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ONTOGENEZE ROSTLINY:

* faze embryonalni

* faze vegetativni
*faze generativni
* faze senescence a smrti

Na drovni bunécné je vsak dialog

mezi zZivotem a
pruvodnim jevem
celé ,zivotni drdhy"” daného organizmu -
at’ zivociSného
nebo rostlinného



Jak jednobunécné, tak mnohobunécné organizmy

Bud' jako celek nebo po jednotlivych bunkach.
Nékdy ,ndhodné" - jindy ,programované.”

PROGRAMOVANA BUNECNA SMRT
PROGRAMMED CELL DEATH ...PCD

- zajimavad pro - veédu

- kli¢ova pro Zivot mikroorganizmu
ZivoCichu (véetné Elovéka)
ROSTLIN




Maji také byliny
sveho Metuzaléma ?
Klimesova J.

Krivanek M.

Vesmir 87 ,kveten 2008

B Jitka Klimesova,

1. Mahofe: Oddenck Etoviku alpského (Rumex alpi-
nus) vykopany v doling Stiavnica v Nizkich Tatrach,
Snimek @ Petra Stastna,

2, Oddenck kokofiku mnohokvEtéhe (Pofvgoratum
muftiftorum) z doubravy u Pierova nad Labem. Sni-
mek © M., Kfivanek.




Starici mezi rostlinami

3-6 000 let: borovice stétinate,
sekvojovce

Kolik bunek ale ,,osobne™ zije tak dlouho ?
Odhad maximadlni zivotnosti rostlinné bunky ,in vivo" je

asi 80 let
Vétsinu té doby se uz ale nedéli, jen metabolizuje




Misto, doba, smér bunécného déleni
i nasledna funkcni diferenciace
museji byt REGULOVANE

Jinak hrozi neorganizovany ,nddorovy rist”
ohrozujici vyvoj jedince nebo i primo jeho zivot

LRAKOVINA"




Rakovina u rostlin ?

Priciny genetické - genetické tumory
hybridy tribu tabdku Nicotiana glauca x N.langsdorfii

Priciny fyziologické - tvorba nddori, hdlek, crown galld
pusobenim patogent virovych, bakteridlnich, houbovych,
$kidct hmyzich (larvy), had'atek

stabilni modifikace: N-fixujici hlizky korenové a stonkové

r'akoviny houbové - Synchytrium endobioticum
(rakovinovec bramborovy)

r'akoviny virové - ovocné dreviny, byliny

rakoviny bakterialni - Nectria galligena
jabloné




NADOROVE BUJENI ROSTLIN

je témeér béznou soucldsti jejich zivota a je jimi vétsinou
nejen tolerovano (halky, ¢arovéniky, crowngally..),

ale dokonce vitdano (hlizkové bakterie leguminoz fixujici
dusik)

*nepohyblivé rostlinné bunky nemetastdzuji

*onkogenni signdly, zvlasté hormondlni povahy
mohou zasahovat rtzna cilovad pletiva

*onkogenni stav je Casto revertovatelny k normdlu
(epigenese, morfdzy)

*genetické tumory sice modifikuji, ale nevylucuji
trvaly Zivot rostliny i potomstva




' 4 B 4
Had'atka
- modely i ndstroje studia
téchto jevu

Had'atka paraziticka

."osklivy" Skudce, puvodce rostlinnych nadord,
ale take
nastroj vyzkumu komunikaci ,hostitel-patogen™
véetné Horizontalniho Genového Transferu

Had'atka ,drava”

.. skvély model pro studium genetické regulace
Zivota i smrti mnohabunéénych organizmi
véetné mechanizmu PCD




Had'atko bramborové - Globodera rostrochiensis
JZralé” samicky se méni v cystu s vajicky




Had'atko korenové
Meloidogyne incognita

Had'atko repné -
Heterodera schachtir




Had'atko Coenorhabditis elegans

neparaziticky Zrout pudnich mikroorganizmu

e = =2 —"l

Ovary Intestine

C. elegans - stavba téla
rastrovaci elektronovy mikroskop




Had'atko (C. elegans)

