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Studijni material ke zkousce:

Uvod do fyziologie vy3ssich rostlin

Jiti LuStinec a Viktor Zarsky
Karolinum 2003, kap. 10 ONTOGENEZHprip. 11 a 12)

a take Fyziologie rostlin , Doc. Libuse Paviovardeum.
Na strankadch KFR on-line; Kap. 8-11

http://kfrserver.natur.cuni.cz/kfrserver/studium/pr ednasky/vyvojrost/index.htm



Pro hlubsi zajemce:

http://www.plantsci.cam.ac.uk/Haseloff/teac
hing/Index_teaching.htm



Evolucni dejiny
rostlinné bunky

aneb co jsou (a co uz
nejsou) rostliny

Building the Tree of Life. A current view of the Tree of
Life (7). Information is biased toward vertebrate animals
and vascular plants (the thick branches); lesser-known
groups such as bacteria, fungi, and protists are largely
underrepresented. Also shown are species known to sci-
ence (green leaves), extinct species (leaf litter, brown),
endangered species (falling leaves), and species for which
"barcode” information is available (red leaves).

Crandall and Buhay, Science 306:1144, 2004



Co Jsou rostliny?

Fotosyntetizujici (zelena)
SViridiplantae®

(To, co studuje botanika)
ALE: ruduchy, ... isejniky ....
V rade situaci se rozumi Embryophyta



Pohled na fylogenezi eukaryot
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Figure 1. A diagrammatic tree depicting the organisation of most eukaryotes into six major
groups. The relationships amongst most of the major groups and the position of the ‘root’
of the tree are shown as unresolved (note however, the grouping of Opisthokonta and
Amoebozoa). The arrow shows a possible precise placement of the root, based on gene

fusion data (see text).

(Simpson and Roger, Curr. Biol. 14:R693, 2005)
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Puvod plastidu: jednou a prece vickrat!
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U sekundarnich endosymbiontu je plastid vlastné rasa,
z jadra nékdy ,nukleomorf*.
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Mnohobunécnost vznikla u rostlin nékolikrat
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(Yoon, Mol. Biol. Evol. 21:809, 2004)
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PLANT EVOLUTION AND
DEVELOPMENT IN A
POST-GENOMIC CONTEXT

Quentn . B Cronk

Large-scale gene-secuancing projects that have been undertaken In animals have
Irvalded oraganisms rorm contrastnd EEGnomic raups, SUch as wWalr, 0y and marrimal.
By conftrast, similar botanical projects have locused excliusively on Mowerng plants:

This has made it diMcult to carry out fundamental research an how plants have evolved
from slimple Lo complex [amms — & t@&sk hak has een very successilin animats.
Howvewer, In the Nowvenng plants, the many completely of partially sequenced gencmes
noay Decomind avallabla sl provide a possamul tool 1o Investigate the detall= of evoiuticn

In one aroup of elated crganisms.

rhant evolutkbn has exerted a controlling Infhience on
the geochemical and climal e evohition of oor plane.
Through pholosynt hesis, plants have altered the
atmosphere by producing coygen and providing a
sink tar carbon diexide. The colonization of the
by plants created the terresirial biosphere. The eviohi-
ton af the roct by cody lancd plants promoted soll
formation from weathered rock. Flnally, the enor-
s ecolagical and morpholagical  diversity
achieved by the anglosperms spFpEarks an vl mora
slagmering diversity af Insect forms, and the evalatlon
aftheleal which has a higher concentration of pro-
tetn than stems do, permiis the aineival of signiilcani
numbers af large complex antmals. All these lnin ova-
Hiems beve oen drlven by penetilc changes. The stady
alplant evolution., al s grandes, s the stady of how
unaa loms In genes bone alfected the way inwhich the
Hant onct e In thisarticle, 1 review the principal
merphslogloal lmdmarks thal have characiertzel the
evolutlon of plants and addeess how knowled pe
that has been accrmed over the centurbes by plant
maorphaloglsts, systemallsts and  developmental
hisloglsts can be lntegrated with genomk nform-
Han Lo address the most IniTlgning evolutionary
gues Hon of all the nuclentide basis of develap-
ment and acdapla ton.

