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Arbuskularni mykorhiza

Co to jsou mykorhizy?
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Arbuskularni mykorhiza

Co urcuje 1dentitu mykorhizni
symb10zy?
identita mykorhizni houby?
rehentita-hostitelske-rogtlmyy P v e o oo v

Kinds of mycorrhiza Arbuscular Ectomycorrhiza Ectendomycorrhiza Arbutoid Monotropoid Ericoid Orchid
Qg iy r i i

hdﬁt’rfélem a tedy zarazem dane symblozy do
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MYCORRHIZAL
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Co urcuje 1dentitu mykorhizni
symb10zy?
1dentita mykorhizni houby?
1dentita hostitelské rostliny?

vyzivove interakce mezi symbiontem a
hostitelem a tedy zarazeni dan¢ symbi6zy do
spektra moznych vzajemnych vztahu?

morfologické a anatomickéeé znaky
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je nejrozsifené)Sim typem symbiozy
na Zemi (= vytvari j1 nejvetsi pocet
druhti zivych organismi) a spolu s
ektomykorhizou je typem

A\ 4



arine f
OM'MTFQ r._p..

Arid (h h

Hal (NM) 8%

NM-AM
7%

Disturba n-:;e i
oppoﬂuﬂﬁt‘é

Habitat specialists

Fig.1 Pie chart showing the taxonomic diversity of plants with different types of mycorrhizas, nonmycorrhizal (NM) roots, or inconsistent mycorrhizas
(arbuscular mycorrhiza (AM-NM)). Exploded pie segments show plantsassigned to the categories NM and NM-AM, which are combined and then reallocated
to groups based on mineral nutrition or habitat specializations. These specialized plants are assigned to categories at the family level, based on the most
important strategy for each family (families often indude several of these strategies). Note that these specialized habitats also include many mycorrhizal plants,

but NM and NM-AM plants are much more common than elsewhere. Inset photos show mycorrhizal structures (right side) or examples of specialized plants
(left side). Data are from Brundrett (2017b).

New Phytologist (2018)
doi: 10.111 1!nph.14976
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*taxony hostitelskych rostlin
—rozSifeni AM — kopiruje rozsitreni hostitelt
taxony arbuskuldarn¢ mykorhiznich hub (AMF)

—zakladni biologicka charakteristika

* AM vnitro- a mimokofenove struktury

—arbuskuly, vezikuly, hyty, apresorium, spory, pomocne¢
bunky

*Paris a Arum morfotyp AM
z1votni cyklus AMF



Arbuskularni mykorhiza

Adresa -&1 hktp: ] fwww, kent, ac, ukfbio/begfenglishhomepage. htrm

the International Bank for the Glomeromycota'

home

" " introduction
; :k;:-“ . - - -
* genetic The study of plants without their mycorrhizas
Fwe, ™archive is the study of artefacts.

contact us

' The majority of plants, strictly speaking,
EOTMTERISS do not have roots; they have mycorrhizas.
’:Iaqguages

"’fb* . BEG Committee, 25th May, 1933

%% -5, ecological
£+ database

o+,

-
protocols

+ links

Néktert lide Fikaji, Ze vSechno je na houby.
Myli se!
Néktere houby jsou na vsechno.

(Rozmos 2009)
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Hostitelske rostliny

> 70 % druht vySSich rostlin tvoii AM
cca 200 000 druht rostlin

charakteristické pro krytosemenné rostliny, ale 1 néktere
skupiny nahosemennych (Thuja, Sequoia, Metasequoia,
Ginkgo, Cycas), kapadiny a plavuné (,.kaprad’orosty*),
jatrovky

mechy ne!

nemykorhizni ¢eledi: Brassicaceae, Chenopodiaceae,
Caryophyllaceae, Cyperaceae, Juncaceae

1zolovan¢ druhy z jinak mykorhiznich Celedi: Urtica
dioica, Lupinus spp.

