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Soovitatay Kirjandus:

Mitmesugused evolutsioonidpikud (soovitavalt uuemad)
Judd & Campbell 2002 vo1 2007, Plant Systematics

Bremer, Bremer & Thulin 2003, Introduction to Phylogeny
and Systematics of Flowering Plants

Muud tanapaevased (>2000) taimesilistemaatika opikud
Vanemad opikud, sh Botaanika II teatud infoks



Loengute teemad

Sissejuhatav loeng
Ajaloolis-stuistemaatiline osa
Evolutsiooniprotsessid taimedel

Seminarid (naited)



Tana

= Mis on ja mida holmab evolutsioon?
* Evolutsioon1 uurimine, fossiilid

= Evolutsiooniteooria ja botaanika ajalugu



= "Nothing makes
sense In biology
except in the
light of
evolution''--
Theodosius
Dobzhansky,
1973

FvoluTion




Mis on evolutsioon?

Paritavate tunnuste poordumatu muutumine
polvkonnast polvkonda organismide
populatsioonides (Wikipedia)

Keerukamate organismide jarkjarguline arenemine
lihtsamatest

Elusa looduse ajalooline areng liikide tksteisest
polvnemise kaudu

Organismide grupid, eriti liigid muutuvad ajas nii,
et jareltulijad erinevad esivanematest
morfoloogiliselt ja flisioloogiliselt

Sugulasorganismide grupi ajalooline areng =
fiilogenees



Evolutsiooniprotsessid

= Parilikkus, metabolism ja replikatsioon

= Anatoomia ja fusioloogia




Evolutsiooniprotsessid

* Divergeerumine ja konvergents

= “Radiatsioonid”




Evolutsiooniprotsessid

= Lugiteke ja liikide interaktsioonid

= Lugisisene varieeruvus




Evolutsiooni uurimine
(toendid)

* (otsene) " (kaudne)
— eksperiment, sh = vordlev
kunstlik aretustoo morfoloogia,
— paleontoloogia anatoomia
(paleobotaanika) — * molekulaar-
fossilid bioloogia

= arengubioloogia
(evo-devo)

= flilogeneetiline
stistemaatika



= settekivimites (lubjakivi ja
dolomiuit, kivisiisi ja
pruunsiisi, diatomiit ja
merevaik)

= erilised
keskkonnatingimused (O,
puudus, ekstr temp, pH,
kuivus, vesi vo1 jaa)

AMBER V110 - COPYRIGHT Robert: Seidel 1996 - raeidel@ifk.uni-jena.de - wwwe.uni-jena.de/~pGaepalrahp.html



Fossiliseer
Makrofossiilid:

 Impressioonid, nt
tsementeerumine,
rauakonkretsioonid jm

 Permineralisatsioon ehk
petrifikatsioon

« Karboniseerunud
kompressioonid

e Mikrofossiilid, harvem
makrofossiilid:
duripartiline
fossiliseerumine
(eryjuhtum: merevaik)



| ndeksfossiilid

= kiire evolutsioon ja rohke
esinemine

= paliinomorfid (spoorid,
tolmuterad,
dinoflagellaadid jm
orgaanilise kestaga
mikrofossiilid)

= stratigraafiliste kihtide
1dentifitseerimiseks ja
dateerimiseks




Fossiilide vanuse maaramine

* radiomeetriline

= Pegmatiidis: 2?8U—>2%Pb +
4H , poolestusaeg 4500 mlj a

= Settekivimites: K —*Ca +
40Ar, poolestusaeg 1250 mlj a

= Eelnevad vanematele
fossiilidele kui 100 000 a

= Pleistotseeni fossilidele (40 a
— 50 000 a) radiosiisiniku
meetod ' C poolestusaeg
5568 +£ 30 a

= geomagnetiline polaarsus
* Juminestsents

= Korrelatsioon (bioloogiline
vOol oeoloooiline)




Ajalugu
(botaanika ja
evolutsiooniteooria)



Botaanika enne
evolutsiooniteooriat

* nn. rahvabotaanika = Camerarius (1665-
1721) — taimede

"seks" (tolmukad,

= antiikbotaanika: emakad, seemne
Theophrastus teke)
(370-287 e Kr) De = J.P. de Tournefort
Historia Plantarum (1656-1708)
perekonnad
= "pime keskaeg" = John Ray (1628-
1705) Methodus

Plantarum Nova,

" 18 000 liiki,
palju tunnuseid



Karl Linné (1707-1778)

* Systema Naturae 1735,

= Genera Plantarum 1737 — nn
seksuaalsiisteem,

= Species Plantarum 1753 -
binomiaalne nomenklatuur

* lu1gid on loodud Jumala poolt

" l1igid on muutumatud

= kdik liigid on ithevanused e VoL

: j - (Linnaeus)
= kindel hierarhia

(Courlesy Picture Collection, —
Califofnia Acadamy of Seiancps)



Linné-jargsed “loomulikud”
susteemid

M. Adanson (1727-1806) prantslane
Familles des Plantes 1763

A.P. (1778-1841) ja A. de Candolle (1806-1893),
Sveitslased

Prodromus Systematis Naturalis Regni Vegetabilis 1823-
187



Evolutsiooniteooria arengd

Jean-Baptiste Lamarck
(1744-1829)

1809 Philosophie
zoologique

liigid e1 ole iihevanused

liigid muutuvad erinevates
keskkonnatingimustes

modifikatsioonid on
parilikud
taimetaksonoomilised

tood, dihhotoomsed
madramistabelid




Charles Darwin (1809-1882)

