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Amborellales ANlTA

Nymphaeales Qiu et al. 1999

Austrobaileyales

Chloranthales 18S rDNA
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-4Magnoliideas P

atpl, matR
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Diversidade polinica - evidéncias para sistematica e paleontologia




Evidéncias polinicas em sistematica e paleontologia
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Estimated divergence time (Myr ago)
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12.6 milhdes de sequéncias de linhagens-pivos:
2 grupos de WGDs (whole-genome duplication)

antigos: 319 m.a. e 192 m.a. (poliploidizacéo
seguida de perda de genes e diploidizagao)

FilogenOmica
1 Jiao et al. 2011
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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



Plants with double genomes might have had a better FilogenOmica

chance to survive the Cretaceous—Tertiary
extinction event Fawcett et al. 2009
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Fig.3. Phylogenetic tree of flowering plants (eudicots and monocots) for which the genome sequence has been determined or for which large EST collections
are available. WGDs are indicated by green bars depicting the union of their 95% age confidence intervals calculated with various constraints (see Table $1). The
dark green portions of the bars are centered on the best age estimates (see Table 1). Orange bars are WGD age estimates from literature. The WGD in poplar
[here estimated by including Manihot (see Table $1)] has most probably occurred before its divergence of Salix, although dating by Ks values and phylogenetic
means suggest a younger date, probably due to the slower evolutionary rate in trees (see text and S/ Text for details). Blue bars denote the hexaploid nature
of the ancestral eudicot genome (5, 26). The black dots indicate very recent polyploidy events, =~1-2 mya in G. hirsutum, <10 mya in Solanum tuberosum, and
10-15 mya in Glycine max. The resulting tetraploids have not or only partially diploidized so far.



Genome Biology

A mystery unveiled
Van de Peer 2011
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antigos: 319 m.a. e 192 m.a. (Jiao et al. 2011)

Soltis & Burleigh 2009

Surviving the K-T mass extinction: New perspectives
of polyploidization in angiosperms

Douglas E. Soltis' and J. Gordon Burleigh

Department of Biology, University of Florida, Gainesville, FL 32611
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Figure 1. Pruned phylogenetic tree of seed plants. Blue circles
represent duplication events previously proposed (for example, [10]).
The black circle denotes the hexaploidy event shared by most, if

not all, eudicots. The red line represents the Cretaceous and Tertiary
boundary (KT). Although the dating of several of the whole genome
duplications (WGDs) is still controversial, many of the more recent
WGDs might be clustered in time close to the KT extinction event
(grey area) [9]. The two newly discovered ancient WGDs discussed in

Jiao et al. [1] are shown as red circles.
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‘;'"'7 ] Misteriosa e quentinha

As flores brancas ou rosadas do I6tus sdo grandes e perfumadas.
Nascem na Australia e em paises da Asia, onde sdo Sagradas para certos
povos. A flor de I6tus se mantém Sempre aquecida. Provavelmente faz
ISSO para atrair besouros, Qque param no miolo para namorar e ficam
presos a noite, quando ela se fecha. De manha, saem espalhando polen.
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Pirani & Nascimento 1995

PROTEACEAE

Euplassa semicostata
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Magallén et al. 1999

Ranunculid cl.
Nelumbonaceae
Platanaceae
Proteaceae
Sabiaceae
Buxaceae
Didymelaceae
Trochodendrales
Gunneraceae
Myrothamnaceae
Vitis

Dilleniaceae
Santalales
Caryophyilid clade
Saxifragoids
Geraniaceae
Francoa clade
exp. Capparales
Sapindales

exp. Malvales
Myrtales
Cucurbitales
Urticales
Rosaceae
"higher® Hamamel.
Papilionocideae
Mimosoideae
Surianaceae
Polygalaceae
exp. Cunoniaceae
Euonymus clade
Un/EuphvMalpigh
Cornalean clade
Ericalean ciade
llex clade
Apiales
Dipsacales
Asterales s.i.
Garrya clade
Boraginales
Solanales
Gentianales
Lamiales s.l.
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Trochodendron aralioides
Kubitzki et al. 1993
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Interpretacao de arvores de acordo com atopologia

Crisp & Cook 2005



Muitas caracteristicas ditas “basais” em grupos-irmaos
podem ser independentemente derivadas
e altamente especializadas.

Exemplos:

As adaptacoes morfologicas e ecofisiologicas de
Nymphaeales ao ambiente aquatico.

