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Systém a evoluce vyssich rostlin
Krytosemenné: dvod
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Magnoliophyta
(krytosemenne)
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Fylogeneticky nejvice odvozena a druhove dnes naprosto
dominantni pribuzenska skupina vyssich rostlin
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Habitus: byliny i dfeviny rozmanitého vzhledu a ruznych
ekologickych naroku
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Srovnani po€tu druhu krytosemennych s ostatnimi skupinami
vyssich rostlin: mechorosty - 25 000, kapradorosty 10 000,
nahosemenne 800, krytosemenné 250 000

Kaprad'orosty

Mechorosty——

Nahosemenné

\Krytosemenné
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Osm druhové nejbohatsich Celedi krytosemennych. Cela jedna
desetina druhoveho bohatstvi krytosemennych pak pripada na
jedinou Celed - Asteraceae.

Asteraceae

Orchidaceae

Fabaceae

Poaceae

Rubiaceae

Cyperaceae

Euphorbiaceae

Rosaceae L
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Opacnym extrémem jsou Celedi zahrnujici pouze jeden jediny
druh - napr. Hippuridaceae, Butomaceae
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Hlavni (primarni) koren vytrvava nebo zanika
= allorhizie nebo homorhizie

PRIMARY AND SECONDARY ROOTS
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typical angiosperm )
Elpical meristem eaf primordium

Apikalni meristém

histogen

= mnOhObunéény layers
vicevrstevny

- diferencovany na

(i) jedno- az
vicevrstevnou tuniku
delici bunky ve smeru
kolmém na povrch

(i) korpus délicim bunky
rovnobeézne s povrchem
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Stonek - druhotné tloustne
nebo netloustne; cevni svazky
eustelicke nebo ataktostelicke
xylém heteroxylarni (s trache-
idami i trachejemi); pouze u
primitivnich typu homoxylarni
(jen s tracheidami)

Kingsley R. Stern, Botany Visual Resource Library & 1887 The McGraw-Hill Companies, Inc. Al rights reserved.

Water-conducting Cells of Xylem
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Vessel
element

Vessel Tracheids

{b)Vessel elements
with partially
perforated end walls

(a)Tracheids
{c) Tracheids and vessels (colorized SEM)

Copynght @ Pearsen Education, Inc., publishing as Benjamin Cummings.

Petr Bures: Prezentace prednasky Systém a evoluce vyssSich rostlin - €ast 19.



U sekundarné tloustnoucich ma kmen na prurezu letokruhy

Sapwood Heartwood

Balrk

| Living phloem

Periderm

Cork cambium
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" “Vascular
cambium
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Listy megafylni, prevazne
lupenité

velmi rozmaniteho charakteru
malé i velke

opadave i vytrvale

zilnatina dlanita, zperena nebo
rovnobezna
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Listy jednoduché nebo slozené (z listku)

Petio le
tipule

Compound leaf
Simple leaf (once pinnate)
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NejCastejsi tvary listove Cepele
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Tvary vrcholu listové Cepele

A SpiCaty tupy .

hrotity utaty

. ixexpe 2:;;? vykrojeny zaokrou-
zaspicately osinaty Eatdly hleny
ostnity

Tvary baze listové Cepele
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Listy podle celokrajny
charakteru okraje chobotnaty
vykrajovany
dvojite zubaty
vroubkovany
Zubaty
perenolalocny

perenosecny

dlanitosecny
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Typy slozenych listu

sudozpereny dvakrat zpereny

_ o L trikrat zpereny
dlanité slozeny (sedmicCetny)
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Postaveni listu na stonku muze byt:

- —

vstricne stfidavé v preslenech v prizemni rdzici
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Kvét

pravy kvet tj. komplex
metamorfovanych listu
slozeny z na kratké ose
usporadanych

—
Stamen ,/Ant her

( Filament

- kvétnich obald,

- tyCinek
(mikrosporofyla)

- plodolistu
(megasporofylt)

Tyto Casti jsou pak v
riznych ustalenych Ci
neustalenych poctech

Receptacle

Copyright & Pearsen Educatlon, Inc., publishing as Benjamin Cummings.
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Podle poctu rovin soumeérnosti rozliSujeme kvety na
zygomorfni - s jednou rovinou soumernosti a
aktinomorfni - s vice nez jednou rovinou soumernostsi
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Kvétni obaly (perianth) jsou bud rozliSené na kalich a
korunu (kvety heterochlamydeické), nebo jsou tvorené
nerozliSenym okvétim (kvéty homochlamydeické)

Perianth
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VolIneé listky korunni (petaly) tvori
kvety choripetalni,

volné listky kalisni
(sepaly) tvori
kvety chorisepalni,

- kvéty choritepalni
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Listky kaliSni (sepaly) mohou srustat = kvéty synsepalni,
listky korunni (petaly) mohou srustat = kvéty sympetalni,
listky okvéti (tepaly) mohou srustat = kvéty syntepalni

Srostlé Casti kalicha, koruny nebo okveéti se nazyvaji kalisni,
korunni nebo okvetni trubka, volné Casti se nazyvaji kalisni,
korunni nebo okvétni cipy

i CcONNate
petals

X r i K. F. Robertson
_" v ./ 4 llinois Matural History Sureey
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Nékdy srustaji bazalni ¢asti
kalicha, koruny a tyCinek v
hypanthium (= receptaculum)

stamens

N

B K. FE. Eobertzon . G
Ilinaiz Matural History Sureey s !
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TycCinky sestavaji z nitky
(filamentum), spojidla
(connectivum) a obvykle 2
mikrosynangii (prasné vacky, téz
prasniky, anthera)
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Nekdy jsou mezi tyCinkami také nevyvinute tyCinky bez
prasniku = paty€inky (staminodia)

g

-
-

Petr Bures: Prezentace prednasky Systém a evoluce vyssSich rostlin - €ast 19.