= 1859 The Origin of
Species




Alfred Russel Wallace (1823-
1913)

= sarnased 1deed
Darwiniga

" loomalukide
biogeograafia,
okoloogia eelkiija




Darwini (Ja Wallace’l) teooria
looduslikust valikust

= taime- ja loomaliigid varieeruvad

= vialismoOjudeta paljuneksid organismid geomeetrilises
progressioonis

= kuna ressursid on limiteeritud, jddvad ainult osad
jarglastest ellu

* looduslik valik soosib eelistatud tunnustega isendite
ellujaamist

= eeclistatatud tunnused kanduvad edasi jarglastele

= valik toomub tuhandete generatsioonide viltel

* muutuvates tingimustes asendavad uued vormid eelnenud



Evolutsiooniteooria areng
parast Darwinit

= Eksperimendid, transplantatsioonikatsed 19. saj
lopul, 20. saj algul

= Bonnier - alpitaimede okotiitibiline varieeruvus
= yvon Wettstein 1895 silmarohud
= Turesson kortslehed

= de Vries (1905) muutlikkuse teooria teatud
paljunemistiitipidel, Oenothera



Gregor Mendel (1822-1884)
geneetika rajaja




Geneetiline “revolutsioon”
(20. saj)

= Mendel1 geneetika
fuusikaline alus - geenid,
alleelid, kromosoomid

= DNA struktuur (Watson
ja Crick), replikatsioon,
translatsioon,
mutatsioonid

= populatsioonigeneetika
(Fisher, Haldane ja
Wright)




FUlogeneetiline

sustemaatika
., W G F ED CB A

= W. Hennig
Phylogenetic Systematics

1960 (saksa keeles 1950)
kladistika ehk
fillogeneetiline
stistemaatika



FUlogeneetiline
sustemaatika

Klassifitseerib taksoneid nende ajaloolise arengu
chk fillogeneesi alusel

Parsimoonia- chk saastuprintsip
Monofiileetilised rithmad

Plesio- ja apomorfsed tunnused, siinapomorfid
Fulogeneesipuu on falsifitseeritav hiipotees



Tanapaev: uusdarvinistlik ehk
sunteetiline evolutsiooniteooria

= Evolutsioon on alleelisageduste muutus
populatsiooni geenifondis paljude polvkondade
valtel.

= Liikide geenifondid on tliksteisest isoleeritud, 1ga
liigi geenifondi sdilitab geenisiire.

» Seksuaalselt paljuneva liigi liks isend annab poole
jarglase alleelidest.

= [sendi alleelikombinatsiooni moodustavad kahe
vanema alleelid ja seda voivad muuta mutatsioonid.

= Mutatsioonid on uute geenide allikaks.



Sunteetiline
evolutsiooniteooria (jarg)

= Looduslikus valikus edukamad 1sendid annavad
rohkem oma geenidest jargmise polvkonna
geenifondi.

= Alleelisageduste muutused populatsioonides
toimuvad eelkoige loodusliku valiku tulemusel, kuid
sagell esineb ka geenitriivi.

» Liikide osapopulatsioonide vahelised barjaarid on
vajalikud osapopulatsioonide divergeerumiseks.

= Uus litk on tekkinud, kui geenisiiret eristunud
populatsiooni ja vanemliigi populatsiooni vahel
enam €1 toimu.



Taimede fulogeneetilised

susteemid
" " susteem peab
sustemaatilist peegeldama
e uhikute taimeriigi
eraldamise evolutsiooni
aluseks
taimede

sugulus



Taimede fulogeneetilised
susteemid

Adolf H.G. Engler
(1844-1930) siisteem
1892, koos K.A.E.
Prantl’iga

Die Natiirlichen

Pflanzenfamilien 1887-
1915, 14 hoimkonda

Melchior’i toim. uus
versioon 1964

kasutusel BOI
tildherbaariumis,
Botaanika II 1k 687




Taimede fulogeneetilised
susteemid

N.I. Kuznetsov

Vvedenie v sistematiku
tsvetkovykh rastenij 1914

Tartu Ulikool (1895-1914)
Sitisteem Botaanika II 1k 691




Taimede fulogeneetilised

susteemid

* A. Cronquist (1939-
1992)

Evolution and
Classification of
Flowering Plants 1968,
uuemad 1978, 1988

Sarnaneb Takhtajan’1
stisteemiga

Armen Takhtajan

Die Evolution der
Angiospermen 1959

System and Phylogeny of
Flowering Plants 1966

Sistema Magnoliofitov 1987
Botaanika II lk 696, 699




Molekulaarsustemaatika

1004100

" Angiosperm
Phylogeny Group
(APG) 1998, 2003,
2009
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http://www3.interscience.wiley.com/journal/121583649/grouphome/home.html
http://www3.interscience.wiley.com/journal/121583649/grouphome/home.html
http://www3.interscience.wiley.com/journal/121583649/grouphome/home.html
http://www3.interscience.wiley.com/journal/121583649/grouphome/home.html

Kas on midagi veel teha?