- pocet bunék - 959 bunék v dospeélosti
* pohlavi - hermafrodit nebo samec

- potrava - bakterie (E.coli)

+ Zivotni cyklus - 2-3 tydny

+ kompletné osekvenovany genom - 1998




Had'atko (C. elegans)

determinacni mapa vsech 959 bunék




Bez vybranych bunék
Programmed Cell Death PCD
se vyvoj hdad'atka ZHROUTI

Zarodecéna linie

[Ems

MS

hypodermal 72 i i muscle 48
neuronal 254 intestine 20 neuromal 13 C
muscle 23

gland 9 muscle 32
structural, other 40 somatic gonad 2 hypodermal 13
deathc QE ) other 8 neuronal 2
total surviving 389 deaths 14 deaths 1

total surviving Biqig) surviving D

47

muscle 20

total cells made: 6/1
number of programmed cell deaths: 113
(17%)

number of cells at hatching: 558




GENY kodujici mechanizmus PCD
u had'atka Coenorhabditis elegans

Engulfment groups:

Nobelova cena za 2002 S LS

avdvé da!§i Po‘ré ot o o0 e 0 cartno =
vsak neziskana it '

jen kvili had'atku -

¢ EGL-1 is a type of CES gene
¢ CED-9 is a suppressor of cell death
* CED-4 is an adaptor protein. It is attached to CED-9 and displaced from

U4 ' L o
Genove zazemi Jeho PCD CED-9 by EGL-1. When it is freed, it binds to CED-3 and activates it.
[ 1 * There are two engulfment groups, essentially one set on the phagocytic cell
Je h°m°|°9m S genomem andonesetonthedyingcgll € y pRagogytc e
Ot - « The DNA is destroyed by a nuclease.
savcu a do ruzne miry is destroyed by a nuclease

vSech eukaryot

Engulfment groups:

; CED9 | CEDIA ;CE_D,'S A_._\) Ced 1,758
sporné u kvasinek 4% PR e T M
chybéjici homologie u rostlin '

Upper: Control of cell death in Caenorhabditis elegans. Lower: The paral-
lel structure of cell death in mammals.




Ndsledné po studiu had’ atka
i v burikach dalSich ZivociSnych druht nalezeny:

* proapoptotické geny kodujici proteiny s funkci
.navozujici bunécnou smrt" - tedy ,,pro’ri rakovinné"
(Bax,Bak,Bid,Bad..)

* protiapoptotické geny kodujici proteiny s funkci

. blokujici bunécénou smrt" - tedy ,,pr'or‘akovi nne"
(Bcl-2,Bcl-xI,Bcl-w..)

HOMOLOGY nalezeny u kvasinek,
u rostlin

v rostlinach ALE paradoxné kodovana tvorba
specifickych inhibitoru (ku p* Bax inhibitor 1).




Sofistikovany systém
.pro-" a ,anti-" CELL DEATH genu
a jejich riznych modulatort, supresoru, aktivatoru

had'atko

Engulfment groups:

 d el ) Ced1,7586
PEP-"‘E CED-3 » q&.’ —_— —» Nue-1
EvLES ot el Ced2s, 12-0

¢ EGL-1 is a type of CES gene
* CED-9 is a suppressor of cell death

* CED-4 is an adaptor protein. It is attached to CED-9 and displaced from
CED-9 by EGL-1. When it is freed, it binds to CED-3 and activates it.

* There are two engulfment groups, essentially one set on the phagocytic cell
and one set on the dying cell

* The DNA is destroyed by a nuclease. *
clovek
Engulfment groups:

Ced1,7 56

N ——> — Nuc-1
Al Ced25 120

Upper: Control of cell death in Caenorhabditis elegans. Lower: The paral-

lel structure of cell death in mammals.

