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Abstract

Phytohormones are small molecules that regulate almost all aspects of plant life including defence
reactions. Plant defence and immunity are mainly regulated by two hormones — salicylic acid (SA)
and jasmonic acid (JA). Other hormones such as auxins, cytokinins brassinosteroids or gibberellins
modulate plant immunity to lesser extent. It has been described that plant pathogens are able to
interfere with plant hormone signalling to overcome plant defence. Some pathogens are able to
produce plant hormones themselves. This thesis is focused on plant hormone signalling involved
in plant immunity both from the plant side and pathogen side and possible hormonal crosstalk in

this interaction.

The first part is focused on salicylic acid signalling connected with plant actin cytoskeleton roles
in plant immunity. It has been described that desintegration of actin cytoskeleton leads to increased
plant susceptibility to bacteria. However, it has been also shown that pharmacological
desintegration of actin filaments induces transcription of salicylic acid responsive genes PRI
(Pathogenesis related 1) and /CS7 (Isochorismate synthase 1). In this thesis we have investigated
this inconsistency using actin depolymerizing drugs latrunculin B, cytochalasin E and
jasplakinolide and two different pathosystems: Arabidopsis thaliana x Pseudomonas syringae pv.
tomato DC 3000 and Brassica napus x Leptosphaeria maculans. We treated the A. thaliana plants
with the cytoskeletal drugs and first analyzed phytohormone profile and defence gene transcription.
Specific induction of salicylic acid production and salicylic acid marker genes (/CSI, ICS2
(Isochorismate synthase 2), PRI) was observed. Subsequently we infected the drug-pretreated A.
thaliana or B. napus plants with corresponding pathogens which eventually resulted in increased
resistance in both pathosystems. This phenomenon is salicylic acid dependent. It also depends on
treatment timing, infection duration and specific pathosystem. Since actin dynamics is vital for
correct cellular trafficking and membrane formation, we investigated deeper into this mechanism
and focused on the role of phospholipids. We used 4. thaliana mutant in phosphatidylinositol-4-
kinase B1 and B2 (PI4KB1p32), which is known to be an SA overaccumulator, and a set of mutants

affected in salicylic acid signalling. First, we tested callose deposition which is a defence



mechanism  requiring functional trafficking machinery. We observed that treatment with
cytoskeletal drugs triggers callose deposition via the activity of callose synthase 12 and is SA
independent since it was observed even in mutants with blocked SA accumulation. Defence gene
transcription and SA accumulation were blocked in the SA-signalling impaired mutants and
reverted or partly reverted in triple mutants impaired in SA-signalling and pi4kf1/62. Altogether
the results show that relationship between the actin cytoskeleton and plant immunity is more
complex than generally assumed. Salicylic acid seems to be a major regulator of the onset of actin-
depolymerization- triggered defence. Correct phospholipid signalling also seems to be important

in this process.

Since we have focused on the role of salicylic acid we have established a collection of A. thaliana
mutants that are affected in SA production, accumulation or signalling. Several of these mutants
show affected resistance to pathogens. We have extensively chracaterized this mutant collection in
terms of growth, cultivation condition dependancy and SA production to create a tool for future
studies dealing with plant immunity. Our characterization clearly shows correlation between SA

overaccumulation and rosette growth retardation.

Second part of the thesis is focused on plant pathogens infection strategies affecting hormone
signalling in plants. Pathogens secrete a variety of molecules that manipulate host hormone
signalling. Leptosphaeria maculans is an important fungal pathogen of the brassica crops. We
investigated the impact of L. maculans effector AvrLm4-7 on virulence and host defence. We
performed inoculation assay with L. maculans isolates possesing functional and non-functional
alelle of AvrLm4-7 that revealed that effector AvrLm4-7 contributes significantly to L. maculans
virulence. Further we analyzed host defence reactions — defence gene transcription, phytohormone
profile and ROS burst. Infection with AvrLm4-7 containing isolate reduced SA-dependent defence
response in B. napus plants. ROS burst was also supressed. The results show that effector AvrLm4-

7 increases virulence of L. maculans by suppressing SA related defence mechanisms.

Since there is increasing evidence that pathogens are able to produce phytohormones to manipulate
host plant defence, we tested whether L. maculans posseses such activity. We tested phytohormone
production in L. maculans and identified a variety of auxins, particularly the bioactive form indole-
3-acetic acid (IAA). The IAA production can be stimulated by supplementing L. maculans culture

with biosynthetic precursors tryptophan and tryptamine. There are orthologueues of several known



biosynthetic genes in L. maculans genome. The precursors induce transcription of several of those
genes; mainly LmTAMI, LmIPDC2 and LmNITI. Transcription of LmIPDCI, LmlaaM3 and
LmlaaM5 was only slightly induced. Exogenous addition of highly concentrated auxin inhibited
growth of L. maculans while no stimulatory effect was observed even upon low concentration of
IAA. Auxin profile of infected plant showed only minor changes; ednogenous concentration of
indole-3-acetonitrile increased upon infection with L. maculans. The results show that L. maculans
is able to produce high concentration of bioactive auxin but with no significant role in virulence.

Auxin might function as a regulator in L. maculans itself.

This thesis focuses on particular aspects of plant signalling mainly connected with salicylic acid
and other hormones to lesser extent and provides new insight into phytohormone signalling during

infection process.



Research aims
Aim 1

The first aim of the thesis was to analyze more precisely the defence-related events connected with
hormone signalling observed in plants treated with cytoskeletal drugs in previous publication of

our laboratory'.

- to characterize conditions that are required for the onset of resistance induced by
cytoskeletal drugs

- to assess whether the resistance phenomenon is more generally valid among plant
species

- to assess which phytohormone pathways are activated upon actin cytoskeleton

degradation
Aim 2

The second aim of the thesis was to assess the role of phospholipids involved in plant immunity in
connection with SA-signalling and actin stability. For this purpose we use a set of A. thaliana

mutants impaired both in SA- and phospholipid signalling.
Aim 3

Previous results of our laboratory revealed that plant pathogen L. maculans is able to produce
phytohormones?. The second part of the thesis was focused on the ability of L. maculans to produce
molecules that may possibly alter host phytohormone signalling. We focused either on small

secreted proteins — effectors or phytohormone-like molecules. The main aims were:

- to characterize impact of effector AvrLm4-7 on host hormone signalling, virulence and
internal fungal hormone content

- to characterize the ability of L. maculans to produce auxins

- to characterize role of the fungal produced auxins in the interaction of L. maculans with

its plant host



Results and conclusion

A wide range of phytohormones is involved in plant defence reactions. This thesis deals with the
role of phytohormones during plant-microbe interactions from both sides: the host side and the
attacker side. First part of the thesis is focused on the role of salicylic acid in the process of actin

cytoskeleton disruption and related immune reactions.
Actin cytoskeleton disruption can lead to plant resistance

The first aim of the thesis was focused on the role of actin in plant immunity. Previous results of
our laboratory suggest that actin disruption triggers certain immune responses', but majority of
published studies points to a generral conclusion that actin desintegration results in reduced plant

resistance. The first aim of the thesis was to investigate this apparent inconsistency.

