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* Chair for Botany and Plant Physiology, Dept. of Biology
* Staff:

* 3 Professors (lecturers), 6 Teaching assistants

* 5 Laboratory associates/technicians

* 1Researcher, 2 PhD Students

e 2-3 MSc & BSc students on “student work”
* Research:

* Cellular changes during plant development (microscopy

* Elemental composition of plant tissues (XRF, PIXE)

* Invasive & indigenous flora (taxonomy)

* Plant-microbe interactions (mycorrhiza, seed endophytes)
* Teaching:

* Botany, Plant Systematics, Plant Physiology, Plant Cell Biology, Plant-microbe Interactions...
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I. The Evolution of Life on Earth g e )' / %

Il. Microbial Diversity W 7

lll. Interactions of Plants and Microorganisms

i. Plant as a Holobiont

| plasma
| source

ii. Symbiotic MO (mycorrhizal fungi)

iii. Endophytic continuum

Endophytic Fungi in Seeds

IV. Plasma for Decontamination of Microorganisms (Seeds)

seed



. The Evolution of Life on Earth
EVGLUTION OF LIFE

 How old is life?
e Earth: 4,6 bya
 Life on Earth: > 3,5 bya

4.6 bya: Origin
of Earth — sterile
and anoxic

600 mya: first
MC organisms

e Evolution 800 mya: ~20% O2 S S Mo ol Yenre zaiz:a:;s;
. . . . . ik B Archaea

* Diversity - biodiversity @\ So
* Ecosystems Mg;\mijm, L =%

* Organisms SIE

* Genes

Macroscopic Eukaryotes .000%.;._‘ >
cVambacteriaodur
2.4 bya: transition to Phototrophs
DXyECn ahmosSphere 80 % of Earth history =
Adapted by © Dreamstime only MO!
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* If Planet Earth was 1 hour old...
\ . el A0 e > 4 PRESEN-T
If we redraw the timeline as a circle, we ' ~ " Humans ORIGIN OF s
can apply the visual analogy of a timer ;/  Colonization THE SOLAR SYSTEM |
that begins with the origin of Earth and A of land AND EARTH 4
counts down for 1 hour. In this way, ' X '
we can relate the relative timing and P Animals
duration of events that occurred Vi
billions of years ago to a familiar time 4
scale. On a 1-hour time scale, Multicellular
animals originated about 9 minutes eukaryotes Prokaryotes e
ago, while humans appeared less than
0.2 second ago.
Single-celled
eukaryotes Atmospheric oxygen
©Campbell Biology
l_
70t | BF | ccecmicnracury




* Diversity of Life

S ‘\J > J) ‘
Bacteria Archaea Protists Plants
| | "4
Bacteria J ArchaeaJ Eukarya J

4

|

Last universal common ancestor (LUCA)

fNgT

Animals
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* All 3 domains of living organisms

PROKARYOTES ARCHAEA |

Protobacteria

Hyperthermophiles

Mitochondrion

Extreme halophiles

The modern phylogenetic tree of life based on the
analysis of rRNA gene sequences as proposed by
Carl Woese, 1990 (Towards a natural system of
organisms: proposal for the domains Archaea,
Bacteria, and Eucarya)

Eukaryotic
“Crown species”

BACTERIA Gram-positive EUKARYA Highlights that much of the history of
e life has been single-celled organism!
Animals
Cyanobacteria
Slime molds
Chloroplast kl’ungi
Plants

Flagellates
Giardia

Hyperthermophiles

\

«“ LU CA” Foot of the tree

EUKARYOTES
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Microorganisms (MO) = far the most abundant and diverse living organisms

* 2x10"30 cells

inhabited the planet Earth for more than 3.5 billion years
(long before the first P & A appeared!)

They have evolved and adapted to nearly every type of
environment, even the most extreme ones.

* land and in water (+ice); soils (+volcanos) and air (+clouds);
on and inside other living organisms.

the most dominant form of life, a majority of biomass on
our planet = essential for sustaining life on Earth!

MO activities play critical roles in biogeochemical cycles:
* N circulation & fixation (+ C, O, P, S... cycle)
» disintegration of organic matter (decomposition).

A Figure 27.18 Extreme thermophiles. Orange and yellow
colonies of thermophilic prokaryotes grow in the hot water of
Yellowstone National Park’s Grand Prismatic Spring.

i | BF

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty



Il. The Microbial Diversity

* Microbiology = science of microorganisms (MO)

* MO = microscopic organisms, mostly single-celled,
some can form complex multicellular structures.