PCD aktivatory
geny BAX

PCD supresory =
Onkogeny
geny BCL

Jinak: pro - Ci anti-
apoptotické

APOPTOZA
vlastné opad listi
tady ,,opad” bunék




Apoptdéza nebo nekréza u ZivoCichi:

Predem vytipované bunky umiraji z riznych duvodu
ve prospéch celku :

odstranovani neopravitelnych genetickych poruch
ukonceni déleni v ,hotovych™ pletivech ¢i organech

priklad vyvojové poruchy : novorozenci s plovacimi
blanami




,KULTOVNI"
fenomenologie

lidske APOPTOZY
dle Kerr et al. 1974:

umirajici bunka se postupné
~propada do sebe™,depolari-
zaci mitochondrialnich mem-
bran uvolnén cytochrom C,
spusténa syntéza kaspaz,
repolarizace plasmalemy -
fosfatidylserin vné, kondensuje
chromatin,DNA Stépena inter
nukleosomalné: zebrik,
.blebs™ na bunééném povrchu,
nakonec fagocytovany

Phosphatidylserine

exposed on outer Cell shrunken, rounded,
Caspase 3 |gaflet of cell (detached), blebbing (blebs
activation membrane finally consumed by phagocytes)

Mitochondria depolarized,
cytochrome ¢ leaked into
cytoplasm

NO INFLAMMATION

Condensed, marginated
chromatin (DNA fragmented
between histones)

1,400 bp —»
1,000 bp —=
750 bp —»

500 bp —»

B

Characteristics of apoptosis. A. Left: transmission electron micrograph
of staurosporine-induced apoptosis in a lymphoid cell. Right: scanning electron
micrograph of a human keratinocyte undergoing apoptosis after 1,200j/m2 UVB
radiation. (Photos courtesy of Walter Malorni, Istituto Superiore di Sanitd, Rome,
Italy.) B. Typical DNA ladder, from cycloheximide-treated zebrafish cells. (Courtesy
of Javier Negrén.)




ALTRUISMUS

dilcich sebevrazd ve prospéch celku
neni jen vlastnosti mnohobunéénych organizmi :

* hospodareni s metabolity
* zachovdni kmenové genové linie

Odraz ,populacni inteligence”
bakterialnich Ci kvasinkovych kolonii

Baluska et al
Palkova et al




PCD u bakterii jako stresova reakce ?

V nepriznivych podminkdch se bakteridlni burika déli ve dvé, obsah
materské je vyuzit pro sporulaci - vznik obalu endospory a jeji
nasledné zrani, nakonec autolyza.

Polovina populace tak prezije nevhodné vegetacni podminky

PROGRAMMED CELL DEATH IN PLANTS

crromosome s {[Eg’ ]"*’ﬂ\‘
G M

Cell wall Cell membrane

(=

B
Mother cell lysis
Autolysins

CmiC, LytC, YgeE

]
Spore cortex
Autolysins
Spore coat
CwlilD and others

Sporulation and mother cell lysis in Bacillus subrilis, Stages of sporulation are indicated by
Roman numerals. The four specific sporulation sigma factors are shown in the cells at the stages where
they become active. Adapted from Stragier and Losick (1996), Smith ef . (Z000).




PCD u hlenek :

az 20% bunék populace tvori stopku, prochazi mechanizmem PCD,
umozni zbytku sporulovat

et A

Spores
80% of all cells [

Stalk (1 mm)

cellulose tube

20% of cells

undergo PCD
Aggregation _,
(promoted by = &
release of
cAMP
signaling
between cells) __ =5

s: =

£

Sheath forms to
create migration
stage (slug) (0.5mm)

S e Wy

Schematic representation of the life eyele of Dicryesrelium discoideum. The life cycle of
the cellular slime mold D. discoldeum exhibits features of prolozoa and fungi. Spores germinate to
form amoeba which move and replicate in the presence of an ample food source (bacteria). Under
starvation conditions the secondary messenger cAMP is released and serves as a chemoattractant for
other amoeba which aggregate together. On aggregation, the amoeba secrete a slimy sheath known as
a slug which migrates as a unit toward light. After a period of hours the slug ceases migration and
differentiates into a stalked structure, Twenty per cent of the cells form the stalk is enclosed by
cellulose. The cells in the stalk undergo PCD (see text for details) and only those in the cap form spores
that resist unfavorable conditions until favorable germination conditions occur.




