OTnen Glomeromycota



OToen Glomeromycota

* OTnen npegnoxeH Schufler, Schwarzott
and Walker (2001; Mycol. Research 105:
1413-21) Ha ocHOBe aHanmM3a reHOMHOWU
nocriegoBaTefibHOCTU Mariou
cybbeanHuuybl pPHK (SSU rRNA).

PaHee 3Tu rpnbbl B paHre ceMencTBa u
nopsiaka BXoaunu B Knacc Zygomycetes.
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Fig. 1. Phylogeny of fungi based on SSU rRNA sequences. Thick lines delineate clades supported by bootstrap values above 90%. The
Zygomycota and the Chytridiomycota do not form monophyletic clades and therefore are shown as the respective taxa representing the

clade.

Mycol. Res. 105 (12): 1413—1421 (December 2001).

© The British Mycological Society



OToen Glomeromycota

* [pnbbLI 3TOro otaena obpasytoT Ha KOPHSX
pacTeHnn apoyckynapHele mmkopussl (AM) nnm
BE3NKYNAPHO-apOycKynsapHbie Mnkopussl (BAM)

« JTa MUKOPU3a HasblBaeTCH SHOOMUKOPU30MU,
TakK Kak apOycKynbl (pa3BeTBNEHHLIE CTPYKTYPbI
PMOHOIr0 MULENKNS, C MOMOLLIbIO KOTOPbIX
nponucxoanT oOMeH NuUTaTefibHbIMU BELLECTBAMMU
Mexay rpubom n pacteHMEM) PacnoNnoXeHbI
BHYTPU PaCTUTESIbHbIX KINETOK
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ApbycKkynapHaa MUKopusa

[Mogaenstowee 60NbLMHCTBO HA3EMHbLIX PacTEHUN, B NEPBYIO
ovyepenb TPaBAHUCTHLIX, 0Opa3ytoT apbyCKyNApHY0 MUKOPU3Y.
MNMpu ee o6pazoBaHUMN B NOKPOBHbLIX TKaHAX chopmMuMpyroTca
XapaKTepHble CTPYKTYPbI - apOyCKynbl, pa3BeTnsiowmecs rucpbl n
Be3UKYIbl - OKpYrfble o6pa3oBaHuUsA, U YacTb rud BbIXOAUT U3
NOKPOBHbIX TKAHEN KOPHA B NOYBY .

AM npucyuwa 6onbLluen YacTU NOKPbLITOCEMEHHbLIX, MHOTUM
roroceMeHHbIM, HeKOTOPbIM NanopTHUKamM u nedyeHo4yHukam ( 80%
pacteHnn nmerot AM).

AM HanpgeHa y OONnbLUMHCTBA BUAOB CEJibCKOXO3ANCTBEHHbIX
pacTeHMn, BaXXKHeULWINX KynbTyp 3 cemencrtea Graminiae u
Leguminoseae, HO He HangeHa y BuaoB cemeuctBa Cruciferae n
caxapHOW CBEeKIbl.

AM rpuGbl He ABRAKOTCA CTPOro BmaocneunPunyHbIMMU, LUITAMMbI OQHOIO
BuAa rpmb6a moryT obpa3oBbiBaTb MUKOPU3Y Y pPa3HbIX pacTeHUMN.




Apbyckyna B
KINeTKe pacTeHuUs -
XO3fInHa

Medicago truncatula root stained with acid fuchsin
showing arbuscules in cortical cells (arrows) and

vesicles (V). From Ann. Rev. Microbiol. 2005. 59:19-42.