* Prokaryotic and eukaryotic organisms from all 3

domains: , Bacteria %
* Archaea i
* sk * Eucarya e
¥ * Protists
# * * Fungi <
* * Viruses* it | B |somemmaniomass




e Bacteria

* prokaryotic, undifferentiated, single cells (0.5 — 10 pm)
 *multicellular (e.g. Magnetoglobus sp.)

* 30 phyla that can be grown in lab. cultures

Actinobacteria, Firmicutes, Proteobacteria,
and Bacteroidetes.

* eDNA seq = evidence for the J
existence of 80+ bacterial phyla! e

i | BF

o,

© DOI: 10.1099/ijs.0.64857-0
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ll. The Microbial Diversity

* Bacteria
* Major phyla (based on 16S ribosomal RNA gene sequence comparisons)

:z:er:me ey *Note: The area of each wedge is roughly proportional to

Sequences ‘I”B,‘,,", the number of described cultivated species in group.
Delta-

Epsilon-

Zeta-

Actinobacteria
Firmicutes
Bacteroldetes
Tenenlcutes
Cyanobacteria
Deinococcus-Thermus

Verrucomicrobia
Thermotogae
Chiorofiexi
Agquificae
Chiorobf

L
1 10 10° 10° 10* 10° 10° [l

|||||||||
i

E UNIVERSITY OF LJUBLJANA
N Total Number FEE

Biotechnical Faculty

BF

© DOI: 10.13140/RG.2.1.2632.5928



Table 27.1 Major Nutritional Modes

Energy Carbon Types of
Mode Source Source Organisms

AUTOTROPH

Il. The Microbial Diversity peeimmimmm——m—

or related prokaryotes
compound | (for example,
cyanobacteria);
plants; certain
protists (for
example, algae)

* Bacteria — metabolic diversity:

* Cyanobacteria: phototrophic (oxygenic photosynthesis), “blue-green algae”

* Purple Sulfur Bacteria: anoxygenic phototrophs (H2S): lakes, marine EEPES | .
sediments and “sulfur springs” FRORSISHSRRUMERY, |t o | o
* Nitrogen Fixing Bacteria: fix gaseous Nz into NH3, symbiotic relationships S?:k?rlytgf:smg
* Nitrifierss ammonia oxidizers (NH3 = NOz2), nitrite oxidizers (NO2 = NO3), rghriehins:
* Denitrifiers: anaerobic respiration (NO3, NO2 > NO, N20, N>) | | | [E——
. . Chemoheterotroph | Organic Organic Many prokary-
: Sulfur metabolism probably fueled the earliest compounds | compounds | otes (for exam-
forms of life on our planet; anaerobes (anoxic, marine sediments). szl
: respiratory reduction of S to conserve energy; ki

more diverse - obligate anaerobes, facultatively aerobic).
: dissimilative chemolithotrophs.

* Dissimilative Iron-Oxidizers: acidophilic, neutrophilic, anaerobic

e ...andalot more. ©




 Deinococcus radiodurans

* Bacteria: Worlds toughest M“&iﬂuh

Extremely radiation & desiccation resistant

Red or pink (carotenoids),

Resistant to ultraviolet (UV) radiation or even gamma rays
* survives 15,000 grays (Gy) of ionizing radiation!
* Most vertabrates (human) killed by exposure to less than 10 Gy!
* Most bacterias can survive up to 200 Gy

highly efficient in repairing damaged DNA, even from small
chromosome fragments (enzyme RecA + more RecA-independent © DOI: 10.1038/nrmicro2073
DNA-repairing enzyme systems)

Cells in pairs or tetrads: unique toroidal (coiled, rings) structure of

DNA - fusion when repairing damages.
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* Archaea once classified as bacterias (Archaebacteria)

* metabolic pathways + gene expression more similar to eukaryotes.
associated with extreme environments: hot, salty, acidic sites.

* define chemical and physical limits of life.
methane-producing Archaea (methanogens):

* Wetlands

* Guts of animals (including humans) = big impact on the global
greenhouse gas emissions!

Important in C- and N-cycle;

5 described phyla: Crenarchaeota, Euryarchaeota, Korarchaeota, © Wikipedia
Nanodarchaeota and Thaumarchaeota.

