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Embryo proper]

Hypophysis

Mature female female Two-celled 16-celled Heart-shaped
gametophyte nmtl ophyte ote proembryo embryo  embryo embryo

Embr'yogeneze vyvo j embrya

= proces premény jednobunécné zygoty, kterd
vznikd v zdrodecném vaku vaji¢ka fizi vajecné
bunky s bufikou spermatickou v embryo
(zdrodek) obsahujici zdklady orgdnt budouci
rostliny

pozoruhodna je jednota utvdreni kli¢ni rostliny
raznych taxont vyssich rostlin :

apikdlné-bazdlni osa = meristémy
radidlni symetrie = koncentricky usporddana
pletiva

dalsi vyvoj = postembryondlni aktivita meristémda




Vyvoj embrya v Case

[ Cotyledon [ Hypocotyl [T Shoot meristem B Root meristem
Current Biology

Gymnosperm Monocot

je charakterizovan sledem typickych morfologick
u dvoudéloznych rostlin

zygota A
linearni embryo @ @
globularni embryo

srdcovité embryo
hruskovité (torpédovite)

zralé embryo | %

proembryo

Zygote 1-cell stage 8-cell stage 16-cel stage early globular stage

zygota
linearni embryo
= = mnohobunééné
—w valcovity dtvar"
zralé embryo
(lateralné za

Radoeva et al. 2019



Embryogeneze dvoudéloznych krytosemennych

- schéma

00

zygota prvni
déleni zygoty

zarodecCny vak

apikalni a bazalni bufika

0.5 mm

endosperm

vznik suspenzoru
a proembrya

linedrni embryo

suspenzor

Raven P.H., Everet R.F., Eichhorn S.E.:
- W. H. Freeman and Comp. Publ., 20



Embryogeneze dvoudéloznych krytosemennyc

- schéma

globularni embryo

diferenciace

protodermu
centradlniho
meristému

epifyzy
hypofyzy

protoderm

suspenzor s bazalni bunkou

e

50 wm

diferenciace
prokambia
a zdkladniho meristému



zaklad kofene deélohy endospert endosperm
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Embryogeneze dvoudéloznych
krytosemennych rostlin stonkovy meristém
- schéma | . |

hYpok‘otyl

pro‘kamb‘i‘u'm ‘

zralé embryo
vstupujici do dormance

kofenovy
}meristém
Raven et al. 2005 .

bazalni bunka 00 pwm

délohy 1



Embryogenetické typy

.
/" Solanad
déleni
Chenopodiad > | apikalni buriky
Lo, = pricné
prvni déleni
zygoty <
i Caryophyllad )
Onagrad déleni
apikadlni burky
\_ Asterad = podéine

prvni déleni ]
zygoty P |per'ad
= podélné
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Vyskyt embryogenetickych typu

» Solanad - Solanaceae (lilek, tabdk), Papaverac
Linaceae

» Chenopodiad - Chenopodiaceae (merlik, repa)
» Caryophyllad - Silenaceae, Fumariaceae, Viciacea

» Onagrad - Onagraceae, Brassicaceae, Ranunculace
Lamiaceae, Euphorbiaceae, Viciaceae, Liliaceae

» Asterad - Asteraceae, Rosaceae, Polygonaceae,
Liliaceae, Poaceae

» Piperad - Piperaceae, Dipsacaceae, Euphorbi
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-Arnoldi 1976
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Onagrad - Capsella
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torpédovité (hrus



Stadia
vyvoje
embrya
Capsella

Erdelska 1981

©
zygota—| @ @
'
N—
linearne

=
hruskovité embryo

Obr. 5.3.

Schéma vyvinu embrya druhu Capsella bursa-
Arnoldiovej, 1964)

suspenzor

pastoris (podla Poddubnej-
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Fig. 3. Stages in the embryogenesis of Capsella bursa-pastoris in longitudinal sections. The lower

end of the embryo is directed towards the micropyle (Schaffner [25]).