Lugitekke mudelite ja evolutsiooniprotsesside
testimine konkreetsete hiipoteeside kaudu

Radiatsioonide ja adaptatiivsete siindroomide
uurimine molekulaarbioloogia meetoditega

Evolutsiooniliselt oluliste tunnuste ja
evolutsioonilise divergentsi molekulaarse baasi
selgitamine

Fiilogeneesiuuringud, biogeograafilised uuringud
Jne, jne



MAISMAATAIMEDE
TEKKIMINE

EELLUGU JA SAMBLAD

Silvia Pihu
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http://lepo.it/

Mandrid proterosoikumis

Late Proterozoic 650 Ma

Ancient Landrmass @i
Modern Landmass (=2

Subduction Zone (wriangss point in mf/‘f

F

direction of subduction) i

"

Eta Fi 5|Jl' i"ﬂ Ri J} http://scotese.com/images/650.jpg



Tingimused Maal ca 4 miljardit aastat
tagasi

» Sagedased vulkaanipursked
» Puudus mullakiht

~Maa oli suures osas kaetud madalate soojaveeliste
meredega

» Vulkaanilistest gaasidest moodustus esialgne atmosfaar
(N,, CO,, SO,, H,, NH,, CH,)

~ Atmosfaaris puudus vaba hapnik

»Puudus osoonikiht ning UV-kiirgus joudis takistamatult
Maale
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Miller 1953: H,, H,O, NH; ja CH, segust
vO1b saada elektrilaengu toimel
aminohappeid.

Fox 1960: aminohapete segu
kuumutamisel laavatiikil tekivad
poliiaminohapped, mis kokkupuutel
. veega moodustavad nn

. mikrokerasid, mis sarnanevad

. mbonede valjasurnud bakteritega



Tahtsundmused kauges minevikus

4600-4500 Mat Maa teke
3800-3500 Mat grafiit, stromatoliidid
? 3800-3400 Mat fotostintees

2700 Mat toestatud elu olemasolu Maal
(tstianobakterid)

2200 Mat O, hulga oluline suurenemine
2100 Mat eukariioodid (nt Grypania)

1500-1000 Mat akritarkide divergeerumine ja
radiatsioon

Vahepeal korduvad jaaajad, valjasuremised
900-700 Mat hulkraksus; 600 Mat selgrootud



e

s Stromatoliidi

3500 Mat
Schopf 1993

-— elu jaljed voi
e - - amorfne grafiit?

_——_

o e A

—

e i e
http://www.ut.ee/BGGM/eluareng/stromatoliit].jpg http://www.rockhounds.com/! grandihikes'/images/fossils/str-?)lr‘natolitesﬁhamelin _pooll.jpg



EUBACTERIA EUKARYOTES

ESIMESED ORGANISMID —
KEMOTROOFSED ANAEROOBSED ARHED?



Chart 4.2. Representation of major patterns of evolution in the Precambrian. See text for clarification. (Modified
from Knoll, 1985a.)
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Eukaruoodid ja hulkraksus

* Endostmbioos

= Eukariiootsus voimaldas hulkraksust

= Tekkis aeroobne respiratsioon € hingamine
» Koed ja organid — toojaotus

= Eraldatud, ptisiv sisekeskkond

= Palju uusi organismitiitipe

= Taimed, seened ja loomad



2100 Mat

dentified

misi

67

http://www.fas.org/irp/imint/docs/rst/Sect20/pmg31.jpg




Akritarkid

Esimesed ca 1850 Mat

et
http://www.palacontology.geo.uu.se/Bilder/2.jpg

http://drnelson.uthsc.edu/Woods.Hole/slide1.png



Kes on taimed (1)?

= Vanasti samblikest ja vetikatest kuni d1staimedent
= Sageli holmati 1seg1 seened

= Taim on autotroofne eukaruootne organism, kes
muudab valgusenergia keemiliseks energiaks
fotosunteesi kaigus, CO,+ H,O — (klorofull
kloroplastides) — suisivesikud.



Kes on taimed (ll)?
Nn Elupuu

= Liitvetikad ehk glaukotsustofutdid
= Punavetikao
= Rohevetikao
= |kkesvetikac
= Mandvetikad

= Maismaataimed




Kes on taimed (lll)?
Nt Judd ja Campbell

Rohelised taimed (Chlorophyta, Viridiplantae) on
monofiileetiline rithm, mille autapomorfideks on
klorofiill IIb, tarklis varuainena, kiirjas viburi
struktuur, tiilakoidid ja transposoonid.

‘rohevetikad

*mandvetikad

*ikkesvetikad

emaismaataimed



Life

Eukaryotes
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Figure 7.1 Phylogenetic tree of life,
showing the position of green plants
(viridophytes) and various “algae” among
eukaryotes, as well as characters marking
several major clades (see text). Gray
arrows represent endosymbiotic events.
BYBP, billion years before present.
(Adapted from Baldauf et al. 2000.)

[
b

Membrane-bound nucleus,
>2 BYBP [J  organelles, etc.

-~ >3.5 BYBP

< i ’
\ >1 BYBP U starch storage,
i "

stellate” flagellar
structure, gene
transfers

Primary endosymbiosis
(cyanobacterium)



Viridophytes (green plants)

Chlorophytes Streptophytes
“Green algae”
<P}
15 o
- - = ki ks g _
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= 8 =4 = = = T % " 5. 5
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S X S 2 § £ &b < 5 2 F
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Multicellular sporophyte, embryo,
gametangia, sporangium, cuticle
Encasement of egg, sperm morphology,
numerous chloroplasts per cell
Branched, apical growth, oogamy,
plasmodesmata, retention of egg
Phragmoplast
+>470 MYBP
Filamentous growth
Multilayered structure of
flagellae and cytoskeleton
“Micromonads”
Figure 7.2 The base of green plant phy-
logeny, showing the separation of chloro-
phytes from streptophytes, the relationship
ome former “green algae” to embryo-

of's J g 4 '>1000 MYBP

phytes, and characters marking major clades

(see text). MYBP, million years before present.