Plodolisty konduplikatneé (podélne) slozene; plodolist
krytosemennych vznikl z pivodné plochého plodolistu
(megasporofylu)

Single fused Three fused
Sporangia carpel carpels

7 Modified \

leaf e Y
@ &
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Plodolisty tvori
obvykle soubor -
pestik (Ces.
gyneceum, angl.
lat. gynoeceum)

Cross Sections

Petr Bures: Prezentace prednasky Systém a evoluce vyssSich rostlin - €ast 19.



Plodolisty tvorici pestik jsou bud volné, vzajemne nesrostlé
= apokarpni gyneceum

APOCARPOUS
GYNOECIUM

I\
\ II:.' I|I t I-._J_.... ._:_.-" f

plodolist

¥
vajicko —N j !r

F placentace
'.' marginalni

{(xs.)

Petr Bures: Prezentace prednasky Systém a evoluce vyssSich rostlin - €ast 19.



Jindy jsou plodolisty pestiku vice Ci meéne srostlé =
cénokarpni gyneceum, podle polohy vajicek na plodolistech
rozlisujeme typy placentace: axilarni, parietalni a centraini.

SYNCARPOUS GYNOECIA

o | connate petals s MRS
e P Connate | VW “1 “ central

carpels
stigma

style

i
%.( 4= connate sepals

epipetalous o

stamens \“gif _...':::l:f":
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History Survey (ke & gynoecium PLACENTATION
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Synkarpni gyneceum = axilarni placentace

apocarpous
gynoecium

syncarpous s S
gynoecium

Solanaceae
Axile placentation

lysicarpous

gynoecium paracarpous ¥

gynoecium

Vacciniaceae
", W

%RmJnhﬁm
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SR W Papaveraceae




Lysikarpni gyneceum = centralni nebo bazalni placentace ( a

apocarpous
fynoecium

Syncarpous
gynoecium

oy

lysicarpous

gynoecium paracarpous "

gynoecium

©  free-central
placentation

Primulaceae CERMIEEEEE
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Parakarpni gyneceum = parietalni placentace

apocarpous
(ynoecium

Syncarpous
gyno ecium

y

lysicarpous

gynoecium paracarpous "

gynoecium

Chenopodiaceae
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Parietal placentation
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Orobanchaceae
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Violaceae
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Brassicaceae
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http://upload.wikimedia.org/wikipedia/commons/4/40/Orchidaceae_ophrys_bourdon.jpg

VolIné plodolisty apokarpniho gynecea mivaji pacnelku (stylodium)

Apocarpous gynoecium

@ K. R.Robertson
Ilinois Matural History Surwey
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U cénokarpniho Two Flowers With
Syncarpous Gynoecia

3-lobed
stigmas

gynecea jsou
stylodia Casto
srostla v €énélku
(stylus)

Cnélka byva na
vrcholu Casto
rozsirena v bliznu
(stigma) S
Vajicka jsou . N
uzavrena ve spodni
casti pestiku - v
semeniku (ovarium) § " * tebert=er ovary

Illinoiz Matural Histary Sureey
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Spodni semenik

Epigynous insertion

sepal

filament style

hypanthium
nectar
gland

inferior
ovary

INTErTON e
ovary .

ovule B k. B Robertson
Illinais Matural

Hiztary Survey i

KR Robertson
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Svrchni semenik

Hypogynous
insertion

sSuperior
ovary

@ k. k. Fobertson
Illinais Matural History Survey

Hypogynous .
insertion &

stigma

tepal
epitepalous ==
stamens
style
superior
avary

@ K. E.Fobertson :
Hlinoiz Matural i
History Suruey '
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Kvety mohou byt bud jednoduché,

nebo skladaji kvétenstvi raznych typu
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Jednotlivé kvety - Papaver

Papaver

Convolvulus
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lata

dlouhé hlavnim vreteno

na ném jesté

kratSi rozvétvené postranni vétve
(Vitis vinifera, vinna réva).
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Lata Sefik (Syringa, Oleaceae) javor (Acer)

® K. R. Robertson
lllinois Hatural History Suneey
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Preslenita lata Zabnik (Alisma)
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Jednostranna

lata
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Festuca
y ¢
N g |
BT
n \W
Bromus N
{ f
\}. \\.\"-. lﬁ / z’
Melica uniflora c«x tauwer || &7 p

Petr Bures: Prezentace prednasky Systém a evoluce vyssSich rostlin - €ast 19.



hrozen

e
Aconitum
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hrozen

Lupinus Hyacinthus
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hrozen

pstroéek (Maianthemum, Liliaceae)

N
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penizek (Thlaspi)
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hrozen

vachta (Menyanthes,

J

vrbovka (Chamaenerion

Menyanthaceae)

Onagraceae)

v v s
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hrozen

vies (Calluna, Ericaceae) rybiz (Ribes, Grossulariaceae)
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hrozen

stfemcha (Padus racemosa) akat (Robinia pseudacacia)
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http://upload.wikimedia.org/wikipedia/commons/a/ab/Padus_racemosa_%28Lam.%29_Gilib.1.jpg

hrozen

e

Inice kvétel (Linaria vulgaris) rozrazil rezekvitek (Veronica
chamaedrys) — uzlabni hrozny
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hrozen

modienec (Muscari)

prstnatec (Dactylorhiza majalis)

t19.
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hrozen

- http: //botanika.wendys.cz

dristal (Berberis vulgaris)

samorostlik klasnaty (Actaea spicata)
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hrozen
preslenity

