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MUTAGENEZE

- kosmické zareni
- radioaktivita pudy/vody

Spontanné mutantni plané rostliny

si postupné ochocily cloveka




MUTAGENEZE
A
CILENE KRIZENI

hlavni pilire

KONVENCNIHO SLECHTENI




TRITICUM SPECIES*
Wild diploid
Triticum urartu
AA genome

GOAT GRASS 1
Wild diploid
Aegilops speltoides
BB genome X

!

EMMER WHEAT
Sterile hybrid
Triticum turgidum dicoccum
AB genome

EINKORN WHEAT
cultivated diploid
Triticum monococcim
AA genome

Accidental
chromosome doubling

EMMER WHEAT
Fertile tetraploid hybrid
Triticum turgidum dicoccum
AABB genome

GOAT GRASS 11
Wild diploid

DD genome

.

BREAD/SPELT WHEAT
Sterile hybrid
Triticumaestivum

ABD genome

Accidental
chromosome doubling

BREAD/SPELT WHEAT
Fertile hexaploid hybrid
Triticumaestioum
AABBDD genome

Aegilops tauschiif squarros

Pribéh psenice:

Triticum monococcum diploidni JEDNOZRNKA
Triticum dicoccum tetraploidni DVOUZRNKA
Triticum aestivum hexaploidni PSENICE SETA

mutagenese a selekce,
krizent,
polyploidizace

kde nestaéi ,priroda”, pomize Elovék

{ Spelt/ $
Einkorn Emmer ! breadwheat (7

Figure 6.3 Structures of the major domesticated wheats. The structure of ears (A) and grains (B) of the three major historic cultivated wheats;
from left to right in each case are einkorn, emmer, and spelt/bread wheats. (C) Sectmn through a grain of breadwheat, showing the large starchy
endosperm and the germ (kernel), which contains proteins and oils that are important for breadmaking quality




Plané solanum /ycopersma/des x kulturni r'aJ Ce

Canady et al. 2005
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Domestikace
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a ha vice mistech svéta
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Domestikace rostlin
selekce vhodnych genotypu

veétsi orgdny - semena, hlizy - vynos
rozpadavost klasu - Sireni semen
dormance
odnoZovani - apikdlni dominance
* popinavost - kerovitost
* partenokarpie
» pohlavi kvétu - hermafroditnost
» samosprasnost - homozygotnost
* ploidie (2n, 4n, 6n....)
» fotoperiodismus - doba kveteni
doba zrani
- jednoletost
* toxické latky (inhibitory ftrdvent)




J.6. Mendel a hrach
aneb kde v roce 1865 zacala
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doc. Ptacek, Vcelarstvi

.- Transgenni rostliny jsou zcela neprirozenymi organizmy,
védci pri jejich konstruovani pouzili nenormdlni postupy,

uz to samo o sobé je proti prirode.."

Je tomu opravdu tak ?
Je Horizontal Gene Transfer proti prirodé ?




BT plodiny a VCELY

CASOPIS CESKEHO SVAZU VCELARU

Ve Veelarstvi €. 3/2010 (str. 75 a 82)
jsme vds vyzvali k otevi'eni debaty
o geneticky modifikovanych rostli-
nach. Prvni ¢ast debaty jsme publi-
kovalive V&elaFstvi € 5/2010 (str. 151).
Nyni pokraéujeme druhou &asti.

Povim to hned zkraje. Potéilo mé sa-
motné zjiteni, e na strankdch Véelar-
stvivznikd diskuse k tématu GM plodin.
Kazdy soudny, ¢i alespon jesitny autor je
samoziejmé rad, kdyz jeho élinek vyvold
odezvu, atjiz jakoukeli.

Odpovéd pana docenta Pticka mé
viak rozesmutnéla. Nikoliv proto, Ze au-
tornesouhlasis mymiargumenty ve pro-
spech GM plodin, ale ]Aifc ym zpisobem
to déla.

Pan docent je védec a pedagog, pra-
covnik univerzity, kterd ma mezi priro-
dovédci velmi dobré renomé. Je zfejmé
uznivanym odbornikem nejen ,pfes
veely a ¢émelaky*. Dlouhy seznam jeho
publikaci svédei o tom, Ze mu nemohou
bytcizi adni pravidla ,publikaéniho

mesla“-nez o nétem zatnu psat, dobte
si prostuduji celé spektrum pislusnych
literarnich prament (zejména téch pi-
vadnich, kniZnich ¢i ¢asopiseckych, pro-
3lych mih(:rnml recenzi), nikolijen inter-
netové svodky z ,druhé ruky* (ano, jsem
si védom toho, ze tak oznaduji i svoje
vlastni citované pednatky). Pokud ci-
tuji, cituji pfesné. Pak se mi nemiiZe
stat, abych ,bojoval* namfsto proti fak-
tlim jen proti vybranym a obecné trado-
vanym mytim ¢i fikeim, nebo dokonee
protitém, které jsem si sam - al zamérné
¢i omylem - vytvofil.

Nebudu polemizovat s éldankem ko-
legy Ptacka vétu po vété. Shrnul jsem
jeho ndmitky - snad dostateéné vvzna-
move presné - do nize uvedenych bod.
Popravde Feceno, jsou do znaéné miry ty-
pické pro diskuse GM odborniki s laic-
[<0u vefejnosti. Nemél by tedy bytani pro
vés problém se v nich orientovat.