(Adapted from Karol et al. 2001 J

Chlorophyll b, starch storage, “stellate”
flagellar structure, gene transfers



Kes on taimed (IV)?
Nt Raven

= Ainult maismaataimed ehk embruofiudid

= Samblad+soontaimed

= Loplikku vastust ei ole

= Selles kursuses riagime maismaataimedest ja
eclkoige soontaimedest



Paleosoikum
Mandrid Kambriumis

Late Cambrian 514 Ma

Anciarn Lamdmass '
Modern Landmass ﬂj‘

= E';:g!ami
” and Wales

Subduction Zene [trigngles paint in the
direction of subdudtion) U

MNew England
— i
%o Floor Sproading Fadge o and MNova Seotia

http://www.scotese.com/images/514.jpg



Mandrid Ordoviitsiumis

Middle Ordovician 458 Ma

Arcient landmass @i
Modsrn landmase

Subduction Zone (triangles point in the
direction of subducticn)

Sea Floor Spresding Ridge i

W

http://www.scotese.com/images/458.jpg



Tingimused Kambriumis ja
Ordoviitsiumis

= 540 Mat algas planktonvetikate suur
divergeerumine

= “Kambriumi plahvatus™
= 440 Mat jadaeg - avatud rannad
* muldade areng Ordoviitsiumi 10puks

= kliima muutused



Rohevetikas Cyclocrinites
spasski Eichwald, Anija,

Ordoviitsium

1em it lian



Kes on maismaataimede eellased?

Viridophytes (green plants)

Figure 7.2 The base of green plant phy-
logeny, showing the separation of chloro-
phytes from streptophytes, the relationship
of some former “green algae” to embryo-
phytes, and characters marking major clades

(see text). MYBP, million years before present.

(Adapted from Karol et al. 2001.)

) >1000 MYBP

Chlorophytes Streptophytes
“Green algae”
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Multicellular sporophyte, embryo,
gametangia, sporangium, cuticle
Encasement of egg, sperm morphology,
numerous chloroplasts per cell
Branched, apical growth, oogamy,
plasmodesmata, retention of egg
Phragmoplast
> >470 MYBP
Filamentous growth
Multilayered structure of
flagellae and cytoskeleton
“Micromonads”

Chlorophyll b, starch storage, “stellate”
flagellar structure, gene transfers



Coleochaete e Bt
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A after Smith (1950)
B, C, D, E F & ). Kinross, see http://www.lifesciences.napierac.uk/JK/ algalweb/alg




http://algaekey.com/pictures/chara.PNG



Mandrid Siluris

Middle Silurian 425 Ma

Bncient Landmas '

Modern Landmaz: (0
Flarida

fubduction Zone (bfisgles paint in the
dirgction of adbdwition) {3

o e,

Sea Floor Spreading Ridge J:I:

http://www.scotese.com/images/425.jpg



Faaside (generatsioonide)
vahelduse teke

» Vahelelukke (antiteetiline) teooria

» Transformatsiooni (homoloogne)
teooria



Elutsuklid

gametes
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(a) Hypothetical algal precursor
to terrestrial plants

zygotes germinate to
form dipioid plants
meiosis called sporophytes

diploid sporophyte
(2n)

in water

«— male and female
y@ gametes fuse to form

------ - zygotes

free-swimming J
haplond spores g g

haploid gametophyte

(1n)
(b) Bryophyte , (¢)  Tracheophyte
meiosis G meiosis
& (2n} & (2n)

® ' dependent independent

tetrad of @  sporophyte ;e;rad of S & sporophyte
pores ®
4 spores syngamy syngamy
(n) (gamete fusion) (1n) (gamete fusion) @\
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Fossil evidence shows that megaphylls evolved from simple, leafless
photosynthetic branching systems in early land plants (a, b) to
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Lateral reniform
sporangia
Secondary xylem (woo:
Psilophyton®
Transverse dehiscence Chloroplast inversion,
of sporangia multiflagellate sperm, megaphylls
Over-topping branches
Figure 7.8 Phylogeny of tracheophytes (pseudomonopodial)
(vascular plants) showing the basal split Rhyniophytes'
between lycophytes and euphyllophytes,
the relationship of some former “seedless
vascular plants” (monilophytes and “pro-
gymnosperms”) to spermatophytes, and Trachei -
; : eids strongly lignified
characters marking major clades (see text). >420 MYBP D By 35
MYBP, million years before present; t, extinct Vascular tissue, xylem

taxon. (After Pryer et al. 2001.) with tracheids
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A

¥ ] g B n d &

¥ B =
r:t . Y . - i ! a2 |..|. ’ -. ; . II I
ht'tp://www,ucmn.b'erke1év.edu/IB]8l/VPL/Sph@mFeVGI.html Dk " is B/ J1ants/cladoxylopsida/cladoxylopsidaifitnal §
= ¥ ' 3 ¥ N 3 . E




Talblehik -
Sphenophyllum

pX

sSeC

per

accessscience.com




Kalamiidilaadsed - Calamitales |
; {{:Tijﬁiﬁﬁ{i: e |

Anrularia
or

,.
L L e
AT rl'.-

PR o]

"!

r‘*
Taa e
i K
5y
oL :
,Jllln
N
%,

Asterophyvilites 4 ;'11- 1;;;
Wb ‘1 .Hf.- qa.-;._!_ 3 3
N Bis
S 14 ko
"-"I_ o -_H.':l -

1
o
TR e 18
A
-r:‘J
¥
_-:1
P
Jd

Leaves
(Annularia)

i

Hh
i iL|l i \
Trunk
and

hranches

xylem

Calamites Leaves [ Asterophyllites)

paleopedia.free.fr



ricostruzione di Calamites
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Equisetales
Equise-
taceae

Equisetum

e %}?«MWW hdetres  Gain- Styadytelyalur.

http://caliban.mpiz-koeln.mpg.de/thome/band1/tafel 018 small.jpg
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Equisetaceae

feum

Equisetum gigan




~ Cladoxylopsida: Pseudosporochnus




RistsOnajalg - Stauropteris

http://www.ucmp.berkeley.edu/IB181/VPL/SpheFe/SpheFeVGII.html
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Alamh&imkond
parislehttaimed

Euphyllophytina



Mandrid Karbonis

| ate Carboniferous 306 Ma

Subduction Zone {triangles point in the /

diraction of subduction) .