Harley JL and Harley EL. (1987) A check-list of mycorrhiza in the British flora.
New Phytol. (suppl.) 105, 1-102 (Blackwell)
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Hostitelske rostliny

 vSechny kontinenty véetné¢ Antarktidy
(Deschampsia antarctica)

 vSechna klimaticka pasma

* vSechny vegetacni vySkove stupné

* vSechny ekosystémy, vCetné
agroekosystému



(e) Russia (S) (f) Japan (S)

4

(a) Canada (all) (b) Canada (Ontario S) (C) UK (all) (d) Germany (all)

(9) Hawaii (S)

(p) Guiana Shield (all)

Kay to pie charts:

™ Arbuscular mycorchizal [AM)

M Ectomycorhizal

M Orchid mycomrhizal

0 Ericoid mycomhizas
Manrmycorrhizal | NM)
MM-AM

(h) Tropical Australia (S)

(0) Guyana (S)

Global biomes
I Tropical wet forest [ Tropical coniferous forest [0 Temperate coniferous forest [ Tropical grassland 1 Desers
[ Tropical dry forest || Temparate mixed forest [ Boreal forest [] Temperate grassland [ Tundra
[l Floodad grasssland [ Maditerranean [ Montane Il Mangroves " llea
(Im) Cape Province, (l) Cape Province,
South Africa (S) South Africa (all) (K) India (S) (]) Westem Australia (all) (1) Australia (all)

(n) Argentina (S)
New Phytologist (2018)
doi: 10.111 1/nph.14976
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Mykorhizni houby

 fyziologicky (a ekologicky) obligatné biotrofni
organismy

 drive fazeny do oddé€leni Zygomycota, fadu
Glomales

* dnes vyClenény do samostatn¢ho oddéleni
Glomeromycota

Schiilller, A., Schwarzott, D., and Walker, C. 2001. A new fungal
phylum, the Glomeromycota: phylogeny and evolution. Mycological

Research 105:1413-1421
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Fungi Methods Other Info Downloads Home

CLASSIFICATION OF GLOMEROMYCOTA

Thiz classification iz based on a consensus of morphological and molecular characters. Click on any taxon name to
transfer to a page describing that group.

GLOMACEAE ACAULOSPORACEAE GIGASPORACEAE

Glomus Entrophospora Acaulospora Gigaspora Scurellospora

ARCHAEOSPORACEAE

Archaeospora

PARAGLOMACEAE

Paraglomus

GLOMINEAE GIGASPORINEAE
T —

GLOMEROMYCOTA
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(INVAM)

Classification of Glomeromycota

The most recent classification of
Glomeromycota is based on a consensus of
regions spanning ribosomal RNA genes:

18S (SSU), ITS1-5.8S-1TS2 (ITS), and/or
28S (LSU). The phylogenetic
reconstruction underlying this classification
is discussed and summarized in Redecker et
al. (2013). The parts of the tree about which
we agree (based on our LSU sequences) are
depicted 1n the left illustration.

REFERENCE
Redecker, D., A. SchiiBller, H. Stockinger, S. Stiirmer, J. Morton,
and C. Walker. 2013. An evidence-based consensus for the

classification of arbuscular mycorrhizal fungi (Glomeromycota).
Mpycorrhiza doi:10.1007/s00572-013-0486-y.
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Mykorhizni houby

pouze maly pocCet druhu AMF - cca 200
tradiCni taxonomie zaloZena predevSim na
Zpusobu vytvareni Spor (Gryndler pp. 37-38), j€jich
velikosti, barvé, ornamentaci, utvareni a
chemismu bunécné stény

sekvenovani rDNA: 18S (SSU), I'TS1-5.8S-
ITS2 (ITS), and/or 28S (LSU).


http://schuessler.userweb.mwn.de/amphylo/

Arbuskularni mykorhiza

Mykorhizni houby

 fylogeneticky velmi archaicka skupina hub,
ktera existovala (a vytvarela mykorhizu?)
71Z v obdobi ordoviku (nejstarsi nalezy cca
450 -430 milionu let)

* UcCast na kolonizaci sousSe rostlinami (pied
cca 430 miliony let)
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The AM fungi-plant symbiosis 1s