Be3uKynbI-OKpYrible KNeTKU
rpnda BHYTPU KOPHSA
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Mwukopunsa

Accouvauum (npenmyLLecTBEHHO, CAMOUOTUYECKUE) Mexay rpubom m
pacTeHuem

— MuKo6MOHT NnonyvaeT yrneBoAbl, BATAMUHbI, KOPHEBbIEe BblAesieHus
CTUMYINUPYIOT NpopacTaHue ero crnop

* No 20% cdomkcnpoBaHHOro pacTeHneM yrrnepoaa MoxeT ObITb
3axBa4yeHo rpnoom

— PacteHusa yny4warT ¢ nomMmoLbo rpubdba cHabxeHue chocopom, asoTom m
APYr’MMU MUHepanbHbIMM 3fieMeHTaMu, BOAOW, NOBbILLIAeTCcA
YCTOMYUBOCTb PaCTEHUMN K KOPHEBbLIM NaToreHam

* no 80% HeobGxoaumoro cdoccopa n 25% noTpedbHOCTU B a3oTe
pacTeHMA MOryT nonyyatb 6narogapa MUKOPU3HbIM rpubam

* TpaHcnokauua mexay pacTeHUsIMU

®doccaTbl ManonoaBMXHbI B MOYBaxX U B OCHOBHOM coAepXaTcA B
opraHn4Yeckux coeguHeHusax. PacteHns, ocobeHHO, co cflabo pa3BUToun
KOPHEBOU CUCTEMOM, HEOOSTILLUMM YUCIIOM KOPHEBbLIX BONTOCKOB (LUTPYCOBbIe,
nyK), Yepe3 rucbl rpuboB, KOTOPbIe pacnpoCcTpPaHAKTCA B noyBe (8o 5 cMm oT
KOPHS) 3Ha4YNTENbHO NMOBLIWAKT €ro NOCTYNseHue.

Bnarogapsa MMKkopusam CyLeCTBEHHO yIyyllaeTCA POCT pacTeHMU Ha no4yBax
6eaHbIX chocchopom.

1o 80-x ropoB XX B. — paccmaTtpuBanu BKnag B norrnoLeHune
MuUHepanbHoro c¢occopa n azora, cemyac ectb AOK-Ba
npeanonoxeHnsa dpaHka (koHey, 19 Beka) 0 pa3noXxeHnn 3 TUMHU
rpmbamm opraHM4YeCcKux BewecTs U NOrfoweHMM aMUHOKUCHIOT.

YBenunuuBaeTcs TaKkxe nocTynreHune Kasmus, cepbl, MUKPOIJIEMEHTOB - LUMHKA,
Meaun U Ap. Nnpm "X HeBbICOKOM coaepXXaHun B no4vBax.



ApOycKynapHaa Mnkopusa

30Ha abcopbunmn KOPHS:

6e3 KopHeBbIX BosiockoB 1 AM

C KOpHEBLIMU BOJTOCKaMu

C BHeKopHeBbIMu rndpamu AM




SHAYEHME AM-CUMBUO3A ONA PACTEHUMN

3a cyeT BbIXoasLWMX U3 KopHen rncg rpmdba yBennumBaeTcs BcacbliBaloLias
NOBEPXHOCTb U nriowaab nutaHua (B 2-10 pas).

. (pn6 nepeBOAUT HEpaCTBOPUMbIE, TPYAHOAOCTYMHbIEe COeANHEHUS
docdopa n ap. NUTaTesibHbIX 3fIEMEHTOB B YCBOSIeMYIO Af151 paCTeHUN

dopmy.

. PacteHue ncnonb3yet 6MoONornyeckn akTMBHbIe BeLLeCcTBa,
npoayumpyemble rpuoom.

KoHueHTpauua ropMOHOB poCTa B paCTeHUAX C MUKOPU30OM ObiBaeT Bbille,
yemM y 6€3MMUKOPU3HbIX PaCTEeHUN.

. MMKopun3oBaHHblIe KOPHU UMEIOT NMOBbILEHHYI YCTONYNBOCTb K
NOoTeHUManbHbIM NOYBEHHbIM nNatoreHaMm. MukopusHbie rpuobil
MHAYUMUPYIOT CUHTE3 3alUUTHbIX (heHONoB — (hy1TaBOHOMAOB B pacTUTESNbHbIX
KneTKax.