* Most can not be isolated (grown) in laboratory (only seq).
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Il. The Microbial Diversity

Animal cells (and other phosynthetic cells)

(and other non photosynthetic cells)

* Eukarya: Protists (+Algae) 3% :
* Microbial eukaryotes appeared ~ 2 bya TR
* “any eukaryotic microorganism that is not a Nucleusv@g%o °
plant, animal, or fUHgUS” Organees Cyanobacteria
» Complex cell structure, true organelles = deve'OPme"tjﬁg;Mstochondﬁa
allowed development of multicellularity! s (o)

1 Endosymbiosis
D 0

Archaea Bacteria

* Endosymbiosis theory:
* primary and secondary endosymbiosis

© https://[mmegias.webs.uvigo.es/
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ll. The Microbial Diversity

* Eukarya: Protists (+Algae) vs. “higher’” Eukarya

Rhizaria

S
v
sppeI0e
Spe U3, 95

04

Archaeplast]

SUEIuLes
J)
2

Stramenopiles

N
diat:
Amoebozoa —— el
i W0 3lpae
Detyosrany L, Y v,
( qco(&’e
/"-
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% %
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~Excavates

Opisthokont

© DOI: 10.1371/journal.ppat.1003028



ll. The Microbial Diversity

* Eukarya: Protists (+Algae)

* Very variable in size (even smaller than bacteria), shape, and

thSiOlogy Slika 1.5: Amoeba proteus:
* Ostreococcus sp. (picoplanktonic green alge) ~ 0.8um 00 = 1000 urm

* Amoeba-like Xenophyophores sp. ~10 cm
e Slime-molds ~30 cm

Plasmodial slime mold
Fuligo septica

Slika 1.6: Rotifera sp.:
Multicellular
100 — 5000 um

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty
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© https://botanicgardens.uw.edu/ © Wikipedia



* Eukarya: Protists (+Algae) a

* Euglenida, Kinetoplastida (Trypanosoma)...

* Golden, Brown Algae

* Foraminifera, Radiolaria

= © Wikipedia
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* Eukarya: Fungi ®

Non-phototrophic eukaryotic microorganisms

saprotrophic and/or symbiotic > decomposition
Single cells [ hyphae (mycelia)
* rigid cell walls (chitin)
Spores
* Conidia (asexual spores)
* sexual spores: asco-, basidio-, zygo-, zoospores
Yeasts, molds and mushrooms
~ 100,000 described species (approx. 1,5 million existing?)
* soil/dead plant material
 pathogens (mostly plants, some also animals/humans)
 Symbiotic relationships (plants — mineral acquisition)

Importance for humans: food, fermentation, antibiotics...

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty
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ukarya: Fungi - Diversity

Microsporidia

Basidiomycota Ascomycota

Glomeromycota Zygomycota Chytridiomycota Animalia

* Rhizopus, Mucor
Glomeromycota

* Unicellular parasites of animals
Chytridiomycota

* Flagellated zoospores @ obligate AMF
Zygomycota (zygospores)

Primitive,

flagella

* Obligate endomycorrhizae (mostly AMF)
Ascomycota (ascus > ascospores)

* Largest, most diverse group: Saccharomyces, Aspergillus...

Basidiomycota (basidium = basidiospores)

* 30.000+, mushrooms: Agaricus, Amanita, Cryptococcus...

= Microsporidia

Adapted by © https:

i | BF

[[courses.lumenlearning.com/
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* Viruses

* Are they alive or not 2!
 Can only replicate in a host cell! (are “parasites”)
* Are not cells! (no membrane, cytoplasm, ribosomes)

* Small genome: DNA or RNA, ss or ds
* Infect B, A and E!

* Classification is based on:
e structure,
* genome composition,
* host specificity.

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty
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lll. Interactions of Plants and MO

fim
PLANT SCIENCE

NS J\'\ ';%

[
5“%%
DA

)

Ry

The microbe-free plant: fact or artifact?

¢ Plants and MO in nature Laila P Partida-Martinez and Martin Heil *

* Plant-microbe interactions are ubiquitous
* Plants are full of MO!

* Plant phenotype = product of plants and
MO gene expression!

+ Mutualistic, neutral or BatHOgens

* Mycorrhizal fungi, N-fixing bacteria (Rhizobia in
nodules) and PGB bacteria (B, P, R).

i | BF

Departamento de Ingenierla Genética, Centro de Investigacion y de Estudios Avanzados — Irapuato, Irapuato, México

Ao |
© DOI: 10.3389/fpls.2011.00100
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Harmful Beneficial

Anthosphere

* Plant as a HOLOBIONT e L ? ~.

Spermosphere S\

* “the host plant together with all its | 4 comycetes TUF
associated microbiome” 3. | |
* Contribute to the whole performance. N Viruses, (% 9
* Credits: Lynn Margulis (1991) ? Phyllopiane ——— 4 V T @'
* Symbiosis as a Source of Evolutionary Innovation nytosshere ’ \o°

* Introduced by Adolf Meyer-Abich (1943)!

* “The theory of holobiosis says that all higher and Foompiars
more complex organisms have developed through  ruizosphere —
biontic processes, that is, parabioses, antibiosis, ¢
symbioses, and finally holobioses between simpler
and lower forms of organisms.”