Hottonia palustris, zebratka Primula japonica
bahenni
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~ Digitalis

jednostranny
hrozen

hrusticka
(Ramischia)

»
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@ Sharkai

Convallaria Campanula rapunculoidés Melica nutans
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jednostranny

hrozen Lathraea
squamaria

awww hlasek’com="
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rdest (Potamogeton) jitrocel (Plantago)

ostrice (Carex) krvavec A

isorb
(Sanguisorba) zvoneénik (Phyteuma)
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Jehnéda

Populus tremula

© - josefhlasek
wiww-hlasek com
Carex sylvatica a609

eeeeeee

Céréx Sylvatica ' Piper
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Acorus Araceae

Palice

Zea

Petr Bures: Prezentace prednasky Systém a evoluce vyssSich rostlin - €ast 19.


http://upload.wikimedia.org/wikipedia/commons/1/17/Typha_latifolia_-_inflorescence.jpg

Jednostranny klas

Melampyru




Dvourady klas

Bromelia Cyperus
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Klasek - Poaceae
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Slozeny klas - kias z kiasku (lichoklas)




mahalebka
(Prunus
mahaleb)

snédek okoli€naty
(Ornithogalum
umbellatum)

-
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(Jednoduchy)

okolik
Stirovnik
(Lotus)
jarmanka bfe¢tan (Hedera)
© 2000 Ekanors. Sauks (Astrantia)
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http://upload.wikimedia.org/wikipedia/commons/a/a9/Astrantia_major_R0012287.JPG
http://upload.wikimedia.org/wikipedia/commons/f/fb/Scherm.jpg

Slozeny okolik -
Apiaceae

Daucus carota

Aegopodium
podagraria

http: //botanika.wendys.cz
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http://upload.wikimedia.org/wikipedia/commons/d/de/Samengesteld_scherm.jpg
http://botanika.borec.cz/fota/brslice_kozi_noha1.jpg

Hlavka

Trifolium Phyteuma orbiculare
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COPYRIGHT H.DOWIESON

Ubor - Asteraceae
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http://cs.wikipedia.org/wiki/Soubor:Hoofdje.jpg

Chocholi¢chata lata

f i K. E. Robertson
' linois Matural History Suneey

Viburnum

L]

./ | \ b

Sambucus
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Chocholi¢cnata lata

sorbus aucuparia / ’
© 2004 pictured by antonie van den bos
for aycronto.com
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Vidlan - Caryophyllaceae
4

“W”l‘ Y - . = Fiona Mantland. Ulster Museum
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http://www.ulstermuseum.org.uk/flora/2998_p.htm

Kruzel

Luzula

) (C) A. Mrkvicka
Filipendula Schoenoplectus Eriophorum
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Lichopfeslen byva tvoren vidlany (nebo vijany)

Rumex

Lamiaceae
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Vejirek - Iridaceae
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Srpek — Gladiolus
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Sroubel (0 90° a na jednu stranu)

Smel
okoliCnaty
(Butomus

umbellatus)
Alliaceae
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Dvojvijan (o0 90° a na razné strany)
R

g
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Priklady slozenych
kvetenstvi

a Jim podobnych
zhovadilosti
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Lata vijanu

jirovec (Aesculus
hippocastanum)
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| ata slozena z klasku

tieslice (Briza) lipnice (Poa)




jednostranny
hrozen slozeny
z klasku

Melica nutans




, v Achillea millefolium Tanacetum vulgare
Chocholik az . 2

chocholiChata
lata uboru

Eupatorium cannabinum Tanacetum parthenium
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Chocholi¢nata lata vidlanu

Galium
odoratum

Galium
album

Lata vidlant
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Jehneda tvorena vidlany

Betula

®k. k. Robertsan
Hinais Matural Histaory Surey
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Jehnéda

Castariea sativa MILL.
©Bernd Liebermann

(sam¢i kvétenstvi)

v v s

4
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Hrozen az lata uboru

Petasites
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Succisa

Dipsacaceae

Strboul

Knautia

DIDS@EH$ SPP.. "'Iﬂ_ .

Dipsacus

hlavka tvorena
vidlany
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Strboul jednokvétych
uboru
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Klubicka: Lichopteslen, lichoklas nebo licholata mohou byt tvofeny také stazenymi
vidlany = klubiCky el
R RN S N T Lol e Bo WL

o

Urtica sp.
Urticaceae
@ G.D. Carmr




Vajicko

ma 2 obaly (kupula + integument) nebo 1 obal (integument)
ma klovy otvor (mikropyle), nema pylove komory

s placentou spojeno poutkem (funiculus)

primarni zivné pletivo (nucellus) homologické megasporangiu

Ovule longitudinal section 4 = TH megaspores
rtegurment - furictional
rrl'::':";;}a.' -— rIIl:!!;Ii:I.::i Fll.lrl:!
Sporangium MEKOSIS
= nucel|Ls bh e