A perda de vasos em Winteraceae (magnoliideas) e
Trochodendraceae (eudicotiledoneas basais)
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Gunnerales, Gunneraceae — Gunnera
Simbiose

Gotade ¥ \ e T Com
mucilagem ' ; P ! 4 7- forl : ; NOStOC

0,5 mm

Figura 8-4 Simbiose entre Gunnera e Nostoc. A, B Uma das duas glandulas secretoras de mucilagem no hipocétilo de uma plantula de Gun-
nera, com disposi¢cdo decussada em relagdo aos cotilédones. C Hormogonios de Nostoc sobre a superficie de uma glandula. D Corte trans-
versal de uma gléandula com hormogonios de Nostoc no seu conduto, revestido de células secretoras de mucilagem. (Segundo C. Johansson,

gentilmente cedido.)
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Ranunculales A
Proteales > Eudicotiledoneas
basais

Trochodendrales

Gunnerales

ROSIDEAS .

2 c.140 familias <

c. 68.000 spp. Q
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c. 96 familias
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Sinapomorfias de ROSIDEAS

Onagraceae

1. ESTIPULAS

Haloragaceae >~



Sinapomorfias de Rosideas

2. Reducao do endosperma _ -




Leins 2000

Hypericum hookerianum, Guttiferae

4. Diplostemor
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VITALES

Vitaceae

Vitis vinifera



ROSIDEAS MALVIDEAS

8 ordens/ c. 60 familias

Sinapomorfias macromoleculares!

Malvales<
Brassicales
Huertzales +
sapindales (=
Picramnialest
Crossosomatales

— My tales—=

L— Gemniales

malvids



MYRTALES ROSIDEAS MALVIDEAS

14 familias/ 9.000 spp.

sinapomorfias:

1. Folhas opostas / 2. Reducao das estipulas
3. Floema interno

4. Feixes vasculares bicolaterais

5. PontoacOes guarnecidas



MYRTALES

sinapomorfias:

5. Hipanto

6. Pétalas de base estreita (até un
/. Estames inflexos no botao

8. Estilete Unico (gineceu totalmente sincarpico)
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Number of genera: about 100
Number of species: about 3,000
Distribution: tropical and subtrop-
ical, chiefly America and Australia
Economic uses: umber, spices (cloves,
allspice), essential oils, edible fruits
and ornamentals




MYRTACEAE

Psidium guajava
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MYRTACEAE

estipulas reduzidas

A, B — Feijoa, Myrtaceae

C — Crypteroniaceae

D-F - Terminalia, Combretaceae
Dahlgren & Thorne 1984



MYRTACEAE - MYRTALES

Eucalyptus

Ronse De Craene 2010
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Myrtaceae POLEN

Eucalyptus

Fig. 164. MYRTACEAE. A, Metrosideros linearis. B, Eucalyplus ficifolia. C,
Baeckea virgata. D, Pileanthus peduncularis(?). E, Pileanthus pcdunculans.
E r d tman 1986 F, Chamaelaucium uncinatum.
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Number of genera: about 240
Number of species: about 3,000
Distribution: temperate but mainly
tropical and subtropical, with center
in S America.

Economic uses: local use of the
hardwood and edible fruits of some
species and some ornamentals.
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MYRTALES MELASTOMATACEAE
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Fig. 10.14. Medinilla magnifica (Melastomataceae): partial inflorescence. Note the
depressions around the ovary with fitting anthers.

Medinilla

Ronse De Craene 2010
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Tibouchina sellowiana

> sa L
P g4 e
2 ? 1st—day

-»

5

~

2nd—day

Tibouchina pulchra

Fig. 1. Flowers from first and second day of anthesis in T. sellowiana (a) and in T.
pulchra (b) and from the first and third day of anthesis in T. pulchra (c).

Tibouchina
MELASTOMATACEAE

Pereira et al. 2011
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3rd—day

Tibouchina pulchra
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Qualea grandiflora
VOCHYSIACEAE - MYRTALES
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ROSIDEAS MALVIDEAS

MALVALES s.l. Neuradaceae

Thymelaeaceae
MA LVAL ES S | . Sphaerosepalaceae 10-11 fam iliaS

Cochlospermaceae 5000 S p p

Bixaceae
-Diegodendraceae

Cistaceae
Sarcolaenaceae
Dipterocarpaceae

Muntingiaceae

Malvoideae
Bombacoideae
Sterculioideae
Tilioideae

Dombeyoideae MALVACEAE s.|.
Brownlowioideae (4 500 s pp )

Helicteroideae
_Grewioideae
Byttnerioideae




MALVALES s.I.
sinapomorfias:
rbcL + atpB

calice gamossépalo
tricomas estrelados

mucilagem
polistemonia (maturacao Centrlfuga)




MALVACEAE

250 géneros

4200 spp.

Sinapomorfias: R A gy v
Distribution: cosmopolitan, but cen-

folhas actinédromas tered in S America.

