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Auapro Pamep n Kpeur Menno, otkpbinu sisrieHue B 1998 roay, nony4ymnnun
Hob6eneBckyto npemuto B 2006
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[lomMeHbl B cocTaBe pAgo

Gl: 15606619, Aquifex aeolicus VF5, pdb:1YVU

Gl: 11498916, Archaeoglobus fulgidus DSM 4304, pdb:1W9H
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Gl: 91783256, Burkholderia xenovorans LB400

Gl:17136736, piwi, Drosophila melanogaster

Figure |
Domain architecture variation in homologs of Argonaute from prokaryotes (pAgos) and eukaryotes (Ago).
Structural domains (N-term, LI, PAZ, L2, Mid, PIWI) are projected from the tertiary structure of AaAgo (pdb: 1YVU[35]). Red

bars show the inactivated catalytic sites of PIWI domain. Sir2, predicted Sir2 family nuclease domain. APAZ, a domain identified
in this work that is associated with pAgos. The domains are shown roughly to scale.
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PHK-nHTepdepeHUna BO3HMKNA 3a cHET oObLeanHeHus
aybaKkTepuaribHbIX N apXeUHbIX KOMMNOHEHTOB

< Diverse eukaryotic RNAi, miRNA, piRNA pathways >
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Fig. 1 The evolutionary history of eukaryotic RNAi: assembly from diverse archaeal and bacterial ancestors. The “bacterial” and "archaeal” components
of the RNAI protein machinery are assumed to have evolved from the proto-mitochondrial endosymbiont and its archaeal host, respectively.
This scenario rests on the fact that RNase Ill is a protein that is nearly ubiquitous in bacteria but rare in archaea, and the (DNA-dependent)
RNA polymerase that is thought to be the ancestor of the RNAiI RdRp so far has been identified only in bacteriophages (not in archaeal viruses). However,
it cannot be ruled out that these genes have been acquired by the mesophilic archaeal ancestor of eukaryotes (presumably, a member
of the Lokiarchaeota) prior to endosymbiosis. Rill, RNAse Il
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FIGURE 1 | The Dictyostelium discoideum life cycle includes multicellular stages. (A) During the growth phase of development, amoeboid cells feed on bacteria and
replicate by binary fission. The development cycle is initiated upon resource depletion, and aggregation occurs when starving cells secrete cyclic AMP to recruit
additional cells (B). The aggregating cells organize to form the mound stage enclosed within an extracellular matrix composed of cellulose and mucopolysaccharide
(26) (C) and continue to develop into the standing slug (D). Depending on its environment, the standing slug either falls over to become a migrating slug that moves
toward heat and light (E) or proceeds directly to the culmination stages (F) that ultimately produce the fruiting body, which consists of a spore-containing structure,
the sorus, held aloft by a stalk of dead cells (G). Spores are released from the sorus and germinate into growing cells (H). Under optimal conditions, the
developmental cycle takes around 24 h. If the slug forms underground, it migrates toward the surface to maximize spore dissemination. To protect itself from
infection during migration, the slug possesses a rudimentary immune system comprising phagocytic sentinel cells. These cells move throughout the slug, take up
bacteria and toxins, and are shed along with extracellular matrix as the slug moves (E). In response to bacteria, sentinel cells release extracellular traps, derived from
mitochondrial DNA, via an unknown mechanism involving NADPH oxidase (NOX)-generated reactive oxygen species (ROS) and TirA, a soluble protein containing a
toll/interleukin 1 receptor domain ().



He Bce 6akTepun ognHaKoBO Nose3HbI (K
nUTaTesnbHbI)
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FIGURE 2 | Non-pathogenic and pathogenic bacteria follow different fates in Dictyostelium discoideum. D. discoideum takes up bacteria by phagocytosis.
Non-pathogenic food bacteria follow the normal phagosomal maturation pathway, whereby the phagosome acquires several components, including the vacuolar
ATPase (V-ATPase), lysosomal enzymes, the NADPH oxidase (NOX) complex, and several metal transporters to create a microbicidal compartment that digests and
kills bacteria. Intracellular pathogens, however, are able to manipulate the maturation program, by preventing the phagosome from becoming bactericidal, thus
ensuring proliferation in a “friendly” compartment. In addition, certain pathogens can eventually escape the compartment. In this case, they can either be recaptured
by autophagy, or exit the host cell by exocytosis, or by lytic or non-lytic processes.
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MnogoBble Tena AUKTUOCTENIMYMa CUSTIbHO CTPYKTYPUPOBaHbI
n BngocneundmnyHbl, MeXBUAOBasi arperauusi oTCyTcTByeT