. Transgenni rostliny jsou zcela nep¥i-
roxenymi organizmy, védei pii jejich
konstruovdni powtili ,nenormdlni po-
stupy* - ug to samo o sobé je , proti pii-
rodé®,

Panechme filozofiim kivahimcojeaco
neni normalnf. Anebo se na toto téma
musime bavit hodiny a hodiny?1? Hori-
zontdlni pfenos gent pfiroda znd a po-
uziva uz ziejmé po miliony let.
2 Tmmgﬁm!' Bt rostliny svijm ,cizoro-
m jedem ohrozuji nejen cilového
ky didee, ale také Siroké spektrum hou-
senck, motylit, broukit. A ndsledné tak

i celyf potravni Fetézec - pres rejsky,

ptdaky az po élovéka.
Nun.sporuntr:m #e souasné konventni
zeme ncobejde bez po-

ivini riiznych pesticidil, zejména in-
bicidt. Aniskalnfvy-
dmrrhn zkoiogmk{-ho

rotechnikou hy I)ylﬂ MoZNo uZivit svét.
Atoanivpfipadé trvalyeh masivnich do-

taci. Alternativou k péstovani GM plodi
jetedy )Ull(t‘(j:lkllﬁﬁl:ud] wstiikata pra
kovat klasickou chemii®, s jeji evidentni
nespecifitou i rizikovosti i¢inku.

Ve svém elanku jsem doslova psal, ze
nesmirnon pfednosti vyuziti Bt plodin
je lmopak pravé maximalni specifita
afinkuriiznychtoxing z riiznych variet
i dokonce ras Bacillus thurt ingiensis na ci-
lové ,3kiidee”. Obecné plati, ze toxiny Bt
mJMykmsmkrhl.sbl ]awymolgh‘l,mr? 1=
brionislarvy & dospélee brouki, par. is
lensis hmyzu dvoukFidl¢ho. A co hlavng
hmyzu naprosto urtitého druhul Doka-
zuji to nejen peclivée laboratornf pokusy
(u nis realizované kupiikladu v labora-
tofich Entomologického astavu Akade-
mie véd Ceské 1ep1lbl1kv TBC), ale také
mnohaletd pozorovani pFimo v pFirode.
Pred bezmala deseti lety napriklad spus-
tiliakt LVISl(‘Gl’Ll‘IIp(dlt‘ halasnou kam-
pan sdélujict, Ze pyl z lint Bt kukufice
vUSA& K,madr hubi housenky , kultov-
niho“ motyla monarcha, které se Zivi na
[i:uch plevelné rostliny klejichy. A dive

ozdé&ji bude tedy americky kontinent

ELIILI]U krsu zndmych mot y]l(h[dhll
z kanadﬂkv( h Skalistych hor az do me-
xické Sierra Nevady. Nic takového se ale
nestalo - a celd kampai vysuméla do
ztracena.

S t¢mito a dalsimi relevantnimi fakty
by se mél mij univerzitni kolega sezna-

“ikd autor tohoto
GM plodin. -
Foto: Vladimir PTACEK

mit d¥ive, ne# za¢ne kldst sugestivni

atazky typu: ,...je krajina bez motylii to,

co bychom si do budoucnosti praliz“

3. Bt toxin se hromadi ve viech Edstech
GM rostliny, tedy keups. i v kukuiéném
sruu. Velmi pravdépodobné tak §ko-
di zdrvavi konzumentsi, véetné flovika.
Pan profesor Opatrny sice ve své ,we-
bové predndsee” hldsd, Ze trocha (toho-
to) toxinie nasemu xdvavi mize i pro-
spét - ale ,proé si mdme jesté vice otra-
vovat privodu®.

Piwvodni transgenni rostliny vyrabé&ji

askladuji prisludny Bt toxin do znaéné

miry ,pletivové specificky hlavné vlis-
tech av nati. Pyl novych amodernich od-
riid kukufice jej viak téméF postrada. Do
kukuFigného zrna se dostane Bt toxinii
naprosté minimum, nadto se brzy roz-
padaji. Nebojte se tedy popcornu v Zad-
ném z nagich kin, i kdyby byl vyroben
zBt MONY.....
jmak nikdy anikde jsem nadto netvr-
. to bude vlastné vyhoda, pro-
s organizmus bude mirngm
piisobenim (Bt) toxind v potravé stimu-
lovan.# To jen pan docent éetl ponékud
ledabyle moji internetovou prednisku

o biofortifikovanych potravinich. Ho-

voril jsem v ni o pfirozenych rostlin-

nych litkich zvanjch ,glukosinolaty*.

Najdemc je tFeba v Fepee, ale také v ritz-




... Transgenni rostliny

svym cizorodym jedem

ohrozZuji nejen cilového skidce

ale také siroké spektrum housenek,
motyll, broukd. A ndsledné tak i cely
potravni retézec - pres rejsky, ptaky
az po cloveka ..."

doc. Ptacek 2010
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EVOLUCE ZIVYCH ORGANIZMU

by zrejmé nebyla mozna

Vv o
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EVOLUCNT
PUZZLE

Chlamydomonady

jako model studia
biologie vyssSich rostlin
i ZivoCichu

Proteiny a geny komplexu
plastidového ... rostliny

Proteiny a geny komplexu
bicik/rasinky ... Zivocichove
véetné cloveka

The Chlamydomonas Genome
Reveals the Evolution of Key Animal
and Plant Functions

Sabezha S, Merchant,'™ Simen E. Prochnik,® Olivier Vallon,® Elizabeth H. Harris,"

Steven ). Karpowicz,? George B, Witman,® Astrid '1'err)',2 Asaf Salamoy,” Lillian K. Fritz-Laylin,®
Laurence Maréchal-Drouard,” Wallace F. Marshall, Liang-Hu Qu,” Davin. R. Nelson, ™

Antan A. Sanderfoot,'? Martin H, Spalding,™ Vlad-mnr V. Kapitanov,™* Qinghu Ren,

Patrick Ferris,” Erika Lindquist,” Hareis Shapiro,® Susan M. Lucas,? Jane Grimwood,™

Jeremy Schmutz,'* Chiamydomenas Annotation Team,t ]GI Annotation Team,t

lgar V. Grigoriev,” Daniel 5, Rokhsar,”*% Arthur R. Grossman®'t

e inhardtii is a green alga whose lineage diverged from land plants over
1 billion years ago. it is 3 model system for studying chloroplast-based photosynthesis, a5 well as the
structure, assembly, and fundtion of eukaryotic flagella {cilia), which were inherited from the comman
ancestor of plants and animals, but lost in Land plants. We sequenced the ~120-megabase nuclear
gename of Chlamyd and p ive phylogenomic analyses, identifying genes
encoding uncharacterized pmwms that are likely associated with the function and biogenesis of
chloroplasts or cukaryotic flagella, Analyses of the Chiamydemones genome advance our understanding
of the anpcestral eukaryotic cell, reveal previously unknows geres associated with photosynthetic and
flagelar functions, and establish finks between ciliopathy and the composition and function of flagella.