400 million year old fossilized
AM fungus within plant cell

This arbuscule
was found inside a
fossilized
Devonian plant, Modern arbuscules
. Aglaophyton major within plant cells

Remy, W., Taylor, T.N., Hass, H. and Kerp, H. (1994). Four hundred-million-year-old vesicular arbuscular mycorrhizae. Proc. Natl. Acad.
Sci. USA 91: , copyright National Academy of Sciences, USA; Images courtesy of


http://www.pnas.org/content/91/25/11841.short
http://www.pnas.org/content/91/25/11841.short
http://www.pnas.org/content/91/25/11841.short
http://en.wikipedia.org/wiki/File:Aglaophyton_reconstruction.jpg
http://mycorrhizas.info/vam.html
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Origin of AM fungi

Events
A B & D (I:Elstimat;ad
. — :: | —l— ALES0
! H i H divergence
| Land plants | Monocots—dicots Landmarks
5 o
@ 8 || § £ c | g = 3 & ;
= 2 |8 = 2 g @ 0 @ @ | Geological
0 = O c E L&)
£ 5 |2| S 5 E|l8 B o 5 | epoch
] o 3] D 0 an | = [i}] =
) O (1) = (4 B =
O
O
| | | | |
500 400 300 200 100 Present

Time {million years)

Figure 1.6 Estimated dates of origin and divergence of arbuscular mycorrhizal fungi. From
Simon et al. (1993). Reprinted with permission from Nature, 363, 67-69. Copyright McMillan

Magazines Ltd.



arni mykorhiza
First mycorrhizal associations involving roots

- ) 299 < First occurrence of Basidiomycota
3 Pennsylvanian
R
=
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U
359
Late
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o
S Middle - First forests
= . o .
2 First fungal-plant associations (paramycorrhizas)
Early & First occurrence of Chytridiomycota,
419 Blastocladiomycota, Mucoromycotina, Ascomycota
§ -« First terrestrial plants remains
=
- 443
Late
, First spores attributed to terrestrial plants
Middle - First occurrence of Glomeromycota
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o
3
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Figure 1.1 Earliest occurrences of fungi, plants and fungal-plant interactions in Palaeozoic times. Ages in
millions of years are taken from the International Chronographic Chart of the International Commission on
Stratigraphy, 2014. (See insert for color representation of the figure.)

Molecular Mycorrhizal Symbiosis

Editor(s): Francis Martin

First published: 28 October 2016

Print ISBN: 9781118951415 | Online ISBN: 9781118951446 | DOI: 10.1002/9781118951446
© 2017 John Wiley & Sons, Inc.
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Mykorhizni houby

e vyhradné nepohlavné se rozmnozujici
organismy???

* spory obsahuji nékolik set az tisic haploidnich
jader; rovnéz neprehradkované mycelium je
mnohojaderne

« geneticka rozruznénost jader (heterokaryontni
organismy) — mozny mechanismus uplatiujici se v
evoluci namisto rekombinace alel; Mullerova
rohatka (Mullers ratchet).
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2 Heterokaryosis b Homokaryosis
Parent Parent
spore spore

VANERN

Clonal progeny

Clonal progeny

Figure 1 Sorting of variants of a polymorphic marker in single-spore cultures of Glomus.
a, Sorting under the heterokaryotic model; b, sorting under the homokaryotic model.
Variants of the polymorphic genetic marker contained in nuclei are represented by
different colours.

734 Organization of genetic
variation in individuals of
arbuscular mycorrhizal fungi

©2004 Naturel

Teresa E. Pawlowska & John W. Taylor

Department of Plant and Microbial Biology, University of California, Berkeley,
California 94720-3102, USA
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(B) Break-induced I
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Parasexual and Sexual
Reproduction in
Arbuscular Mycorrnizal
Fungi: Room for Both
Gokalp Yildirir, 2

Mathu Malar C,"2

Vasilis Kokkoris,! and
Nicolas Corradi ©"~
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(D) TE-induced
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Trends in Microbiology

Figure 1. Potential Parasexual Mechanisms Drwlng Genetic Dwersnty in Arbuscular Mycnrmlzal
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e Arbuskula (lat. arbuscula = stromecek; angl. arbuscule)