D
Endosphere Algae |~ :\}(

s
Nematodes | =
)

Bulk soil
© DOI: 10.3390/microorganisms7080269
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* Plants and MO
* Epiphytic or endophytic

* Beneficial, neutral or harmful

Wild & domesticated microbiomes, plant-soil
feedback, host-mediated microbiome,
agricultural practices

INSIGHTS @&

a b« Important role in: ' R ) o retwork anaiyss, micrabial clures
- = emporal and spatial dynamics of microbial communities

%:. (3] _Flmt-mfechng b Plant grOWth & deVEIOpment @ I/lult’i)trophic intZretxctior):sintheplant microbiome t
[~ 5 fung' Environment influence on plants and microorganisms
I — A nirmal- 1 1 3 ew plant breeding strategies
E 4 inrf-!l;:ni:;"tir‘lg f'l..lr'lgi * PhySIOIOglcal State = Ir\rlnprg\lledtc?op )c/‘iei?:i atndtq?lality

° . . . . .
E’ 4 Immunlty agalnSt bIOtIC & - EXPLOITING PLANT MICROBIOMES

3 2 abiotic stress N
£ 1 |\ .

0. © DOI: 10.3389/fbioe.2020.00896
2
ﬁ'@ "655) "E:‘@ i)

[ ] Yaar d

= Fumgi _E 'E .

= Protist g In the context of climate changes?

= \Wiruses & .I:

= Bacteria E ﬁ |

& Helminth -E E e B F UNIVERSITY OF LJUBLJANA

& Other 5 ©DOI: 10.1038/nature10947 EE\T[j A Biotechnical Faculty




Nitrogen Fixation

* Symbiosis with N-fixing Bacteria
* N deficiency = most limiting for plant growth
(N in proteins, NA...)
* Plants: only nitrate (NO3-) and ammonia (NH4+)
* Bacteria & Nitrogen cycle

N2 in the ﬂ ) j g
atmosphere Lightning || ©¢ 4
¢ h o ¢

+ Nitrification (NH3 = NO2-; NO2- = NO3-) | Niiting sacters

red
° Nitrogen fixation (NZ -> NHB) Nitrogen-fixing bacteria

red N‘ Nt fy 9

red
* Denitrification (NO3- = NO2-—> N2) DPenitrifying bacteria > s S0 PR

=P Human activities R Scieace Facks. ot

* Protein = amino acids - NH3 - NH4+

_ Ammonifying bacteria

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty
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* Symbiosis with N-fixing Bacteria
 Root nodules:

* Rhizobium + legumes (Fabaceae: beans, peas,
chickpea, soy, lentil, peanuts, alfalfa, clover...)

* Bradyrhizobium, Mesorhizobium, Proteobacteria...

* Corraloid roots:
* Cycadaceae: Cycas revoluta
* Living fossils 200+ mya \§
* Cyanobacterias: -

* Nostoc, Calothrix,
Scytonema and Richelia

© DOI: 10.3390/genes10120991

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty
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* Mycorrhiza

Symbiotic relationship between plant & fungi
“fungus roots” (gr. mukeés - fungus; riza - root)
Mostly mutualistic (+, +)
Primary for nutrient transport
* Fungal hyphae = 1 water, mineral nutrition
* Plants = sugars to fungi
More than 90 % of all land plants (+ ferns & mosses)

T growth & development of plants, tolerance to
abiotic (drought) and biotic stress (pathogens,
parasites).

MF 1 soil quality, plant biodiversity, key role in
establishing & sustaining ecosystems!

i | BF

UNIVERSITY OF LJUBL]JANA
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l1l. Interactions of Plants and MO

* Mycorrhiza in plants

Disturbance
opportunists

L

-

e e
iiiifigalis

====|1nru

© DOI: 10.1111/nph.14976

BF
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* Arbuscular mycorrhiza

¥
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l1l. Interactions of Plants and MO

No colonization

AM-colonization

Increased resistance to
foliar pathogens

[Increased drought tolerancel

AMF key role in evolution of plants (land colonisation)
—> first fossils more than 400 mya!

The oldest & most widespread symbiosis on Earth

Living fossils?