lamydomeonas reinhardtis is a -10-qum,  tional photosynthetic apparats (7). 1t als s a

Cm‘.iw.llui: soil-chwelling groen alga with ¢ Hor '_ karyol 1Ia,..m\a¢.dtm‘:u
multiple mitochondria, two wnterior

lagella for wotility and mating, and & diloroplase

Many Ohfamydomunis genes can be fmeed to the
areen plant or plant-arral coman ;
comparative genomic analyses. Specifical
Chlmmdomais ard angiosperm penes ase (le-
rived From smesstal meen plann genes, including
those associsled photosynthesis and plastid
fimetion; these are also present in
spp. e the mass Plscrmiveda peens (Fig
Genes shared by Chismdimeniy and animals
derived tiom the last plaseanimal common
acstor and many of these have bees Tost in
sperms, nombly those oncoding proeing of
cukarvotic flazelim (or cilivm) 2nd the assoeintad
basal body {or centriole) (4. Chlamyabnmonas also
dhisplays extersive metabolic flexibility under foe
regulatory genes that allow it to inhihit
distinet a1 mental niches and o survive
fluctations in nuirient availabilin: (%
Genome sequenang and assembly. ‘The
121-megabase (Mb) drafl sequesws (70) of (he
Tl ooy nuclear penome was gensmted
at 13x covemge by whole-genome, shotaun end-
sequencing of plasmid and fosmid libranics, fiol-
Teweedd by ssernbhy to 1 500 scaffolds (1. Half of
the assemnbled genome s conmimed in 23 safftlds,
wch longer 163 Mb, The gencme 15 unusual by
GC=rch {6475 (Tl 13, which recuived modifica-
tion ol standan] seque profoeols Adigmments
of expressod sequence tags (ESTs) 1o the genome
sugpest that the dmift asscmbly is 95% complae (1)
The i nuclear gemone com

thiat howses die photesynthetic appasans ad crideal
melsholic pulbweres (Fig. | and fig, 513 (5
Chlampdmmonar 15 used o stedy  eakarvotic

sis because, unlike

purposes and the genertion of biofucls (5, 6)
Tht. Chlorophytes (gren nlg;s
i angd £ ) dive

L plants), i grows in the dark nn an the Sreplophyites (and plants and their L|05L.

anganic crbon source while maintining # fime-  relatives) (Fig. 2) over a bills :
s are part of the green plant lneage
wsly diverged from
N, ek Chawmoeo) (7),

i 2
o\ Energy oze) ]uf 1t Geneene Inatitule UGI)
l\dh al Crizek, ©h 94596, USA TCHRS, Universitd Fars 6,
InstiLs de Bialogie Physica-Chimigue, 75005 Paris, France.
‘JPW'HP’R of Siolagy, Duke Umemw Curham,

Lalifaria dt Berkeley, Berkeley, LA 94720, USA “Institut de
EBialogie Mwalémwlaire ces Mantes, CHAS, 67084 Strashaurg
Cedey, France, *Deparment of Birchemisry and Biophysics,
i San Frangisn, San Frangso, O
logy Ressarch Ceater, Thongshes
Univzrsity, Cuargmm. 510275, China. “"Department of fa-
fecular Seienges 2 Cerer of Geoellence i Geramics and
B\alninw.ltus Univaer: 4 Tonrwssee, fumphis, TH 38143,
st M Departmens of FLnt Bldogy Unisersity of Minmesata,
S Paul, MM 55108, USh Cheparment of Genetics, De-
seloprert, o Tows Stale Universily, e,
SO0LL USA. MGenetic Infarmativn Research i
Meanzain Vi, CA #1043, USA. The Institute
lizsezzch, Rockedlle, WD 20850, USh. %L
Labvaratory, Salk Institute, La |olla, ©F 9203
Human Gererne Center, Stanfard Uawarsity Schoal of
Medicine, Falo Alto, CA 9304, USA Y Depariment of Plant
Cameqie Institution, Stardoed, £ 92305, USA
*These auttioss cantributed equally b this work.
tFull authar list is included at the end of the manuscript.
76 whon eonespendence shadd be addressed. E
derckhrargglal gov (05.RLY arhurggstantordedu (AR.G.) thiatoplast

prises e prongs (s, 52 w0 S08) preswn-
ably comesponding @ 17 chromesemes, consistent

cloetron micrescopy of mekatic smaptancral
complexes (/7). Seventy-fou Falids, repre-

ng TR of the dmft gevome, have been
aligned with linkage groups (Fig, 2 md fi, 52 40
518}, Sequenced ESTs fom a fickd dsolate () of
Clilamedamenns, fertile with the sandard bibora-
tony simam, fdentificd 3775 polymonphisms, realt-

Fig. 1. A schematic of a
Chigmydamenos cell
{from transmission clec-
tron migrographs) show-
ing the anterior flagella
rooted in basal hodies,
with intraflagellar trans-
port (IFT) particle arrays
between the axanerme
and flageliar membrane,
the basal cup-shaped
chloroplast, central nu-
cleus and other organ-
clles. An expanded cross
section of fhe fagellar
axgneme, as redrawn
from {48}, shows the nine
outer doublets and the
centtral pair (9+2) micro-
tubules; axoneme sub-
structures are calor-coded
and labeled {see inset),

wwonscicncemagorg SCIENCE  WOL 218 12 OCTOBER 2007
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A schematic of a Chlamydomonas cell (from transmission electron micrographs) showing
the anterior flagella rooted in basal bodies, with intraflagellar transport (IFT) particle
arrays between the axoneme and flagellar membrane, the basal cup-shaped
chloroplast, central nucleus and other organelles

flagellum axoneme
central pair

IFT particle
array

flagellar
membrane

basal body \ eyespot

nucleus

S. S. Merchant et al.,
Science 318,
245 -250 (2007)

mitochondrion pyrenoid

chloroplast

Science




Evolutionary relationships
of 20 species

with sequenced genomes (54, 55)
used for the comparative analyses

in this study :

cyanobacteria

nonphotosynthetic eubacteria,

Archaea
and eukaryotes from the

oomycetes,
diatoms,
rhodophytes,
plants,

amoebae

and opisthokonts

S. S. Merchant et al.,

iridiplantae

Plantae

prokaryotes |

Science
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Animals

eukaryotes

318, 245 -250 (2007)