— vnitrobunécna struktura

— povazovana za hlavni misto latkove vymény
mez1 hostitelem a symbiontem

— nékolikanasobné dichotomické vétveni kmenoveé
(trunk) hyfy = zvétSeni povrchu houby uvnitf
kortikalni bunky

— povrch arbuskuly obalen periarbuskularni
membranou

— pomerné kratka Zivotnost arbuskuli
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 Vezikula (lat. vesicula = méchyiek; angl. vesicle)
— vnitrokorenova struktura, vnitro- 1 mezibunécna
— povazovana za zasobni strukturu — lipidy

— vicemeneé kulovité rozsireni hyty, neoddélene od
mycelia septem; terminalni a interkalarni vezikly

— vytvari je pouze zastupci podradu Glomineae,
zastupci podradu Gigasporineae je nevytvari

— vezikulo-arbuskularni mykorhiza
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hyty (mycelium), pomocne¢ bunky, spory
— vnitrokofenove a mimokorenoveé mycelium
— typicky neprehradkovane, pri kontrakci
cytoplazmy z odumirajicich ¢asti mycelia se
septa vytvareji
— mimokofenove mycelim: auxiliarni (pomocne)
bunky a BASy (branched absorbing structures)
e auxiliarni bunky — analog vezikuli? ; pouze u podiadu
Gigasporineae; auxiliary vesicles, external vesicles
« BAS - struktura analogicka arbuskulim?
— apresorium (tercek): ztloustla a zposténa hyfa v
misté penetrace do korene
— nikdy se netvori rhizomorty!
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Vnitrokorenoveé mycelium



intraradical mycelium.htm
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Mimokorenoveé mycelium — auxiliary cells
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Je mozne na zaklad¢ morfologie
vnitrokorenovych struktur urcit,
jaky taxon houby rostlinu
kolonizoval?
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..aby to nebylo tak jednoduche. ..

...J1z v 1. 1905 francouzsky botanik Gallaud
rozliS1l dva morfotypy AM, Arum a Paris

« Gallaud L. 1905. Etudes sur les mycorrhizes endophytes. Revue
General de Botanique 17: 5-48, 66-83, 123-136, 223-239, 313-325,
425-433, 479-500
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Arum morfotyp

—velké lateralni arbuskuly
—hyfy Sifici se prevazné
mezibunécnymi prostorami

—charakteristické pro rostliny s
velkymi mezibunécnymi prostorami
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—charakteristicke pro rostliny s
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Paris-type intracellular coils of Glomus (Rhizophagus) intraradices in
cortical cells of a root of Panax quinquifolius, viewed by confocal microscopy. Note absence
of intercellular hyphae. Reproduced from Peterson et al. (2004),
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Ale...

* je skutecné velikost interceluldr hlavnim
znakem urCujicim, jaky morfotyp se
vyvine?

* vliv ekologickych podminek na velikost
intercelular

* hraje rol1 1 druhova 1dentita hostitele nebo
symbiotické houby?
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dodnes jsou publikovany Clanky, jejichz
zakladem je zjiStovani vyskytu toho kterého
morfotypu u (planych) rostlin

Arum je typicky pro vétSinu zemédélskych
plodin — je 0 ném mnohem vice poznatku
Paris se vyskytuje u zna¢ne ¢asti planych
druhu

mista létkOV}’/Ch prenosu? ,,arbuskulocentrismus®
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 Historické srovnani:

— prvni pozorovani arbuskularni mykorrhizy: Nageli 1842
— detailni popis morfotyptu AM: Gallaud 1905

— prvni uméla kultivace rostlin s AM houbou a zjiSténi
identity AM houby: Mosse 1953

— od ca 2007: molekularné biologické determinace hub
vs. stale nevyfesené otazky ohledné morfotypu



Zivotni cyklus AM hub




Mycorrhizal pathway Direct (non-mycorrhizal)

pathway
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Uptake by roots - f’é Uptake by roots
and root hairs Al 7 and root hairs
N

Root growth

<

Figure 4.1 Diagrammatic representation of potential pathways of nutrient acquisition from
soil in an arbuscular mycorrhizal root. The mycorrhizal pathway involves nutrient uptake by
the external mycelium of an AM fungus, translocation through the hyphae to fungal struc-
tures in roots and transfer across symbiotic interfaces to the plant root cells. The direct
pathway involves uptake by root hairs and epidermis. Depletion of relatively immobile nutri-
ents in soil, such as P, following rapid uptake via either pathway is also indicated.