Mew phase of the study of evclution

etone the completon of the Awidddapss genoine-
sequencing project, which wasannouaneed In Februane
20060 cReE 1y, the complexity af the genamse wasastong
barrier 1o understanding Lthe spectilc reltlonships
betveeen genotype and evohition. This 1= no longer the
cage Wi the advent of rapld scquencling mathods the
Avkdy ol pant evaluton bias shlled e the garee level o
Ehe mclentkle bevel. 11 15 novw passible o investizate o
el eatlde changes afect phenotype through altering
alevelapmental proces ses arkl bow sdoction acts on these
phenatypes to drive evishatiomary change, both past and
present. The use of genomk infiormation 1s, therefone, so
to enhance markal b the stuchy af the evabation of dewel-
apmient tkninen astevo-devol, The great epdamonr for
the twenty-firs cenbory wll b 1o discoet the ackeatkle
bewsis of morphaloaical differancss belween organisims, so
nmerking a third phiase in the goadyof nanaral sslection
The completlon s this endervoarwill rouoire the
n af fomr disciplings: devdopiment, marphalo-
¥ avabematics mxl evalutonary biokpy, Syenmtics, by
revemil ing, the pattern ofchaeader chanpe In the evolution
al partoular ool groups. 1s anessental aedorpin-
g al planl ceo-devio The deselopment of malaoakar
apsteneatics s been partiadary importa in prodiing
aocrabe organlsnr - (8 c ol penet phdoeenies. This
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Rostliny kolonizovaly sousi jen
jednou
a jen zelené rostliny



Z 1. rozméru do prostoru — vyznam orientace d@leni a dlouzeni.

Box 3 | Outline summary of some important innovations of plant evolution

Aquati:: HKebsamnoium

Coieooiaste

l1“‘.|‘ll
ﬁ':"

\rhll]hjhlrl':rrl" gL

Unicallular 1o filamentous transition. Products of mtnsis do not sgparmte, thus fomming Fiamentous ta parenchymatols cel diisicn. & complex mulicelidar organism can form
king filsments. Plane of division i5-always paralel o the direction of growth. Flaments nnhy if celldivsion occurs in mare than one plene., This Equies sophisticated, contral of
can produce mats,-wiich, By trapping evolved coygen, can fise o the water surface a8 develcpmental mechanism that regulates cal diision in responss tosxternael sigrals.
ithe phatic zone]. Evohed; several times . Alelrsommaiur image: & Yuuj Tsukii, Japan Evclved: ==veral times. Example: Coleochzete image ‘0 Mike Clayton, USH
Terrestrial
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surface of the plant [cutickd . Evoled: onoe, which 1= thought to protect the spaore from the plants hawe some sort of exciution of alarge female megespore with
With the evolution of the cuticle, an alternatve system heetile agrial ervironment. The microspore watar-conducting tissue. mione-rescurces than the smal micespore
fior ges exchangs E neaded, rather than diffusion acroes canrct gwaid traveling through this hostik arial In rossas, this is called & represents an mportant evolwionary
the plant suface. Cuticularized parts of bryophtes have erwimnment, a5 it B a pricipal nstrument of gene  hydmome:. In vascular plants, dmision of funclion, requiring a new
stomate (bresthing pores|, as do the ptendophves and ficar in the population of ctherwiss staionary this 5 better devaloped and developmertal comrol of sex exprassion
s=ed plants. Evolved: probably once, crganisms. Evoked: once Cooksoni and ftyne 5 caled xylem. Ewolved: several times (at leest =ix, probably
images & Hans Steur; The Metherlands. Evcived: probably oncs ning), but onceain the s=ed-plant ineaga
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Rodozména

 Tendence k rozvojifieviadnuti sporofytu

e Jak vibec vznikl mnohobuitny sporofyt?



Dvé hypotézy o vzniku dvou
generaci u rostlin

 Interpolani teorie- predek n&l diploidni
jen zygotu (tak je tomu u paroznatek).
Oddaleni meidzy po mitotickéentlkgni
zygoty vede ke vzniku sporofytu.

o Transform&ni teorie- predek
suchozemskych rostlin vyvinul simult&hn
mnohobugcny gametofyt | sporofyt

(analog. Ulva).
Stara dobra ,,Coleochaete” hypotéza mluvi pro IT.