Pseudomonas aeruginosa (pae)
Staphylococcus aureus (sau)
Synechocystis sp. (syn)
Prochlorococcus marinus (pma)
Methanosarcina acetivorans (mac)
Sulfolobus solfataricus (sso)
Thalassiosira pseudonana (tps)
Phaeodactylum tricornutum (ptr)
Phytophthora ramorum (pra)
Phytophthora sojae (pso)
Chlamydomonas reinhardtii (cre) O
Ostreococcus tauri (ota)
Ostreococcus lucimarinus (olu)
Arabidopsis thaliana (ath)
Physcomitrella patens (ppa)
Cyanidioschyzon merolae (cme)
Dictyostelium discoideum (ddi)
Neurospora crassa (ncr)
Caenorhabditis elegans (cel)

Homo sapiens (hsa)

flagella type

[0 Y ad
O—
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non-motile
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Néktera tradi éni dogmata ol&as neplati

rostlin striktn Zivodichua

Turning the Table: Plants Consume Microbes as a Source
of Nutrients

Chanyarat Paungfoo-Lonhienne'*, Doris Rentsch?, Silke Robatzek®, Richard I. Webb”, Evgeny
Sagulenko®, Torgny Nisholm®, Susanne Schmidt'”, Thierry G. A. Lonhienne'”

1 5chool of Biological Sciences, T niversity of Queenslana, Brisbane, Q slana, Australia. 2 institute of Plant Science ersity of Bern, Bern. Switzerland. 3 The
Sainsbury Laboratory, Norwis ch Park, Norwich, United Kingdom, 4 tor Micrascopy and Microanalysis 3 ) sland, Brisbane

ia, 55chool of Biochemistry and Malecuiar Bic The ity of Queansiand. Brisbana. Queensiand. Australia, §D S FETE E

ment. Swedish University of Agricultural Sciences. Umes

Abstract

Interactions between plants and microbes in soil, the final frontier of ecology. determine the availability of nutrients to
plants and thereby primary production of terrestrial ecosystems. Nutrient cycling in soils is considered a battle between
autotrophs and heterotrophs in which the latter usually outcompete the former, although recent studies have questioned
the unconditional reign of microbes on nutrient cycles and the plants’ dependence on microbes for breakdown of arganic
matter. Here we present evidence indicative of a more active role of plants in nutrient cycling than currently considered
Using fluorescent-labeled non-pathogenic and non-symbiotic strains of a bacterium and a fungus (Escherichia coli and
Saccharomyces cerevisiae, respectively), we demonstrate that microbes enter root cells and are subsequently digested to
release nitrogen that is used in shoots. Extensive modifications of root cell walls, as substantiated by cell wall outgrowth and
induction of genes encoding cell wall synthesizing, loosening and degrading enzymes, may facilitate the uptake of microbes
into root cells. Our study provides further evidence that the autotrophy of plants has a heterotrophic constituent which
could explain the presence of root-inhabiting microbes of unknown ecological function. Our discovery has implications for
soil ecology and applications including future sustainable agriculture with efficient nutrient cycles.
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Zmeéna jidelnicku: rostliny konzumuji mikroby
jako zdroj zivin !l

Bakterie £.coli v rajcatech a v arabiskach Paungfoo-Lonhienne et al. PLoS ONE 2010




FIGURE 12.8 Root nodules on soybean. The nodules are a
result of infection by Rhizobiwm japonicum. (© Wally
Eberhart/Visuals Unlimited.)
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Figure 16.20

The plant nucleus encodes a series of genes
that are expressed only during later stages of
nodule development, in response to bacterial
differentiation. As a general group, these
plant genes are termed late nodulins. Some
of these transcripts are specific to infected or
uninfected cells. The plant-encoded products
include the oxygen-binding protein leghe-
moglobin, specialized membrane proteins
targeted to the symbiosome membrane, and
enzymes that catalyze ammonia assimilation
and synthesis of molecules used for trans-
porting N to the rest of the plant.




Table 16.5 Some bacterial genes used in symbiosis with legumes

Note: More than 100 genes have been identified in diverse symbiotic bacteria; only a subset are listed here.




Co na to véda SOUCASNA ???

VIRY, RETROVIRY, TRANSPOSIBILNI ELEMENTY
PRIROZENA MIGRACE (sek mitochondridlni DNA

I v genomu CLOVEKA lze nalézt fadu ,cizorodych"
¢i .sdilenych" gend

Mezi genomy ROSTLINNYMI existuje tok nejen
genu jadernych a mitochondridlnich, ale navic i
plastidovych

DNA prenos plastid - jadro je zrejmé obecny jev
v ramci individua
ONTOGENEZE imituje FYLOGENEZI




Prof. Bohumil Némec
anatomie, cytologie, morfogeneze, rozmnozovani rostlin,
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Hdalky - rostlinna rakovina ?

Odedavna mne poutaly halky. rozmanité znetvoreniny které vznikaji na
rostlindch vlivem cizopasnych nebo symbiotickych Zivo€ichii a rostlin.
Pokousel jsem se, jako jini pfede mnou a po mné, uméle vyvolat na rost-
PRACE Z ARCHIVU AKADEMIE VED lindch néco halkam ana[ogického. Zv1asté mne ZEl_ifIﬂElly bakteriové na-
dory, jejichz pric¢inou je Bacterium tumefaciens, nebot’ maji jakousi po-
dobnost s lidskou rakovinou (Erwin Smith). O svych pokusech jsem
referoval v Lékatskych rozhledech r. 1913.