Table 4.1 Representative measurements of dimensions and spheres of influence of roots
and hyphae of associated arbuscular mycorrhizal (AM) fungi growing in soil.

Feature Hyphae Roots
Diameter (pum) 2-10 =300
Specific length (m/g soil) 2—40 <0.10'
Radius of influence (m from the root) 0.25 <0.01%
Inter-hyphal or inter-root distance (um) ~130 2000

'excluding root hairs; Zincluding root hairs.
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Rustove reakce rostlin na vytvoreni AM

Variations in AM responsiveness of plants

Although positive benefits in terms of plant growth and/or total P uptake are
generally highlighted, some plants are apparently unresponsive to AM
colonization, even in soil of low P status. An enormously wide range of
responsiveness, usually determined in pot experiments in both wild species
and crops, 1s increasingly being recognized and investigated (Wilson and
Hartnett, 1998; Klironomos, 2003; Tawaraya, 2003). An example of such
variation is shown in Figure 4.6 (Klironomos, 2003). Sixty-four plant
species from an old field community in Canada were grown separately with
an isolate of Glomus etunicatum from the same site and their growth
compared with non-inoculated plants in the same soil. Growth responses in
terms of whole-plant biomass varied between the species from 46 to 48%.
The data highlight the fact that quite different AM strategies can be present
among coexisting plant species. Unfortunately, in this investigation no
attempts were made to relate responsiveness to changes in P uptake, root
characteristics or variations in fungal colonization in roots or hyphal growth

in soil. Understanding why plant species respond differently and the M SIMBIOSIS
importance of such variation in ecological situations will only come from i
more detailed analyses. 7/
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Figure 4.6 The influence of Glomus etunicatum on the growth of 64 plant species from the
same site and grown in the same soil as that from which the AM fungus originated. Data are
the per cent change in biomass of AM plants, compared to non-mycorrhizal controls. Mean
95% confidence interval was |7%. |dentities of the plant species are given in Table | of the
reference. Reproduced from Klironomos, Ecology, 84, 2292-230| (2003), with permission of
The Ecological Society of America.
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Spektrum symbiotickych interakci

Table 1. Overall ecological benefits in plant-fungus interactions. Classical mycorrhizal relationships (ECM, AM), range from mutualism to
parasitism on the plant depending on whether the assimilated carbon contributed from the plant is adequately compensated by the mineral
nutrient contribution by the fungus {lower line {italics)). Orchid mycorrhiza ranges from parasitism on fungi to commensalism, depending on
the impact on the fungus in question {upper left corner and middle left {bold)), and may approach neutralism depending on the extent to
which the plant acquires photosynthetic capacity and develops infection-free roots. Elaboration on diagram given by Johnson et al. (1997),
not intending to convey any information on structure or actual material transfers.

Gradient of fungal responses

neg Parasitism (4, —) Amensalism (0, —) Competition (—, —)

0 Commensalism (+,0) Neutralism (0,0} Amensalism { —,0)

pos Muttalism {(+, +) Commensalism 10, +) Parasitism { —, +)
pos 0 neg

Gradient of plant responses to mycorrhizal associations

* Rasmussen and Rasmussen 2009
* pro AM neni uvedena kategorie (+,-) tj. mykoheterotrofni AM rostliny

* pro OM neni uvedena mutualistickd symbidza

Zarazeni dane symbiozy do tohoto spekira je
velmi dynamické zejmena v case, ale | se zmenou
vnejsich ekologickych podmlnek, a vzdy se
vztahuje k aktualnimu stavu!!!