Dvé hypotézy o vzniku dvou

nterpolani teorie- predek nél diploidni
jen zygotu (tak je tomu u paroznatek).
Oddaleni meidzy po mitotickéentlkgni
xgoty vede ke vzniku sporofytu.
e Transformani (€01
suchozemskych rostlin vyvinul simult&hn
mnohobugcny gametofyt | sporofyt

(analog. Ulva).
Stara dobra ,,Coleochaete” hypotéza mluvi pro IT.



Hlavni evol&ni novinky
suchozemskych rostlin

o Kutikula a pfiduchy.
* Evoluce listu.

* Evoluce k¥tu a semennych obal
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Figure 2| Five-step hypothesis of seed-plant leaf evelution. Leal evolution requires the reciuitment of &t kast five broadly defined gene systems, each consisting
of several different, but interacting, developmental genes. Recrukment of such systems in the following order would be consistent with Both the observed morphology
of kzaves and with the fossil record: 1, 8 monopadiality system — the division of meristem into main and subsidiary mestems, probably through aninoreass in
compilexity of meristem control networks; 2, a detemination system — cessation of growth at tips inlateral branch systems. Originally, this probably irvobed the late
downrequlation of KNOX genas by PHANTASTICA [PH) ROUGHSHEATHZ homolegues, which in evolution have become expressed earlier and earlier; 3, a
dorsocvantrality system — lateral branch systems of some [ossils are unfacial but show intemnal dorsoventrality. This raquires asymmetnic, abaial or adadal fventral or
dor=all gene expression, promaoting stable adaxial or abaxial expression of key regulators, such as PHE, and of the YABEY gene family; 4, & lamination system
(production of & large flat sheet of tissue) — the evolution of an adaxial suface (extreme dorsoventrality) is correlated with the activity of a marginal meristem. This
might have arisen through the interaction betereen adaxial-abaxial identity genes (such as PHE) and KNOY genes. As the marginal meristem located aleng the margin
of the leal primerdium and that forms the blade) & always active at the junction of adaxial and abaxial domains, crosstalk betweesn the domains might constitute the
stimulus for lamination; 5, an axillary bud system — the constant association of a new meristem with the adaxial side of the kzaf, which could have arsen by signalling
bebween lilkely adaxial identity genes (such as the homecdomain-zip gene REVOLLTAI and rmeristem identity genes. Although for several of these functions we are in a
[position to suggest candidate genas, much further work nesds to be carried out onthe comparative evolation ol the gene networks imvohed.

Vyvinuly se nékolikrat (min.3x) nezavisle, podobré koreny.



A means of secandariy thickening
the stem efter pimany growth is
needed to suppatt brge-stalure
HantsThs hal:;.pgea'l r;g;umd n
endop ard in sezd plamts
the cifferentiation of a wasoular
cambium, which is an encicling
mristem funifacial in I}.l-:npuds]
producing new cels around the
stem. Evclved: several imes

Leaves are a unique feetuns
of the land flara, end whereas
the fir=t land plents of which
wa hawve fossik had no leawves
[Siunan 44 0-410 hiyragal.
by the end of the Devnnan
[410-250 Myr ago] eaves’
had evalwad a minimurm of g5
=i imes.

Megasporangum Megasporangum with
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Flower evolution Establishmert of four
whais n radisl flower
Mln‘l:\q:auphyll o,

CoNEs

Formaticon of capals
and stameEns

CARPEL

STANIEN

Dorsovertrel asymmetry
[zygomorphy) of the flowsr

Mary of the largast famiies

of fiowenng plants, such &s the
orchicls, have such dorsoventraby
eymmetnicel [blaterelly symmatncall
flowers, end t & posstie that

Steqils
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Dygomorphic flowsr

Procuchon of make and femele sporangis 1in e cosexual structure fthe hemeaphmmdite

flower]. The extant nosperms have separske male end femalke cones (Bnd this
iz protabiby trus of tﬂ ancestor of Qymnoepenms and angosperms), whereas the
angosperm flower B assentaly a bissxual cone: Ewclved: ance in the ancestor of
extant hermaphrodie ssed plants [engiospemiz), but indspendently in some satinct
groups of gymnicsperms [Example: Bemeftiiziss).

edaptition 1o spaciakst pollinators.
sided by Zygomophy, promotes
speniation, Evaleed: savaral times.