The actin cytoskeleton is a highly dynamic structure that provides stable environment for cellular
trafficking, metabolism and signalling®. Its involvement in plant defence reactions has been
documented by several studies. Treatment with MAMPs leads to actin reorganization®>%7. It is
involved in the delivery of antimicrobial compounds or callose synthases to the site of infection,
trafficking of the immune receptors or reorganization of chloroplast movement during virus
infection®”. Both plant and animal pathogens evolved specific effectors that target actin

10.IL12,13.14 * Therefore is has been generally assumed that disruption of actin

cytoskeleton
cytoskeleton would lead to plant susceptibility. Our results however show that actin desintegration
can induce plant resistance upon certain conditions in at least two tested pathosystems: model plant
Arabidopsis thaliana x model bacteria Pseudomonas syringae pv. tomato DC3000 and Brassica
napus x Leptosphaeria maculans'>'°. It seems that this phenomenon is not species specific or
pathogen type specific. Different cytoskeletal drugs also induce similar pattern of defence
reactions. Inoculation experiment with P. syringae pv. yomato DC3000 revealed that plants need
sufficient time to activate immunity after the actin disruption. When the plants were first treated
with cytoskeletal drugs and infected after 24 h, the infection rate was lower than in control plants.
When co-inoculation was used, no resistance was observed. Enhanced susceptibility to bacterial
infection upon cytoskeletal drug treatment was observed before!”. The second tested pathosystem
showed different infection dynamics: Surprisingly, pre-treatment and co-treatment of B. napus with

latrunculin B and L. maculans resulted in resistance in both cases. Since L. maculans grows

assyptomatically for at least 5 days in our setup, it seems that the rapidity of pathogen growth is
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also an important factor. In contrast, bacterial pathogen P. syringae pv. tomato DC3000 strongly
infected leaves within three days. The slow growth of L. maculans provided the host B. napus

plants with sufficient time to establish efficient defence.

Callose deposition is another well described defence mechanism that also relies on functional actin
dynamics'®. We showed that cytoskeletal drugs latrunculin B and cytochalasin E induce callose
deposition in seedlings via the activity of PMR4 (Callose sythnase 12). The Callose sythnase 12
synthesizes most of biotic stress-induced callose'®. Using A. thaliana knock-out mutant pmr4-1 we

clearly show that cytoskeletal drug induced callose deposition fully relies on functional PMR4.

Despite the general presumption, we show that actin disruption can induce plant resistance. The
majority of published studies points to the general presumption that actin desintegration would lead
to enhanced susceptibility, but there is also indirect evidence of enhanced defence: Disruption of
actin leads to enhanced ROS burst in 4. thaliana which is a result of activation of the FLS2 receptor
by its flagellin derived ligand flg22%°. Previous study done by our team on A. thaliana seedlings
reported induction of SA-related genes' upon cytoskeletal drug treatment. Since we used similar
setup as Matouskova et al.! we further investigated whether indeed the observed resistance is based

on induced SA signalling.
The role of salicylic acid signalling in actin-depolymerization-induced immunity

The previous results suggest that actin depolymerization might be predominantly connected with
the SA signalling pathway'. We tested whether SA concentration does actually increase in A.
thaliana treated with cytoskeletal drugs. The phytohormone profile of A. thaliana Col-0 (WT)
treated with latrunculin B showed about 8 times induced SA concentration. Other changes were
very minor: 2 times induction of JA and 2 times reduction of indole-3-acetonitrile (IAN). The SA
concentration increased also in pmr4-1 mutant'®. Further we confirmed that SA pathway is
involved by analysis of phytohormone content in a set of SA pathway impaired 4. thaliana plants:
NahG transformed plants and sid2 and pad4 mutants. The NahG transformed plants posses a SA
hydroxylase that degrades most of produced SA. The sid2 mutants are knock-out in isochorismate
synthase 1(/CSI) which is a vital component of the SA biosynthesis. The pad4 mutants lack a
regulation element PAD4 involved in SA signalling pathway. The sid2 mutants did not show
elevated SA level suggesting that the /CS/ gene is solely responsible for the previously observed
SA induction. The /CS pathway is responsible for the stress-induced SA in 4. thaliana infected by
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P. syringae pv. tomato DC3000°'*>% The pad4 mutants showed increase in SA concentration to
a lesser extent than WT which suggests a signalling role of the PAD4 gene upon latrunculin B
treatment. The NahG transformed plants posses a SA hydroxylase that degraded most of the
induced SA?*. The ICS! transcription was induced in WT after latrunculin B treatment. No other
SA biosynthetic genes showed induced trasncription. /CS/ was induced also in NahG and pad4,
which confirmed that the SA increase triggered by cytoskeletal drugs occurs via induction of the
ICS pathway'. Trancription of JA biosynthetic gene LOX2 was not induced although we observed
slight induction of JA. Trancription of the /CS/ gene was induced also in B. napus treated with

latrunculin B.

Further we analyzed defence gene transcription after latrunculin B treatment. Latrunculin B
induced transcription of SA-related defence genes PRI, WRKY38, PAD4 and relies od SA
accumulation and functional PAD4 protein. The PAD4 gene was induced also in NahG plants since
it serves as a regulation element upstream of /CS1?°. Another defence gene PR2 was induced in
WT, NahG and pad4 plants. Its induced transcription is usually connectew with induction of PR/
and PR5%, but we report its independent induction in SA-impaired mutants. Previously we
obtained similar results using cytoskeletal drug cytochalasin E'. The PR2 protein coding p-1-3-

glucanase involved in callose degradation and is important for antifungal defences®”2%,

Transcription of wounding marker BAP1 was induced in WT only. BAPI can be induced by high
temperatue or ROS and its transcription is associated with SA%. It is a negative regulator of
hypersensitive response in response to P. syringae and Hyaloperonospora parasitica®®. Other
tested defence genes did not show altered transcription which suggests that latrunculin B mimics

typical response triggered by biotrophic pathogens.

The underlying signalling seems to be at least partly SA independent since we observed callose
accumulation also in NahG and pad4 plants. The untreated pmr4 mutans show similar SA level as
WT. They are known to have generally stronger and faster SA-dependent response'”. This suggests
that certain “biotic stress-like” reponses can be triggered alternatively independent of the SA

molecule.



The SA accumulation activated by degraded actin is connected with phospholipid signalling

Vesicular trafficking is an importnant component of plant defence®. It relies on functional actin

dynamics and phospholipid signalling. The signalling phosholipids interact with the cytoskeleton?!'.