Glomeromycota (150+ species, nonspecific) v _
* Obligate symbionts ‘ (N _

Mainly herbaceous plants (>80% of all plants) Wittt st il ._ S

Typical structures: " i

root pathogens
* Arbuscules = the most intimate symbiotic connection of 2 () O
m e m b ra n e S ‘ IPhospha(e deptetio.n zonel

* Vesicles = storage structures (lipids)

* Spores = hardy structures + reproductive propagules
Primary role = supply of P (a very immobile, hard-to-
access, often depleted in the soil)

I Increased sait tolevance]

SAR-like responses
(SA and JA dependent)

Nutrient transfer
via AMF

Increased resistance
to heavy metal toxicity

Systemic resistance
to root pathogens

© DOI: 10.3390/agronomy7040075

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty
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l1l. Interactions of Plants and MO

hyphae

/[

vesicle

e a& arbuscule

UNIVERSITY OF LJUBL]JANA
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/NP
s 2SS %
P |
| 9 PSP Hartig’s
o Mantle \ net
. ECtomYCOrrhlza (fungal sheat) , TR ‘

* 6000+ Ascomycetes & Basidiomycetes
* Facultative symbionts, very diverse

* Mostly woody species (10%)

* Mantle, Hartig’s net

* Primarly for better N acquisition

* Large underground network of hyphas
* Fruiting bodies of EMF = mushrooms

o) U S -

e b
) o i S
3 /‘ )
F : 4~
v /
=
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Plants and Fungal Endophytes

Benefits of endophytic colonization by fungi

Direct benefits and

Nutrient acquisition
N, P, K, Mg, other macronutrient

Phytohormones Production
AA, GAs and cytokinin

* Definition: / /el
» De Bary (1886): “each organism living inside plant” vty /,J’««//'
(gr. éndon=inside, phyton=plant) D™/ e ey

* Petrini (1991): “fungi that colonise inside of plant tissues S 146220201530
without causing visible damage (symptomes of disease) in host plants.”

* All plants in natural ecosystems are colonised with fungal endophytes:

| e o . . . -
mreet LS e Vertical (usually mutualists) and horizontal transmission
lansley review (opportunists)
. o , , e
Fungal endophytes: diversity and Highly .dlve-rse.? profound impacts on ne?tural plant communities!
functional roles * Ecological significance = poorly characterized (100 yr+ research)

Author for correspondence:
R. J. Rodriguez

Tel: +1 206 526 6596
Email: rjrodriguez@usgs.gov

Received: 8 September 2008
Accepted: 20 December 2008

R.]. Rodriguez'?, J. E White Jr, A. E. Arnold® and R. S. Redman?®
'US Geological Survey, Seattle, WA, USA; *University of Washington, Seattle, WA, USA;
"Rutgers University, New Brunswick, NJ, USA; "Division of Plant Pathology & Microbiology,
Department of Plant Sciences, University of Arizona, Tucson, AZ 85721, USA
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* The concept of Endophytic continuum

* Schultz & Boyle, 2005
* Developmental and evolutionary!

* No neutral interactions, rather a balanced antagonism
* Always at least a degree of virulence
* Host plant defence: limits development disease

* Endophytes < phenotypic plasticity < pathogens
* Local/extensive colonisation, virulence, pathogenity,

latency, saprophytism

* Motor of evolution!
* saprophyte < endophyte < mutualist (MF)

L
R_

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty
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* Pathogens? The Disease Triangle o ‘*
HOST . N
Crop, cultivar,

susceptibility, =
growth stage, vigour & L
* ~
e /
— : X

Alternaria alternata isolated from buckwheat grains
grown in pure culture (left) + spores (conidia) (right).

PA ENVIRONMENT
Surviv Favorable

infection cyc (T, moisture...)

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty
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* The Disease Cycle

Infection \
/ Invasion

Host recognition

: Colonization
Penetration

Growth and/or

Attachment reproduction of
pathogen
DISEASE
Incubation CYCLE
Symptom
development
Dissemination of
primary inoculum Dissemination of pathogen
\ (secondary inoculum)
Primary Production of
inoculum overwintering stage

\

FIGURE 2-2 Stages in development of a disease cycle.
© Plant Pathology, 5t" ed. (2005) Elsevier Ac. Press.

Dormant period

* Disease cycle — pathogen life cycle

Appearance, development & perpetuation

1.

OV R W

Inoculation -

penetration 2

establishment of infection =

colonization (invasion) =

growth & reproduction of the pathogen =

dissemination of the pathogen (or survival of the
pathogen in the absence of the host:
overwintering [ oversummering)
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Botryﬁs cinerea (grey mold on grépes)

Colletotrichum acutatum (antrachnose on
strawberry) © Kumvinit & Akarapisan (2016). &
Journal of Agricultural Technology 12(4):693-706. |

Fusarium oxysporum (Fusarium wilt of ? " :
banana - Panama disease) © Wikipedia S8

Alternaria solani (early blight disease of tomato) l
© Karthika, Varghese & Shanavas (2020). 3 s ‘ BF
Biotech 10(7)w2 -
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* Fungal Diseases of Cereal Crops