—= disinite gratinig
Megaspores

funiculus ——

PGy e

MITOSIS
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Jedna bunka nucellu se zveliCuje a dava

meiotickou tetradogenezi vznik 4

bunkam __
}_-.-11.-:.;-:1'-5 porangium
12

homologickym magasporam - 3 z nich
odumiraji

zbyla se 3x mitoticky deli na 8jaderny
zarodecny vak (sacculus embryonalis)

zarodecny vak je homologicky
megaprothaliu

'Y Cametophyte
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3 bunky se umisti na polu pobliz mikropyle - spolu s Casti
cytoplazmy se obali cytoplazmatickou mambranou a vytvori
samostatné bunky, prostredni z nich se zveliCuje a vytvari
buiku vajeCnou - oosféru, bo¢ni tvori podpurné bunky -
synergidy. Dalsi 3 jadra se umisti pri opachem polu a
osamostatnuji se jako 3 bunky protistojné - antipody, zbyvajici
2 jadra se umisti uprostred zarodec¢ného vaku, splynou a
davaji tak vznik diploidnimu, fidSeji triploidnimu, centralnimu
(polarnimu) jadru zarodeCného vaku.

r"f___-‘-““"x
II:' “II
|IF HI|
|II II|

|' '|
|

\ A :
v
L
|
L
'."' .

central cell ~¥_~
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Pyl a opyleni (angl.
pollination)

Se3ewlifyes

pylova zrna bez
vzdusnych
vaku
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Velikost pY| u Cucurbita
6 — 150 um

Myosotis

Myosotis



NejCasteji je pyl prenasen hmyzem = entomogamie
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Casto je pyl pfenasen také vétrem = anemogamie




Vzacne je pyl prenasen ptaky = ornitogamie

g r oy g

yl i
i} ¢ %
W\IWM".TIC‘H;‘{EH OTO.COM
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Vzacne je u rostlin kvetoucich
pod hladinou pyl prenasen
vodou = hydrogamie (napr.
Zostera, Elodea, Ceratophyllum,
nebo Posidonia)
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Opylovani netopyry chiropterogamie je vzacné




Nekdy dochazi k samoopyleni v uzavrenych kvetech, ktere se
neotviraji = kleistogamie (nap¥. u riznych druhu violek -
Vlola CI u hluchavky objlmave Lamlum amplex:caule)

Petr Bures: Prezentace prednasky Systém a evoluce vyssmh rostlln gast 19.



Zastoupeni jednotlivych typu opyleni se velmi odliSuje podle
geografickych oblasti (v byvalém Ceskoslovensku zjistil prof.
Daumann v r. 1972 nasledujici pomérné zastoupeni druhu
patficich k jednotlivym typum:

entomogamie 74.3%
anemogamie 17.3%
hydrogamie 0.5 %
prechodny nebo blize neuréeny typ 7.9 %

pfechodné typy;
7,9
hydrogamie; 0,5

_

anemogamie;
17,3

entomogamie;
74,3
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o Hmyz navstévuje kvéty bud kvuli pylu (napf.
= mak nebo ruze) nebo kvuli nektaru (napf. vikev
nebo hluchavka)
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K navigaci hmyzu slouzi barva kvetu popr. sametovy nebo
naopak leskly povrch korunnich listku

a vune -
nektar ani pyl
vSak vuni
nevydavaji -
ta se vytvari
bud korunnimi
listky nebo
nitkami
tyCinek.

Y | N
¥
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http://www.ulaska.com/wallpaper/garden/800/flowers015.jpg
http://www.waldhang.de/bilder/0104016t.jpg

Pseudokopulace — tofic (Ophrys, Orchidaceae)

Coppnght Mizolag J. Vares: ken
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Z hlediska rekombinace genu je vyhodnéjsi allogamie (cross
pollination) oproti autogamii (self pollination)

Cross-pollination Self-pollination

same flower ditfferent flowers

on same inflorescence
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Jednim ze zpusobu jak se branit autogamii vlastnim pylem je
heterostylie

Heterotsylous flowers
Each type on a
different plant

I.'-:# -

Heterostyly in Primula

short-styled

: f';lnng-styled
flower gL

_flower

Fin {:I'i_gh!! angd hren pn'nrr{:_\.'f
Mowers: a visiting insect pleks up
paflen from the high anchers of the
thrum ffower. and later mgy deposic

it on the high stigmas of the pin fower.

Short-styled Long-styled
Flower {Thrum) Flower {Pin)
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DalSim zpusobem jak se branit autogamii vlastnim pylem je
protogynie

First day flower—
stigmas receptive | Second day flower—
anthers dehiscing

i K. R. Robertson
Illinois Natural Histor
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Analogickym zpusobem
muze branit branit
autogamii take
protandrie

First day flower

shedding.. ™
polien

Second day flower =

pollen
alre ady
shed
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Systémy s jednopohlavnymi kvéty

dioecie gynodioecie androdioecie

A

monoecie gynomonoecie andromonoecie
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, Sculpture

Povrch pyloveho zrna
tvori dvouvrstevna
b I é na. Ektexine

o o - sgv Exlne
vnejsi — exina a vnitrni - Columella
.y {(=hacullumj}
Intina

Tectum

Povrch py' u Supratectate \|

Foot Layer
“(=pedium)

=\ _
Ende

_—y

o Tube rucleus ™,

Tube cell

Cenerative
cell
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U anemogamnich druhu byva pyl hladky,
u hydrogamnich je bez zvlastnlch
pfizpusobeni e

ﬁ Pollen
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http://www.astma-allergi.dk/indhold/pollen/pic/pollen-birke.gif

U entomogamnich druhu je pyl ¢asto
lepkavy, Ci s ruznymi hacky, vyrustky

nebo chloupky

10s= Z1kU I78E3 00O8-2T 568
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Jednobunécne pylove zrno se pri zrani deli ve vetsi bunku
vegetativni a mensi generativni; v tomto dvoubunecnem stavu
je preneseno na bliznu;