A. subglobosum P. Pallidum D. discoideum




3agava rupbl — obecneyuTb POCT aNUKanbHOU
KneTt

Kinesins with cargo

Microtubules




MuuenuanbHbie rpndbl — NOCKONbKY B MULIENUU OENATCS
TONbKO anuMKanbHble KNeTKN, HO BO3MOXHbI aHacTaMo3bl
Mexay rucpamm — Toxke umelot 6apbep BenicmaHa

AHacToMO3bl, Npoucxoasilne Mexay coceaHMMU rmpamMmm BHYTPU KOJTIOHUM,
apMUpYyIOT ee genaloT 6onee NPoOYHOWN, COXPaHAIOT ee eAUHCTBO NpHu
pacnpocTpaHeHMU B NPOCTPaHCTBe



[eTepokapnos He TOXKOEeCTBEHEH OUMIMONAHOCTH

Mpu cnuauum rmd aByX nnu donee
KOHTaKTUPYHOLWKNX KOFIOHUN
npoucxoant oobeauHeHue B O4HOMU o .
KNeTKe HECKONbKUX TreHeTU4YeCKu
pa3finyHbIX anep, yTo
obecne4ynBaet COCTOSIHME -
rerepokKkapuo3sa, KOTOPbIN y
rannouaHbIX rpuboB 3ameHseT s @
AUNJIONOHOCTb 7 ABnsaeTcs . )
HavyaribHOM cragueu
napacekcyaribHOU peKoMOuHauuum. ’
[Mpu aTom y 6onblMHCTBaA rpndos
yucno sSsAep B KneTkax He  f
ouKcupoBaHo, Nno3TomMy * ‘
COOTHOLUEeHWe annenem Moxet |
OTKNMOHATBLCA OT 1:1. JTO MOXeT :
NPUBOOUTbL K LUMPOKOM BapuaLum
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[eTepokapnos — 0OCHoBa napaceKkcyarnbHoro npotecca, T.
e. pekoMbuHaLuum 6e3 NoroBoro npolecca.
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UHoraa muuenuu nMPpUHUUNMNAIIBHO HE
CpaCTarOTCA — nponcxoaunuT BeretatTuBHas




BeretaTuBHast HeCOBMEeCTUMOCTbL rpuboOB
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BappaXx -rubenb KneTtok B 30He KOHTaAKTa
ABYX HECOBMECTUMbIX MULerIneB

Figure 1. Mycelial compatible and incompatible reactions among
Monosporascus cannonballus isolates in PDA culture media.
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FeTepoannenbHOCTbL MO JIlOOOMY M3 Het reHOB Bbi3blBaeT OCTPYH peakuuio rndenwu
CINMMBLUUXCA MU NpUNeramowmx K HUM KNeToK (6appax). 9ta cucTtema reHeTu4eckoro
KOHTPOJIA HECOBMECTUMOCTU Haubornee NosfiHo uccriegoBaHa y ABYX ackomuueToB — N.
crassa N Podospora anserina. Y N.crassa HECOBMECTUMOCTb BbI3biBaeT, B OOSIbLUMHCTBE
cny4yaeB, B3aumoaencTBUE NMPOAYKTOB anneribHbIX FeHOB, a Y P. anserina Hapsgy cC
annenbHOM pacrnpocTpaHeHa W HeanenfbHags HECOBMECTUMOCTb, MNPU KOTOPOW
HeCOBMECTUMbI LUITaMMbl, UMeKLLMEe onpeaerieHHble annenu B ABYX HecUenJeHHbIX
nokycax. lNocnegHAs cuctema ycnoXxHeHa HanMunemMm MHOrMUX anrnernen B HEeCKOJbKUX
mod-noKycax, noaaBnAwoWMUX MPOSABNEeHUe HeannenbHOM HecoOBMeCTUMOCTM!.
HeannenbHble B3aMMoaencTBUSA MNMPOABIIAIOTCA He TONMbLKO B BeretaTUBHOU, HO U B
NnoyioBoM HECOBMECTUMOCTMU: €CNM 2 LUTaMMa pPa3nM4yaloTcs O4HOMN Napoun HeannesnbHbIX
reHoB, TO NepuTeLlnmn pa3BMBaAKTCS TONIbKO C OAHOW CTOPOHbLI BAONb AeMapKaLlUuOHHOMN
FINHUU MeXAY KONMIOHUAMU, a C APYron oTcyTcTBYHOT. lpK pas3nuumax no ABymMm napam
reHoB nNepuTeLnn He pa3BMBarOTCcA BoBce. CTepuUnbHOCTL O0ycrioBneHa gecTpyKumen
TPUXOrMHbI NPU €e CNUSAHUUN C MUKPOKOHMUAUAMM, T.€. CXOO4HA NO qousvlonomqecmmy
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BeretatTuBHass HeCOBMeCTUMOCTb OCHOBaHa