Sea Floor Spreading Ridge ﬂ'




sphmﬂmsteo
protostele C siiclal

- polystele

Q actinostele




[.eaf evolution

Fossil evidence shows that megaphylls evolved from simple, leafless
photosynthetic branching systems in early land plants (a, b) to
dissected (¢) and laminate (d) leaves over a period of at least 40
million years. (Beerling, Osborne & Chaloner. 2001. Nature 410:352-354)



The new phylogeny

Pryor, et al., 2001. Nature 409: 618-622

Mosses | Ferns & Fern Allies Seed plants
Bryo (s.l.) |Lyco| Psilo Spheno Ptero || Gymnosperms Angiosperms
Eut/Euf™

\ Seeds--Spermatophyta

Eusteles
Megaphylls, roots

Tracheids--Tracheophyta--vascular plants

Embryos--Embryophyta |*Euf=eusporangiate ferns



AlamhmkEuphyllophytina

= Ulemkl Moniliformopses
Klass urgsonajalad Cladoxylopsida
Klass kidad £guisetopsidae Sphenopsiaa
Klass keerdlehikud Filicopsida
= Ulemkl Radiatopses




Lycophytes Euphyllophytes

Monilophytes Lignophytes
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roots
Secondary xylem
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Microphylls >380 MYBP D
B 3 >410 MYBP Stellar anatomy
Lateral reniform
sporangia
Secondary xylem (woo:
Psilophyton®
Transverse dehiscence Chloroplast inversion,
of sporangia multiflagellate sperm, megaphylls
Over-topping branches
Figure 7.8 Phylogeny of tracheophytes (pseudomonopodial)
(vascular plants) showing the basal split Rhyniophytes'
between lycophytes and euphyllophytes,
the relationship of some former “seedless
vascular plants” (monilophytes and “pro-
gymnosperms”) to spermatophytes, and Trachei -
; : eids strongly lignified
characters marking major clades (see text). >420 MYBP D By 35
MYBP, million years before present; t, extinct Vascular tissue, xylem

taxon. (After Pryer et al. 2001.) with tracheids



K1dad Sphenopsida

« Urgkidalaadsed Hyeniales+

= Talblehikulaadsed 5phen0phy//a/es+
= Kalamiidilaadsed Ca/amiz‘a/es-|-

= Alamkl osjad £quisetidae
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ed Hyenia ja
alamophyton

| mm

http:/comenius. systedu/bi/202/ARCHAEPLASTIDA/VIRIDIPLANTAE/Vascular’%20Cryptogams/PTERIDOPHY TA/pteridophyta.htm http://www.ucmp.berkeley.edu/IB181/VPL/SpheFe/SpheFel.html
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Kalamiidilaadsed- Calamitales
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ricostruzione di Calamites

http://www.museum.state.il.us/exhibits/mazon_creek/gallery.php?RollID=roll02&FramelD=Calamites
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Equisetales
Equise-
taceae

Equisetum

15-30 hiki
Eestis 11

e %f;wﬂpwdg:wm hdetres  Gain- Styadytelyalur.

http://de.academic.ru/dic.nsf/dewiki/430050
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Equisetaceae

Equisetum giganteum

http://www.ucmp.berkeley.edu/IB181/VPL/SpheFe/SpheFe2.html



~ Cladoxylopsida: Pseudosporochnus




Klass keerdlehikudFilicopsida

= Rhacoph yz‘a/es-l—

- Staumpz‘erio’a/es-l-

"/ ygopz‘erida/es-|-

= Alamkl raagraikad Psr/otidae
= Marattiad Marattiidae

= Maokeeled Ophioglossidae

= SOnajalad Polypodiidae
» Osmundales
o Fllicales
» Polypodiales
« Salviniales



es/Annularia(far left, Late@@rooniferous), Polystichum (upper

left, extant), Phlebopteris (upper right, Triassic), Osmundia (far right,
extant), 7odites (lower right, Jurassic), Psaronius (center, Late
Carboniferous), and Rhacophyton(lower left, Late Devonian).

http://www.devoniantimes.org/who/pages/ferns.htm!


http://www.devoniantimes.org/who/pages/ferns.html#credits

/steur/eng/rhacosp.html devoniantimes.org



RIstsonajalg- Stauropteris
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Karboni ajastu mets




SBnajala elutsiikkel

sporophyte

SOrus
SOoOrus

(sporangia
cluster)

old haploid
gametophyte

/-‘

embryo
{(inside haploid
archegonium)

/ r_Z- it -.-_'.I:.I-i- Lt ' rhizome j'
WX A A root spore mother cells
= ot ‘ L z i i
= [insiz:: ha:Ioid mature sporophyte (inside sporangium)
I archegonium) sporophyte (2n) MEIOSIS |
FERTILIZATION gametophyte (n) ® & @