Bohumil Nemec Jesté jednou jsem se touto otazkou zabyval, a to v pfednésce, kterou

\"'zpumfnk}f jsem mél r. 1927 v BudapeSti na mezinarodnim sjezdu zoologickém,
k némuz byl ptipojen sjezd pro experimentalni cytologii. Pfedndska vysla
v némeckém Casopise pro exper. cytologii r. 1928. R. 1929 jsem uverejnil
ve Véstniku Kralovské ceské spoleCnosti nauk pojedndni, v némz jsem
popsal nilez bakterii v bunikach nadorku na vétévkach slivek. Zkoumal
jsem v8ak také piimo rostlinné halky, a sice jejich vyvoj, anatomii i cyto-

logii. Uvefejnil jsem o svych vizkumech &tyfi pojedndni v Rozpravich
Ceské Akademie (1916-1921) a pozd&ji ve Studies, které vydéval mii
ustav (1. 1923).

Moje piednaska o rostlinnych tumorech byla Pringsheimem
prohlisena za velmi kritickou. Odmitl jsem v ni Smithiiv ndzor, Ze bak-
teriové tumory rostlinné jsou pravid analoga malignich rakovin clovéka,
nybrz ze bé#i o hilky. Tenkrat nebyly zndmy rostlinné nadory bez bak-
terii a také ne nddory vznikajici po bastardovi, kter€ objevil Donco Kos-
toff na bastardech mezi Nicotiana Langsdorfis a glauca. Moje piedndska

§la v Casopise pro experimentilni cytologii r. 1928.
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Nematode parasitism of plants
Invasion and migration
Wound and defence responses of the plant
Protection from host responses
Molecular and cellular aspects of the development of nematode feeding cells
9.5.1. Cellular changes
9.5.2. Cell wall and membrane modifications
9.5.3. The cytoskeleton
9.5.4. Nuclear changes and cell cycle activation
9.5.5. Signal transduction pathways and transcription factors
9.5.6. Functional analysis and comparisons
Nematode signals for feeding site induction
9.6.1. Chorismate mutase
9.6.2. CLAVATA3-like peptides
9.6.3. The ubiquitin pathway
9.6.4. Cytokinins
9.6.5. Nodulation factors
9.6.6. Others
9.7. Comparison between cyst and root-knot nematodes
9.8. Resistance and avirulence genes

9.1. Nematode Parasitism of Plants

The relationships between plant-parasitic nematodes and their hosts are diverse. Plant-
parasitic nematodes may be sedentary or browsing and can be ectoparasites or endopar-
asites. For some nematodes, including most migratory ectoparasites, plants simply
provide an ephemeral food source and the interaction between the nematode and the
plant is limited. For other nematodes the interactions are far more complex and long

©CAB International 2008. Plant Nematology (eds R.N. Perry and M. Moens)

Cyst x Root-knot
NEMATODES

cystotvorna x halkotvorna

Table 9.1. Comparison of secreted proteins and feeding sites of cyst and root-knot

nematodes.

Cyst nematodes

Root-knot nematodes

Nematode secretions

Sub-ventral glands

Cell wall-degrading enzymes
B-1,4,-endoglucanase
Pectate lyase
Polygalacturonase
Expansin
Xylanase
Cellulose-binding domain

Calreticulin

Chorismate mutase (also in dorsal
gland in some species)

Dorsal gland

RanBPM

Ubiquitin-extension

CLAVATAS3 or other peptides

14-3-3

Other

Plant hormones

Feeding sites

Origin

Cytology

Nuclei
Cell wall

Differential plant gene expression
examples

Agquaporin TobRB7

Plasmalemma H+ATPase

Beta 1—4 endoglucanase AtCel1

Atrpe

AtRha1

AtAbiI3 transcription factor

AtSuc2 sucrose transport

+Z+Z+Z+ +

N (very low levels)

Syncytium by fusion
of protoplasts

Dense cytoplasm with
many organelles

Many large nuclei

Cell wall ingrowths
close to xylem

Cell wall degradation

—(low and much later)
O
(o]
o}

+ 4+ o+

+

Giant cells by acytokinetic
mitosis

Dense cytoplasm with
many organelles

Many large nuclei

Cell wall ingrowths close
to xylem

- (very low and transient)

Note: N = Not found; + = present; O = up-regulated; — = not up-regulated.




Had'atko bramborové - Globodera rostrochiensis
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e Fig. 9.3. Schematic diagram of the range of feeding sites induced by various plant-parasitic
P nematodes.

20 um
Fig. 9.2. Sketch of the anterior end of a second-stage juvenile (J2) of a tylench plant-
parasitic nematode showing the relative positions of various nematode structures including
the sub-ventral and dorsal pharyngeal gland cells.
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Plant actin cytoskeleton re-modeling by plant parasitic nematodes
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Abstract

The cytoskeleton is an importart component of the plant's defense mechanism against the attack of pathogenic organisms. Plants howaver, are dafenselass against parasitic rootkrat
and cyst nematodes and respand tc the invasion by the development of a special feeding site that supplies the parast required for s life cycle, Recert
studies of rematods invasion under trealment wilh cyloskeletal drugs and in mutant plants whers rarmal functions of the the import J
the cytoskeleton in the establishment of a feeding site and successful nematode reproduction It appears that in the case of microfiaments, nematodes hijack the intracaliular machinery
ihat reguiates actin dynamics and moduate the organ properties of the actin fi network. Intervaning with this process reduces the nematods infection efficiency arnd
intibits s lfe cycle. This discovery ncovers a new patfway that can be exploiled far the protection of plants against nematodes

Key words: cyloskeieton, 3ckn, aci depolymerizing facto, nematode, glantcals, syneytium, cylochatasin, ol

