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Classificacao das Embriofitas

Chase & Reveal 2009 Bresinsky et al. 2012
(ed. 36 do Tratado Strassburger)

Class Equisetopsida Classe Embryopsida STREPTOPHYTA 13 subdivisaes:

Subclass Anthocerotidae Engl., in HG.A. E Anthocerophytina
Subclass Bryidae Engl., Syllabus: 47. Apr 1 Bryophytina
Subclass Marchantidae Engl., in H.G.A. E1  Marchantiophytina

Subclass Lycopodiidae Beketov, Kurs Bot. 1 |Lycopodiophytina

[monilophytes] moniléfitas
Subclass Equisetidae Warm., Osnov. Bot.: 2 EQuisetophytina
Subclass Marattiidae K]lnge Fl. Est-Liv-Ct Marattiophytina
Subclass Ophioglossidae Klinge, F1. Est-Liv
Subclass Polypodiidae Cronquist, Takht. & Filicophytina
Subclass Psilotidae Reveal, Phytologia 79: © Psilophytina

[eymnosperms] gimnospermas Spermatophytina: 4 classes:
Subclass Ginkgooidae Engl., in HG.A. Eng  Ginkgopsida
Subclass Cycadidae Pax, in KAE. Prantl, .  Cycadopsida
Subclass Pinidae Cronquist, Takht. & Zimn
Subclass Gnetidae Pax, in K.A.E. Prantl, L

[angiosperms angiospermas -
Subclass Magnoliidae Novdak ex Takht., Sis Magnoliopsida

Coniferopsida




Plantas floriferas (ANGIOSPERMAS) - fruto
220-270 mil especies (300 mil)
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Lycopods 0.38%

Gymnosperms 0.29%
Liverworts
Hornworts 2 289,

M 3.61% Horsetails <0.05%
osses 3.61%

Ferns 3.99%

Diversidade relativa
das Embriofitas

Angiosperms 89.4%

Crepet & Niklas
2009

Fig. l. Percentage distribution of extant species assigned to different
embryophyte plant groups. For convenience, some species groupings are
polyphyletic and thus represent a grade-level of reproductive organization
(e.g., gymnosperms). Data taken from primary literature estimates or spe-
cies compendia (see Niklas, 1997).
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Angiospermas -
e olnapomorfias

c

,companion cell (cc) ,, o
células companheiras;

L4 x'elementos de tubo crivado

'-;*'1\- sieve-tube anucleados
{3 element (p’)

Robbins & Weiser 1950



Jatoba FLOR

Hymenaea stigonocarpa

sépala



FLOR = estrobilo heterosporangiado
com internds muito curtos
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Desenvolvimento do tubo polinico

célula geradora

0))

A

Célula do tubo

16hm

Células
espermaticas

—

Ndcleo do
tubo

jal. 2007

Célula geradora
gn

Células
espermaticas

Nucleo do tubo

Ndcleo do
tubo

Figure 21.9 Germination of pollen grain of Scilla (monocotyledon) in vitro. Medium: 2%
agar, 7% cane sugar, traces of sterile yeast. A, resting binucleate pollen grain, B-£, stages
of germination at times after placement on medium indicated above the drawings. Only
tips of the pollen tubes in £ and £. The nuclei are compact at end of germination in F. De-
tails: gn, generative nucleus; sp, sperm nucleus; vn, vegetative nucleus. (Adapted from
R. A. Brink, Amer. J. Bot. 11:351-364, 1924))




Gametofito masculino:

Célula do tubo
e 2 células
espermaticas

microfilament mitochondrion

microtubule rough ER

callose inner  outer sperm vegetative  Golgi vesicles containing
plug wall wall nuclei nucleus apparatus  cell wall precursors