/ spores

: canal
/.;n: hegonium —
fﬁ (female sex orgamn)
multiciliate sperm
(from different
gametophyte) \ rhizoids
antheridium gametophyte (prothallus)
(male sex organ) {autotrophic & monoecious)

(C) E.M. Collins 2001



Eusporangiumilised
sonajalgtaimed

= Eusporangium —tekkinud epidermise
rakkudest, mitmekihilise seinaga

http://www.botany.org/plantimages/ImageData.asp?IDN=25-007 .
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raagralkalaadsed

Puuduvad juured, osadel ka lehed
Epiftitidid voi rohttaimed peam troopikas
Dihhotoomne harunemine
Homospoorsed, stinangiumid

Peetud primitiivseteks soontaimedeks, aga
molekulaarsed, arengulised, osad
morfoloogilised tunnused viivad
eusporangiumiliste sonajalgade hulka

Reduktsioon seoses mukoriisaga?
2 perekonda, 17 liiki
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Raagraigas - Psilotum

http://www.ucmp.berkeley.edu/plants/pterophyta/psi
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Marattiidae Marattiales
marattialaadsed

= Sarnanevad sOnajalgadega

= PO0Osa- voi puukujulised, muguljad varred
= Abilehed

= Sunangiumid lehe all, homospoorsed

= 6 perekonda, 90 liiki



Marattia




http://go2add.com/paleo/Carboniferous.



Ophioglossidae
Ophioglossales - Maokeelelaadsed

= Rohttaimec
= Steriilne leht ja sporofoor, homospoorsed
= 3 perekonda, 70-90 liiki, tle maailma

= Eestis 5 liiki




Botrychiumi. |
Reor,




Polypodiidae, Polypodiales - /maralaadsed

= Leptosporangium
= |ahtikeerduv megafull

= PolUsteel
astriktrahhendid




Leptosporangium

09,3  Fern Sporangia
" ' stalk

annulus
~——— capsule

spores




SOnajala varre ristloige

T ke

ttp://www.botz-ihy.hawaii.edu/thculty/webb/botS 11/bot311-00/Transition/invasion landStele.htm



Osmundaceae
Osmunda

e annulus sporangiumi
uhel kiljel

eSoorusi el ole

*Soojas kliimas ule
maailma

3 perek, 18 liki

http://cs.wikipedia.org/wiki/Soubor:509 Osmunda_regalis.jpg

SAFSA, OSMUNDA REGALIS L.



*Puusbnajalad (kuni 20
*Nahkjad lehed
«Soorused lehe all
*Homospoorsed
*Troopika, 3-6 perek, 500 {*

. ’ & l|I

COPYHRIGHT J.R. MANHART o fat NG i -
] L |



Marsileaceae — marsiilealised /a
Salviniaceae - salviinialised

= Veetaimed

= Heterospoorsed

= Marsiilealistel pikarootsulised lehed

= Soorused induusiumita, sporokarpides

= 3+2perek, ca9o liiki, troopika ja soe
parasvoode






Imaralised- Polypodiaceae s.l.

e Sporangiumil arenenud vertikaalne annulus, jalg
eSoorused, induusium
eSuured lOohestunud
vol liitlehed
*Homospoorsed
*Risoom

eUle maailma,

ca 200 perek,

7500 liiki

\/arem 11 suguk




Imaralised- Polypodiaceaes.|

= Eestis perekonnad Polypodium (1),
Pteridium (1) Thelypteris (1) Phegopteris
(1) Asplenium (3), Athyrium (1) Cystopteris
(2) Woodsia (1) Gymnocarpium (2),
Matteucia (1) Polystichum (2) Dryopieris
(5) Blechnum (1)






N Aspleniian septentrionale.
J B 5 Feeit.,

Ly e -
http: luirigallervimla.m‘g/dora polystichumﬂm ’ http://delta-intkey.com/britfe/www/asplsept.htm



APG 11 jéirgi

Class £quisetopsiadaMAISMAATAIMED

Su
Su
Su
Su

0C
0C
0C

0C

ass Anthocerotidae
ass Bryldae

ass Marchantiidae
ass Lycopodiigdae

[monilophytes]

Su
Su
Su
Su
Su

0C
0C
0C
0C

0C

ass £quisetidae
ass Marattiigae
ass Ophioglossidae
ass Polypodiigae
ass Psilotiaae

[aymnosperms, angiosperms)



Embrioflidid - maismaataimed

Marchantiomorpha (liverworts)
Anthocerotophyta (hornworts)

Bryophyta (mosses)
Horneophytopsida +

Aglaophyton major +

Rhyniopsida +

Lycopsida (lycophytes)

Eophyllophyton bellum +

Psilophyton dawsonii +

Cladoxylopsida +

Equisetopsida (horsetails, sphenophytes)

Filicopsida (ferns)

Pertica varia +
Aneurophytales +
Archaeopteridales +
Protopityales +

Spermatopsida (seed plants: flowering plants, conifers, etc. )

Judd, Campbell 2002



Seemnetaimede kujunemine

Paljasseemnetaimed



Seemnetaimede eellased

= Alamhmk Radiatopses
Pertica varia

« Ulemkohort Lignophytia
— Selts Aneurophytales
— Archaeopteriaales
— Protopityales
» Kohort seemnetaimed - Spermatophyta
— Suguk Calamopityaceae
— Hyadraspermaceae
— Lyginopteridaceae
— Meaullosaceaejne



Psilophytorii sarnane
Teispuit

http://www.ucmp.berkeley.edu/IB181/VPL/Osp/Osp1.html

http://www.maine.gov/doc/hr mgs/explore/fossils/stfossil.htm Inttp: \\'ww.lmi-muenstelndaG alaconfologieh alaeo/Palbot/scite3 htmi



Aneurophyton

http://www.ucmp.berkeley.edu/IB181/VPL/Osp/Osp2.html
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Archaeopteris

http://www.devoniantimes.org/who/pages/archaeopteris.html



Nn progimnospermid

al. Devoni keskelt

Devoni [opul -
Archaeopteris

puit — Callixylon
heterospoorne leaf
oletolm trileetne, 33-70 SN
mikromeetrit eaf R
megagametofiiiidid \
vabalt liikuvad

seemnetaimede
eellane??