* Ergot (Claviceps purpurea): rye, millet, wheat (barley, oat)

* Ergot alkaloids = ergotism

* Fusarium head blight (F. graminearum, F. culmorum): small \t
grains (wheat, barley, oat, rye, corn etc.) 58

* Trichothecenes (Deoxynivalenol, T-2, HT-2), zearalenone... Ergot on rye © www.aokin.de/  FHB in wheat © www.apsnet.org/
* Powdery mildew (Blumeria sp.): corn, wheat, barley

* Cereal (leaf & stem) rust (Puccinia sp.): wheat, oat, barley Powdery mildew in wheat
© www.agric.wa.gov.au/

» ~10% of world cereal crop loses
* Corn smut / Loose smut (Ustilago sp.): corn, cereals

Corn smut
© www.macleans.ca/

Stem rust in wheat
© www.ars.usda.gov/
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lll. Interactions of Plants and MO e

sporangiophores
Rhizopus stolonifer

* Postharvest Fungal Diseases

* after harvesting, grading, and packing, during transport to market,
during storage

 Destroy up to 30% of total yield
* Mycotoxins! (especially grains)

* acute mycotoxicosis = severe illness = (death)
* Ascomycota: Aspergillus, Penicillium (grains)
* Aflatoxins, ochratoxins

* Low WA (10-12% moisture), A. flavus
* On field or during storage
* Zygomycota: Mucor, Rhizopus

* Basidiomycota: Rhizoctonia, Sclerotium
(fleshy fruit & vegetables)

Green (P. digitatum) and blue mold
(P. italicum) on citruses DOI:
10.1016/B978-0-12-411552-1.00002-8
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l1l. Interactions of Plants and MO

A

* Dark Septate Endophytes

* A continuum between mutualism and parasitism
* Ascomycetes
* dark melanised hyphae + microsclerotia

 Ubiquitous: high tolerance to abiotic stress

* Extreme environments, trace element-contaminated
and other stressful soils
* Important function for host survival!
* PGP by improving nutrition

* producing secondary metabolites
(phytohormones, VOC)

* protecting against phytopathogens

. *DSE colonization in roots
* Cadophora sp. in pure
culture (© J. Mravlje)
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* DSE in metal polluted area in SLO

* Case study: almost 30 years of research at a heavily metal polluted site

in N Slovenia (Zerjav, former lead smelter facility).

MEINE IN KRITICNE IMISIISK™ * ™" "NOSTI SNOVL Y, T cu
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lll. Interactions of Plants and MO
Axis 1 Axis 2 R p
Cd - A0 {1 HH 47 p=in00T
0.5 - Phk - 09l .39 .68 pet 001
0c (LEG 049 40 p=lL016
* DSE in metal polluted area in SLO fa
* DSE colonisation P with 1 levels of pollution
and | levels of organic matter = suggestinga ., n
potential functional role of DSE for wilows 3 ’ *aa
. . . . = 12 45
(Salix caprea) growing at metal enriched site. e
Pl P2 P3 P4
-0.5 4
Cd
Root fungal colonisation
AM (%) 00 3.0+1.6 140.5 0.03+0.01 25 w
DSE (%) 20.4+7.0a 4.5+1.6b 0.1+0.01b 0.7+£0.7b
EM (%) 45.3+1.9a 36.2+0.4b 46.3£0.7a 50.4+4.0a
- - = B I I I I I I I |
-08 06 -0.4 0.2 0.0 0.2 0.4 0.6

NMDS1
© Likar & Regvar (2009) Sci. Tot. Env. 407: 6179-6187

© Regyvar et. al. (2010) Plant Soil 330:345-356.
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DQOE2S Cadophora finlarndica
&0 | DQ0E8992 Cadophora finkandica

AJ430191 Hymenoschyphus encae EM

AJ430190 Hymenoschyphus encae EM

AJS34703 Phialophora finlandica

DQ447984 Unidentified Helotiales from Saiix caprea

DO447996 Phialophora finlandica from Salix caprea
- AJ430119 Hymenoscyphus ericae
AJS34704 Phiaiophora finlandica
AYG18678 Phialophora verrucosa
FJ553854 Uncullured Leohumicola EM
DQ497935 Uncullured Leohumicola verrucosa EM
HOE85124 Fungal isolate DB146 from Salix caprea

71

* DSE & their role in plant protection

* Fungalisolates: Phialophora/Cadophora complex
 DSE-inoculated willows had { leaf Cd content also {, Zn L s

concentrations (isolates DB146 and DB148). B S
* DSE isolates 1" the chlorophyll levels, some also TR. L oo resones

* DSE reduced the metal uptake by the willows = beneficial cctesscus oohass
role of DSE in metal-enriched soils!

