliana Ta Pseudomonas auruginosa

Y pesyxoBuaku Tans:
- Manuim po3mip reHomy (157 Mb)
- [EHOM MOBHICTHO CEKBEHOBaHUN Ta

KapToBaHUN

- KOPOTKNU nepion Beretauil (6 TUXKHIB)

- camMo3anureHHs

- NEerkicTb KynsTMBYBaHHSA (B TOMy yucniin
vitro) \ Y

BOanocs iaeHTUPIKyBaTu
reHn CTIUKOCTIi Ta reHmn
«BIPYJIEHTHOCTI»,

a TaKOX IX MPOAYKTU

Pe3yxoBugka Tans
(Arabidopsis thaliana)
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HIJIAXUA PO3ITII3HABAHHA
PITOIMATOI'EHIB POCJIMHAMMUA

3 4

nepLua niHisa 3axmucTy - PTI apyra niHist 3axucTy — ETI
(PAMP-triggered immunity) (effector-triggered immunity)

PAMP - pathogen-associated molecular patterns po3nizHaBaHHA echeKkTopis

po3ni3HaBaHHS naToreHiB NpoAyKTaMu reHiB
CTPYKTYPHUX KOMIMOHEHTIB cneumdivyHoi ctinkocTi (R-reHiB)
naToreHiB l l
l l TOKCUHI Avr-
cdonareni XiTUH B 6inKis
H (cnpaBXxHi

(6akTepi rpubnm)
i



«3Ur3AT CTIMKOCTI
JIUH»

PTI — PAM P-trlggereglmmunlty
ETS — effector-triggered susceptibility
ETI — effector-triggered immunity (peakuis

HaaYyTMBOCTI)

High PTI ETS ETI ETS ETI
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o900 ¢ o .
PAMPS pathogen/microbial-associated molecular

Q .
patterns (4epBOHI poMOWU)



PAMP-triggered immunity — PTI

«HecneuudiyHe» po3ni3HaBaHHSA NaToreHiB
yepes iX «AeMacKyr4i» CTPYKTYpPHi
KOMIMNOHAHTI
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PAMP-triggered immunity — PTI
Chitin
PRRs

Blast fungus

OsCEBIP
Transport /
Maturation OsRac
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Effector-triggered immunity — ETI

cneumndivyHe po3nisHaBaHHA epeKTOpPIB NaToreHiB
3a gonomorot pacocneungivyHux peuentopiB (NpoAyKTiB R-

reHiB)
Pseudomonas syringae pv. tomato Avr-
s OUIKM
dh £ % Secretome

Bacterium )
| | e e
ypaXkeHHA (HeKpo3) peakuiss Haa4yTIUBOCTI Anapar

(anonTo3) cekpeuii

1) =g awumvw s



Effector-triggered immunity — ETI
oﬁymowmenuu 3HeLLKOAXKeHHAM cneundivyHnx

HaToreH'ﬁmﬁQuﬂ'U&hllobolus carbonum R.R. Nelson
(= Helminthosporium carbonum Ullstrup) — HC TokcuH

NMaToreHHa paca 1 (Tox2+), Nnpoaykye
BucokocneuudiyHi TokcumHm (HC) —
IHriGiTopu rictoH-geaueTnnasu
(HD, histone deacetylase) y pocnunH Kykypyasu,
LLIO € TOMO3UTOTHO peLecnBHUMU B HM-JTOKYCi)

D-Pro

[ OMiHaHTHbIVN reH KyKypya3v Hmi1 kogye
doepmeHT

= Northem Corn Leaf SpofJ Nr A],_VICK
e HC-TOKCUH pe.quTasy, AKUN 3HELLIKOLXKYE

— . R -



CTPYKTYPA CNEUNPIYHUX PELENTOPIB

mAAMMIAl




CTPYKTYPHI BITOKU

PELENTOPIB f

LRR — leucine-rich repeat C310-C32 @O\ 4
NBS — nucleotide binding site 0334-0341\ A V¢ Y &