. Mukopusaumusa «Hay4ymna» pacteHUss BOCpMHMMaTb B KayecTBe CUMOUOHTOB
Apyrve no4yBooomuTaroLwmMe MMKPpOOopraHn3amMmbl (Hanpmumep, KnyoeHbKoBble
6aktepum). Noa BnuaHue AM y pacteHMn BbipaboTanachb peuenuus
aMMHOCaxapoB.

6. Y MMKOPU3HbIX pacTeHMM yny4llaeTcs YCTOMYMBOCTb K 3acyxe (rpubbl

dAanTUpoBaHHbLI K CNOCOOHOCTU BbKUBATb B ycnoBusx Gonee HU3KUX
3HaAa4YeHUN aKTUBHOCTU BOAbLI B cpege, Yem paCTEHMﬂ) M NOBbILLEHHOMY
YPOBHIO TAXeJbIX MeTaJlJ10B.



CTpykKkTypa no4yB, BOAONPO4YHOCTb arperaTtoB

AM rpubbi, MUKOPU3HbIe KOPHU — YIy4LLAlOT arperaTHoOe COCTOsIHUe Nou4B.

Momumo hopmupoBaHusi MmLenuanbHOM CeTU, CKpennsitoLwen NoYBeHHbIe
YacTuubl, OHM OOPA3YIOT MMUKONPOTEUH — IMOMAaTUH, KOTOPbIN
obycnoBnuBaeT ckfienBaHue U NoBbileHne ruapodo6HOCTM arperaToB M,
COOTBETCTBEHHO, X BOAOMNPOYHOCTM.



[Nony4yeHue nHokynata AM rpubos

Ana BHeceHnsa AM rpub6oB B No4YBYy HEOOX0AMMO NONY4YUTb UHOKYIAT rpuba.

KpynHble nokosiumecs cnopbl rpuba-avaodurta (okono 0,15 mm B aAnameTpe)
MOXHO OTAeNIUTbL OT MOYBbl U MNOCeATb Ha nuTatenbHyr cpeny. OHM
NpopacTyT, HO B OTCYTCTBME pPacCTeHUs-XO35IMHA, B KOPHU KOTOPOro
NPOHUKaeT MULEeNNN, BCKOpe nepecTaroT pasBuUBaTbLCA.

NMoka KynbTUBUPOBATb 3TU I'pVIGbI Ha NMTaTelbHbIX cpeanax He yaaeTCHl.

EOVMHCTBEHHBIM CcnNOCOO  nony4vYeHuMss  OONbLUMX  KOMIMYECTB  3TUX
CUMOMOTPOMPHLIX FPMOOB - BbipalWMBaHUE ero Ha noaxoaswen JNUHUN
pacTeHus.

WHOKYNSITOM CRYXXWUT CMeCb KOPHEeW C MUueriveM U Crnop unu otaenbHble
KPYyNHble crnopbl.



ﬂonyqu e o4HOPAa30BbLIX KYJIbTYP

(MeTO.lilI ropweYyHbIX Kyanyp)
KopHu NMPOPOCTKOB pacTteHus (Hanpumep, 3eMITAHUKN)
onpeperneHHOro coprta BblpalWMBalOT B CTEPUNIbLHOM MNo4YBe M
MHoKynunpyrT 10-20 vaeHTUYHbIMU criopamMum.
B cnyyae ycnewHoro sapaxeHusi yepe3 3-4 mecsiua B ropLuke Ha
KOPHSIX pacTeHUs pa3BuBaeTCA romoreHHasi nonynsyua crnop.
Cnopbl MOXHO ObINO BblAeNUTb OTMbIBKOM U MNpocenBaHUEM
yepes CUTO U WUCMNONb30OBaTb AJIA 3apaXeHUs HOBbIX MNapPTUM
ONbITHbIX PaCTEeHUMN.