Tube cell

Generative
cell

‘ 10 um
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na blizne vykliCi v lacku ktera proroste do
semeniku; na konci lacky je nesena bunka
vegetativni a za ni generativni; generativni
bunka se pred oplozenim vajicka rozdeli ve 2
bunky spermatické (3 bunky lacky = 1
vegetativni + 2 spermatické jsou homologické
mikroprothaliu)

Kingsley R. Stern, Botany Visual Resource Library & 1897 The MceGraw-Hill Companies, Inc. All rights reserved.

pollen tube

A Mature Male
Gametophyte of a
Flowering Plant

tube nucleus
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Oplozeni (angl. fertilization) je dvoji

1. Syngamie — haploidni jadro 1 spermatické bunky splyne s
haploidnim jadrem oosféry a vznikne zygota, z niz delenim
vznikne embryo

2. Konfluace — haploidni jadro druhé splyne s centralnim
diploidnim jadrem a vznikne endosperm

(b)

Sperm Nuclei (n)

Pollen Tube

Endosperm
Central Cell Polar Nuclei (n) Nuclei (3n)
with Eoiar G Endosperm :

Nuclei (n) Nucleus (3n)

Nog
ucleus
(n) | Developing

Zygote (2n) ' o Embryo (2n)

”_Sperm
Nuclei (n)

Petr Bures: Prezentace prednasky Systém a evoluce vyssSich rostlin - €ast 19.



Randy Moore, Dennie Clark, and Darrall Vodopich, Botany Visual Resource Library ® 1888 The MoGraw-Hill Companiss, inc. Al rigits reserved.

Generalized Life Cycle of Flowering Plants

Young

sporophyte Ovule

Megaspore mother
cell undergoes
MEIOSIS to
produce four

Mjﬂrﬂﬁpﬂm R A :
mother cells. "
under
MEIOSIS to
produce
microspores

Generative cell
undergoes MITOSIS
to produce two sperms

Micropyle :
Hibe LG One megaspore
ceil* @l ; survives to
Pollen ¥ -Q:\}*fs!-" undergo MITOSIS
Tube Pollen (3 divisions)
MALE : — Polar nuclei
GAMETOPHYTE Synergids Antipodals

FEMALE GAMEPOPHYTE



Generativni mnozeni nemusi byt prevazujicim zpusobem
rozmnozovani, naopak rozmnozovani vegetativhi muze casto
prevazovat.

Stolon
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Vzniku semen nemusi vzdy predchazet syngamie, pak
hovorime o asexualnim rozmnozovani pomoci semen -
apomixii (angl. i lat. apomixis) Cili agamospermii

nedochazi pak ke genove
rekombinaci

apomixie je bud
partenogenetického typu - tj. »
kdyz se embryo diferencuje z }e:‘f; T

oosféry - haplonti obvykle (AR

hynou, ale typy vzniklé e
diplosporii {j. diploidizaci =
oosféry pfezivaji A\

jiny typ apomixie je
apogamie, kdy se embro

diferencuje z jiné buriky . /
zarodecneého vaku nez z ]@{,ﬂ_“_mm;.;ﬁn 2 SN S b
Ilna?ﬂatural}lislti}_rjlsurvﬂy ' v’ " ¥ by & 1"._ D e

oosféry A,
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Semeno JE—
ze syngamii vzniklé zygoty se . . er:ptmm
diferencuje dvou- nebo jednodeloznée e
embryo

z konfluaci vzniklého triploidniho jadra

se diferencuje vnitrni triploidni pletivo _
endosperm slouzici k vyZzivé embrya, oy PY—
proto nazyvane zivné.

rriale
fermale gametophyte gametophyte

Torpedo stage
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Povrch semene je obvykle kryt osemenim (testa) embryo ma
vyvinut zaklad stonku (plumula) a zaklad korene (radicula), v
misté spojeni vajiCka poutkem zustava na semeni jizva
(hilum).

Testa g Cotyledon
{Seedt_:nat} '(Se_f,-d leaf)

Testa {Seedcnat}

Plumule X
(Shoot} —
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Plod - vznika diferenciaci semeniku nebo celého gynecea. Jednoduchym
typem suchého plodu je jednosemenna nazka. MldzZe vznikat z
apokarpnich pestiku — napf. u pryskyrnikovitych (Ranunculaceae)

Ranunculaceae

Ranunculus abortivus
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Nazka muze vzniknout i z cénokarpniho gynecea — napf.
u Sachorovitych Cyperaceae (Eleocharis obtusa)




Z cenokarpniho gynecea vznika nazka take u
hveézdnicovitych (Asteraceae, Taraxacum)




Nazka u slunecnice (Helianthus, Asteraceae) - pro nazky je
typicke, ze oplodi a osemeni k sobé sice tésné priléhaiji, ale nesrustaji
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Ceénokarpni nazka u habru
(Carpinus, Betulaceae), dubu -
Quercus, Fagaceae,
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Okridlené
, \ nazky u jasanu

© 1998 Kurt Stuber A .

300 dpi — Fraxinus sp.,

Oleaceae
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Suchym pukavym plodem je také mechyrek vynikajici z
apokarpniho gynecea (ostrozka - Delphinium, Ranunculaceae)

Petr Bures: Prezentace prednasky Systém a evoluce vyssSich rostlin - €ast 19.