Introduction

ESSENTIAL ROLE OF MAP65-3 DURING GIANT CELL FORMATION

Sadentary plant-parasiic namatodes are major agricultural pathogens causing an estimated amnel yiekd loss of § 100 bilion warkwid. Within this group, RKN and CN are among the
most speciaiized phytoparasitic nematodes according 10 the complaxity of the sites, Both ace pic worms (200400 m) that pensirate the root elongation 2one.
of hast plants as motile infective J2 and then migrate towards the siele establisting a feeding site. Afterwards these parasites becoma sedantary, rapidly increase in sizs and finlly
Promator-trap stratogy = map63-3 KO mutant = MAPES5-3 colocalizes with mini cell plates develop rto fertle acults (Fig, 1A and B), The infection induces transformation of the roat vascuiar cels Into complex feeding cells that supply murierts for the nematodes. This process
GUS in nematode induced giant cell defect in giant cell ontogenesis separating daughter nuclei in developing giant cells I kit by parssitism prolie, Wrich oro oynEFSsed i dosophageal ginds and rfbcted b nkis fesding cll Wit the Pel of styleL | The cormplex ciaiges i nsmatode eeding
‘cell morphology are accompanied by striking increase of ploidy levels, metabolic activity and ceil size (Fig, 1C and D). Feading calis harbor a dansa cytoplasm filled with small vacuoles,
golgi and endoplasmic reticulum, proliferating organelies such as plastids and mitechondria® > and show an entirely rearranged actin and microlubular cytoskeleton **

T.ONA imseried in MABEES 1 e a3 KO it MAPLIOGES Pasn xMAPSS-3:
oy - -

Figure 1

‘-E-‘ incognita in A thaliana; [aja;ywmmummmzemsmmm thatisna (rore )

by RKN and CN. (8) Rootknots or galls nduced by Meicidogyne

Symploms of plant rfestation by root-kriot nematodes inchude knat- or galkike formations (Fig, 1A) consisting of sox to eight giant-feeding cels surraundad by asymmetrically diiding
nesghboring Gells within the vascular cylinder (Fig. 1), The giant feeding cefls are mulliuclealed as 3 resul of muliphe milotic everts with abnormal phragmoplast expansion Jeading
Wil G gt consequently to incomplete cytokinesis.*®7 The nuclel appear to be enlarged in comparisan 1o the surrounding cels already after the first mitotic evert.® Differently, CN induce formation
APSES of @ mutinucleate syrcytium which expands longiudinally along the host oot as a consequence of cell wall dissolLfion between the flanking cels (Fig, 1) * In this fesding site rusle:
eriarge possbly due to hawever s never

ells ()7 days.atier  Root
inoculation (dal) wth B incogrita (N)  meristem The Actin i Feading Sites

MAP65-3 expression pattern = = o - 31 ant - 3 The plart cylaskeleton is crucial for meny celluiar processes drasion,
tissue enriched in dividing cells 13 |

srchisclss, bataris betwaen soliopic and ansol opic

port,
expansion, respanse to environmental stmui ard pathogen attack, and therefore is essertial o plart orowth and repeoduction '® Having our studies been focussd on the cell biokogical
‘aspects of the interaction betwaen plants and parasitic nematodes, the interest to investigate the arganization of the cytoskeleton in giant cells and syncytia indused by two typas of plant
perasitic nematades was naturaly pursied. Surprisingly, our observations have Shown that both the actin and microlubule ratwarks in oot cells infected by nemetodes are disorganized.
il B B This mini-revew focuses on the actin cyloskeletan in feeding giantcalls induced by RKN and to a less extent in syrcytia induged by CN

mature giant eells aborted giant cells

Identification of signaling Identification and characterization of 1 has baen shown that transcription of twa membars of the Arsbicopss actin gans family, ACT2 and ACT7, s wregulated during gall and syncytium development suggesting that a larger
components Upslream of MAP65-3 MAPss_a interacting proteins pool of globuar actin is required for actin figments assembly in the. ‘cels forming (sading siias .\n VIVO BNaYSIS USING actin markers su—:his the actin biding domain of A, thaliana fimbrin
{FABD) and the actin binding domain of (he mouse Talin (mTalin) fused to GFP transverse and inthe giant cell

developmental stages (Fig. 1E and E'). Numerous fine and sl’nn filaments have aiso been cbserved reflecting ongoing assemb\y of new actin filaments from the abundant poal of
@ 15,000 seeds from homozygous plants expressing GFP and GUS reporter genes @ Yeast Split-Ubiquitin System cytopiasmic fres actn (Fig_1E"), accompanied by severing* These obsenations were corfirmed and By Jyses in tha model namatods host plant
uincter the:control of. e MAPE5.3 promater ware misnagenisad with ENS. A s el Arabidopsis thaliana (Fig. 1F) and in natural host Pisum satvum (pea). Mitotic giant calls reveal i8ss endoplasmic F-actin, bul instead cantained diffuse actin staining (Fig, 1E7, F and G
). Durng cell pre-propt (PP8) has ‘suggesting that crg f eytoplasmic actin ard PPB formation are either structurally linked or reguiated by a
EM5 ‘common pathway atered by the parasitism proteins. The absence of actin flaments withing the cyloplasm was epparm during anaphase (Fig. 1G) in large spindles of giant calls
Narmally, in mitotic ce ly be detacted of arapt and ' but rol in PPB and metaphase spindle. Aum filaments reguiate
positioning and fusion of cell wall frming vesicles and their depolymerization may cause siowdown of the Our recent
utrastructural studies using electron microscopy show that instead of the typical two antiparaliel arrays of actin flaments observed in rormal phragmoplasts, actin filaments are
O i ! disorganized and misaligned in phragmopiasts of giant cells (Fig, 1H, unoublished data). In agreement with these observations, giant cells are unabie to accomplish cylokinesis due to the
phragmoplast faiiure, *7 which can be atiributed to the abnoemal organization of actin filaments. Cells that surmound the giant cells show randomly distributed actin filaments which often
form a denser network in cells flanking the gient-feeding cells (Fig, 1E) They are able to compiete cytokinesis, though their phragmoplasts are often curved.