Ha CUCTEMEe HECKOJIbKUX

RRAUMAAAMUCTRVINIIIAY FAHNR

TABLE 1. Cloned het genes of N. crassa and P. anserina

Species and gene

No. of alleles P aTEe :
f allele {amino acids)

Size of encoded polypeptide

Protein featwure

N. crassa
mat A-1 203 a-Box
mat a-1 381 HMG box
het-C 3 966 Signal peptide, glycine-rich repeats
het-6 2 680 Similarity to TOL and HET-E
un-24 2 929 Ribonucleotide reductase
P. anserina
het-s 3 289 Prion protein
het-c - 208 Similarity to GLTPs
het-e - 1,056 WD-40 repeats, GTP-binding site
TABLE 2. Suppressors of heterokaryon incompatibility and induced genes
Type Gene Connecrion with incompartibility e f:ﬁﬁfﬂﬁgi\;pepudc Prowgin feamres
Suppressors N. crassa tol  Suppressor of mating type-associated 1,011 Leucine-rich repeats
incompatibility
P. anserina
mod-A Suppressor of nonallelic incompatibility 687 SH3-binding domain
mod-[) Partial suppressor of hei-C het-E 354 Ga subunit
mod-E Partial suppressor of hei-R her-V 70 HSP90
Induced genes  idi-/ Induced by nonallelic incompatibility 201 Signal peptide
idi-2 Induced in fhet-R het-V 157 Signal peptide, cysteine rich
idi-3 Induced by nonallelic incompatibility 196 Signal peptide
pspA Induced by nonallelic incompatibility 332 Serine protease




Annenun ogHoOro U Toro e reHa HECOBMeCTUMOCTH
[al0T KOMMNJIEKCHbIN XapaKTep co4yeTaeMocTu

— het-c5
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het-c1
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-
0.002

Incompatible interactions

E1E2E3E4 D1D2D3

Phenotypic class

Illl 8'
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Fic. 1. Phylogenetic relationship of the eleven het-c alleles identified in Podospora anserina in a Neighbor-Joining tree. Only bootstrap values above 95
are indicated. Branch lengths are drawn to scale according to evolutionary distances calculated as substitutions per site. In the middle panel, the
incompatible interactions of each het-c allele with the different het-d and het-e alleles are indicated by colored boxes, white boxes indicating compatible
reactions. The right panel indicates phenotypic dasses as a combination of all incompatible reactions in reference to previously characterized het-c1 to

het-c4 alleles.



[[Mbenb KNeToK B 30He bappaxa cBfi3aHa C
N30bLITOYHON ayTOharveu
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[MpenmyLwecTBa OT BereTaTMBHOMU
HecoBMeCTUMOCTHU rpudosB

« 3allmTa OT ArONCTUYHbIX MapasuTos.,
npeogoneBatoLmx bapbep BencmaHa

 3almTa oT BUPYCOB, NepegaBaeMblX Npu CRUsHUN
MULIENUNEB.

 3almTa TeppUTOPUN N PECYPCOB OT KOHKYPEHTOB C
OPYrMM reHOTUIMOM

* [loBbILLIEHNE FEHETNYECKOIO Pa3HOObpa3ns
nonynauuu

« [eHeTn4yeckas nsondauma, NpuBoasLLas K pasgeneHuio
9KONMOrM4YecKnx H1ULL U BUOoodbpa3oBaHMUIo



YPOBH M MMMYHUTETA PaCTEeHUA

) poBeHb BpoxIeHHBLIA AJanTHBHLIA
meIoro Hecmenuduyecknil  cmenundEYecKHi
OPraEN3Ma  HMMVHHTET HMMYHHTET
Oprannays:
Puzocdeprr n
®i.1.100 1A HBI [Morennnaasuo
NATOreHHbIE
OPraHu3MbI IIaToresnsie
OpPraHm3MBl | BupviedTHbIe
OPraHH3MBI




UMMYHUTET HA YPOBHE LUEJIOINO OPTAHU3MA
(nepBas NMHUA OOOPOHDI)