U mnohabunécnych :

* nejde jen o obecné uchovani zivota a recyklaci
jednou vytvorenych metabolitd i struktur,ale o celou
ontogenezi organizmu a koordinaci jeho dil¢ich funkci
od drovné subbunécné po organizmdini ¢i mozna
populacni

* pojistka proti riziku neorganizovaného (nddorového)
rustu resp. vyvojovych rad

* aktivni ochrana proti patogenim a xenobiotikim

* zdzemi nekrizitelnosti

* uchovani genetické stability, eliminace ,genetickych
zmetkd" v liniich kmenovych bunék

vznik novych sofistikovanych forem PCD




Pdjceno od mého kamardda Dr.Davida Honyse...
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Senescence

Obdobi starnuti

Programové odbouravani bunécnych
struktur na dale pouzitelné metabolity

Cela rostlina
nebo

jeji cast

Jedna z forem
programované bunécné smrti

(PCD)




Senescence

Prirozena senescence - casto
forma adaptace na sezénni o
zmény klimatu TSR e e Sl

e g‘%f

T

Senescence
indukovana stresem




Prirozena senescence

Monokarpické druhy

Kvetou a plodi
jen jednou a
pak odumiraji

americana

A
i




Snimek 28

MSOffice3 Roste 8-10 let, pak bez zfejmého impulzu vykvete a odumfe
; 6.3.2007

MSOffice4 "Stoleta perioda"
; 6.3.2007



Prirozena senescence

Polykarpické dreviny

Kvetou a plodi
opakované

Sequoia
Lipa sempervirens
srdcita o] Eucalyptus

1000 let % regnans
- 2 000 - 4 000 let




Prirozena senescence

& s - 1
- NS
- . 1 .: w
¥ . -
TR
pre : laurus nobilis

© 2005 pictured by antonie van den bos {
" for aycronto.com .

o

28
mésicu
Vav¥Fin

Borovice ONRR = 3 ,,Stalezelené“




Prirozena senescence

trifolium pratense
@© 2004 pictured by antonie van den
for aycronto.com

Lotus corniculatus
Foto: Norman 4|

Jetel lucni

Polykarpické byliny

" ' AR € . Vice nez
Jetel plazivy . - . 10 let
. £en, Stirovnik
ruzkaty




Starnuti jako korelacni jev

Lusky nebyly %
odstranovany [

i

© 2001 Brm:iks.anl‘é"— Thomson Learning_' L L

signal 7

Lusky byly
odstranovany

Zabranéni presunu
Zivin do kvétu,
semen Ci plodi muze
oddalit senescenci




Fyziologické a biochemické zmeény v prubéhu
senescence

Precizné kontrolovany proces

Genova exprese

Obecny pokles, ale ...

... Zzejména v pocatku specificka aktivace rady
genu

Rizeni prubéhu senescence

Chlorofylasa Aktivace katabolickych procesu

Mg-dechelatasa
Fosfolipasa D
B-galaktozidasa
Isocitratlyasa
Malatsynthasa
PEP karboxykinasa

Enzymy degradace
nukleovych kyselin




Senescence listu

Snizeni rychlosti fotosyntézy

Ztrata chlorofylu

a zvyseni respirace

Chloroplast

Zloutnuti listu

Rozpad pigmentovych
komplext
Odbouravani chlorofylu
Rozpad fotosystému
Naruseni membran
Stépeni lipid a proteint

Degradace nukleovych kyselin

Ztrata turgoru




€ 2001 Brooks/Cole - Thomson Leaming

Opad listu

Odlucovaci vrstva
Produkce ethylenu - ukladani suberinu
aruseni bunécné stény celulazami a pektinazami