To test whether compromised phospholipid signalling affects the latrunculin B induced defence we
tested 4. thaliana double mutant in PI4Kf1/52 genes. This mutant grows smaller rosettes at 4
weeks of cultivation than WT, accumulates more callose, has constitutively elevated SA level and
in more resistant to broad spectrum of pathogens®>!®33. The actin cytoskeleton of pi4kf1/p2
mutants displayed higher level of degradation upon latrunculin B treatment. Untreated pi4kf1/52
seedlings showed similar SA level as WT. This fact suggests that pi4kf1/f2 double mutation
compromises actin stability'®. To adress potential involvement of phospholipids in the latrunculin
B triggered SA pathway we used a set of triple mutants affected in SA signalling in the pi4kf1/52
mutant background: NahG/pi4kf1/2, pad4/pidkf1/B2 and sid2/pi4kp1/2. The SA induction in
pi4kf31/B2 background still occurs despite the mutation in PAD4 or expression of NahG. No SA
accumulation was observed in sid2/pi4kf1/62 which suggests that no other SA biosynthetic
enzymes than ICS1 are activated by latrunculin B. We analyzed related gene transcription in the
similar treatment setup using the NahG and pad4 plants. The transcription of SA biosynthetic gene
ICS1 was induced in both mutants. The SA-responsive genes PR/ and WRKY38 that were induced
by latrunculin B in WT were no longer induced in NahG and pad4. The induction of PR2 remained
in NahG and pad4. Induction of BAP1 was weakly significant in NahG but not significant in pad4.
The transcription of the PAD4 gene was not affected in NahG plants. Further we tested the same
set of mutants affected in PI4KB1/B2 enzymes (sid2/pidkf1/2, NahG/pi4dkf1/f2 and
pad4/pidkf1/62) in similar setup for SA accumulation, callose deposition and defence gene
transcription. SA accumulation was partly restored in NahG/pi4kf1/52 and pad4/pi4kp1/52 when
compared to NahG resp. pad4. No SA accumulation was observed in sid2/pi4kf1/p2. Callose
accumulation remained induced independently of SA accumulation. Gene transcription analysis
correlated with the SA accumulation levels: /CS/ transcription was induced in NahG/pi4kf1/52
but not in pad4/pi4kf1/52. The SA-responsive genes PRI, PR2 and WRKY 38 were induced in all
tested lines. The PAD4 transcription was also induced in NahG/pi4kf1/62 and sid2/pi4kf1/p2.
Wounding marker BAPI was induced in pad4/pi4kf1/$2 but not in NahG/pi4kp1/b2.



The effect of pi4kf1/82 double mutation on cytoskeleton might be broader than investigated here
since the double mutants also show ectopic overstabilization of phragmoplast microtubules, which

guide membrane trafficking at the cell plate*.
Cultivation conditions highly contribute to SA-dependent growth phenotype

We observed that the pi4kf1/52 mutant shows different level of basal SA accumulation compared
to WT in seedlings and adult plants and this fact may affect results of further studies. For more
complex characterization of the connection between SA and growth we created a collection of 14
A. thaliana mutants in Col-0 background having alterations in the SA pathway. The mutants were
divided into several -categories according to previously described phenotypes: SA-
overaccumulators connected with lipid signalling (pidkf1/p2, fahl/fah2), suspected SA-
overaccumulators (cpr3-1, acd6-1, pidkfl1/p2, fahlfah2, bonl-1, exo70B1-2, pmr4-1, edr2-6),
mutants associated with SA signalling based on gene transcription and pathogenicity assays (edr2-
6, pmr4-1,exo70B1-2) and mutants with prevented SA accumulation (sid2/pi4kp1/p2,
NahG/pidkf1/52 and NahG/edr2-6). All the selected mutants exhibit altered resistance to
pathogens. In terms of growth the proposed SA overaccumulators generally displayed dwarf
phenotype, which has been documented before***>. The SA content mainly confirmed proposed
negative correlation with rosette size. We analyzed also transcription of SA-related genes PR/ and
ICS1. In this study we adressed the importance of precise characterization of cultivation conditions

since some phenotypes might be only pronounced in specific environment.
Microbial effectors affect plant-hormone signalling

The third aim of the thesis was focused rather on virulence factors that plant pathogens use to

overcome plant defence. These virulence factors often target plant hormone signalling.

The second part of the thesis is focused rather on pathogens weapons to overcome host plant
defence, particularly those dealing with phytohormone signalling. First, we studied whether L.
maculans effector AvrLm4-7 affects host phytohormone signalling. For this purpose we used two
isolates of L. maculans differing in the presence of the AvrLm4-7 effector. The AvrLm4-7 effector
is recognized by the RLM4 receptor. This interaction is accompanied by strong induciton of SA
and ethylene (ET) signalling in the host*¢. In the compatible interaction the SA and ET signalling
pathways might be primary targets of the AvrLm4-7 effector. AvrLm4-7 seems to suppress SA



signalling both on the level of SA biosynthesis and transcription of SA-responsive genes (BnPRI).
The ET signalling is attenuated in AvrLm4-7 infected cotyledons; transcription of ET-responsive
genes ACS2 and HEL decreased in time during infection. We reported the first evidence of
manipulation of SA signalling pathway by a haemibiotrophic fungus.

Since the effectors largely affect plant hormone signalling and we have observed that the fungus
itself is able to synthesize a variety of phytohormone-like structures we speculated whether these

compounds might function as effectors themselves?

Role of auxins during growth and infection process of L. maculans

Various microorganisms were documented to produce phytohormone-like molecules®’*33%40 In

this thesis we focused particularly on the ability of L. maculans to produce auxins*'. The main
auxin produced by L. maculans in vitro is the bioactive molecule IAA. Since it is produced in high
concentration and can be also excreted from the mycelium into cultivation medium, we
hypothesized it might function as an infection strategy. The hormone profile of infected plants
though did not differ dramatically, although an increase in OxIAA was obsereved. OxIAA is a
degradation product of IAA which is no longer bioactive. This fact might suggest that the plant is
trying to maintain constant levels of bioactive IAA. No genes that participate in the conversion of
IAA into OxIAA were indentified in B. napus up to date, although they were identified in A.
thaliana***. Exogenous IAA inhibits growth of L. maculans in high concentration. Conidial
germination was totally blocked by 1 mM TAA. Inhibitory effect was observed in fungus Fusarium.
graminerarum that produced 50% less biomass when cultured in 1 mM IAA*. On the other hand
growth of Moniliophtora perniciosa was stimulated by low concentration of IAA*. We have
observed no stimulatory effect in L. maculans. In the presented thesis we have not confirmed that
auxins function as a virulence trait in this fungus in a similar way effectors do, but it might serve

as internal regulation molecule for the fungus itself.