Ka Protopityales

http://www.normalesup.org/~clanglois/Fossiles-epoques/Carbonifere.html



Protostele

------

HAP_CETELE ARCT SOSTELLC SLECTOETCLE

Eustele Evolution of stelar form
increased efficiency of water
onduction and unit strength of
he skeleton.

Dr Richard Saunders
Department of Ecology & Biodiversity

Hong Kong University
http://web.hku.hk/~saunders/282 11/stem.htm



Inside

Secondary
_xy1em

Fusiform
initial

Ray
initial

Bifacial cambium ~

Raven et al 1992 OUtSide




Seemnetaimed



(@ La nid Redused
it il et O el epep
(e.g., bryophyles) gamatophyte (e.g., ferns) (sead plants)

] O P B plaims, el puolobifene) s Eimeres Corsreapin.



Seemnetaimed

Calamopityacease +
Hydraspermaceae +
Lyginopteridaceae +
Medullosaceae +
Cycads
Callistophytacease +

Conifers

Cordaitopsida +
Glossopteridaceaes +
Crekanowskiaceae +
Ginkgos
FPeltaspermaceas +
Corystospermaceas 4
Caytoniaceae +
FPentoxylales +
Bennettitales +

Gnetales

- Angiosperms  (flowering plants)




Hadelblattﬁ‘%e MNacktsamer

Macktsamer
.

Fiederblanriée MNacktsarmer

-~

Bedecktsamer
e

Neozoikum

Quartar

Tertidr

T [ |

Gnetum-
verwandte

Mesozoikum

Kreide

Paldozoikum

Karbon




Heterospooria
areng

sporangium

Homospory

0O—0

tetragonal one of four spores
tetrad
sporangium ~— % one of four
@ spores with
tetrahedral trilete mark
spore

Heterospory

megasporangium

@ megaspore may produce

monolete or trilete
microspore spores
08s . ]
microsporangium

Diagram (not to scale) showing homospory and
heterospory, both types of spores germinate proximally.
Homosporous plants first appear in the late Silurian.

http://www.ucl.ac.uk/GeolSci/micropal/spore.html



Heterospoorse taime
elutsukkel

o

Heterospor
Gt egagametﬂphyte@

Megaspore (n)

_ | @:ruga metc}phyte@
' Meiosis | e Eggs (n)

S
- o el

s

Spore Microspore (n) | Sperm (n)

mother  / [ Meiosis | Fertilization |

cell (Zn) Spore mother cell (2n) Zygote (2n)
Spﬂrang}jm (2n) ./

S Embryo (2n)

\@D!‘D phyte ‘__,./
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Megasporangiumi arengd

Sporangien mit Megas poren

A. Lepidostrobus, B. Lepidostrobopsis,
C-D. Lepidocarpopsis, E. Lepidocarpon



Integumentide areng



Synangium
of Psilotum

Overtopping

Rhyniophyte

sporangia

Sporophyll
of club moss

QOvertopping

Sporangia

Sporangiophore
of horsetail

Planation

/ebbing Reduction

W
B | Leal
& | (megaphyll)

i Frond and sori
of fern

Leaf
{microphyil)

” Integumentatio
of sporangium
to form ovule

Diagrammetic representation of the evolution of leaves and reproductivestructures according to telom theory. ( Botanic al World: Northington and Schneider 1



Integumendi evolutsioon

8 telomes closely

appressed to central

megasporangium

telome 2\ / and basal third of
5k telomes fused

into a syntelome

megaspo-
rangium

8 telomes
fused into a
syntelome at
their bases

Genomosperma kidstonii Genomosperma latens

http://www.plantbiology.siu.edu/plb304/lecture08gymnos/gymnos.html



Integumendi evolutsioon

More extensive fusion of 8 original telomes into
a syntelome that forms a more complete integu-

mE“t ﬂrnu"d the Eentral megaspﬂra“glum Ovule formed b‘f Cﬂmplete fusion of telomes
into a syntelome that is now the integument
megasporangiu enclosing the megasporangium except for

1 of 4 syntelome the micropyle opening at the tip

NS lobes representing
[ XA\ distal lobes of the

original 8 telomes Integument
enclosing
megaspo-
rangium
extensive
syntelome

er e

Euryostoma angulare Stamnostoma huttonense



Integumendi evolutsioon

Lower Carboniferous preovules and ovules arranged in
an evolutionary series to conceptualize the origin of the
integument with micropyle

http://www.plantbiology.sju.edu/plb304/lecture08gymnos/gymnos.html

micropyle

megasporangium integument
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Genomosperma Genomosperma Euryostoma Stamnostoma
kidstonii latens angulare huttonense



Moresnetia

& L]
.