"4. 4-1115?1{. eamiﬂge :

o s, ‘]‘

acscission
zZone, where base
of leaf joins a stem

Zkraceni doby osvitu
— pokles produkce

auxinu

Vznik odlucovaci vrstvy Pletiva Odlucovaci

stonku vrstva




Opad kvetu a plodu

T P
(5 O
| L




Programovanad

Bunééna Smrt u

ROSTLIN | PROGRAMMED CELL
DEATH IN PLANTS

*kontrola bunécné
proliferace v pribéhu
ristu a vyvoje

*udrzovani bezchybného
genomu a nekrizitelnosti

*cytodiferenciace
histogeneze,morfogeneze

Edited by John Gray

* recyklace” vlastnich
metaboliti a struktur

*ochrana proti
patogentm




Floral organ abortion

during male and female :
flower formation Megaspore abortion

PC D Tapetal layer degeneration
v ontogenezi

Degeneration

I .. . D tr
rostliny SN VA ofsuspenser  SmERSEST

Terminal tracheary v > : p
elemant differentiation & "

Senescence of leaves,
flower parts and entire plant

Aleurona degeneration
in garmmatln? seed
{in monocots

Leaf sculpturing
{in genus Monestaral
-

e —
e _ —

.‘__-_-,_-“__r
@ Trichome development
. G
Aerenchyma formang | -

following hypoxia

Localized cell death following
pathogen assault (HR)

Death of root-cap cells

_ Putative PCD Events in Higher Plants: Idealized schematic indicates cells, organs, and
tissues in a plant that undergo cell death events during the normal developmental cyvele. Dark areas
indicate where PCD events are believed to occur. Adapted from Gray and Johal, 1598,




a jeste jednou
Endosperm,

= sz aleurone (monocots) bar‘evné

o mbn A ) Z8R\ ((0))), | 1. Bell et al., 1996
o = e 2. Nagl et al., 1977
g - o : 3. Bethke et al.,
1999

rSabanBe 5. Fukuda et al.,
{diﬂﬂf_{ resistance 1980
WA 6. Feldman et
al.,1996
7. Yen et al., 1998

Sornot 8. Kawai et al.,

formation 1998
9. Lam et al., 2001
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Programovana bunécna smrt
u rostlin

Degenerace W = % -\ | Senescence
solnych zlaz - gy lista

Degenerace
¢lankd cév v

quiescent

PCD po napadeni
patogenem
— hypersenzitivni odpovéd’




Puknuti
zralého

Degenerace

papilarnich bunék po

Vyvoj pylu
nahosemenny Degenerace zakladi kvétnich

ch rostlin organu
pri zakladani jednopohlavnych

kvétu




o

Degenerace zakladu kvétnich organu

o

pri zakladani jednopohlavnych kvétu




Degenerace zakladu kvétnich organu
pri zakladani jednopohlavnych kvétu




PCD po Utoku PATOGENA

ELICITOR RECEPTOR IDN FLUKES EXTRACELLULAR
Specific or Membrane-bound e +HDS GENERATION

nonspecific or cytnplasmm / /
actin ﬂyrtuslmﬁ:n" .

nyolvement protein phnsphurylatmn

pr::-tem synthesis

saﬁvﬁc acid
release of endogenous generation and
elicitors and competenc CELL DEATH hﬁng-dlstance movement
of 5ignal5'

factors v

INDUCTION OF DEFENSE INDUCTION OF SYSTEMIC

RESPONSES AND ELICITATION ACQUIRED RESISTANCE IN
COMPETENCY IN ADJACENT CELLS THE WHOLE PLANT

Heath et al., Plant Molecular Biology, 2000




Cytologické zmeény
po UcCinku patogena Ci xenobiotika

CYTOPLASMIC

STREAMING STOPS
AUTOFLUORESCENCE CORTICAL

OF CELL WALL AND MICROTUBULES
PROTOPLAST wt W L
COLLAPSES | . PARTICLES APPEAR

IN VACUOQLE
MICROFILAMENT

pif UNUSUAL
ﬂémﬁﬁ STILL ™ 1 - '~ ELECTRON-GENERATING
Lt | ACTIVITY OF
PROTOPLAST STILL MITOCHONDRIA

PLASMOLYSABLE GRADUALLY DISAPPEARS

INTRACELLULAR H,.O VAGE OF
GENERATION 2o A

NO FDA STAINING OF NUCLEAR DNA
CYTOPLASM

Heath et al., Plant Molecular Biology, 2000







bunéénd smrt « vznik embrya

Protimluv nebo realita ?