Further we investigated internal biosynthesis, metabolism and putative signalling function of L.
maculans auxins. We have tested two sister isolates (entitled JN2 and JN3) obtained in the same
parent cross*® and observed that both isolates are able to produce bioactive form of auxin, IAA,
and a variety of other auxin forms in minor concenration. Genome analysis of L. maculans revealed
presence of orthologues of genes previously identified as auxin biosynthetic in other

microorganisms and plants. Genes participating in indole-3-pyruvate (IPyA), IAN and indole-3-
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acetamide (IAM) biosynthetic pathways were identified. Precursor feeding experiments on JN2
isolate revealed that mainly genes from the IPyA pathway are active in converting tryptophan to
IAA. Predominantly induced genes were LmTAM]1 (tryptophan aminotransferase), LmIPDCI and
LmIPDC?2 (indole-3-pyruvate decarboxylases). LmTAM1 might directly metabolize tryptophan
into IPyA which would be subsequently converted to IAA by IPDC. The aldehyde dehydrogenase
IAD that has also been reporrted to participate in the IPyA pathway mediated biosynthesis in fungi
was also found in L. maculans genome. No induction of the the IAD orthologues was observed in
our setup. Intermediates predicted in the IPyA pathway were not detected possibly due to their
unstability. Our study is the first to report involvement of an [IPDC gene in auxin biosynthesis in a
pathogenic fungus. Recent study confirmed its activity in a symbiotic fungus Neurospora crassa*’.
Functional IPDCs were previously described in several plant-associated bacteria such as
Azospirillum brasilense, Pseudomonas fluorescens or Pantoea ananatis*®**#°%3! There are two
clear orthologues of the P. ananatis IPDC in the L. maculans genome, both were induced upon
tryptophan treatment. Recently, the involvement of IPDC in IAA biosynthesis has been

documented in a non-pathogenic fungus N. crassa®?. We are the first to report the involvement of

this gene in auxin biosynthesis also in a pathogenic fungus.

The levels of IAA in host plant did not significantly change upon infection with the JN3 isolate
which produced high amount of IAA in vitro. The infection with L. maculans though is associated
with an increase in the OXIAA metabolite in the infected tissue. Thereby the plant may aim to
maintain stable levels of its endogenous IAA by converting/oxidizing the bioactive IAA. The host
auxin profile remained otherwise largely the same. In some plant-microbial systems, IAA has been
shown to act as an important virulence factor that impairs the defense-associated, phytohormone
signalling of the host**** in a similar way as effectors do>*-*%®. Some fungi require auxin for proper
colonization and infection process as documented in pathogens Colletotrichum gloeosporioides
and Magnaporthe oryzae or symbiotic fungus Piriformospora indica®>%. Externally-added IAA
increased the virulence of insect-pathogenic Metarhizium robertsii spores on Beauveria bassiana*

and loss of auxin production lowered virulence of M. robertsii against B. bassiana®. N. crassa

with blocked IAA biosynthesis produces less conidiospores2.

Overall this thesis deals with the role of phytohormones within plant defence. We demonstrated

that actin-depolymerization triggered defence pathway that might eventually result in plant
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resistance due to SA signalling. Apart from SA, phospholipids are involved in the correct onset of
this particular cytoskeleton-connected immunity. Following research would be dedicated to
understanding what is the molecule being sensed when the actin degradation occurs. Further we
are providing evidence that auxins are produced by L. maculans with specific strain-dependent
manner. We did not show that auxins produced by L. maculans are produced as virulence factors
neither we have a clear clue they work as internal regulators in fungi. This would be adressed by

future research.

Main findings of the thesis
This thesis focuses on several aspects of plant immunity involving phytohormone signalling. The
included publications deal with stress hormone signalling both from the plant side and the pathogen

side. The main findings presented in this thesis are:

e Actin cytoskeleton disruption leads at certain conditions to plant resistance

e The onset of resistance triggered by actin desintegration is mediated by salicylic acid
signalling

e There are also immunity effects triggered by actin depolymerization independetly of the
SA signalling

e Functional phospholipid signalling is important in the process of actin-depolymerization-
triggered immunity response

e Mutants impaired in salicylic acid signalling pathway provide a useful tool for future
studies dealing with growth and immunity

e Effector AvrLm4-7 affects SA and ET signalling pathways and ROS burst in B. napus

L. maculans produces bioactive auxin

L. maculans genes LmTAM1 and LmIPDC?2 are associated with the auxin production
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Abstrakt

Fytohormony jsou malé¢ molekuly podilejici se na fizeni téméf vSech zivotnich procest
v rostlinném organismu véetné obrannych reakci. Hlavnimi fytohormony, které reguluji rostlinné
obranné reakce, jsou kyselina salicylova (SA) a kyselina jasmonova (JA). Dals$i hormony jako
auxiny, cytokininy, brassinosteroidy nebo gibberelliny ovlivituji rostlinnou imunitu zpravidla
nepiimo. Rostlinné patogeny jsou schopny narusovat hormonalni signalizaci hostitele, diky cemuz
uspesné prekonavaji rostlinné obranné mechanismy a zplsobuji infekci. N&které patogeny samy
produkuji fytohormony. Tato prace se soustfedi na rostlinnou hormonalni signalizaci hrajici roli

v imunitni odpovédi z pohledu hostitelské rostliny i z pohledu rostlinného patogenu.

Prvni ¢ast se zabyva roli signalni drahy keseliny salicylové a aktinového cytoskeletu v obranné
signalizaci. Bylo popséano, Ze poruSeni integrity aktinového cytoskeletu vede ke sniZeni odolnosti
rostlin k bakteridlni infekci. Dale je také zndmo, Ze farmakologické poruseni aktinového
cytoskeletu indukuje transkripci markerovych genti drahy kyseliny salicylové (/CS1, PRI). V této
praci jsme se zabyvali timto rozporuplnym fenoménem. K experimentim byly pouzity
cytoskeletarni drogy cytochalasin E, latrunculin B a jasplakinolid a dva patosystémy: Arabidopsis
thaliana x Pseudomonas syringae pv. tomato DC3000 a Brassica napus X Leptosphaeria maculans.
Nejprve byly rostliny 4. thaliana oSetieny cytoskeletarnimi drogami a byl analyzovan hormonalni
profil a transkripce obrannych genti. Doslo ke specifickému zvyseni produkce kyseliny salicylové
a transkripce markerovych genti drahy kyseliny salicylové. Dale byly oSetiené rostliny 4. thaliana
a B. napus infikovany ptislusnymi patogeny a ptekvapivé v obou patosystémech doslo ke zvyseni
odolnosti oSetfenych rostlin. Tento jev je regulovany kyselinou salicylovou a jeho navozeni je

zéavislé na rezimu oSetfeni, ¢ase infekce a konkrétnim patosystému.

Neporusend dynamika aktinového cytoskeletu je nezbytna pro vnitrobunéény transport a syntézu
membran, proto jsme se dale zabyvali roli fosfolipidi béhem indukce resistence rozrusenim
aktinového cytoskeletu. Pro tyto experimenty byly pouZity rostliny 4. thaliana s mutaci v genech
pro fosfatidylinositol-4-kinasu 1 a B2 (PI4KB1B2), u nichz byla popsdna zvySena akumulace
kyseliny salicylové, a n€kolik dal§ich mutantti 4. thaliana s mutacemi v signdlni draze SA. Nejprve
bylo otestovano ukladani kalosy, coZ je obranna reakce vyzadujici funkéni bunéény transport.
OSetfeni cytoskeletarnimi drogami spousti ukladani kalosy diky aktivité kalosasynthasy 12 a je

nezavislé na SA, nebot’ bylo pozorovano i u mutantli se zablokovanou indukci SA. Transkripce
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obrannych gentl a akumulace SA nebyly pozorovany u mutantti defektnich v signalni draze SA a
byly tplné nebo ¢astecné revertovany u trojitych mutantii defektnich v SA sigalni draze a zaroven
v genech pro PI-4-kinasu Bl a B2. Tyto vysledky naznacuji, Ze role aktinového cytoskeletu
v rostlinné imunité je komplexnéj$i nez se dosud predpokladalo. Kyselina salicylova hraje
vyznamnou roli pfi vyvolani obranné reakce spusténé dezintegraci aktinovych vlaken a zaroven je

v tomto procesu vyznamna fosfolipidova signalizace.