Knaccugukaums

[TepBoHa4yanbHO 3TM rpubbl oTHOCKUNK K poay Endogone
(3uromuuetam). K cepegmHe 80-x rogoB yKe HECKOSbLKO
pogoB, 1990 r. onucaH nopsaaok Glomerales.

Heckonbko net Ha3ag -154 Buaga (cenyac n3BeCcTHO
okosio 300 BugoB) AM rpnbos, KoTopble 00pa3sytoT
accouuaumm ¢ 300,000 Bngamu pacteHun

AT rpnbbl OTHOCAT K 4-M nopsigkam, K 10 cemencream u
c 2001 r. BbiaeneHbl B otaen Glomeromycota.

[na pasMHOXEHUA U NnepeHeceHnsa HebnaronpuUsITHbIX
yCIioBm 00pasytoT KpynHble asurocnopbl (0bpasytoTcs
He NOoMoBbLIM NyTEM)
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Phylum Glomeromycota

Class Glomeromycetes

Orders Families Genera
Glomerales Glomeraceae Glomus
Diversisporales Gigasporaceae GigasporaGigaspora,
ScutellosporaGigaspora,
Scutellospora &
Racocetra
Acaulosporaceae Acaulospora
Entrophosporaceae Entrophospora
Pacisporaceae Pacispora
Diversisporaceae DiversisporaDiversispora &
m POF.
Paraglomerales Paraglomeraceae Paraglomus
Archaeosporales Geosiphonaceae Geosiphon

(no: http://www.Irz-muéHEHIS RO AGAARd 12th LSS )

Archaeosporaceae

Archaeospora & Intraspora




Mopdronornyeckue oco6eHHoctu AM rpmnbos

e I'nobl
— BHyTpM KOpHEn n BHEKOPHEBbLIE
 ApOyckynbl
— PasBeTBrneHHbIe, TOHKO-CTEHHbIE CTPYKTYPbl BHYTPU KJTI€TOK pacTeHus-
XO3fiIMHa, KOPOTKO-XXUBYLUME, NepeBapnBaemMble pacTeHUemM

KoHkocanbHaa mmkpockonus
BAM rpuba Glomus
versiforme B KneTKkax KOpHS
Medicago truncatula: xopowio
pa3BuTasa apobyckyna
(BepxHsas) n apbyckyna B
npouecce paspylieHus
(BHM3y). Ann. Rev.
Microbiology 2005. 59: 19-42.




Mopdronornyeckue oco6eHHoctu AM rpnbos
e Cnopbl

— ObpasyloTcs B NoYBe UK KOPHAX; becnorble, pasnuyaroTcs no
pasmepam U LUBETY MexXOy TakCOHaMu, MOryT coaepXaTb COTHU
agep

— O0bpa3syTcs 0 ANHOYHO Ny OPMMPYIOT CNOPOBLIE APk

Cnopbl

Acaulospora co
CMOPOHOCHbLIMU
BMeCTUNMLamMu

Cnopbl Entrophospora
CO CMOPOHOCHbIM

BMeCcTUnuiiem Gigaspora and

Scutellospora

100 MKm




OpFaHbI 3aI'IaCaHl/IFI/XpaHeHVIFI MTAaTEJ1bHbIX

BelleCTB
 Be3ukynbl

— Okpyrnble, annuncougHble [0 HeperynsapHbix no doopme,
TOHKO-CTEeHHble, 06pa3yloTcsi U3 rucp B KOpTekce KOpHeMn

— O6pasyroT npeacraButenn nognopsaka Glomineae (BAM)
e BcnomoratenbHble KINeTKu

KnacTtepbl TOHKO-CTEHHbIX KNeToK, o6pa3yloTcsa Ha rucpax BHe
KOpPHS

— Tonbko y npeactaButeneun nognopsiaka Gigasporinae (AM)