Stadia embryogeneze Arabidopsis

; v Globular Stage ¢
Preglobular I f | | Heartstage o004, Stage fature Embryo
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Image adapted from Wolpert, Lewis.
(1998) Principles of Development. Oxford University Press, NY




Embryogeneze u Arabidopsis
(typ Onagrad)

mala apikdlni burika
prvni déleni zygoty = pricné <
vétsi bazdlini bunka

bazadlni buika ———> suspenzor + hypofyza

apikdlni bunka =—=> vlastni embryo

Auxin production

PIN1

PIN-FORMED 1 - 8 (PIN1- 8)

PIN7

= integralni membrdnové proteiny
transportu auxinu

Figure adapted from Friml J, Vieten A, Sauer M, Weijers D,



Embryogeneze u Arabidopsis

formace radidlnich vzord - zadind ve stadiu 8 bunék
periklindlni déleni

znik protodermu na povrchu zakladni meristém zdklad proka

| ﬂ

epidermis kira a endodermis




Arabidopsis - vyvoj radikuly

u Arabidopsis je hypofyzou
burika priléhajici k suspenzoru
(derivat bazdlni buriky)

pozdéji se déli na horni buriku  ¢ockovitou — korenovy meristém

spodni burika — kolumela
— korenova cepicka




Embryogeneze a osud bun¢k u Arabidopsis

Zygote 1-cell 2-cell 4-cell Octant Dermatogen Globular Transition Heart Seedling
- - Early Mid Late Early Late

Outer view

Cross-section

Key @ Extra-embryonic [ Lower tier B Inner Vascular tissue W QC Initial
[J Embryonic B Upper tier Protoderm B Hypophysis [E Ground tissue B Columella [@ Daughter

poruc¢na literatura:  http://dev.biologists.org/content/
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Proembryo Stage (a)

Apical
iR
@ & 5

Basal /

1. Fertilization & unequal division

Globular Stage (b)

—o— Scutellum

Initials — QB
for
axis

(10-15 cells)

——

2. Embryo undergoes cell division

Scutellar Stage (c)

Developing
Axis

Coleoptilar Stage

Scutellum

Coleoptile
Primordium

Coleoptile

Plumule

Radicle
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adaxial | abaxial su
carly late
proembryo transition stage

L1-stage

Randolph (1936); classification according
to Abbe and Stein (1954)




Embrya rostlin jednodéloznych

stitek
koleoptile
plumula
apikalni

.stonkovy
meristém

mezokotyl

radikula

korenova
cepicka

koleorhiza

riticum

Raven P.H., Everet R.F., Eichhorn S.E.: Biology of Plants. - W. H. Freeman and Comp. Publ., 2005

osemeni

Allium
cepa

zaklad

apikalniho
stonkového
meristému

zaklad korenového

endosperm R
meristému

perikarp

endospermi\
Zea mays

Stitek )}
- \ koleorhiza
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Pedicularis
silvatica

Cuscuta
reflexa

Cymbidium bicolor

Orobus
angustifolius
suspenzor _
(zavéZovadlo) s
OR® Haloragis

AT -
- micrantha

docasnd funkce v rané
embryogenezi

tvarové rozmanity
organ - haustoria

‘;;.% i

Wardlaw C.W.: Embryogenesis in Plants. - John Viley & sons, Znc., London, 1955



Hilum

| Funicle
{ Micropyle

Robert Brown / e

Inner integument

(1773 -1858) D
skotsky botanik \

\ Chalazal pole

—

Structure of Ovule

» zaved| pojem nucellus (kolem 1830), povazoval
jeho pletivo za vyZivu embrya a nazyval jej ..
albumen primarium

*+ pro endosperm, ktery se tvori ve vznikajicim semeni, pouzival
termin albumen secundarium (= dnesni oznaceni primdrni a
sekunddrni zivné pletivo)

popsal, Ze embryo je radikulou vzdy orientovano k mikropyle




Endosperm

= pletivo obklopujici a vyZivujici embryo v pribéhu vyvoj

poCatek vyvoje endospermu = konfluace - oplozeni centr
bufiky zdrodecného vaku = vznik primadrni endospermadini

doéasny - v pribéhu dozrdvani embrya je .spotrebovdn®
zdsobni latky jsou uloZeny v délohdch embrya =

bezbileénatad semena

v semeni pretrvdva v dobé zralosti embrya =
bile¢natd semena

zbytek nucellu v dobé zralosti embrya = perisperm



typy endospermu podle zplsobu délent:

>

endosperm miZe i chybét (Orchidaceae, Trapaceae)

Endosperm rostlin krytosemenny

jaderny (nukledrni) - zpocatku volnojaderné délenti, po
celularizace - vyskyt u jednodéloznych i dvoudéloznych
(Brassicaceae - Capsella, Galanthus, Cocos)

bunéény (celularni) - po kazdém déleni jadra tvorba bun
stény - ¢astéjsi u dvoudéloznych (Viciaceae, Solanaceae,
Campanulaceae - Jasione)

helobidlni - po prvnim déleni vznik prepdzky, v kazdé pa
probihad volnojaderné déleni - ¢astéjsi u jednodéloznych
(Juncus, Najas)



Typy endospermu

Micropylar end

(a)
Free nuclear - —>

(b)

Cellular —

(c)

Helobial = = =

Chalazal end

—»

Floyd and Friedman, 2000

http://www.yourarticlelibrary.com/biology/va
endosperm-of-flowering-plants/11785/




Rana stadia vyvoje jaderného
endospermu u Arabidopsis (coeno

MP - mikropylarni pol
V - vakuola PEN - periferalni endos
ChP - chalazdlni pél CZE - chalazdlni endo
E - embryo



Celularizace endospermu u Arabi

CE
MCE -mikropylarni bunéény endosperm CE - bunécny endos
ALV - alveoly ChC - chalazani c
RMS - radialni mikrotubularni systém ALC - ,aleurone

NO - endospermalni noduly
E - embryo



Celularizace jaderného endosp
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(Coronopus didymous, &el. Brassicaceae) NCD - nukleo-cytoplazmatickd doména

MT - mikrotubuly

MP - minifragmoplast
MTOC - centrum organizujici mikrotubuly
N - jadro

Otegui M., Staehelin A.: Cytokinesis in flowering plants: more than one way to divideda cell.

Curr. Opinion plant Biol. 3 (2000): 493 - 502



Celularizace
endospermu

MP - minifragmoplast
MT - mikrotubulus
HGI - flze vacku typu presypacic
(angl. hourglass intermediate
RS - ring-like structure
WTN - sit’ Sirokych tubult
TTN - sit’ tenkych tubull
CB - klatrinové vezikuly tvorici se na
(angl. clathrin-coated budding ve

WTN TTN WTN TTN WTN

gui M., Staehelin A.:Cytokinesis in flowering plants: more than one way to divide a cell. - Curr. Opinion plant



Endosperm

ploidie - zdleZi na typu zdrodecného vaku:

obecné 3N, u Oenothera 2N
u typll Fritillaria, Penea, Pepromia polyploidni (extrém 300N

slozeni:
zasobni latky

F ol sacharldy (8krob, galaktomananové hemicelulézy u dat
usténin)

proteiny (proteinova téliska - fragmenty ER, vakuoly) - zdso
funkcni

lipidy (tuky a oleje - lipidovad téliska oleozomy)
fytin - hexafosfdtovy ester myo-inozitolu, Ca a Mg sl



Geny dulezité pro vznik endospe

DME (DEMETER) FIS: FIS1/MEA (metyltransferdza H3
MEA (MEDEA) FIS2 (TF Zn-prsty)

FIS (FERTILISATION INDEPENDENT SEED) FIS3/FIE (protein WD-40 - intera
FIE (FERTILISATION INDEPENDENT ENDOSPERM)

DME je exprimovadn pouze v centrdlni burice zarodeéného vaku

Sperm nuclei (1n) Central cell (2n)

Vegetative nucleus
PRC2 complex

g Eggeel (in) | _Y Fmmmm??