Jelikoz se tato prace vyznamné zabyva kyselinou salicylovou, v dalsi ¢asti byla vytvofena kolekce
mutant 4. thaliana ovlivnénych v produkci, akumulaci nebo signalizaci kyseliny salicyloveé. U
nékterych téchto mutantti byly popsany zmény v odolnosti vii¢i patogenim. VSichni mutanti
kolekce byli péstovani v n¢kolika riiznych kultivaénich rezimech a nasledné byl charakterizovan
rust rizic a kofent, intenzita fotosyntézy, koncentrace SA a transkripce SA markerovych gend.
Tato kolekce ptedstavuje uzitecny nastroj pro dalsi studie zabyvajici se rostlinnou imunitou.
Z vysledkl charakterizace vyplyva jasna korelace mezi retardaci riistu riiZic a zvySenou akumulaci

SA.

Druhé cast prace se zabyva infek¢nimi strategiemi rostlinnych patogenii ovliviiujicimi hormonalni

signalizaci hostitele.

Patogeny sekretuji také dalsi molekuly, kterymi manipuluji hormonalni signalizaci hostitele. Malé
sekretované proteiny, tzv. efektory, jsou piikladem takovych molekul. Tato prace se zabyva
efektorem AvrLm4-7 a jeho vyznamem pro virulenci a tlumeni obrannych reakci hostitele.
Inokulaéni test rostlin B. napus izolaty L. maculans exprimujicimi funk¢ni a nefunk¢ni alelu
AvrLm4-7 ukazal, ze pritomnost funkéniho efektoru AvrLm4-7 vyrazné ptispiva k virulenci L.
maculans. Dale byly analyzovany obranné reakce — transkripce obrannych genti, hormondlni profil
a produkce reaktivnich forem kysliku. Infekce izoldtem s funkénim AvrLm4-7 vedla k redukci
indukce SA a niZsi transkripci SA markerovych genti. Produkce reaktivnich forem kysliku byla
rovnéz snizena. Efektor AvrLm4-7 ptispiva k virulenci L. maculans potlatenim SA-dependentnich

obrannych reakci hostitele.

Nékteré patogeny samy produkuji rostlinné hormony. V ramci této prace bylo zjisténo, Ze houbovy
patogen fepky olejky (B. napus) L. maculans také produkuje fadu rostlinnych hormonti. Tato prace
se soustfedi pfedev§im na auxiny. V myceliu L. maculans bylo nalezeno n€kolik forem auxint,

v nejvyssi koncentraci se vyskytovala bioaktivni forma, indol-3-octova kyselina (IAA). Produkce
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IAA miZe byt zvySena pfidanim biosyntetickych prekurozri tryptofanu a tryptaminu k tekuté
kultufe. V genomu L. maculans byly nalezeny orthologuey nékolika znamych genti auxinovych
biosyntetickych drah. Biosyntetické prekurzory indukovaly transkripci nékolika téchto geni;
ptedevSim LmTAMI1, LmIPDC2 a LmNITI. Transkripce gentt LmIPDC1, LmlaaM3 a LmlaaM5
byla zvySena pouze mirn¢. Exogenni aplikace auxinu ve vysoké koncentraci inhibovala rist L.
maculans a zadnd z pouzitych koncentraci neméla stimulacni efekt. Auxinovy profil infikovanych
rostlin B. napus se 1i§i pouze minimalng; v rostlinach infikovanych L. maculans byla pozorovana
zvySena koncentrace indol-3-acetonitrilu. Tyto vysledky ukazuji, Zze L. maculans je schopna
produkovat vysokou koncentraci bioaktivniho auxinu [AA, ktery ale nema vyrazny vliv na pribéh

infekce. Mohl by ale plnit regulacni funkci v samotném patogenu.

Tato prace se zabyva specifickymi aspekty rostlinné signalizace, predev§im ve spojeni s kyselinou

salicylovou a dalSimi rostlinnymi hormony.



Cile prace
Cil 1

Prvnim cilem této prace byla podrobnéjsi charakterizace obranych reakci rostliny, vyvolanych
oSetfenim cytoskeletarnimi drogami, a jejich spojeni s hormonalni signalizaci popsanych v diivéjsi

publikaci nasi laboratoie!. Hlavnimi tématy bylo:

- Charakterizovat podminky nutni pro navozeni resistence zptusobené cytoskeletarnimi
drogami

- Zjistit, zda fenomén takto navozené rezistence je pozorovatelny u vice rotlinnych druhti

- Zjistit, jak je béhem imunitni odpovédi na rozruseni aktinového cytoskeletu ovlivnén

hormonalni signalni systém rostliny
Cil 2

Dalsim cilem bylo popsat roli fosfolipidi zapojenych v rostlinné imunité pti spusténi SA signalni
dréhy pomoci cytoskeletarnich drog. Pro tento cel bylo pouZito n€kolik mutanth A. thaliana s

defekty v signalni draze SA a fosfolipidové signalizaci.
Cil3

Ptedchozi vysledky laboratote odhalily, Zze rostlinny patogen L. maculans dokaze produkovat
fytohormony?. Tfetim cilem prace bylo zjistit, zda L. maculans produkuje dal§i molekuly
(fytohormony, efektory), které mohou ovlivnit interakci s hostitelskou rostlinou. Zamétili jsme se
na malé sekretované proteiny — efektory a fytohormony ¢i fytohormoniim podobné molekuly.

Hlavni napIni bylo:

- Charakterizace vlivu efektoru AvrLm4-7 na hormonalni signalizaci hostitelské rostliny,
virulenci patogenu a obsah hormonil v samotném patogenu
- Charakterizace produkce auxini v L. maculans

- Charakterizace role auxint pri interakci L. maculans s hostitelskou rostlinou



Vysledky a zavér

Rostlinnych obrannych reakei se u€astni $iroké spektrum fytohormond. Tato prace se zabyva roli
fytohormonti béhem interakce rostlin a mikroorganismu jak ze strany mikroorganismu, tka ze
strany hostitelské rostliny. Prvni ¢ast prace se zabyva roli kyseliny salicylové (SA) v procesu

dezintegrace aktinového cytoskeletu a naslednych imunitnich reakei.
Rozruseni aktinového cytoskeletu miiZe vést ke zvySeni odolnosti rostlin