Llenb — He AONYCTUTb NAaTONreHHbIX OpraHN3mMoB K 4yBCTBUTEJIbHbIM OpraHamMm,
TKaHAM U KINeTKam

dakTopbl

XUBoOTHLIE

PacTteHus

dusunyeckue
Gapbepbl

Xnmuyeckue
Gapbepbl

Mukpob6uono-
rmyeckuve b6a-
pbepbl

NMnoTHOEe coegnHeHue
anuTenuanbHbIX KNEeTOK

XXupHble KUcnoTbl (Koxa),
nusouunm (cnroHa, cnesbl),
nerncuH (KNWeYHUK),
Ae¢eH3nHbI (KULLEeYHMUK)

KoHKypeHTHaa mukpodno-
pa anuTenusa, aHTUoNoTK-
yecKkue BellecTBa

KyTUKYynsipHbIX NOKPOB,
norvucaxapuaHble CTeHKHU

JleTyune aHTUMUKPOOHLIE
BewecTBa (dpuToHUMAbI),
¢deHoOnNbI, TepneHsbl, geno-
HUPOBaHHbIE B JIMCTOBbLIX
BOJZIOCKaxX U MepTBbIX Kfe-
TKaxX MOKPOBHbLIX TKaHeun

MukpoopraHuambl dounno-
WU pu3onsaHbl, UX aHTUOMU-
OTUKU, XUTUHOSNTIUTUYECKUE
¢depmeHTbI M Ap.



PUTOUMMYHUTET: pacno3HaBaHUue
35IMCUTOPOB

~
_0 @
\ ol & O pawes //
-]
oo = _ Plant cell

Plasma
, membrane

PAMP sign almg

4 e ( '
h < / - \ ‘ )
, j > Effectors

Antlmlcroblal >~

compounds
NLRs



PUTOMMMYHUTET — pacno3HaBaHne PAMP (PTI)
n adbdekTopHbIX 6enkos (ETI)

Extracellular space

T,

Fungus/
oomycete | | Plant cell




CoeIHHEHHUS
Jlunomnonucax apHbl
[TenTHAOTMIOKAHEBL
@ narennt-
daxrop anoHrauuu (EF-Tu)
XapnuH (HrpZ)
Benku Xono0Boro moka
Hexpozo-uHayuupyemsle npoTeHHsl (NIP)
TpaHcraoTaMUHA3bI
JIexTuH, cBsA3bBa Ui Hemnwnosy (CBEL)
Benky, NepeHOCUHKH JTHITU0B (3THCHTHHBI)
Kcunanazel
HHBepTassl
[-raroKaHsl
CynbaTHpoBaHHbIE QYKAHBI
XHTHH
OpProcTepHH
[Mepedpo3uasl
OnuroranakTypOHHEI
[ennofeKcTpUHBI
MoHOMEPBI KYTHHA

Cupepodopsl

PAMP = Hecneuudpunyeckme anNNCUTOpPLI

[IpoayLEHTEI
I'pam (-) 6akTepun
I'pam (-) u I'pam (+) GakTepun
I'pam (-) 6akTepun
I'pam (-) 0axkTepuu
I'pam (-) 0axTepuu
I'pam (-) u I'pam (+) 6aKTepuu
Bakrepuu, rprObl, 0OMHIIETEI
OOMHLIETBI
OOMHLIETBI
OOMHLIETBI
['puOEI
['pulsl (ApoXKKH)
Bypeie Bofiopocii, rpudsl, 00MHLETHI
Bypsie Bofopociu
['pudeI
['pudeI
['pudeI
PacTenus (MEKTHH)
Pactenus (1ieNn0103a)
Pacrenus (KyTHKYNA)

(6axtepun) Pseudomonas fluorescens




HyuysoMoRyampywomue noaucaxapaps rpnffHoro npoucxomaenns
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BaXXHO oeTeKTUpoBaTb He TOJIbLKO rpudbI n 6akTepumn, HO n
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RAR PACTERVA CITPABJIAOTCA C
BUPYJIIEHTHbIMU NAPASUTAMU (TPETbA JIMHUA
OBOPOHDbI)

Y pacTteHMM BO3HUKIA CUCTEeMa rFeH-Ha reH, B KOTOPOM CYynpecCOpHble
MOJMEeKyrnbl MapasuTta Y3HalTCA KaK npoAayKTbl avr-reHoB — 3d¢¢eKkTopbl
UMMYHHOro otBeta. Peuentopamu ansa 3dgpcgekTopoB criyxxat HenocpeacTBEHHO
W1 nocrie B3aumMoaencTBusl avr-6enka c onpepgesrieHHbIM 6enkom pacteHus R-
6enkn. lMoatomy Takue 3ddekTopbl, y3HaOWMECA TONIbKO onpeaerieHHbIMU
reHoTUuNnamMm pacTeHMn Ha3bIBaroT cneunduruyecKuMmn ANIMCUTOPaAMMU.