CS ~ x
Pollen : <!LCiij!:!?-_>

© MEA™
gy m—

MEA regulation before and after fertilization. In sperm nuclej, the / FImee ®
paternal copy of MEA is retained in a silent state by a PRC2

complex containing FIE and a SET domain protein. In addition,
DNA methylation is maintained by MET1, although the function of
DNA methylation in paternal MEA silencing is not fully
understood. In the maternal central cell, MEA activity is induced
by DNA demethylation via DME and other unknown mechanjsms
that remove histone 3 methylation at lysine residue 27. Double
fertilization generates the diploid embryo and the triploid
endosperm, and the maternally expressed MEA protein Eertied sidonparn (36)
maintains the paternal allele in a silent state in a PRC2 complex ,
containing FIE, FIS2 and MSI1. In addition, maternal MEA | mmmmm
expression seems to be auto-regulated by MEA itself and L\\
decreases at later stages of seed development. T oo

W H3K27 methylation

Seed

FERTILIZATION

Embryo (2n)

https://www.researchgate.net/publication/684123




Zrani embrya

ukladani zasobnich Idtek

2. dehydratace a tvorba ochrannych proteint
(LEA = late embryo abundant)

3. zvysend koncentrace inhibi¢nich Iatek

(ABA = kyselina abscisova)

—

preména vajicka a integumentl v semeno

POUtKO —------ - oo pupek
NUCRIUS = perisperm
centralni bunka ------ endosperm
zar. vaku

“\ otvor KIOVY ~mm====mmmmmmmmmmmmmmee i
preména pestiku (nebo jeho ¢dsti) v plod




Auxin a vyvoj embrya




Model pro roli distribuce auxinu
pri formovani embrya (J. Friml)

Production NP
of Auxin _ : @

specifikace apikdlnich specifikace korenového pélu - specifikace zdkl
bunék - hromadéni produkce a transport auxinu hromadéni auxi
auxinu do hypofyzy a suspenzoru mistech ape

mp, bdl = mutanty v odpovédi na auxin  absen
gn = mutant transportu auxinu kor




vysoka hladina

Polarita embrya -
transport auxinu

hladina
IAA

vysoka hladina

; IAA
smvv PO PIVRIM g 15hularni embryo
déleni zygoty

lokalizace PIN1 v embryu
Arabidopsis thaliana

’...‘ apikalni
bazalni lokalizace “ ‘Q"‘%. E’:‘I\ﬂlzace
o ‘ "‘&‘}l": v d&lohach

";"//I.
’l"! bazalni
[/ )%/ lokalizace PIN1
v prokambiu

16-bunécéné stfedni globularni srdéité embryo
embryo embryo

Taiz |., Zieger E.: Plant Physiology. - Si
Sunderland, Massachusetts, 2006 (u




Transport auxinu - Zea mays
The localization of ZmPIN1 proteins in embryo plasma membr
reported in red, and arrows indicate the polar auxin fluxes

Pro-Embryo
Stage

Transition Stage L2 Stage

ep

su




Polarni transport auxinu zajiSt'uje rada ge

gen MONOPTEROS mutant monopteros (rorys)
gen BODENLOS/IAA12 MP je transkripcni faktor ARF (auxin response
na AuxRE)

aktivuje transkripci gent Fizenych signdlem auxin

~1 7 mutant md pogkozenou také diferenciaci
\monopteros

, vodivych pletiv

centralni a bazalni ¢ast

BDL - inaktivuje MP (ARF)
bdl mutant je necitlivy k auxinu

Herud et al. (2016): The MP-BDL module
acts like an auxin-triggered genetic switch
because MP activates its own expression
as well as the expression of its inhibitor
BDL




normalni rostlina mutant monopteros

b. apikalni o b. apikalni
. ﬁ s:::}:lélni % “ﬁ-éal:sn\jerzélni
Exprese genu MONOPTEROS || N S ©

v embryich

MP
2% n? e 2z ve viech MP
0 V kllC"lCh l"OS'HIﬂGCh subepidermalnich neexprimovan
burikach

koduje transkripéni faktor ARF

shizené
prodluZovani
bunék

vysoka exprese
genu MP
v prokambiu

. sniZené
prodiuZovani
bunék

redukovana
a diskontinualni
vodiva

—— MP exprimovan :
ve vodivych Rletiva
| pletivech
‘ﬁ inhibovany vyvoj

koren(l a hypokotylu

kontrola mp mutant




Polarni transport auxinu zajiSt'uje rad

B —— mutant gnom (z ném. trpaslik)
_4 koduje ARF GEF
(ADP-rybosilation factor GDP exchange fact