Prvnim cilem této prace byla podrobnd charakterizace imunitni odpovédi, vyvolané rozruSenim
aktinového cytoskeletu pomoci cytoskelelarnich drog. Aktinovy cytoskelet je dynamicka struktura
zajidtujici stabilni prostiedi pro bunéény transport, metabolismus a signalizaci®. Zapojeni
aktinového cytoskeletu v rostlinné imunité bylo popséno v n¢kolika publikacich. Osetfeni MAMPs
zplsobuje reorganizaci aktinovych vlaken*>%’. Dale se cytoskelet tcastni transportu
antimikrobialnich sloucenin nebo kalosasynthas do mista infekce, transportu imunitnich receptora
nebo reorganizace pohybu chloroplastti béhem virové infekce®®. Rostlinné i Zivo¢isné patogeny

vyvinuly specifické efektory, které cili na aktinovy cytoskelet!%!1:12:13.14

. Obecné se tedy
piredpoklada, Zze rozruSeni aktinového cytoskeletu povede ke sniZzeni odolnosti rostliny. Nase
vysledky ale ukazuji, ze rozruSeni aktinovych vlaken miize za ur¢itych podminek vést ke zvyseni
odolnosti v nejméné dvou testovanych patosystémech: modelova rostlina A. thaliana x modelovy
bakterialni patogen P. syringae pv. tomato DC3000 a B. napus x L. maculans'>'. Zd4 se, Ze tento
jev neni specificky pro druh rotliny ¢i patogenu. Pouziti riznych cytoskeletarnich drog vyvolalo
podobné obranné reakce. Inokulacni experiment s bakterii P. syringae pv. tomato DC3000 ukézal,
ze rostliny potiebuji dostatek Casu k efektivni aktivaci imunity po rozruSeni aktinovych vlaken.
Pokud byly rostliny nejprve oSetieny cytoskeletarni drogou a infikovany po 24h, byly pozorovany
méné zavazné priznaky infekce. V ptipadé€, ze byly rostliny soucasné oSetfeny cytoskeletarni
drogou a infikovany patogenem, zadna zvySend odolnost nebyla pozorovdna. SniZzena odolnost k
bakteridlni infekci po oSetieni cytoskeletdrni drogou byla jiz dfive popsana'’. V druhém
testovaném patosystému byla pozorovana jind dynamika infekce: ptekvapivé oSetteni rostlin B.
napus latrunculinem B pfed infekci 1 soucasné s infekci vedlo ke zvySeni odolnosti. Zda se, Ze
rychlost rstu patogenu je v tomto piipadé dulezitym faktorem, nebot L. maculans v naSich

podminkach roste asymptomaticky po dobu nejméné péti dni. Naproti tomu bakterie P. syringae



pv. tomato DC3000 zplsobuje zavazné ptiznaky béhem tii dni. Pomaly rast L. maculans zajistil

hostitelské rostlin¢ dostatek ¢asu pro uc¢innou aktivaci imunity.

Ukladani kalosy je dals$im dobie popsanym mechanismem zéavislym na spravné dynamice
aktinového cytoskeletu'8. Vysledky ukazuji, Ze cytoskeletarni drogy latrunculin B a cytochalasin
E indukuji uklddani kalosy diky aktivité kalosasynthasy 12 PMR4. Kalosasynthasa 12 je
zodpovédna za vétsinu kalosy indukované b&hem biotického stresu'®. Pouzitim knock-out mutanta
pmr4-1 jsme potvrdili, Zze uklddani kalosy indukované cytoskeletarnimi drogami plné zavisi na

aktivit¢ PMR4.

Nase vysledky ukazuji, ze rozruseni aktinovych vlaken mize indukovat zvyseni odolnosti rostlin.
VétSina publikovanych studii poukazuje na obecny ptepdoklad, Ze rozruSeni aktinového
cytoskeletu povede ke snizeni odolnosti, ale byly publikovany i nepiimé diikazy indukce imunity:
Rozruseni aktinovych vlaken zvySuje produkci reaktivnich forem kysliku v A. thaliana jako reakci
na aktivaci receptoru FLS2 derivatem flagelinu flg22%°. Piedchozi publikace nasi laboratoie
ukazuje indukci transkripce SA-responsivnich genfi v semenadcich A. thaliana'. Protoze jsme
pouzili stejné experimentalni podminky jako Matouskova et al. !, zjistovali jsme dale, zda je

pozorovana zvysena resistence skutecné zavisla na draze kyseliny salicylové.
Role signalni drahy kyseliny salicylové v imunitni reakci indukované depolymerizaci aktinu

Ptedchozi vysledky ukazuji, Ze depolymerizace aktinu indukuje signalni drahu SA!. Testovali
jsme, zda se zkutecné€ zvysuje koncentrace SA v rostlinach A. thaliana oSettenych cytoskeletarnimi
drogami. Hormonalni profil rostlin A. thaliana Col-0 oSetfenych latrunculinem B ukézal
osminasobné zvyseni koncentrace SA. Ostatni hormonalni zmény byly pouze drobné: koncentrace
JA se zvysila dvakrét a koncentrace indol-3-acetonitrilu (IAN) se dvakrat snizila. Koncentrace SA

se zvy¢ila také v mutantu pmr4-1'6,

Dale jsme potvrdili zapojeni SA dradhy analyzou hormonalniho profilu v mutantech defektnich v
SA draze: NahG, sid2 a pad4. Mutanti sid2 nevykazovali zvySeni SA, coz vede k ptedpokladu, ze
za biosyntézu SA je v tomto piipadé zodpoveédny vyluéné gen /CSI. Biosynteticka draha ICS/ je
v A. thaliana zodpovédna za indukci SA béhem bakteridlni infekce?'*223. U mutantdi pad4 byla
pozorovana méng vyraznd indukce SA, coz naznacuje dileZitou roli signalniho elementu PAD4 po

oSetfeni latrunculinem B. Rostliny NahG maji v genomu vloZen gen pro SA hydroxylasu, ktera



degraduje vétsinu indukované SA?*. Latrunculin B indukuje transkripci ICS/. Zadné dalsi
biosyntetické geny indukovany nebyly. Gen /CS! byl indukovan také v NahG a pad4, coz potvrzuje
hypotézu, Ze indukovanid SA je syntetizovana vyluéné pomoci ICSI'.  Trankripce JA
biosyntetického genu LOX2 nebyla indukovéna i pfes mirné zvySeni koncentrace JA. ZvySena

transkripce /CS1 byla pozorovana i v rostlindch B. napus oSetienych latrunculinem B.

Dale jsme analyzovali transkripci obrannych genti po oSetieni latrunculinem B. Pozorovali jsme
indukovanou transkripci gent spojenych se SA drahou PRI, WRKY38 a PAD4. Transkripce PAD4
byla zvysena i v mutantech NahG nebot’ PAD4 slouzi jako regulaéni element aktivity ICS1%. DAISi
z obrannych gent, PR2, byl indukovan v rostlinach divokého typu, mutantech Na2G a mutantech
pad4. Zvysena transkripce tohoto genu je obvykle spojena s indukovanou transkripci PRI a PR5%S.
Zde popisujeme nezavislou indukci tohoto genu v rostlindch divokého typu a mutantech v SA
draze. Dtive jsme jiz ziskali podobné vysledky pouzitim cytoskeletarni drogy cytoshalasin E. Gen
PR2 kéduje B-1-3-glukanasu zapojenou do degradace kalosy, kterd je vyznamna pro obranu proti

houbovym chorobam?”-?%.