DQ317327 Cadophora luleo-olivacea
1444

2447986 Leplodontidium orchidicola from Salix caprea
HQ685125 Fungal isolate DE148 from Salix caprea
AF214577 Leptodontidium orchvdicola

AF214578 Leptodontidium orchidicola

HQBB5126 Fungal isolate DB149 from Salix caprea
AF083201 Phialophoara malorum

DQ452144 Unidentified Helotiales from Salix caprea
AF083202 Phialophora malorum

A-L AFOB3205 Phialophora melinii
a1 | i.ﬂv?aﬁza Cadophovra fastigiata
23 | DQO08227 Cadophora fastigiata

r AYE1 BEBT7 Phialophora ligricola
00 L— AFOB3193 Phialophora ligmicola
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. © Likar & Regvar (2013) Plant and Soil 370: 593-604
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* Plant microbiome

* Aboveground microbiome = more
variable: open nature and rapidly
fluctuating environment.

* Transfer by aerosols, soil, pollen,
insects, herbivores and/or migration
via other plant tissues.

* Smaller overlap between the fungal
community of aboveground plant
tissues and soil than bacteria -
other sources are important
reservoirs for the aboveground H
fungal community! )

© DOI: 10.1038/541579-020-0412-1

o

erial diversity
diversity index (H))
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l1l. Interactions of Plants and MO

Benefits provided by the extended root phenotype

Phenotypic plasticity

* MO communities in rhizosphere

* Rhizosphere = soil around root system, where
interactions with MO occur (Hiltner, 1904).

* MO & plants:

Nutrient acquisition Tolerance to abiotic stressors

Extended immunity against

biotic stressors
* Friends
* Foes o
* strigolactones
Biotic drivers - Abiotic drivers
T
Muﬂgﬂhﬂvﬂi ine

© DOI: 10.1111/tpj.14781

.
L2
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* Bacterial communities in rhizosphere

* Soil properties (soil texture & type, water content,
pH, salinity, OC...) dictate bacterial structure!
* Minor role of:

* plant communities
* root exudates A) B)

k =2, stress = 0.142

PERMANOVA: p < 0.01
015
0.10
taxon
Soil I Acidobacteri
X . idobacteria
005 . . ctinobacteria
variables T i 2 B Actinobacteri
$ 3% .00 o Alphaproteobacteriz
§ : ;: r;g ¢ 08 ¢ 3 B Bacteroidetes
2 o000 -t f’-" F [ Betaproteobacteria
' !:" B Chloroflexi
":; . "0.' " 2 Deltaproteobacteria
e op ] I Firmicutes
005 o % = | B Gammaproteobacte
. Other
Planctomycetes
-0.10 Verrucomicrobia
-0.1 00 01
NMDS1
Compartment ooo] HHETEN s
Root P' ant e Bulk soil e Rhizosphere Bulksolli  :Pivtometer
exudates

variables © DOI:10.1038/541396-019-0543-4

Wheat soil

l1l. Interactions of Plants and MO

" Proteobacteria

B Other

o

0 [is
8 [
it

Cucumber soil

B Actinobacteria
I Unclassified bacteria | Bacteroidetes

© DOI: 10.1038/ncomms5950
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l1l. Interactions of Plants and MO

@) Bacteria Fungi

* Bacterial & fungal communities
* Vertical transmission? Effect of soil? : ’

S
]

* Bacterial communities in rhizosphere
and roots are similar, more diverse than
in seeds!

Shannon diversity (H')

L] L] . . 2 5
* Fungal communities: possible vertical .
transmission... interesting S/P ratio.
{a.—' .00 - T ™ {b.—' 1.00 = 8 0-
= EE’ Rhizosphere  Root Seed Rhizosphere  Root Seed
= . S 5
S T 3
-EE = ‘ - gg 0.50 - _'II .
52 . =8 »
= -
g_% 02541 J - E% v -
o £8 025, {
0.00 - e - C o — . - e ...; B F UNIVERSITY OF L]UBL]ANA

Biotechnical Faculty

thau.smarﬂ R-u::m Si'ﬂd Fthm;i'iara



* Seed microbiome: inoculum for next generations?

Vertical transmission?
* seed microbiome = diverse and non-randomly distributed

* large part of the seed microbiome is transmitted to the
phyllosphere and roots of the developing seedling!

* phyllosphere = diverse, strongly resembled the
composition in the embryo!

* roots and pericarp each had a less diverse and distinct
microbial community.

Transient microbiome

oots

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty

Transmitted
microbiome
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BUCKWHEAT BUCKWHEAT BUCKWHEAT
< y

* Seed microbiome of Buckwheat grains |

* Fungal frequencies & diversity | during storage!