Embryogeneze u vyssich rostlin:
zdkladni vyvojovy
+ .pohlavné rozmnozovaci proces”

Alternativni embryogenni cesty
*pro pripad selhani zakladniho zygotického programu
*pro rychlé a dcinné mnozeni druhu v konkurenci jinych

APOMIXE
POLYEMBRYONTIE

vyuzivajici bunék ,zarodecné drahy"”




Jak vznika
rostlinné miminko" ?

cytologicka dokumentace
ranych fazi

zygoticke embryogeneze

opét pljcend od D. Honyse




Vyvoj embrya husenicku

—

Two cell

Globular

Torpedo

—
{ e )

apical cell

fertilized basal cell
egg

. Mcutyledons

basal cell

J

N S

cotyledons shoot apical meristem epidermis

TS
L P
(L X/

B R ey
-"-..- (3
'. ) P,
T "'p}%"n :

4 vascular
aplcal tissue
meristem

tissue

Vznik protomeristému velice zahy po oplozeni




Apikalné-bazalni organizace embrya a semenacku

Cotyledons

Shoot apical
Shoot apical = meristem
meristem Vi

Terminal cell Apical cells l‘ _| ___Hypocotyl

Embryonic root

- T—lypophysis it _|___Root meristem
—_ /Quiescent center

Suspensor Heart stage ) Columella root cap

Early seedling
_\ ~Basal cell

Basal cell
of suspensor

Two-cell stage
Octant stage

Naprosta vétsina rostlinného téla je produktem apikalni bunky

Hypofyza - derivat bazalni buﬁlq—} kolumela a klidové

centru
Srdcité stadium: tri oblasti

Apikalni oblast—>  délohy a apikalni meristém
Stredni oblast ——=  hypokotyl, kofen, vétSina kofenového meristému
Hypofyza —— zbytek koFenového meristému




Nejranéjsi obdobi vzniku usporadanosti

(pattern formation) husenicku

__
b
- 3]
rwn, E
= ; _

B g o
‘llﬂﬁ‘;

5 FBE

P —

ﬂ

- = t#-m
@ e
N -: ¥ i

Presnée definovany sled bunécnych deleni

David Twell (2006)



Prechod z oktetového do dermatogenového stadia
Zaklad budoucich vrstev pletiv

rotoderm%epldermls

akladni pletiva (kura)
E vodiva pletiva




Dermatogenové stadium - bazalni bunécna linie
Zaklad korenového apikalniho meristému
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| cell
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Q
fertilized basal cell
egqg
husenicku




K dozrani a ,osamostatnéni" embrya v rostliné
je nutna véasna smrt ,pupecni Shdry"
tzv. SUSPENSORU

Plati to i pri vzniku somatickych embryi

ve zkumavce ?
A jakym zpusobem se to déje ?




Somaticka embryogeneze (SE)

od mrkve pres psenici po smrk

* 2,4-D klicovy morfogenni faktor,
soucinnost s CK,ABA ..

* rychle stoupd poc¢et druhu vykazujicich schopnost SE
* pomérné nizky vyskyt genotypt realizujicich jak
organogenezi tak i SE. Nékteré klasické regeneracni

modely (tabdk, brambor) v realizaci SE nedspésné

* Casto striktni limit regeneracni kompetence souvisi s
orgdnovou specifitou, starim




atraktivni modelem
i pro cytologické in situ analyzy
[
somaticka embryogeneze
jehli¢nana
SE linie udrzovany v tzv.

proliferacni fazi

na mediu s auxiny (zejm.2,4-D) a cytokininy
.maturace” spusténa
vynechanim A+K a pridavkem CK
zrani ,embryonalnich hlav"
provdazeno ? podminéno?
programovanou bunécnou smrti suspensoru