Transkripce markeru mechanického poskozeni BAPI byla indukovéna pouze v rostlinach divokeho
typu. Transkripce BAPI miize byt indukovana vysokou teplotou nebo reaktivnimi formami kysliku
a je spojena s indukci SA%. Je to negativni regulator hypersensitivni reakce odpovidajici na infekci
P. syringae a Hyaloperonospora parasitica®. Dalii testované geny nebyly ovlivnény, coz ukazuje,

ze latrunculin B navozuje typickou odpovéd’ spousténou biotrofnimi patogeny.

Prislusna signalizace se zda byt také alespon ¢asteCné nezavisla na SA nebot’ jsme pozorovali
ukladani kalosy i v NahG a pad4 mutantech. NeoSetfeni mutanti pmr4 vykazovali stejnou
koncentraci SA jako rostliny divokého typu. Tito mutanti maji siln€jSi a rychlejsi reakci
indukovanou SA'. Tyto vysledky naznaduji, Ze ur¢ité odpovédi typické pro bioticky stres mohou

byt spustény alternativni cestou nezavislou na molekule SA.
Akumulace SA aktivovana degradaci aktinu je spojena s fosfolipidovou signalizaci

Druhym cilem této prace bylo zjistit, jakou roli hraje fosfolipidova signalizace béhem imunitni
odpovédi spousténé cytoskeletarnimi drogami. Vesikuldrni transport je diilezitou slozkou rostlinné
obrany®, ktera zavisld na funkéni aktinové dynamice a fosfolipidové signalizaci. Signdlni

fosfolipidy interaguji s cytoskeletem®'. Abychom zjistili, zda ma poskozena fosfolipidova



signalizace vliv na indukci obrannych reakci vyvolanych latrunculinem B pouzili jsme k dal$im
experimentim dvojitého mutanta A4. thaliana v genech pro PI-4-kinasu Bl a B2 (PI4Kp1/62). U
tohoto mutanta dochazi k riistu mensich rizic po ¢tyfech tydnech kultivace, akumuluje vice kalosy,
ma konstitutivné zvySenou hladinu SA a je vice rezistentni vii¢i mnoha patogentim®*!%33, Aktinovy
cytoskelet mutanta pi4kf1/52 vykazoval vys$si miru degradace oproti rostlinam divokého typu po
oSetfeni latrunculinem B. U neoSetiené semendcki pi4kf1/f2 byla zjisténa stejnd koncentrace SA
jako v semenaccich rostlin divokého typu. To naznacuje, ze mutace v genech pi4kf1/52 negativné
ovliviiuje stabilitu aktinu'®. Pro daldi studium role fosfolipidti v indukci SA drahy pomoci
latrunculinu B byli pouziti mutanti s defekty v SA draze a zaroven v genech pi4kf1/p2:
NahG/pidkp1/h2, pad4/pidkfl/p2 a sid2/pidkfl1/f2. V mutantech NahG/pidkfl/p2 a
pad4/pidkf1/B2 po oSetieni latrunculinem B ptekvapivé stale dochédzi k indukci SA. V mutantu
sid2/pi4kf1/B2 indukce SA pozorovana nebyla, coz naznacuje, ze stale neni aktivni jina SA

biosynteticka draha nez drdha ICS1.

Transkripce obrannych genli korelovala s akumulaci SA: transkripce /CS! byla indukovana v
NahG/pidkf1/52 ale ne v pad4/pi4kf1/62. Geny odpovidajici na zvySenou koncentraci SA PRI,
PR2 a WRKY 38 byly indukovany ve vSech testovanych liniich. Transkripce PAD4 byla indukovana
v NahG/pidkf1/p2 a sid2/pi4kf1/p2. Marker mechanického poskozeni BAPI byl indukovan v
pad4/pidkf1/p2, ale nikoli v NahG/pidkf1/p2.

Kultivaéni podminky vyrazné prispivaji k riastovému fenotypu asociovanému s SA

U mutantt pi4kf1/p2 byla zjisténa riznd aroven bazalni akumulace SA vzhledem k rostlinam
divokého typu v semendccich a dospélych rostlinach. Toto zjisténi mtize ovlivnit vysledky
budouciho vyzkumu. Pro detailnéjsi charakterizaci spojeni SA a rastu jsme vytvofili kolekci 14
mutantil 4. thaliana Col-0 ekotypu majicich defektni SA drdhu. Mutanti byli rozdéleni do nékolika
kategorii dle dfive popanych fenotypl: SA-overakumulujici mutanti spojeni s lipidovou signalizaci
(pidkp1/p2, fahl/fah2), suspektni SA-overakumulujici mutanti (cpr3-1, acd6-1, pi4kfl/52,
fahlfah2, bonl-1, exo70B1-2, pmr4-1, edr2-6), mutanti spojeni se SA drahou na zdkladé genové
transkripce a test odolnosti k patogeniim (edr2-6, pmr4-1, exo70B1-2) a mutanti se zablokovanou
akumulaci SA (sid2/pi4kf1/B2, NahG/pi4kf1/p2 a NahG/edr2-6). Vsichni tito mutanti vykazuji
odchylky v odolnosti vii¢i patogenim. U mutantl predikovanych jako SA-overakumulujici jsme

32,35

obecné pozorovali retardovany rist riiZic, coZ bylo u nékterych jiz diivé popsano”>. Koncentrace



SA ptevazné potvrdila negativni korelaci s velikosti rizic. Dale jsme analyzovali transkripci genti
spojenych s SA — PRI a ICSI. V této publikaci jsme se zamétili na dulezitost charakterizace
kultiva¢nich podminek nebot’ nékteré fenotypy mohou byt dobie pozorovany jen ve specifickém

prostiedi.
Mikrobialni efektory ovliviiuji rostlinnou hormonalni signalizaci

Posledni cil prace se soustfedi na prostiedky rostlinnych patogent jimiz piekonavaji obranu
hostitele, zvlasté ty, které ovliviiuji hormonalni signalizaci. Nejprve jsme studovali zda efektor L.

maculans AvrLm4-7 ovlivituje hormonalni signalizaci hostitele.