I

Auxilliary cells
(knacTepbl

BCMoMoratenbHbIX
KneTok BHe Kopl-m)




Mopdonornyeckne oTnnyna TakCOHOB

— Glomineae — 00pa3yloT BE3UKYIbI B KIeTKax
KOpHeWu

* Acaulosporaceae

- UMEKT CMNOPOHOCHbIE BMECTUTTINLLA
daccounmnpoBaHHbIE CO CrNOopaMm

 Glomaceae
— CMNopbl arpermpytoTcsi B CNopoBbI€ LLapsbl

— Gigasporinae — obpasytoT pa3BeTBEHUS
TOHKOCTEHHbIX KNETOK Ha rmdax BHE KOPHS



GLOMACEAE ACAULOSPORACEAE GIGASPORACEAE
Glomus Entrophospora Acaulosporu Gigasporu Scutellospora

CnopoHocCHbIe

BMECTUIINLLIA

ARCHAE OSPORACEAE
(i‘? Archacaspora

CnopoHOCHbIE
Luapsbl

PARAGLOMACEAE
Paraglomius

Pa3seTBneHus
BHE KOPHH

GLOMINEAE GIGASPORINEAE

\‘—V—-"
GLOMALES

From Joseph Morton’s INVAM site (http://invam.caf.wvu.edu)




Ages from DNA '
Aremals fossils | £ Fnge losele
Ruminate fungal ' 24
fagellates (40 Ma) Ectomycorrhiza (50 Ma)
Cmg: fungus oa!mee:'—dh;o:v 65 Lichen (50 Ma)
Do o etk o « E Gilled mushroom from
amber (90 Ma)
144
Most modern insects including
moths, beetles, grasshoppers,
termites (Jurassic)
Dung beetles (200 Ma) 206

Diptera (225 Ma)
Gigasporaceae-type
261 AM fungus (240 Ma)

an  connections (200 Ma)

Cockroaches (Carboniferous) |  [Carbonitercus|

wm]secm.m Devorsan B Glomales (Rhynie, 400 Ma)
e D Ascomycetes (Rhynie, 400 Ma)

l Sdunan Ascomycetes (Sdurian)

439

Millipade trace fossils

(Late Ordovician) « A Glomales (460-455 Ma)

510

Glomales (600 Ma)
Ascomycete-Basidiomycete 543
split (600 Ma) s
Land plant origin (600 Ma) || ‘

)

Fungus-animal spit (800 Ma)




Aglaophyton na PuHmnnckux cnaHues

) » PacteHna bbinu
BblcoTOM MeHee 0,5
M, NPOCTbIE NO

| / CTPYKTYpe, 0e3
, |/ ITUCTBbEB U KOPHEW
Y/ * PaHHUK [1eBOoH,
\f 408-360 MnH. net
; Ha3ag

Bbicota 16 cm max., anameTp ctebns 1.5-6 mm

http://www.xs4all.nl/~steurh/engrhyn/erhynie.html



Glom/tes rhyniensis

* [pnbHbIE rndbl (f) n
apbyckynbl (c),
MPOHUKLLME B KIETKM
BHELLHEro KopTekca
ctebna Aglaophyton
major (MacluTabHas
nnHenka = 100um)

http://www.abdn.ac.uk/rhynie/fungi.htm



BE3UKYJIbI

http://www.xs4all.nl/~steurh/engrhyn/eglomit2.html




Geosiphon pyriformis

EAQMHCTBEHHBIN BUA rpuboB, KOTOPbIN
dopmunpyeTt aHOOCMMOMO3 C LUnmaHobakTepunsMm
Nostoc

ObnuratHast accoumaums ansa rpnoda

LInaHoGakTepmmn HaxoasaTcs B OOHOKIETOYHbIX U
MHOrosiAEPHbIX «My3bIpAX» 1-2 MM AJIMHOM Ha
rPUOHBIX OKOHYaHUAX

Bcero Heckonbko coobLleHnr umeeTcs o6
obHapyxeHue B npupoae G. pyriformis

Kneoun penukT, npuHagnexawmm gpeBHen BETBU
B otaene Glomeromycota



http://www.tu-darmstadt.de/fb/bio/bot/schuessler/geosiphon/geosiphon.htm
I




Geosiphon pyriformis — eqUHCTBEHHbIV M3BECTHBIW ChlyYal BHYTPUKNETOHHOrO
cumbunosa rpnbos 1 umaHobaktepun (B gaHHom criydae - Nostoc punctiforme).