Economic uses: fiber crops (cotton,
China jute, aramina), fruits (okra) and
ornamentals (mallows, hollyhock).

calice valvar
corola contorta
nectarios nas sepalas

Heywood 1974
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Hibiscus MALVACEAE



Abutilon ¥

WL

nectario na base das sépalas [
tricomas glandulares multicelu



Maturacao do androceu g
na maioria das plantas e centripetag®”

CENTRIFUGA
Kitaibelia MALVACEAE
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Cavanillesia arborea

J.R. Pirani
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ROSIDEAS MALVIDEAS

Ordem SAPINDALES
9 familias, 5.800 spp.

sinapomorfias:

rbcL + atpB + 18SrDNA

|

folhas compostas (pinadas) Fa // |

#Zanthoxylum

disco nectarifero
guimica diversificada



Rutaceae: 6leos contendo Terpenos, \&
Terpenoides e Limonadides

 Hidrocarbonetos com duplas ligacoes
— Monoterpenos C10H16
— Triterpenos C30H48

 Terpenoides sado analogos contendo Oxigénio
 Limonoides sao derivados de Triterpenos







SAPINDACEAE - variagcO0es cambiais em lianas.

Tamaio et al. 2011

Urvillea

(c) — @ —
compound vascular cylinder (S. fuscifolia) divided vascular cylinder (S. corrugata)

Scale bars =1cm (a—c), 0.5cm (d)



SAPINDACEAE
SAPINDALES

Serjania

C. partial inflorescence with staminate flowers, D. reproductive organs of
pistillate flower.

Ronse de Craene 2010

© Copyright Smithsonian Tropical Research Institute



http://striweb.si.edu/esp/tesp/plant_images_info.html

SAPINDACEAE SAPINDALES

Lichi sinensis

Pediculo

(excrecencia
carnosa del
hipocétilo)

Pericarpo Pericarpo

VISTA EXTERNA DEL FRUTO SECCION LONGITUDINAL DEL FRUTO

2cm

Pericarpo
» Semilla

RNA DEL FRUTO, VISTA SIN PERICARPO MOSTRANDO
EL ARILO Y VISTA DE LA SEMILLA

© Copyright Smithsoni ropical Research Institute, 2003-2006



http://striweb.si.edu/esp/tesp/plant_images_info.html
http://striweb.si.edu/esp/tesp/plant_images_info.html
http://striweb.si.edu/esp/tesp/plant_images_info.html
http://www.discoverlife.org/mp/20p?act=zoom&img=/home/IM/I_SP/0031/640/Serjania_circumvallata_fruit,I_SP3164.jpg
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RUTACEAE SAPINDALES
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. \ - Fic. 10.15. Flower and fruit (hesperidium) of ovange. A, diagrammatie lengthwise section _Of
flower; B, cross section of fruit; C, structural deiail of one carpel. (Redrawn from Bartholomew

and Reed in Webber and Batchelor’s The (itrus Industry, Univ. of Calif. Press.) ;
; Rogarns & wesk 1750
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Conchocarpus
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Subtribo Galipeinae (tribo Galipeeae, Rutoideae) —
as flores tubulosas

oferecem néctar como recurso e
sao polinizadas por animais com
proboscide ou bico longos.

Almeidea

E. Pansarin

Borboleta da familia Pieridae

E. Pansarin

Beija-flor: Polytmus guainumbi




RUTACEAE - a corola tubulosa n&o e genuinamente
simpétala; as peétalas sao fundidas aos 5 filetes
alternados aelas ou = pseudossimpetalia
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Galipea ramiflora

i, = 1o

Galipea dasysperma

Pirani et al. 2010



- as petalas sao inteira ou distalmente coerentes entre si,
e aderentes aos filetes por meio de tricomas -
pseudossimpetalia

Conchocarpus heterophyllus

Galipea jasminiflora
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Galipea carinata



Pseudossimpetalia em Galipea é construida de modo
diferente do descrito em Correa (tribo Boronieae,
Rutoideae; pétalas unidas por dentonacéo ).
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RUTACEAE trnL-F e rps-16

consenso estrito
Groppo et al. 2008
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ANACARDIACEAE - resinas
SAPINDALES mangueira

Mangifera indica

(c) IslandJim, 2006

aroeiras
Schinus spp.




ANACARDIACEAE
SAPINDALES

Fig. 10.23. Toxicodendron vernicifluum (Anacardiaceae). Particular flower with two

staminodes (variable). Ronse de Craene 2010

©2006 Jeffrey Pippen



ANACARDIACEAE
SAPINDALES

Anacardium occidentale

Fic. 341. Development of cashew fruit

Upper left, flower; center, section of a flower, showing ovary surrounde:d: by

stamens, one of which is much larger than the others; right, the fertilized

ovary has already begun tc enlarge; below, further development of nut from
ovary and of fleshy portion from stalk and torus Brown 1935
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