Mechyrky v Celedi tracka (Consolida)

stracka (Consolida
Ranunculaceae pocet plodolistl a tedy
| méchyrkU redukovan
na jediny v kazdem
kvetu

blatouch cemerice
Caltha Helleborus
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Dalsim typem sucheho pukavého plodu vznikajiciho z
apokarpniho gynecea je vicesemenny az jednosemenny lusk u
Celedi bobovitych (Fabaceae), otvirajici se dvéma chlopnémi
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Lusk u podzemnice olejné je na hranici mezi luskem a
dvousemennou nazkou

Peanut (Arachis hypogea): Pod (legume) & seeds.
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Jednoduchym suchym cenokarpnim plodem je take orisek

(liska - Corylus, Betulaceae) — podobny nazce, ale semeno mensi a
proto v orisku ,,hrk“
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Ofigky u lipy (Tilia, Tiliaceae)
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Jednoduchym suchym cenokarpnim plodem je take
obilka, ktera se od nazky lisi oplodim pevnée srostlym s
osemenim (kukurice - Zea, Poaceae)
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Suchym pukavym plodem vznikajicim jen z
cénokarpniho gynecea je tobolka. Derami se otvira
tobolka maku (Papaver, Papaveraceae)
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Trojpouzdre tobolky ma
kosatec — Iris, Iridaceae



http://botit.botany.wisc.edu/images/130/Fruits/Iris_capsule_MC.php

Tobolky otvirajici se nejCasteji 5 nebo 10 zuby najdeme u
celedi hvozdikovitych (Caryophyllaceae)

Agrostemma

Melandrium
githago >

dioicum
denticidal capsule

connate sepals

&k R, Robertson
inois Matural Histary Surey
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Takeé seSule brukvovitych (Brassicaceae) se dvéma chlopnémi
a stredni prepazkou je typem tobolky

Siliques slightly flattened in x.s.

septum Alternating seed attachment stalks

(funiculi) along margins of septum.

(© W.P. Armstrong 2003
X.5. by E.M. Armstrong

funiculus

seed

/ / funiculi p- Ry E
/ Stalks where

seeds were b ol p- x.s. of silique

attached. Septum separates

2 locules (chambers).
: Siliques of Cardamine: The minute seeds are attached in two
pedicel rows along the margins of septum; however, in Jepson Flora
this genus keys out under a "single row of seeds" per locule.
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Podobna sesuli je také sesulka — napr. u kokosky
(Capsella bursa-pastoris)

silicle
Flattened and obcordate.

g septum

Persistent after valves of
silicle have fallen away.

el ;) -
(©) WP. Armstrong 2003 e a——— pedicel
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Nebo u meésicnice (Lunaria annua)

Where petals, sepals &

receptacle gamens were attached.

pedicel gynophore

Elongate stalk (stipe)
above the receptacle.

= | «—— septum

" The septum or partition between the two
valves of silicle remains persistent after
© W.P. Armstrong 2003 the two valves & seeds have fallen away.
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Zvlastni duznatou tobolku ma brslen (Euonymus, Celastraceae)
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Zduznatelé tobolky ma take Averroa carambola (Oxalidaceae)

F!r




Trnitou tobolku vyplnénou
semeny obalenymi
zduznatelymi misky ma
durian (Durio zibethinus) z
celedi cejbovitych
(Bombacaceae)
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Duznatym typem plodu je jedno- Ci vicesemenna bobule s rozliSenou
vnéjSi blanitou a vnitfni duznatou ¢asti. Vzacné muze vznikat z
apokarpniho gynecea - napfr. u pryskyrnikovitych (Ranunculaceae, Actaea)

AL
il
=y

Ak ndgren <

T
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Mnohem cCasteji vznika bobule s gynecea cenokarpniho —
napr. u tykvovitych (Cucurbitaceae)




ruzni zastupci Celedi tykvovitych - Cucurbitaceae
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Bobule cénokarpniho typu ma také kiwi (Actinidia,
Actinidiaceae)
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http://botit.botany.wisc.edu/images/130/Fruits/Berries/Kiwi_fruit_MC.php

Nebo rajCe (Lycopersicon) a dalsi lilkovité (Solanaceae)

r - R ".'1'"1
£ M iy J"l'f' o



http://botit.botany.wisc.edu/images/130/Fruits/Berries/Tomato_MC.php

Nebo rybiz

Si

ibes) a dal

(R

é

(Grossula

srstkov

aceae)

I




Nebo boruvka (Vaccinium

myrtillus), brusinka (Vaccinium
vitis-idaea) a dalSi brusnicovité
(Ericaceae)
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Zvlastnim typem cénokarpni bobule je hesperidium citroniku (Citrus,
Rutaceae) s oplodim rozliSenym na vnéjsi barevné flavedo a vnitfni bilé
albedo. Stavnata duZina je zbujelé pletivo vznikajici délenim buné&k vnitfni
pokozky oplodi.
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Vice Ci méné vysychavy typ bobule ma paprika (Capsicum),
ktera by mohla byt povazovana i za zduznatelou tobolku
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Duznatym plodu je peckovice s
trojvrstevnym oplodim (blanity
exokarp, duznaty mezokarp a
sklerenchymaticky endokarp)

muze vynikat z apokarpniho
gynecea

Kingsley R. Stern, Botany Visual Resource Library & 1887 The McGraw-Hill Companies, Inc. All righte reserved.