Smith et al. 2010

Figure 21.8 Electron micrograph of sperm cells (sp) and vegetative nucleus (vn) from
three-celled pollen grain of sugar beet (Beta vulgaris). The sperms are positioned at righ

angles to one another. They are delimited by two membranes interpreted as two plasma
lemmas, the outer derived from the vegetative cell, the inner from the sperm cell. (Fron
Hoefert.?
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Canella alba
Canellaceae

lgersheim &
Endress 1997
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DARWIN’S SECOND MYSTERY
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Angiosperm species
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Barremian
Cenomanian -
Turonian -
Coniacian -~
Santonian -
Campanian -
Maastrichtian -
L. Paleocene -
U. Paleocene -
L. Eocene -
M. Eocene -
U. Eocene
L. Oligocene -
U. Oligocene

- Fig. 6. Cumulative number of angiosperm species first appearances

Crepet & Niklas and cumulative number of new insect families plotted against Cretaceous-

2009 Tertiary geological stages. Data taken from Niklas et al. (1980, 1983) and
Dmitriev and Ponomarenko (2002).




Autoincompatibilidade

Leins & Erbar 2010 C

Fig. 138. The principle of self-incompatibility. On the left: diploid (sporophytic) mechanism, on the right:
haploid (gametophytic) mechanism. S = self-incompatibility gene; the symbols mark the gene products.




Fig. 94. Geranium sanguineum: cross-sections continued. — i, Cross-section through the lower part the
sterile septate zone: Central tract of transmitting tissue with strongly swollen cell walls. — j-I, Sections
through the fertile ovary part: The central tract separates again, and the five tracts each run into an ovary
locule. At the level of the funiculi the pollen tube transmitting tissue extends to the placentae. — cT = central
trace of transmitting tissue, Ov = ovule; the magnification bar corresponds to 100 pm in i-k, to 200 pm in
I. From Erbar 1998.

Fig. 92. Two types of pollen tube transmitting tissue. — a, Stylar canal with secretory epidermis in the bell-
flower Campanula rotundifolia (Campanulaceae; transverse section).— b, One of two stylar arms (transverse
section) of the ox-eye daisy Buphthalmum salicifolium (Asteraceae) with a band of pollen tube transmitting
tissue beneath the stigmatic tissue (arrows). — ¢, Pollen tube transmitting tissue of the same object in the
common stylar part. The epidermal cells are integrated into the transmitting tissue. — Sti = stigma, V =
vascular bundle; magnification bar = 50 pm.
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Leins & Erbar 2010

Fig. 161. Pollen tube competition in the pistil: Only the fastest pollen tubes are
the “winners”!







Nuphar
Nymphaeales

efimda l

Identification of diploid endosperm
in an early angiosperm lineage

Joseph H. Williams*+ & William E. Friedman*

* Department of Environmental, Population and Organismic Biology, University
of Colorado, Boulder, Colorado 80309, USA
T These authors contributed equally to the work

In flowering plants, the developmental and genetic basis for the
establishment of an embryo-nourishing tissue differs from all
other lineages of seed plants. Among extant nonflowering seed
plants (conifers, cycads, Ginkgo, Gnetales), a maternally derived
haploid tissue (female gametophyte) is responsible for the acqui-
sition of nutrients from the maternal diploid plant, and the
ultimate provisioning of the embryo. In flowering plants, a
second fertilization event, contemporaneous with the fusion of
sperm and egg to yield a zygote, initiates a genetically biparental
and typically triploid embryo-nourishing tissue called endo-
sperm. For over a century, triploid biparental endosperm has
been viewed as the ancestral condition in extant flowering

Williams & Friedman

Figure 1 Four-celled/four-nucleate Nupharfemale gametophyte. Two synergids (sy) and 2004
an eggq (e) are located at the micropylar end of the female gametophyte. The egg cell




Williams &
Friedman
2004

Ancestral early angiosperm ontogeny: 4 cells, 1 module
° @
0 CN T\ | O

Derived early angiosperm ontogeny: 7 cells, 2 modules

0B AT A
o/

= e/

Female gametophyte
development

Mature female
gametophyte

Fig. 6. Comparative development of female gametophytes of early angio-
sperms. The [Illicium-like four-celled/four-nucleate female gametophyte of
Austrobaileyales 1s at the top. and the reconstructed seven-celled/eight-nucle-
ate female gametophyte of the common ancestor of the clade that includes
monocots, eumagnoliids, and eudicots is below. Female gametophytes of an-