Lleno4ykn Nostoc BHYTpuM ny3bipbkoB Geosiphon

6 Haxo4oK B Mupe




Nostoc heterocyst

symbiosome-
membrane

fungal plasma-
P membrane

'.‘,.?..;o'?
o.. A .. :

cellwall

hypha lipid

solil




ApbyckynsapHast MUKopu3a

bakTtepunarnbHble 93HOOCMMBOUOHTLI B criope Gigaspora margatrita



C npumeHeHmneMm crieundonyecknx onoopecLEHTHbIX KpacuTtenem
6bINO ycTaHOBNEHO, YTO B ogHoun crnope (260-400 Mkm) HaxoguTca
2150000 »xunBbIX KNETOK BaKTEPUN.

OHOoCMMbuoTUYeckne baktepum, CEKBEHMPOBAHHbIE B rpubax
cemencTea Gigasporaceae, rpynnupyroTCcs B HOBbIN TAKCOH,
6rnn3kun K pogam Ralstonia n Pundorea (Bianciotto et al., 2002).
QHpobakTepun (Cendidetus) LUMPOKO pacnpoCTpaHeHbI cpeau
rpuboB cemenctBa Gigasporaceae v NpeacTaBnsoT CTabunbHbIN
LUMTONNasMaTuyeCKMn KOMMOHEHT.

[MpogeMOHCTpMpoOBaHa BepTUKaribHas TpaHCcMUccnsa aHgobakTepun
OT eANHNYHOW “poanTENbCKON” CNopbl 40 HOBOW CNOPLI, Yepes
NpoxoXaeHne ctagmmn npopacTtaHus n obpasoBaHuUs
cumbunoTmyeckoro muuenus. YctadHosneHa oobnactb [1HK ¢
npegnonaraeMbiM reHoM, KOOUpYyrLwWwmM HUTporeHasy (nif onepoH)
(Minerdi et al., 2001). Tpu reHa onepoHa ObIIM CXOAHbI C TAKOBbLIMU
y OOnbLUMHCTBA ANa30TpOdoB - apxen U bakTepun.



* fin



Auxilliary cells :
(knactepbl %'
BCroMoraTenbHbIX |
KNEeTOK BHEe KOPHS)




Gigaspora and Scutellospora




KoHkocanbHaa mukpockonusa BAM rpuba Glomus versiforme B
KneTtkax kopHs Medicago truncatula: xopolwo pa3BuTas
apOyckyra (BepxHsisl) U apObycKyna B npouecce
paspyweHus/mcyesHoBeHus (BHM3y). Ann. Rev. Microbiology
2005. 59: 19-42.




Cnopbl Entrophospora co
CMNOPOHOCHbIM
BMeCTUNULLEM

Cnopbl Acaulospora co
CMOPOHOCHbLIMMU
BMeCTUnNuamm




CunmbumotTnyeckme oTHOLLEHUA B cumbunose ¢
Nostoc n B apbyckynspHon mmkopmse

plasma-
membrane

--------------------------------------------

inorganic
nutrients

I inorganic| Plant "wall”

~40 nm nutrients

fungus

(macrosymbiont) 'p|\asm a_/' fu NJus
membrane (mICI'Osymblont)

Geosiphon pyriformis arbuscular mycorrhiza

(no: http://www.Irz-muenchen.de/)