Regions of a Mature Fruit

seed

endocarp — napf. u ruzovitych
WL Lol (Rosaceae — merunka —
L exocarp Armenia Ca)

:".f‘
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Broskev, tresen
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Nekdy vznika peckovice z cénokarpniho gynecea — napr.
u olivy (Olea, Oleaceae)
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Nékteré suché cénokarpni plody se rozpadaji podél plodolistu, pak se
nazyvaji poltivé (schizokarpium) — jsou to napr. tvrdky u brutnakovitych
(Boraginaceae)




Tvrdky u uzanky (Cynoglossum, Boraginaceae)
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Tvrdky jsou typicke takeé pro hluchavkovité (Lamiaceae)

'nutlet’

Dracocephalum parviflorum
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Jinym typem sucheho poltiveho plodu, rozpadajiciho se na
pludky (mericarpia) — jsou dvounazky u mirikovitych (Apiaceae)




Poltivym plodem jsou také okridlené dvounazky u javoru
(Acer, Aceraceae)



http://botit.botany.wisc.edu/images/130/Fruits/Samara/Acer_saccharum_MC.php

Poltivé plody rozpadajici se v mnoho merikarpii ma i slez
(Malva, Malvaceae)
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Rozpadavé plody, které rozpadaji jinak nez podél plodolistu
nazyvame lamave — vznikaji jen z cénokarpnich gynecei. Je to
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Souplodi je utvar vznikly spojenim apokarpnich plodu obvykle kvétnim
lGZzkem napf. mnohoméchyrek u magnolie (Magnolia, Magnoliaceae)
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'

Souplodi peckoviCek tvofi malina (Rubus, Rosaceae)




Zduznatela Cesule obalujici souplodi nazek (jadrinec) dava
vznik souplodi zvanému malvice

APEL PYRUS MALUS L.
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Takeé jerabiny (Sorbus, Rosaceae) jsou drobnymi malvicemi

e
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Malvice ma takeé hloh (Crataegus)

pomes with

Tl stones in
. f Lrealeegus

.
Crataegus monogyna
© Daniel Vega
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Strukturou a vznikem jsou malvicim blizké Sipky (Rosa, Rosaceae)
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http://courses.washington.edu/bot113/family_pages/Rosaceae/slide120.jpg

Souplodim nazek na

zduznatélém kvétnim luzku
jsou take jahody (Fragaria,
Rosaceae)
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Plodenstvim je plod vynikly premenou celého kvetenstvi —
napr. fik (Ficus, Moraceae)

Petr Bures: Prezentace prednasky Systém a evoluce vyssSich rostlin - €ast 19.



Plodenstvimi jsou také plody morusi (Morus, Moraceae)
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Plodenstvim, vzniklym
premenou celeho kvéetenstvi
spolu s listeny jke take
ananas (Ananas, - - S
Bromeliaceae) -~ :
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Sifeni semen, plodu a jinych diaspér — rozsifovani se déje
bud’ vlastnim aktivnim pricinénim rostliny = autochorie — napr. u
netykavky (Impatiens, Balsaminaceae) katapultovanim semen
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Anemochorie u javoru, pampeliSky, bfizy a plaménku (Clematis), u
katranu (Crambe) se vétrem Sifi celé rostliny jako stepni bézci
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http://www.colostate.edu/Depts/CoopExt/4DMG/images/wasat3.jpg

Hydrochorie — kostec zluty (/ris &
pSeudacorus), kokos (Cocos nucifera) % o) q
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Endozoochorie pri niz sehrala, stejne jako u entomogamie,
ulohu koevoluce.

f' Az, \:;



Pomoci hacku se plody Ci cela kvétenstvi zachycuiji v srsti

zvirat a Siri se - epizoochorie
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MasiCka na semenech (caruncula) Ci
tukova teliska na plodech (elaiosomy)
jsou nékterych druht adaptaci na
Sifeni mravenci — myrmekochorie
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http://www.unifiedworlds.com/cornet/Why02/MesozoicHist.htm
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Sanmiguelia
Pannaulica
Crinopolles

Sanmiguelia: rekonstrukce nejstarsi fosilie
krytosemenych. Objevena 1956 ve vrstvach
svrchniho triasu v Coloradu u reky San Miguel

,<Jednodélozne” listy, jednopohlavné ,gnetoidni® kvéty s
rudimenty opacného pohlavi v Sisticovitych ,kvétenstvich”
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Evolucni puvod krytosemennych neni zcela jasny, jejich
ancestory je mozno hledat mezi megafylnimi typy
nahosemennych — Cycadeoideopsida nebo Gnetophyta

Williamsonia Magnolia Lilium
|
w4
1/ \) ! i ﬂp‘”

SYNAN
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Celosvetovou kfidovou expanzi krytosemennych podminila:
» velka rozmanitost tehdejSich fyzicko-geografickych podminek

» vysoka konkurencni schopnost v nejruznéjsich biotopech
(vCetné vodnich)

» Kratsi zivotni cyklus nez u nahosemennych skytajici moznost
rychlejSiho tempa evoluce v dusledku rekombinace

» rozmanitost jejich zivotnich forem (stromy, kere, polokere,
byliny, liany, epifyty, popr. poloparaziti, paraziti a saprofyty),

» schopnost vytvaret slozité vicevrstevné (vicepatrove)
rostlinné formace a spolecCenstva, a tedy uspesne obsazovat a
vyuzivat | takove ekologicke niky, ktere byly jejich rostlinnym
soucasnikum nedostupné
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koevoluce krytosemennych a hmyzu
vedla k mirfologické diverzifikaci hlavnée
kvetnich Casti
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Mo, of insect speces

1
5 10 15 20
'Architectural rating'

Figure 3,16 The number of herbivorous insect species associated
with 28 Morth and South American Opuntia species as a function
of the plants’ architecture. ‘Architectural rating’ & the sum of

the following variables scored from 1 to 4: (1) height of mature
plant; (2) mean number of cladodes; (3) dadode size (cm™);