Zygoticka embryogeneze borovice - Pinus

10.1.3 Embryogeneze rostlin nahosemennych

A U nahosemennych rostlin jsou gametofyty mnohobunééné. Vajicka kryta integumentem (obvykle jednim) nejsou
uzaviena v dalSich strukturich, jsou volna na stopkach (napf. Ginkgo) nebo lezi na plodnich (semennych) Supinach
uspoiadanych v soubory pfipominajici kvétenstvi. V sami¢im gametofytu je diferencovano nékolik archegonii, kaZz-
dé obsahuje jednu oosféru. Oplozeni je jednoduché, jedna buiika spermaticka (vyjimecné pohyblivy spermatozoid)
flizuje s oosférou, druha zanika. U Gretaceae druha spermatické buiika fizuje s bridni kanélkovou buiikou (sester-
ska buiika oosféry, leZi v hrdle archegonia nad ocosférou, tj. smérem k jeho usti), vznikla bunka se nékolikrat dé€li.
Tento fenomén je povaZovén za naznak dvojitého oplozeni. Pletivo sami¢iho gametofytu se méni v zasobni pletivo,
které se oznacuje jako primarni endosperm (endosperm krytosemennych se n€kdy oznacuje jako endosperm se-
kundérni). Nucellus pfetrvava jako perisperm.

Po oplozeni se jadro zygoty déli bez vzniku pFepaZek (tzv. syncytidlni déleni nebo starsi ndzev — volné novotvo-
feni jaderné). Pocet vzniklych jader je druhoveé specificky (u jinanu 256, u vétSiny konifer 32, u Pinus 16, u Se-
quoia se tvori pfepazka hned po prvnim déleni jadra), stejné jako jejich dalsi vyvoj. U borovice (Pinus) se Ctyfi jad-
ra presunou do chalazalni oblasti a synchronné se déli. Vzniklych 16 jader se usporada do Ctyf tetrad nad sebou
a zaénou mezi nimi vznikat pfepazky. Ctvefice bunék leZici smérem k mikropyli se nazyva rozeta a tyto buiiky se
nezvétSuji. Buiiky dalsich dvou vrstev se vyrazné prodluZuji, odd&luji se od sebe a tvofi Etyfi vldkna spojena v ro-
zeté. Prodluzujici se buiiky se oznatuji jako suspenzory (obr. 10.8.). Ctyfi buiiky leZici smérem k chaléze na kon-

a C

Obr. 10.8. Embryogeneze u nahosemennych rostlin ( borovice — Pinus). a — rozeta, b — suspenzory, ¢ — zdklad embrya. (Podle
Cernohorsky Z.: Zéklady soustavné botaniky 1., SPN, Praha 1964. Upraveno).
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Somaticka embryogeneze smrku
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Podil i charakter

~proembryondlnich hlav"
a suspensorovych bunéek

jsou Casto typickeé
pro
danou embryogenni linii

(viz mj. kolekce SE linii z laboratore Dr. Vdgnera UEB AVCR)




SE linie jedle AL2 jen nékolikabunééné meristematické hlavy, kratkeé
a neCetné suspensorové bunky. Proliferacni fdze, vysoka viabilita FDA
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Mzcroevolution of plant vegetative and repredugtive genes

res
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Richard B. Meagher
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arches.uga.edy
Elizabiath C, McRinney

How large numbers of genes were recruited simuitaneous
puzzles in evolutionary hiology. Here, we present data su;
actins and other eytoskeletal proteins arose concurrently
repraductive structures in the earliest land plants. That th
development of organs and tissues is well established. Th
an ancient landmark event in the global regulation of hun
macroevalution of plant vegetative and reproductive orgal
for large numbers of plant genes should make it possible

erhaps cme of the mose complex qu s in plant evo-
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large, differentially regulated :s of eytoskeleral genes
that physically direcr developimer
Actin is o cytoskeletal prosein thar is expressed ;
enkaryares, Higher plant actins are encoded by a o
ancient and diverse family of genes, whose nhy
was in ed with the emergence of vascular J.|‘lﬂ'l>:' 3
The carliest phylogenetic divergence cesulted in separare
vegetative and reproductive classes of actin gemes,
these have been preserved as separate classes for 350500
million vears ate gene Copics are geneti-
cally less stable than single-copy genes™ ", rwo logical
and non-exclusive arguments have been given for che
preservation of ancienr acrin subckisses™ ' The frsc argo-
ment says chat the aming acid sequence diversity found in
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FIGURE 2. Summary of actin expression pattems
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The actin cytoskeleton: a key
regulator of apoptosis and ageing?