Passiflora edulis
Passifloraceae
Gerald D. Carr &
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ca. 120 m.a. — Barremiano-Aptiano - flores de angiospermas
com polen in situ/
sementes/frutos/

ca. 144 m.a. - limite Jurassico/Cretaceo - sem evidéncias de
angiospermas
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Angiosperms (%)

always been most abundant in the low-latitude (tropical) regions, suggesting that the
originated in this part of the earth. From Crane and Lidgard [11].
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taxa de surgimento

Angiosperms
Gymnosperms
Fieridophyies

taxa de extincao

A

Origination rate (spp./Myr/SD)

20 80 100 140 180 220 260 300 340 380
Time (Myr)

Extinction rate (spp./Myr/5D)

20 60 100 140 180 220 260 300 340 380
Time (Myr)

ANQIOsperms

taxa de diversificacao
GymnOsperms

Freridophytes

Diversification rate (spp./Myr/SD)

i rrrrrrrriryr T rrTroroura

20 60 100 140 180 220 260 300 340 380
Time (Myr)

Fig. 2. Rates of (A) ongination, ( B) extinction, and (C) diversification
for angiosperms. gymnosperms, and pteridophytes plotted against time.
SD = standing species diversity. Data from Niklas et al. (1980, 1983) and
Miklas (1997).




Diversidade relativa dos grandes grupos de traqueofitas
ao longo do tempo geologico

Milhoes de anos
antes do presente
— 0
. o | Quaternario 2
o
q’ -9
Z 9 Tercidrio
65
Cretéaceo
o) 146
32 Jurassico
SR ——= 208
Tridssico
245
Permiano
290
Carbonifero
e 363
L
g Devoniano
% 409
a 5l
Siluriano
439
Ordoviciano
510

Figura Diversidade relativa de espécies dos principais grupos de plantas terrestres desde o inicio do Ordoviciano. A Angiospermas,
E Equisetophytina, G Gimnospermas, L Lycopodiophytina, P Marattiophytina e Filicophytina. (Segundo Niklas, 1997.)

Bresinsky et al. 2012



Estimated divergence time (Myr ago)

450 350 250 150
[TTTTREREE T

Ancestral
seed plant
WGD

12.6 milhdes de sequéncias de linhagens-pivos:
2 grupos de WGDs (whole-genome duplication)
antigos: 319 m.a. e 192 m.a.

FilogenOmica
Jiao et al. 2011

sj001pn3

Cucumis sativus
Vitis vinifera
Oryza sativa
Sorghum bicolor
Aristolochia fin
Lin'odendmniiti
Nuphar advena
Amborella tricho
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3
3
7

Gymnosperms
Selaginella moellendorffii

Physcomitrella patens

Figure 3 | Ancestral polyploidy eventsin seed plants and angiosperms. Two
ancestral duplications identified by integration of phylogenomic evidence and
molecular time clock for land plant evolution. Ovals indicate the generally
accepted genome duplications identified in sequenced genomes (see text). The
diamond refers to the triplication event probably shared by all core eudicots.
Horizontal bars denote confidence regions for ancestral seed plant WGD and
ancestral angiosperm WGD, and are drawn to reflect upper and lower bounds
of mean estimates from Fig, 2 (more orthogroups) and Supplementary Fig. 5
(more taxa). The photographs provide examples of the reproductive diversity of