Modelové organismy rostlinné
vyvojove biologie

(EILR)

Rhizaria

Radiolaria
Cercozoa )
(inc. Foraminifera?)

Euglenozoa,
eterclchosea,
Jakobids
Ciymonads,
Trimastix Excavata
Malawimonas
Diplomonads,

Op isthokonta flagellates
Retortamaonads,

lchthyosporea Carpediemonas
Mucleariid amoebae B e APUSOMONAS Parabasalids

miF‘k”;"glJiD girTffi'q'-, =="- Collodictyonids
L8 R ! Ll . .
' ? ™ Centrohelid Heliozoa

Animals
Choano-

Eukaryotes

Prokaryotes

Eubacteria Archaebacteria

Current Biology



Chlamydomonas reinhardtii

Nucleus

Chloroplast

Contractile vacuoles

Skvély model pro studium plastida a fotosyntezy.



Mech Physcomitrella patens je dosud jediny rostlinny model, ktery umoz  Ruje
homologni rekombinace - tzv. gene knock-out

Zakladni tropicke a fytohormonalni systemy jako u v\8Sich
rostlin.



Partial SEC6 deletion
In Physcomitrella patens

In collaboration with Fabien NOGUE, INRA, Versailles, France



Zea mays nejstarsSi vyvojov é-geneticky model krytosemennych

mutace knotted




Arabidopsis - 107 pb (A) a Fritillaria - 10! pb (B)

Rostliny se zcela srovnatelnou komplexitou pletiv a organt se liSi 10 000x obsahem DNA.




Osekvenovane genomy rostlin

* ALE UZ TAKE MODELOVA OBILNINA
RYZE A

« MODELOVY STROMTOPOL

e (Populustrichocarpa)



Campus Umea -modelovy jedinec



« GENOMY ROSTLINNE BWNKY

« PROBLEM KOORDINACE RI
GENOMU V JEDNOM ORGANISMU

o ,Stéhovani” geri z organel do jadra.
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(A)

Genom
Plastida

Large single-copy
region

Oryza sativa (rice) chloroplast DNA
134,525 bp

Inverted repeaty

Small
single-
Copy




Hybridizace a polyploidizace/genomové duplikace
jsou béznou soucasti speciace rostlin.

Jako poastatek davné polyploidizai udalosti se i v genomu Arabidopsis vyskytuji
nékteré useky chromozoirdvakrat




Metody studia rostlinnych géridicich ontogenezi.

(A) Chemical mutagenesis vs. T-DNA mutagenesis (B) Complementation of mutant yeast

[dentify map

position Isolate mutant yeast
w:::;sﬁm:t unresponsive 1o
E— osSmolic pressure
Chemical Walk to P

chromosomal
lacation and

/_,/' clone gene O)
Transform yveast with
plant cDMA library
Isolate mutants
insensitive to
blue light
Clone gene
COntaining g s
&L ne
\ T DMNA, . st Sereen orf select for

MIULAEE SIS

T-DNA 5 for blue light
receptor yeast isolates responsive
to osmotic pressure

T-DMNA

mutagenesis

ledentify plant osmaotic
sensor by sequencing the
complementing geng

VYVOJOVA GENETIKA




Mutageneze transpozoneniihe byt reversibilni
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SYNTENIE €i KOLINEARITA

GENOMU

Pfibuzné druhy rostlin maji
obdobnou lokalni architekturu
genomu - pofadi genu na
homolognich Usecich
chromosomu.