(ovliviiuje polérni transport vaéki nesoucich PIN do pla

mutace se projevuje jiz pri prvnim déleni zygoty - je sym

poruchy ukldddni pektint, adheze a komunikace bunék)

terminalni
casti

gnhom

stddium globuldrni srdcité ~ dospélé

¢ - délohy

ep - vlastni embryo

er - embryondini koren
h - hypokotyl

S - suspenzor

sc - osemeni

AtLPT1-6US

Vroemen

* 50 mikrom



Diferenciace a vyvoj apikalniho stonkového m

geny WUS (WUSCHEL; ném. strapaty) stadium 16 bunék - horni vnitrni tetrdda
transkripéni faktor s homeodoménou (jeden ze skupiny WOX (WUSCHELHOMEOBOX)
reprimuje transkripci genli RR (RESPONSE REGULATOR),
které negativné ovliviiuji geny indukovatelné cytokininy
(u Arabidopsis ARR5, ARR6, ARR7, ARR15)

cuct, cucz, cUC3 (CUPSHAPED COTYLEDONS)
exprimuji se od konce globuldrniho stddia
transkripéni faktory skupiny NAC (60 aminokyselin)
— exprese dalsich genl, napf. STM
jsou reprimovdny signdlem auxinu

STM (SHOOTMERISTEMLESS) - skupina genti KNOX
transkripéni faktor s homeodoménou - u mutantll cuc se neexprimuje Long J.A. et al: Science 312 (20

CLV1, CLV2, CLV3 (CLAVATA) o
CLV1a CLV2 - receptorova kinaza, apical meristem
CLV3 - extraceluldrni signdlni protein Cotyledon

v,

Apical cell Protoderm

apical meristem
Basal cell ™

oo [zan] [owoi] [iocor] [Cpuer] [ et

WwuUs

https://www.researchgate.net/figure/270905237_fig7_Fig-7-Formation-of-shoot-apical- STM
meristem-SAM-during-Arabidopsis-thaliana CLV1/CLV3
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Diferenciace korene - nezbytny je polarni tran

gen HBT (HOBRBIT)

exprimuje se v dolni tetradé oktantu

koduje slozku ubikvitinové E3 ligdzy typu APC

- u hbt mutantu Arabidopsis se nedéli hypofyza, je zvysend hladina nékteryc
gen MP je epistaticky k HBT
MP a BDL se neexprimuji v hypofyze, ale v jejim derivdtu - burice Eoékovité

geny PLT1, PLT2 (PLETHORA)
koduji transkripcni faktory AP2/EREBP = ERF (etylén)
exprese v dolni tetrddé oktantu, pozdéji v korenovém pélu - interpretace signdl

PLT1 ,ﬁ PLT1 ’ PLT1 PLT2

- -
/
- | -
|
/
¥




Diferenciace korene - nezbytny je polarni trans

SHR (SHORT ROOT)
SCR (SCARECROW:; strasdk)

transkripéni faktory
skupiny GRAS (skupina rostlinnych proteinl dlleZitych v ontogenetic. vyvoji rost

klidove
centrum
exprese MPa PLT PLT indukuje expresi

zdvisi na IAA SHR a SCR

diferenciace korenové cCepicky
geny kédujici ARF10 a ARF16

- stimulovdny auxinem a inhibovdny miRNA
Taiz |., Zieger E.: Plant Physi
Sunderland, Massachusett




Apical Proembryo
cell \[ ==
Hypophysis \ L
i I
| Suspensor
Basa
cell I—‘J
Zygote 1-cell 4-cell 8-cell Mature embryo
Zygote 1-cell 4-cell 8-cell Zygote 1-cell 4-cell 8-cell
B wox2and woxs  [_] woxs Bl Auxin Maxima
[ ] woxz ] wox9 1 PIN7 Localization

Bl wox8and WOXx9
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