{4) development of woody stem; (5) cladode complexity (guality

of cladode surface, and presence and density of spines). (From
Maran, 1980.)%

Figure 4.6 When ruptured, trichomes on the leaves of a wild
potato species, Solanum berthaultii releaze a clear liguid exudate
that, wpom exposure to air, tums into a sticky viecous substance
that acts as a natwral glue for small insects. A peach aphid
(Myzus persica) s immobilzed due to gloe lumps on its feet.
{Reproduced by courtesy of HM. Smid, Wageningen University,
The Metherlands. )

Table 2.1 Mumbers of harbivorous species in different insect

orders (data from various sounces) =TT ATTRACTION a
Coumarins and S
Insect order Total no. of Herbivorous species STIMULATION
spe cies DEFENCE -—T——-
No. % Carbohydrate Oviposition
Herbivores matabolism Food plant | -
Coleoptera 349000 122 000 35 Fungi M/ #-\Y, Sequestration NSECT-PLANT BIOLOGY
Logidontara 119000 119000 100 Bacter /Pl;oin- | Pharmacophagy Louis M. Schoonhoven | Joop J.A. van Loon | Marcel Dicke
: acteria . \ \synth Pollination
Diptera 119000 35700 ] Viruses \ et . Seed dispersal
Hymenoptera 95000 10 500 1" Plants % & S g e
Hemiptera 59000 53000 a0 — Svmb_iosi_s
Orthoptera 20000 19900 100 - N fixation
- Mycorrhiza
Thysanoptera 5000 4500 ad

Phasmida 2000 2000

PROTECTION AGAINST PHYSICAL FACTORS

UV light
Evagoration
old

Figure 4.31 Secondary plant substances derive from primary metabolites. They chow a multitude of functions and are involved in many biotic
and abiotic environmental factors. (Redrawn from Hartmann, 1996
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Animals Animals

Angicsperm leaves [IININININI
Grasses NN

Gymnosperm needles NG

Phloem sap I
I ¥ylem sap

| | | | | |
0.0001 0.0 0.01 0.1 1 10

Mitrogen content (32)

Figure 5.2 Variations in nitrogen concentration (% dry weight) of different plant parts compared with that in animak. Xylem
and phloem sap concentrations are expressed as nitrogen weighttvolume. (From Mattson, 1980)""

— Boctle Hostplant

phylogany phylogeny
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CUARTERNARY | a1l bQEI'IL.IS )
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i | B costipenniz 5. aremicola
o
% ey B =zp. now. 5. incana
P sororia 5. drummondi
. . -
m F physostegiae Physostegia
Figure 12.19 Time of appearance on 3 geclgical time-scale of selected insect taxa germane to the svolution of insect pollination (a-k) p Jl"l".l’]‘bﬂtﬂ S Jﬂ:‘eﬂ‘ﬂc}rﬂ
compared with the appearance of major floral types (I-v). Black bars are based on direct fossil evidence; grey bars indicate probable range,
inferred rather than based on direct fossil evidence. Ma, million years before present. Insects: (a) Coleoptera; (b-d) Diptera: {b) Tipulidae, < = 3 : 5 s
(0} Mycethogilidae, (d) Empididae; (e-gl Lepidoptera: {e) Micropterigidae, {f) Noctuidae, (g} Papilionidae; h—%) Hymenaptera: () Sympyta, e 11,13 Cladograms of the chrysomelid genus Phpllobrotica (with the sister genus Hoplasoma) and of its host plants. Each insect
(i} Sphecidas, () Vespidae, (k) Apidae. Plants: () small simple flowers with few floral parts, (m) acyclic or hemicyclic flowers with numerous : F . . . . -
ports: {1} small monachamydeous flers; {0} yelc. eterochamygeous, and actinamerpiic flowers () epiaynous and heterochlamydeous n i placed opposite its host. Beetle species with unknown hosts and plant species that are not hosts to the Phfobrotica lineage have been
fowers; (a) sympetalous flowers; {1} epigynous and manoc flowers; (s) iic flowers; (1) brush-type flowers; (u) papilionid wded. (From Farell amd WMitter, 199,']}'“

flowers; {v) deep funnel-shaped flowers. (Redrawn from Crapet and Fris, 1987,"" Fris and Crepet, 1987;"" and Grimaldi, 1996.%)
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Diverzifikace hlavnich typu opylovacu a krytosemennych v
geologickem Case

Siphenoptera  Mecopters ‘Paratrichoptera™ Trichoptera Lepidoptera Hymenoptera

rLEzTOCERE |

CARBONFERDUS

Key Angiosperm Pollinators
(responsible for angiosperm radiation in Cretaceous)
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http://www.unifiedworlds.com/cornet/Why02/MesozoicHist.htm

Analyza evolucniho vyznamu a charakteru fylogeneticky
dulezitych znaku opraviuje predpokladat, Ze pro nejpuvodnéjsi
krytosemenné mohly byt typické nasledujici vlastnosti a znaky:

- malo vyvinute sekundarni drevo bez tracheji

- zperene zilnate, stridave, jednoduché listy

- oboupohlavneg, jednotlivée kvéty

- kuzelovité kvétni luzko s velkym neustalenym poctem
spiralne usporadanych a vzajemne nesrostlych
okvétnich listku, tyCinek a pestiku

- vne zeleneg, uvnitr barevné tepaly

- Siroke, paskovité az lupenité nitky tyCinek

- velké a ploché plodolisty bez stylodii (s pfisedlou bliznou) s
mnoha crassinucelatnimi vajicky
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Geografické rozsireni jsou rozsireny na celem povrchu
Zeme s vyjimkou arktickych a antarktickych ledovych pustin

GLOBAL BIODIVERSITY: SPECIES NUMBERS OF VASCLULAR PLANTS
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