Hanpumep, ¢oyMOHUN3NH saABNseTca (hPUTOTOKCUHOM AONA psaga pacTeHUn m
3NIMCUTOPOM 3alIUTHbIX peakuun ana Arabidopsis; 0akTepuanbHbIA TOKCUH
KOPOHAaTUH B pa3HbIX PacTEHUSIX MOXET BbICTynaTb KaK TOKCUH, PUTOrOPMOH U
anucutop. Cneundpunyeckne a3nucutTopbl — 3dp¢eKkTopbl, KOTOpble napasuT
BblAesnfeT B 3apaXeHHOe pacTeHue AnA nogaBrieHns ero 3awuTHOro noteHuuana
U ynydweHusa ycnoBuu nutaHusa (cynpeccopbl). NOCKONbKY CTPYKTypa MHOIMUX
TaKuX COeAUMHEHUN MOXEeT MEeHATbCA 6e3 NnoTepu XXN3HeCNOCOOHOCTU, BO3MOXHbI
MyTauuu, U3MEeHAKLWMue [OOMEHbl, KOTopble Y3HawTCA chneundunyeckummn
KNeToYHbIMU peuentopamm pacteHuss. OgHako, 4acTo 3TO COMPOBOXAAeTCs
CHMXeHneM naTtoreHHocTu (“cunbHble reHbl yctonuMBocTn” BaHaepnnaHka, “ueHa
BUpyneHTHOCTU” JleoHapAaa).
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DOUTOAHTULIUMNUNHBI —
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AdhdeKkTopHbIe benku PUTonMmMmyHuUTETa

OedeH3nHbl — HU3KOMOnMeKynsipHble (45-54 aMWHOKMUCIIOT) Oenkwm,
Oboratblie uucteunHom. lpoayumpyroTca MneKonutarwwWwMUMU, rpudbamu,
HAaCeKOMbIMMU N paCTEeHUAMMN.

PactutenbHble gedeH3uHbI genatca Ha: 1) MopdoreHHble (BbI3bIBalOT
Mopdornornyeckue N3aMeHeHUs y BOCNpUMMUUBLIX BUAOB rpuboB)

2) HeMophoreHHble (MHrMOUpPYT pocT 6e3 Mopco30B), MHFMONPYIOT
anbdga-amunaasy.

CBA3bIBAalOTCA C peuenTtopamMu Ha MemMmOpaHax rpuboB, yCUNUMBaroT
notepto K+ n nocrtynneHmne Caz2+.

TUOHUHLI —_Oorartblie cepon Oerku, HakannMBalLWMECcA B CeMeHax WU
NPOpoCTKax pacteHun. B3aumooeUCTBYWOT €  MeMOpaHHbIMMU
docchonmnnoamun n Bbi3bIBalOT oOpa3zoBaHMe Nop B MemMOpaHax.

RIP-6enku — nogaBnsalT CUMHTE3 6enka Ha YyyXepoaHbIX pudbocomax Ha
CTaZAuun 3NIOHraumm




Peakuuna cBepx4yyBCTBUTENLHOCTU paCTeHUN
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Peakumsa cBepx4yBCTBUTENBHOCTU U KNeToYHas rmbenb
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MexaHuU3Mbl peakuuu
CBEpPX4YYBCTBUTESNIbHOCTHU
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PHK-uHTepdepeHUUA NpOTUB BUPYCOB U
BMpPOUAOB G/

(B) Viroid

Pospiviroidea




MUKpoPHK kak nepeknrovyartenb TUNoOB
MMMYHHOIO OTBeTa y pacCTeHUMn

miR158, miR159, miR162, miR167, miR168, miR169,
miR171, miR319, miR395, miR398, miR482, miR528,
miR1885, miR3623, miR601S, miR6020

miR160, miR396, miR482, miR1447, miR161, miR164, miR167, miR172, miR396, miR398
miR1448, miR1450, miR2118, miR5300,
Pbe-SR3, Pbe-SR23, Pbe-SR25



» Cnegytowias nekuma 5 mapta — ob
MMMYHHOU cucTemMe 4po30dPunbl