Sorghum=dirok (uz také
osekvenovany genom)
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T-DNA JAKO NASTROJ ROSTLINNE
EXPERIMENTALNI BIOLOGIE

Mechanismus ignosu T-DNA
JAgrotransformace” jako wlezity nastroj studia i modifikaci rostlin
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Reporter Gene Systems — GFP a GUS

Use of a reporter gene — gene whose expression is
easy to observe. Used to “report” gene expression

GUS activity (pmol/min/mg protein

=
s
7]

:

- regulation and localization

» Green fluorescent protein (GFP)

Protein identified form luminescent jellyfish Aequorea victoria.
GFP has now been produced in a number of heterologous

cell types and there appears to be little requirement for specific additional A. thaliana C24 wild type (left) Aequorea victoria
factors for post-translational modification of the protein, which may be  35S-mgfp4-ER transformed (right)

autocatalytic or require ubiquitous factors. Many structural variants now

available commercially (e.g. red fluorescent protein)

* GUS (uidA) gene

B-glucuronidase

5-bromo-4-chloro-3-inolyl
-B-D-glucuronic acid

http://www.plantsci.cam.ac.uk/Haseloff/GFP/GFPbackgrnd.html
http://pantheon.cis.yale.edu/~wfm5/gfp_gateway.html

ABA-inducible expression

Temporal Expression TAPG4Y (4-4)
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Koncept rostlinného organismu

1.Neukonéena organogeneze/embryogeneze
2. Modularni stavba - FYTOMERA

3. Neoddélena zarode&na linie

4. Totipotence rostlinnych bunék

5. Stridani n a 2n generaci — rodoz#na

6. Velka vyvojova plasticita — stresova odolnost.



1.Neukortena organogeneze/embryogenez

2. Modularni stavba - FYTOMERA

Modularni stavba rostlinného
organismu

Pravidelné opakovani zakladni
konstrukéni jednotky - fytomery -
mj. umoznuje roubovat fytomeru
jedné rostliny na druhou.

Fytomera se sklada z nodu s listem
(pfip. uzlabnimi pupeny) a
internodia .

Apikalni dominance

Souvisi s produkdiAA = auxinu
ve vzrostném vrcholu a jeho
bazipetalnim transportem




Zdrojem fytomer je meristém -

Jak porozur# vzniku jejich pravidelného uspadani

FYLOTAXE ?

V Fizeni fylotaxe hraje dilezitou roli IAA ...



Modely diferenciacnich
procesi

ALLAN
TURING

Pracoval na luséni Sifer
nacistickych armad — ENIGMA.




Reakéné-difusni model vzniku pravidelného uspéadani

Autocatalysis
.

%

Degradation | 4 Activator Ditfusion

(

r Inhibitor

L

Fig. 4.2 How an activator—inhibitor scheme works. The activator
generates more of itself by autocatalysis, and also activates the inhibitor,
The inhibitor disrupts the autocatalytic formation of the activator,
Meanwhile, the two substances diffuse through the system at different
rates, with the inhibitor migrating faster.




™ Meristem

e Primordia

— Axiflary bud

Fig. 4.43 Spiral phyfiotaxis can be generated i a réaction—diffusion
madel of pattemning on a cylindrical plant stem, here shown rolked o
into & flat sheet, The spiral sequence of pamgida i indicated by
dashed lines, New primoedia develop below the meristem at the top of
the ¢ylnder. (After: Koch and Meinhandi 1994.)




Neoddklena
zarodetna linie

Tunika a korpus

V tunice ﬁevlédajl'antiklinélnl' = kolmé k povrchu
buré¢na cleni (Travy maji jen jednovrstevnou
tuniku) :v korpusu také periklinalni .

Lateral organ
or secondary
maristem

¥

Structure of a shoot apical marstom. Coll division in tha L1 and L2
layers 18 antichnal = perpendicular to the surlace - so that theso layers
seldom contribute progeny to ather layers and thus remain conally
dizgtinct ineages. The region proposed to correspond o a central zona
of atem cella 15 indicated (CZ), as iz the penpharal zone (FZ) whars
lateral organa or meristoms initiale.




ek u periklinalnich

meristémovych chimér

Vliv ploidie na velikost bun

ek v sousednich
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| kdyz se biiky déli ,neorganizovag®...

ROSTLINA VLADNE
BUNKAM
nejen buky rostling

Kli ¢ovou koordinaéné-regulacni funkci v morfogenezi
hraje epidermis.