gt

TONA

No interaction Interaction

@ in planta validation by « » (BiFc)
Actin flaments network n the syncytia nduced by the cyst nematode Heterodera schachti seems mare disorganized and less siructured than in giart celis. Analyses of the feeding ste
" iniving (Eig. 11 and J) as we as fixed (Fig. 1K) samples showed a dense acti array in cals surrounding the feeding site and & rather dffuse florescence in feeding cells indicating
Screening in vitro for M2 plants ¥ depolymerisation of actin filaments {Fig. 1J and K). Cells suTounding the syncytia displayed longitudinal actin bundies (Fig, 11). A radial array of actin filsments focused 1o the nematods
with GFP-affected : & y S head can be observed in infiating syncylia (Fig. 14). Ne milalic activy seems o take place wilhin syncylia except for neighboring cslls which may Lnderga mitatic events prior 1o their
- = Incorporation into the feeding site. Al aarly stages of $yreplia develapment the flarking cels benave as an isalated symplastc domain wihout seemly funciionsl plasmodesmata 14 g
@ M2 lines are screened for loss of GFP/GUS expression in the raot meristem, such, that cause actin the not affect flanking cells until the fusion.
and backcrosses performed on candidate lines

Transient expression Interaction observed on the Ot St e A T e i T S el S i V0 s
Selection of lines with defect in GFPIGUS expression in giant cells, and in tobacco leaven cortical microtubulc array i
analysis of M. incognita develapment on the mutated lines

@ Mapping @ Biochemical validation

25.6.2011 9:26

in Arabdopisis Plant Cel
ant Signaling & Bohaviour, 10, 826
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Whole-mount confocal imaging of nuclei in giant feeding cells pr‘enos
induced by root-knot nematodes in Arabidopsis °s
z bakterii
Paulo Vieira '™, Gilbert Engler"™”* and Janice de Almeida Engl

Institus National de la Recher UM 1355 1A, 400 moute des Chappes, Soph echerche Scientif R 7254 ISA, 400 rote
des Ch: phia-Antipolis, F *Universite de Nice-Sophia Antipolis, UMR ISA, 400 route des € ope o
Summary

Author for correspondence = Excellent visualization of nuclei was obtained here using a whale-mount procedure adapted I e ne s po l ny

Janice de Almeida Engler to provide high-resclution images of large, irregularly shaped nuclei. The pracedure is based
Tel: +33 492 386 ?'f’[) on tissue clearing, and fluorescent staining of nuclear DNA with the dye propidium iodide
Ernail- janice. almeida-engler@sophia.inra.fr & :: i 1.
= The method developed for standard confocal imaging was applied to large multicellular roat
Received: 22 March 2012 swellings, named galls, induced in plant hosts by the root-knot nematode Meloidogyne incognita.
Accepted: 6 April 2012 = Here, we performed a functional analysis, and examined the nuclear structure in giant feed-
ing cells overexpressing the cell cycle inhibitor Kip-related protein 4 (KRP4). Ectopic KRP4
New Phy { (2012) 195: 488-496 || expression in galls led to aberrant nuclear structure, disturbing giant cell expansion and nema-
1469-8137.2012.04175 % tode reproduction. In vivo live-cell imaging of GFP-KRP4 demonstrated that this protein
co-localizes to chromosomes from prophase to late anaphase during cell cycle progression.

Putuji do

A root-knot nematode-secreted protein is

injected into giant cells and targeted to the nﬂpﬂden9Ch
nuclei. .
rostlin

Maélle Jaouannet, Laetitia Perfus-Barbeoch, Emeline Deleury, Marc Magliano, Gilbert
Engler, Paulo Vieira, Etienne G J Danchin, Martine Da Rocha, Patrick Coquillard, Pierre

°
Abad, Marie-Noélle Rosso e n

INRA UMR 1301, CNRS UMR 6243, Université de Nice Sophia Antipolis, 400 route des

Chappes, F-06903 Sophia-Antipolis, France INRA, Université Aix-Marseille, UMR1163 V4
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Abstract e O

Root-knot nematodes (RKNs) are obligate endoparasites that maintain a biotrophic N EM - en 7
44 C

relationship with their hosts over a period of several weeks and induce the differentiation of
root cells into specialized feeding cells. Nematode ef =

role in these processes.
expressed sequence tag (EST) datasets to identify Meloidogyne incognita genes encoding
proteins potentially secreted upon the early steps of infection. We identified three genes
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Background
Matural acquisition of novel genes from other organisms by horizontal or lateral gene transfer is well established for microorganisms. There is now growing evidence that
horizontal gene transfer also plays important roles in the evolution of eukaryotes, Genome-sequencing and EST projects of plant and animal associated nematodes such

as Brugia, Meloidogyne, Bursaphelenchus and Pristionghus indicate horizontal gene transfer as a key adaptation towards parasitism and pathogenicity. However, little is
Abstract:

known about™the Tunctional activity and evolutionary longevity of genes acquired by horizontal gene transfer and the mechanisms favoring such processes.