. . . . P ) & N-term
PK — serine/threonine protein-kinase \ g Sy ?‘ 4

TIR — Toll/Interleukin 1 receptor s ¢

CC (LZ) — coiled-coil C63-C72 C32-C62

TrD (TM) — transmembrane domain 12 residue stretch, LxxLxLxxCxxL,

ECS — endocytosis cell signaling domain k 11 residue stretch, LxxLxLxxNxL, /

NLS — nuclear localization signal L (Leu, lle, Val, Phe), N (Asn, Thr, Ser), C (Cys)
WRKY transcription factor family
(DNA-binding — (T/A)TGAC(T/A) cis-element, also called the W-box)
PEST — amino acid domainTrD
Examples

Bs4, L6, N protein,
RAC1, RPP5, RPS4
and Y-1

n—CTr ) nes
L .
12, Mi, Mla, Prf, RPPS,
NBS W - RPP13, RPS2, RPS5

and Rx
Bs2, RGC2 and RPM1
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Table 1

Major classes of plant resistance genes — LRR — Leucine rich repeats; NBS — Nucleotide-binding site; TIR — Toll/Interleukin-1- receptors; CC — Coiled coil; TrD — Trans-
membrane domain; PEST — Amino acid domain; ECS — Endocytosis cell signaling domain; NLS — Nuclear localization signal; WRKY — Amino acid domain; HC toxin reductase —
Helminthosporium carbonum toxin reductase enzyme.

S. no Major R-gene classes Domains Example
LRR NBS TIR Kinase CcC TrD PEST ECS NLS WRKY
| NBS—LRR-TIR 7 e v X X X X X X X N, L6, RPP5
1l NBS—LRR—-CC I v X X I X X X X X 12, RPS2, RPM1
1 LRR-=TrD %4 X X X X e X X X X Cf-9, (f-4, Cf-2
v LRR—=TrD—Kinase 7 X X I X I X X X X Xa21
Y TrD-CC X X X X 7 I X X X X RPWS
Vi TIR—NBS—LRR—NLS- WRKY 7 I v X X X X X v I RRSIR
Vil LRR—TrD—PEST—ECS %4 X X X X e I I X X Vel, Ve2
Vit Enzymatic R-genes X X X I X X X X X X Pto, Rpgl
X X X X X X X X X X Hml
»* = present.

X = absent.



HOBITHA KNTACUD®UKALUIA CNEUNPIYMHUX PELEINTOPIB
POCIJIUH

I s LRR

y
VI |

VIl

Fig. 3. Major classes of plant resistance (R) genes based on the arrangement of the functional domains. LRR — Leucine rich repeats; NBS — Nucleotide-binding site; TIRToll/
Interleukin-1- receptors; C-C — Coiled coil; TrD — Transmembrane domain; PEST — Protein degradation domain (proline-glycine-serine-threonine); ECS — Endocytosis cell
signaling domain; NLS — Nuclear localization signal; WRKY — Amino acid domain; HM1 — Helminthosporium carbonum toxin reductase enzyme.
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Paca namozena Paca namozera

fopu3oHTanbHasa yCTOMYMBOCTD - Hecneunguyeckoe B3anmMogencTeme copra co
BCEMW pacamMn naTtoreHa, MMeeT HEBbLICOKUUN (KONTMYECTBEHHbLIW) YPOBEHb NPOABIIEHNS,
CUNbHO 3aBUCSLLUI OT YCIOBUW cpebl, KOHTPONMPYETCA NOSIMIEHHO U CYLLECTBYET
ONnTENbLHOE BPeEMS

[Mpeanonaranock, YTo BepTUKanbHYH YCTOMYUBOCTb ONPeaensoT reHbl C CUIbHbIM
nposiBneHnem — 6onbLune, Unu rmaBHble (major genes), a TOPU30OHTaNbHYO — Marnble,
NN MUHOPHBIE, reHbl (minor genes) Co cnabbliM KONMMYECTBEHHbBIM BbipaXKeHUeM
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