* Interspecies interactions determine incidence of
fungi? direct antagonism & VOC

Onormal seedlings Qimpaired seedlings  Bnot germinated seeds  ®root length

Time (months after harvest)
6

100 100
90 r 0
§ 80 { 80 . &
» Different effect of .
g2 70 70
i »¢ fungion germination
c
2 £ . 2012 2013 2012
i : S I I =& and seedling growth. o
£ -
5 - n 0 § 0 non-colonised seeds 0 Alternaria sp. O Botrytis sp. @ Epicoccum sp.
E 30 i 30 B Fusarium sp. B Aureobasidiumsp. @ Stereum sp.
@
g 20 o 20 . . . .
§ o o $ © Kovacec, Likar & Regvar (2016). 10.1016/j.funbio.2016.03.003
10 ) .P . 10
° I Epicoccum Botrytis Botrytis Alternaria Fusarium  Aureobasidium ° FEER P B F UNIVERSITY OF LJUBLJANA
contre nigrum cinerea || cinerea | alternata  oxysporum  pullulans H Biotechnical Faculty




l1l. Interactions of Plants and MO

Microblome development
on adult plants

= Microbes vertcally
transmitted to embryo from
matemal plant or

e Seed microbiome _#eeee sy

it Mature Seed in dispersal
many factors - i e o
Dif;:rdgm = Aguafic microbes
= Ssed-bome endophytes
and &piphytes
[
life-cyle!
= Sgil microbes
= Seed bank microbes
Seedli
De-vglgp:.gent Germination
-

« Atmosphenc microbes
*Influencedby  Chm - (G ~ S—
R Seed in Flower
throughout its infloreacence
e V&H f The Seed \
o o ' Cycle
transmission! DO | oo
Development with Soil seed bank
* Sesd-bome
endophytes and
epiphytes
Micrebiome development in
the spermosphere

UNIVERSITY OF LJUBL]JANA
Biotechnical Faculty

BF

© DOI: d0i.org/10.1007/s11104-017-3289-7 . aoe oo e opytes and
esmphyins




* The beauty & the nightmare of NGS

Panthera
Ursus

Pan
Camelus
Loxodonta
Mus
Mammalia

* Mammals ~ 1300 genera

N P N EFEL, DN W

89
100

0,9
0,8
0,7
0,6
0,5
0.4
0,3
0,2
0,1

Abundance

= _\.
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l1l. Interactions of Plants and MO

* The beauty & the nightmare of NGS

Panthera
Ursus

Pan
Camelus
Loxodonta
Mus
Mammalia

* Mammals ~ 1300 genera

N P N EFEL, DN W

89
100

0,9
0,8
0,7
0,6
0,5
0.4
0,3
0,2
0,1

Abundance

Dietary types of Mammals

Our dietary diversity

‘ )

s

Y
’../'

Omnivores
= Herbivores/frugivores

m carnivores

Omnivores
m Herbivores

m Carnivores

o ey
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Panthera
Ursus
Pan
Camelus
Loxodonta
Mus
Mammalia

N P N EFEL, DN W

89
100

0,9
0,8
0,7
0,6
0,5
0.4
0,3
0,2
0,1

92%

Omnivores
m Herbivores

m Carnivores
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Horizontal transmission

 Transmission of MO in Plants

* MO are recruited: : VL 8323
* Horizontally: from the environment o £ a
* Soil f
* Atmosphere
* Among plants .
* Other vectors (pollinators, herbivores, humans)

> ;.,, (g
~— x,s:g

oo J..

* Vertically: from mother plant via the seed

© DOI: 10.1016/bs.abr.2016.10.007  Soil microbiota

* spermosphere, rhizosphere and phyllosphere

UNIVERSITY OF LJUBL]JANA
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l1l. Interactions of Plants and MO

Rhizosphere Plant holobiont
engineering
to improve plant

[ é“ M O e n gi n e e r'i n gg and soil health Ecological engineering

. . . o) o : : 4 B Epiphyte
* Manipulating with MO communities Pant englneering ﬂffm’ﬁﬂ‘éfm

° Adapting plant microbiome (1 beneficial, | pathogens)

Plant Microbiota

ﬁ! a" Endophyte
Microbial engineering ‘ microbiota

Engineering plant Soil amendment 7 ‘ ﬁ::;?:ﬁ:f:
resistance for

improving stress
a A i

tolerance (biotic &
d biOtiC)! Pedo-climatic and biotic stresses

(selective pressure)

© DOI: 10.1016/].tplants.2016.01.002 Trends in Plant Science
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