Racnlte

Phylogenetic studies have shown that parasitism of plants by nematodes has arisen
independently on at least three separate occasions. We argue that horizontal gene transfer h
played a critical role in the evolution of plant parasitism on each occasion. In addition, we
discuss evidence that suggests this process has driven the evolution of other life strategies
within the Nematoda and that it may be considerably more common within the Phylum tha
commonly thought. We review recent literature that shows horizontal gene transfer to
nematodes has occurred from both bacteria and fungi.




mezi ROSTLINAMI
pFenadei jsou bud’ PARAZITICKE

Striga x ryze, kukurice, Cirok
Cuscuta,kokotice x motylokvété, jitrocel

nebo EPIFYTICKE rostliny

napr. kere Amborella trichopoda (Nova Kaledonie)
Udajné az 30 cizich gent v mitochondriich,
nékteré i z mechorosti

Plastidovy genom je naopak mozaikou
z fylogenetickych predku

Sporny je recentni prenos

plastidovych gent |
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Chromosomova dédicnost obecné neplati

Chromosomova theorie dédiénosti uzndvd mo¥nost ziskdvini k¥i¥enci jen
pehlavni cestou. Zavrhuje moZnost ziskévani vegetativnich kiiZzencl, ponévadz
nepznéyé specificky vliv Zivotnich podminek na podstatu rostlin. I. V. Miurin
nejen ze uznaval moznost existence vegetativnich kifZencti, ale vypracoval
1 methodu mentora. Tento zptsob spodivd v tom, ¥e roubovanim vétévek t&ch
nebo onéch starych odriid ovocnych stromi do koruny mladé odriidy ptejdou
do mladé odriidy vlastnosti z naroubovanych véfvf staré odridy. Proto byl tento
zptisob pojmenovén I. V. Mi¢urinem jako mentor, t. j. vychovatel. Jako mentor
muze byt vyuZita i podnoZ. Touto cestou byla Mifurinem vypéstovana nebo
zlepSena cela fada novych dobrych odrad.

LYLEFak

L]

Roubovani jako cesta ke vzniku vegetativnich kriZencu

Stadiove nezformované organismy, které neprobéhly dosud tiplnym cyklem
vyvoje, budou pfi ofkovani vzdy ménit sviij vyvoj ve srovndni se semenddi, t. j.
rostlinami neroubovanymi. Pfi srlstdn{ rostlin po roubovani povstdvd jednotny
organismus riznorod¢ povahy roubu a podnoZe. Sbirajice semena z roubu.nebo }

podnoZe a vysévajice je, miZeme obdrZet potomstvo rostlin, jejichZ jednotlivi

Y
12
i,

3!
jedinci budou mit vlastnosti nejen té odridy, z jehoZ plodu jsou vzata semena, | %

ale i z druhé odridy, se ktzrou prva byla spojena roubovinim. s
Je jasné, Ze roub i podnoZ nemohly si vyméfiovat chromosomy v jadrech

svych bunék a pfece pfechizely dédi¢né vlastnost z roubu do podnoZe a opadné.

Tedy plastické Idtky produkoyané podnosi a roubem, stejné tak .-.i--éﬁ:ﬁﬂ»%ig@,{g?@:.'f akog

RN e P : : E

! i kierdkolip Cdstecka Ervého telay magi druhové vlastnosti a wréitau,dédicnost,

U . it G : ey
w'ﬂ&;.L-:-:,_w-_-._-?..' . i

Kterakoliv cdstecka zivého téla je nositelem dédicnosti
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Obr. 13.1. Celkovy. vzhled listi a plodd a anatomie slupky plodli chiméry” Crataegomespilus
asnieresii (uprostfed) a obou jejich komponent, hlohu (vlevo) a mifpule (vprave). Podle
: Baura (1930).

kdepak vegetativni krizenci,
leda mutanti nebo CHIMERY

tedy opét zadny ?




zrejmy je jak MITOCHONDRIALNI tak
PLASTIDOVY a mo2ng i TRANSPOSONOVV

u ROUBOVANCU
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Roubovanci TRANSGENNIHO TABAKU :

dvé odrudy : Petit Havana a Samsun

dva ruzné znaky resistence k antibiotiku : kanamycin a
Spectinomycin

dva ruzné flurescenéni proteiny: zeleny a Zluty
Resistence kodovana jaderné, fluorescence v plastidech
¢i v cytoplasmeé

VYSLEDEK:

Prukazny obou typl genu prinejmensim v zoné
blizké rezu. Pokud z ni odvozen kalus a regenerovany
Rostliny, nejsou chimerické ani ,somaticko hybridni®,
ale ,kombinované transgenni".
Transgenoze je stabilni

Stegemann and Bock 2009




LYSENKO ve ZKUMAVCE

PROTOPLASTOVE KULTURY
a somaticka hybridizace
cybridizace

prekonani bariér nekrizitelnosti




Od Purkyné-ho ke Cockingovi:

protoplasty = rostlinné buriky ¥ us
docasné zbavené bunécné stény "G,

umoznily :
- tvorbu ,somatickych hybridu™

- prendseni genoforu (organel)

- vnaseni samotné cizorodée DN
(jedna z technik pripravy GMO |
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Protoplast - cy’roplas'r fuze

Brassica oleracea.




TOMOFFEL 7 PomaTO. Melchers
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Fig. 29. George Melchers (1906 ), with his famous somalic hybrids of potato and tomato
obtained by protoplasl fusion




Somaticka hybridizace N.plumbaginifolia x N. sylvestris
chromosomadlni prestavby vyrazné odliSnych genomi

In situ detection of gename reorganization 865

L.~ A

Figure 1, Orcoin-slained motaphage chromasomas of N plumbaginifolia, A splvestis and their cedl fuskan products,

a) Metaphase spread from root tip meristem cells of A plumbaginifola (20 = 2,

(I Metaphase spread from racl S mensiem calls af N, Syivasies (20 - 24

(cy ard [dy First division of the heterckaryons of asymmeinc somatic hybrids betwesn N plembagioiodia and M splvestns. Mesaphyll protaplasts of &
umbaginifolia idonory were subsactedd 19 1000 Gy af garmma s priar [ cell fugion with ron-irradiated protopiaets of N ayivestns (recipiont).

Mp and N indicate chromoseme matanal from AL plumbaginifoia and N, spleestis, resnectively, Srrows indicide secandary caonstrctions, Seale barin i)
repregants [0 pm for () and (B, Scale bar o o) regeesents 1 am for (2 and fd),




Indikace chromosomalnich pFesTaveb somatickych hybridi
pomoci techniky GISH




Somaticti hybridi
kulturntho bramboru
a planych lilku

prenos resistence
vuéi patogenum,

Zzejména virdm




Presto Ci proto :
Hdd'atek se nebojme, na mnozstvi nehled'me