Irradiacao das
angiospermas
apos evolucao de
maior capacidade
fotossintética

Crisp & Cook 2012

Fig. 5 The dramatic mid-Cretaceous radiation of angiosperms followed
release from conserved slow photosynthesis rates, which remained
conserved in other vascular plants until the present. (a) Trend through the
Cretaceous in species diversity of angiosperms, gymnosperms and
pteridophytes (free-sporing plants) using data from Friiset al. (2011). (b) An
abruptsurge in maximum angiosperm photosynthesis capacity (P.) is evident
in the mid Cretaceous, rising from levels close to the non-angiosperm
maximum, to levels far beyond those of other clades. Relatively high P in
angiospermsis thoughtto have contributed significantly to their success over
competing clades. Plots of reconstructed leaf P, in C3 angiosperms (red dots,
long-dash lines) and non-angiosperm vascular plants (blue dots, short-dash
line) are redrawn from Brodribb and Feild (2010, fig. 3). Photosynthetic
capacities are reconstructed values from leaf vein density and a coupled
hydraulic photosynthetic model (for details, see Brodribb & Feild, 2010).
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Diagramas
florals -
Cretaceo
superior
(80 m.a.)

FiGures 1-9.  Floral diagrams of the basic floral
Lypes found among the Upper Cretaceous fossils from

sen, Sweden. — 1-2. Heterochlamydous, hypogynous
flowers. — 3-6. Heterochlamydous, epigynous flow-
ers. —7-9. Monochlamydous, epigynous flowers.
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Scrophulariaceae (Verbascum)

* K5 C(S) AS G(;) Lamiaceae (Lamium)
1K(5) [C(5) A4] G(2)

Abb. 37: Bliitendiagramm der Scrophulariaceae.

Abb. 40: Bliitendiagramm der Lamiaceae (Lamium).

Diagrama e formula floral
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igher plants within
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i Chloranthaceae

Viventes Cretaceo



Archaeanthus linnenbergeri
Dilcher & Crane 1985
Cretaceo medio
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Origem da flor?

sepals petals stamens carpels

~ SEPALLATA

> . = . 5 A
EVO d eVOtI C a FIGURE 6.5 The “ABC” model of floral development. With

each gene class are specific genes (AP1, AP2, AP3, AG, PI, SE

M O d eI O A B C SEP2. SEP3), identified in mutant forms in Arabidopsis thallia

(Diagram after Jack, 2001.)
Simpson 2006



Grandes grupos de Angiospermas

Engler — Syllabus: 1892 (1964 - ed. 12, postuma)

Divisao Angiospermae ou Anthophyta:

Classe Monocotyledoneae
Classe Dicotyledoneae

FIGURE 11.11 Adolf Engler (1844-1930),
who, with his associate Karl Prantl,
became famous for completing the only
detailed classification of plants from algae
to flowering plants.

| SOURCE: Photo courtesy of the Royal Botanic
. Gardens, Kew.
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Gifford & Foster 1988,
Yamashita 1976
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Tertiary

65 p
Polen de
angiospermas
no tempo
2 o e\ / geoldgico
Q
: \15/
@D
| Polens triaperturados
S e tipos derivados
aparecem bem mais tarde
13 —— @ ‘ no registro fossil
D
125 ——
-
144 mya —— :
Ak Hickey & Doyle 1977
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Chaseetal. —| 1 asteria Ix
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Sistema APG Il (2003) e APG-III (2009):

- sistema de classificacdo em ordens

- sS40 nomeados somente 0S grupos que satisfazem a
condicao primordial de monofiletismo

- evitam-se ordens com uma so familia (informatividade).

Classificacoes:
sao necessariamente menos informativas que filogenias,
pois nem todos os clados sao nomeados.

Embora ndo comparaveis, taxons monofiléticos fornecem
certeza de ancestralidade comum de seus grupos menos
Inclusivos.
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GENTIANALES

57
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Oldenlandia
Ophiorrhiza
Ronddetia
Chiococca
Cinchona
Pindmeya
Mussaenda
Gardenia
Vangueria
Exacum
Gentiana
Anthodeista
Fagraea
Potalia
Alstonia
Kopsia
Wrightia
Periploca
Stephanots
Gelsemium
Mostuea
Usteria
Antonia
Bonyunia
Gardneria
Neuburgia
Spigelia
Strychnos
Mitreola
Logania
Mitrasacme
Geniostoma
Labordia

RUBIACEAE

APOCYNACEAE
sensu lato

GELSEMIACEAE

«LOGANIACEAE



Ordem GENTIANALES
5 familias 14.200 spp.