Campbell W. Gowrlay and Kathryn R. Ayscough

Anstragl | Evicence from many onganisms
Mag show that tha acocumulElon of reactive
CROIRT SpsGies (RS has a detimental
allaot oncal wall-being. High levals of BOS
hirer baan inkas 1o programmen oel death
prathrvays 500 1o ageing. Recent repots
have implicated changes 1o the dynamics

of the ot oytoskelcton in the ralaase of
RBCH (rorn milochordia ang sebsegueant
call dleats,

‘The study of pathways that Leigeer apop-
tasis and ageing is crucial for increasing
our understanding of these fundamental
processes, Whereas apoptosis is probably
triggered by a range of both extracellular

WA TURE REVIEWS | MOLECULAR CELL BIOLDGY

and intracellular factors, its morphalogi-
cal characteristics are notably consistent.
From veast to human cells, the halbmarks
of this programmed cell death pathway
include chromatin condensation, degenesas
tion of mitochordeial membrane potentzal
and exposure of phosphatidylserine at the
plasmia membrane™ (30x 1)

Crucial to our current understanding of
apoplosis is the role of the mitochondrion,
Both the release of cvtochreame ¢ and the
pravluction of reactive oxygen species {RUHS)
from milochondria are invalved in spoptosis
in yeast andmammalian-systems. Lespite
evidence for a role of the accumubation of
ROS in both apaptosis and ageing, relatively

Je i v nasich liniich AKTINOVY CYTOSKELET
_KEY REGULATOR OF PCD" ??




Diléi cile:

* charakterizovat stav MT a AF cytoskeletu u SE linii
s rUznou embryogenni schopnosti

* sledovat Ucinek fytohormonu - zmény CSK pri prevodu
kultur z proliferacnich medii na maturacni

* detekovat a charakterisovat aktinové geny
sledovat jejich expresi v P i M fazi

* ovérit UCinky AF jedu na chovani kultur v P i M fazi




Mikrotubularni cytoskelet
v burnikdch meristematickych hlav




SE linie AFO, maturacéni faze

meristematické centrum ( a-tub.)




SE linie AFO

mladé bunky
suspensorove

a-tubulin

tyrozinovany tubulin




SE linie AFO, maturacni faze
aktinovy cytoskelet v bunkdch meristematickych ,hlav"
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®¥ SE linie AFO

rana maturaéni faze

Aktin v suspensorovych
burikdch




Jed z morskych hub
pro rozmnozovani smrku

Schwarzerova et al.: The role of actin isoforms in

somatic embryogenesis in Norway spruce. BMC Plant
Biology 10: 89 (2010).




Aktinové izoformy ruznych rostlinnych druhd
generativni a vegetativni




Ruzné antiMT a
antiAF drogy

destruuji cytoskelet
zabijeji burky
¢i inhibuji proces SE

Jen LATRUNKULIN B
v urcité davce

a aplikaci

na vhodnou fazi kultury

stimuluje zrdni
somatickych embryi
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Somaticka
embryogeneze
smrku

vliv antiaktinovych drog

Budeme takto na
bézicim

pasu

klonovat

vanocni stromecky ?

Schwarzerova a kol.
2010

Prirodovédecka fakulta
UK Praha

Ustav experimentadlni
botaniky AV CR

Praha
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Pozitivni vliv latrunkulinu se témér neprojevil u smrkovych
SE linii s malou embryogenni kapacitou (pr. C108)




Cytoskeletalni JEDY ZivocisSného pulvodu

mohou tedy ovliviovat déleni Ci smrt
bunék rostlinnych

Naopak totéz délaji CS jedy rostlinné, napr.

alkaloid kolchicin z ocinu (nahacek, Colchicum autumnale)
taxol z tisu (Taxus sp.)

Jedy ale i léky




bez ZIVOTA - ani naopak

Dékuji za pozornest.......