Pro tyto experimenty jsme pouzili dva izolaty L. maculans z nichZ jeden obsahuje funkéni alelu
efektoru AvrLm4-7 a druhy nikoli. Efektor AvrLm4-7 je rozezndvan receptorem RLM4. Tato
rozpoznavaci reakce je doprovazena silnou indukci signdnich drah SA a etylénu®®. B&hem
kompatibilni interakce tak mohou byt signdlni drahy SA a ET priméarnim cilem efektoru AvrLm4-
7. Tento efektor pravdépodobné potlacuje SA signalizaci na urovni biosyntézy SA i na urovni
transkripce obrannych gent (BnPR1). Signalizace ET je potlacena v d€éloznich listech infikovanych
AvrLm4-7 obsahujicim izolatem; transkripce ET asociovanych geni ACS2 a HEL se v prubéhu
infekce snizovala. Tyto vysledky jsou prvnim dilkazem manipulace SA drdhy hemibiotrofni

patogenni houbou.
Role auxini béhem ristu a infekéniho procesu L. maculans

Mnoho rtiznych mikroorganismt je schopno produkovat fytohormony nebo molekuly obdobné
struktury?”*83%40_ Ve studii ¢islo 5 jsme se zamé&fili na schopnost L. maculans produkovat auxiny*'.
Hlavnim auxinem produkovanym L. maculans in vitro je bioaktivni molekula TAA. Jelikoz je
produkovana ve vysoké koncentraci a byla pozorovéana i v kultivatnim mediu, mohla by jeji
produkce fungovat jako infekéni strategie patogenu. Hormonalni profil infikovanych rostlin se ale
dramaticky neliS§i od kontrolnich rostlin, pozorovali jsme pouze zvySeni metabolitu OxIAA.
OxIAA je degradacni produkt IAA a neni bioaktivni. Tento fakt naznacuje, Ze se rostlina snazi
zajistit konstantni hladinu bioaktivniho auxinu. V B. napus nebyly dosud identifikovany Zadné
geny ucastnici se konverze IAA na OxIAA, i pfesto, Ze v A. thaliana jiz funkéné identifikovany
byly***}. Exogenné aplikovana IAA ve vysoké koncentraci inhibuje rlist L. maculans. Germinace

konidii byla upln¢ zablokovana pomoci ImM IAA. Inhibi¢ni efekt na riist byl pozorovan také u



houby Fusarium graminearum, ktera produkovala o 50% méné¢ biomasy pii kultivaci v 1 mM
IAA*. Naproti tomu rist houby Moniliophtora perniciosa byl stimulovan nizkou koncentraci
IAA®. U L. maculans nebyl pozorovan zadny stimulaéni efekt. V této praci jsme také nepotvrdili
hypotézu, ze auxin funguje jako virulen¢ni faktor L. maculans. Je ale mozné, Ze zastava interni
regulacni funkce. Dale jsme se zabyvali bionsytézou, metabolismem a pfipadnou signalni fuknci

auxint produkovanych L. maculans.

K experimentim byly pouzity dva sesterské izolaty (oznaCené jako JN2 a JN3) u nichZ byla
pozorovana schopnost syntetizovat IAA a n€kolik dalSich forem auxinu v nizkych koncentracich.
Analyza genomu L. maculans odhalila pfitomnost orthologii genti diive popsanych jako auxin-
biosyntetické v jinych mikroorganismech a rostlinach. Byly identifikovany geny participujici v
IPyA, TAN a TAM biosyntetickych drahdch. OSetfeni izolatu JN2 biosyntetickymi prekurzory
odhalilo, Ze na produkci IAA z tryptofanu se podili pfedevsim geny IPyA drahy. Nejvice zvySena
transkripce byla pozorovéana u gentt LmTAM 1 (tryptofanaminotransferasa), LmIPDCI a LmIPDC2
(indol-3-pyruvatdekarboxylasy). LmTAMI pravdépodobné ptimo prfeménuje tryptofan na IPyA,
ktera maze byt nasledn¢ preménéna na IAA pomoci IPDC. Aldehyddehydrogenasa IAD, ktera se
v jinych houbach také ucastni této biosyntetické drahy, byla téz identifikovana v genomu L.
maculans, ale nepozorovali jsme zadnou indukci transkripce. Pravdépodobné mezislouceniny
nebyly indentifikovany, coz mize byt zpiisobeno jejich nestabilitou. Nase vysledky jako prvni
ukazuji zapojeni dekarboxylasy IPDC v biosyntéze auxinti v patogenni houb¢. Nedavna studie
potvrdila tuto aktivitu v symbioticé houb& Neurosporra crassa*’. Funkéni IPDC dekarboxylasy
byly diive popsany u nékolika bakterii jako Azospirillum brasilense, Pseudomonas fluorescens
nebo Pantoea ananatis®®**>%%!. V genomu L. maculans se nachazi dva orthology IPDC z P.
ananatis, jejichz transkripce se zvysila po oSetfeni kultury L. maculans tryptofanem. V nékterych
interakcich mezi rotlinou a mikroorganismem byl auxin identifikovan jako virulen¢ni faktor
ovliviiujici hormondlni signalizaci hostitele’>* podobn& jako efektory>>-%%. N&které houby
potiebuji auxin pro spravny proces kolonizace hostitele, naptiklad C. gloeosporioides, M. oryzae
nebo symbioticka houba Piriformospora indica®>%3%. Externi auxin zvysil virulenci patogenu
Metarhizium robertsii na hmyzim hostiteli Beauveria bassiana*® a ztrata schopnosti syntetizovat
auxin naopak virulenci snizZila. N. crassa se zablokovanou syntézou IAA produkuje méné

konidiospor>2.
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Tato prace se zabyva roli fytohormonti béhem obrannych reakci rostlin. Ukazali jsme, ze
depolymerizace aktinu vede ke spusténi specifické obranné drahy, ktera za urcitych podminek vede
ke zvySeni resistence rostlin prostfednictvim aktivace SA drédhy. Kromé SA jsou v této draze
zapojeny také fosfolipidy. Navazujici vyzkum by se mél tykat objasnéni mechanismu rozpoznani
degradace aktinového cytoskeletu. Dale jsme prokazali, ze L. maculans produkuje auxiny. Tato
produkce se kvantitativné 1i§i v jednotlivach izolatech. Neprokdzali jsme, Ze by auxiny byly
produkovany jako virulen¢ni faktor ani jsme jasné neprokazali, ze funguji jako interni signalni
molekula v samotné houb¢. Tato otdzka by méla byt ptedmétem navazujiciho vyzkumu. Prace je
zamétena na nékolik aspektl rostlinné imunity, v nichZ jsou zapojeny fytohormony. Vlozené
publikace se zabyvaji hormondlni stresovou signalizaci z pohledu hostitelské rostliny i rostlinného

patogenu.

Hlavni zavéry

e RozruSeni aktinového cytoskeletu vede za urcitych podminek ke zvysSeni rezistence rostlin

e Navozeni rezistence pomoci rozruseni aktinového cytoskeletu je zprostfedkovano signalni
drahou kyseliny salicylové

e Nckteré imunitni reakce spusténé cytoskeletarnimi drogami jsou spoustény nezavisle na SA
draze

e Funkcni fosfolipidova signalizace je nezbytnd pro imunitni odpovéd spousténou
dezintegraci aktinového cytoskeletu

e Mutanti s defektni signalni drahou SA jsou uzitecnym nastrojem pro budouci vyzkum
tykajici se ristu a imunity rostlin

e Efektor AvrLm4-7 ovliviiuje SA a ET signalizaci a produkci ROS v rostlinach B. napus

e L. maculans produkuje bioaktivni auxin

e Transkripce genlt LmTAMI a LmIPDC2 se vyznamné zvySuje béhem produkce auxinu v

houbé L. maculans
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