Sinapomorfias: / N

- folhas opostas Sl conton
- estipulas

- coléteres

- floema interno

- alcaloides indolicos




APG-III
2009

18S rDNA
rbcL
atpB

atpl
matR

+ 61 genes de 45

taxons

108 THE ANGIOSPERM PHYLOGENY GROUP

Amborellalest

Nymphaealest

Austrobaileyales
Piperles
Canellales
Magnoliales

suladsoibue

Sjodouow

Laurales
Chlomnthalest
Commelinales
Zingiberales
Poales
Arzcales
Dasypogonaceae
———— Asparagales
Liliales
Pandanales
Dioscoreales
Petrosavialest
Alismatales
Acorales

s]001pNs

Ceratophyllalest
Ranunculales

Sabiaceae

Proteales

Buxalest

Trochodendralest

$}02IpN® 8109 |

spisol

Gunnerales
Cucurbitales
Fagales
Rosales
Fabales
Celastrales
Oxalidales
Malpighiales
Zygophyllalest
Malvales
Brassicales
Huerteales +
Sapindales
Picramnialest
Crossosomatales

L Geraniales
Vitalest

Saxifragales

Dilleniaceae

Berbendopsidalest
Santalales

splgjse

Caryophyllales

Escallonialest
Asterales

Dipsacales
Paracryphiales+
Apiales
Bruniales+

]magnoliids

commelinids

fabids

malvids

lamiids

campanulids




A PG-I I I Asterids \
2009

Soltis et al.
2009 Rosids

Saxifragales

Santalales
Dilleniaceae

— Caryophyllales

Berberidopsidales

$)021png 3109
s}021pn3

Gunnerales
basal
eudicots

Ceratophyllum

Monocots

Mag noliids Magnoliales+Laurales
Piperales+Canellales

Chloranthaceae

Austrobaileyales

Nymphaeales (w/Hydatellaceae)

Amborella

Extant
Gymnosperms




Amborellales

Nymphaeales

Austrobaileyales APG'I “
Chloranthales 2009
-diMagnoliideas

gll\/lonocotiledﬁneas

Ceratophyllales

Eudicotileddoneas

www.mobot.org/MOBOT/research/APweb
(Stevens 2010)



Amborellales

Nymphaeales APG_|||
Austrobaileyales
2009

Chloranthales

dMagnoliideas 2%

glMonocotiledﬁneas 22%

Ceratophyllales

Eudicotileddneas 75%

www.mobot.org/MOBOT/research/APweb
(Stevens 2010)



Amborellales ANlTA
Nymphaeales r 4 et al. 1999

Austrobaileyales

Chloranthales

-diMagnoliideas 18S rDNA
rbcL, atpB

glMonocotiledﬁneas atpl, matR

Ceratophyllales

Eudicotileddoneas

APG-III
2009



Cinnamomum
Laurus
Cryptocarya
Atherosperma

Idiospermunm
Annona
Asimina
Cananga
Polyalthia

SRRRRRRRRRRRR!
ARARERRRRRRERAL

Knema
Myristica
Maulouctchia
Anemopsis
Saururus
Houttuynia
Peperomia
Piper
Aristolochia
Thottea
Lactoris
Asarum
Saruma
Belliolum
Drimys
Tasmannia
Canella
Cinnamodendron
Chloranthus

Qiu et al. 1999

kst e matR mitocondrial

Dioscorea
Asparagus
Croomia
Carludovica

Ceratophyllum_d
Ceratophyllum_s

Kadsura
Schisandra
Illicium
Trimenia
Austrobaileya
Nymphaea

Nupnar
Brasenia

Cabomba
Amborella

Gnetum
Welwitschia
Pinus
Ginkgo
Cycas

Zamia




Amborellales

Nymphaeales APG-I
Austrobaileyales 2009

Chloranthales

dMagnoliideas 2%

glMonocotiledﬁneas 22%

Ceratophyllales

Eudicotileddneas 75%

www.mobot.org/MOBOT/research/APweb
(Stevens 2010)