Moresnetia

http://www.cnrs.fr/cw/dossiers/dosevol/l uv/articles/chap2/dubuisson.ht



Cupola
Tegumento

Megasporangio Tre

megaspore
abortite

Unica
spora
funzionale

(a) (b)

Figura 24.7

Una ricostruzione del megasporangio (b) e dei telomi adiacenti (a) di Archaeo-
sperma amoldii. Ciascuno sporangio conteneva solo una grande megaspora; le
altre tre prodotte dalla cellula madre durante la meiosi, apparentemente degene-
ravano precocemente. Il tessuto che circondava la megaspora era la parete del
megasporangio. Un tessuto monostratificato, chiamato tegumento, era attaccato
alla parete dello sporangio e si estendeva verso 'alto con proiezioni digitiformi.
L esatta natura del tegumento non & conosciuta, potrebbe essere derivato da telomi
adiacenti allo sporangio (vedi fig. 24.8). Sopra lo sporangio ¢’era uno spazio
circondato dal tessuto tegumentale, una guieta camera pollinica senza vento dove
arrivavano e si fermavano il polline o le spore. Intorno a ciascun megasporangio e
al tegumento ¢’era un altro gruppo di telomi parzialmente fusi.



Seemnealgme ja
tolmeldamise areng



teris

Lyginop




Lyginopteris

B ceniral column

lagenoslome

cupule gland

— cupule

H— nlcgument
nucellus

megagametophyle
with archegonia

http://www.ucmp.berkeley.edu/IB181/VPL/Osp/Osp3.html
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pliateraailsurrirmriectriiire Ierig,
miIs on arenenud
kolmedimensionaalsest
radiaalsest teloomikimbust

2. Paljunemisorganite
paiknemine lehtedele
fertiilsete
teloomikimpude
modifitseerumise teel



Synangium
of Psilotum

Overtopping

Rhyniophyte

sporangia

Sporophyll
of club moss

QOvertopping

Sporangia

Sporangiophore
of horsetail

Planation

/ebbing Reduction

W
B | Leal
& | (megaphyll)

i Frond and sori
of fern

Leaf
{microphyil)

” Integumentatio
of sporangium
to form ovule

Diagrammetic representation of the evolution of leaves and reproductivestructures according to telom theory. ( Botanic al World: Northington and Schneider 1
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3. Eusteelil areng
protosteel

Conifers

Archagopteris

Stenormyelon

Aneurophyton

http://www.users.muohio.edu/smithhn/natepage.htm
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5. Heterospooria ja
endospooria areng

" mitteavanevate megasporangiumide teke

Sporangien mit Megasporen




Integumentide ja kuupuli
arenemine umber
megasporangiumi

Lower Carboniferous preovules and ovules arranged in
an evolutionary series to conceptualize the origin of the
integument with micropyle

micropyle
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hudraspermne paljunemisviis
(lagenostoom)

L :..

# e conitral column

lagenostome

cupule gland
1
S clipule

: g :— integument
8
It s ';F nucellus
A o g S

megagametophyle
with alr::lic:g_mlm



D b i gl DR, S B . TR . et -vv-----vv--v,---v—v

valjaarenemme — integumendid
funktsionaalse mikropuuliga

Integument Nucellus
Pollen

= :__M:tl. e “—-'—'-A'rcﬁdéﬂ.— _uﬁina"'t -

b 3 - - o _
e i - i = . - . oS "-Ii _r = = - al _--'.-.J. % " -
- - 1 '.iu .J_--'"r o 1 T -
| = 1 _" ] = = i
—— ,
.

=

i5_3.':nme*tu:::rphytua-

.-—-—:-.J__.\._



9 Tolmutorude arehC}




- A/« 1VIEIETNI UQVUI Al IHIUI 110 \AN

klastritest kerajate
sunangiumide tekkimine




tolmuterade erinevate tuupide
areng trileetsetest
mikrospooridest

Figure 4.3 Some pore and furrow patterns [adapted from Kapp 1969:22-25, 27)
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ST Voltziales 5 |\ || )8
o [ 290 = v e
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'S | Carboniferous 3 v v _E Extinct gymnosperms
g 2 and seed ferns
| 354 s iiaeseaaoo..., . '
_ e © 2007 Gerhard Leubner
Devonian An?all’lrophygales The Seed Biology Place
417 Archaeopteridales http:lew.seedbmlogy.deI

Seed plant phylogenetic tree considering major gymnosperm and angiosperm clades. Note that the precise evolutionary connections between the differe
gymnosperm groups are unknown and that the ancestors of angiosperms are unknown. Typical seed types visualize steps in the evolution of the see
Extinct gymnosperm groups (fossils): Lyginopteridopsida (seed ferns, "Samenfarne”, includes Devonian/Carboniferous Lyginopterids and Carboniferou
¢ Permian Medullosans and other subgroups), Cordaitales, Voltziales, Pentoxylales. Bennettitales (cycadeoids), Caytoniales, Glossopteridales (glossopteric
Y Gigantopteridales (gigantoperids). Extant gymnosperm groups: Pinopsida/Coniferopsida (conifers, “Nadelbaume”), Ginkgopsida (ginkgos), Cycadopsic
(cycads, “Palmfarne”). Gnetopsida (gnetophytes: Ephedridae. Gnetidae, Welwitschiidae). Angiosperms (flowering plants): Most important groups depicte



Gymnosperm phylogeny 1s m flux.
They may be four separate lincages, a

MYA--Epoch| ginole clade, or maybe in between.
50 Tertiary
100
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Rhyniophyta “(Cooksonia

450
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600 Cambrian--Ordovician



CHILOROKEYEBATLES
KLEBRBSORMIDIALES
EYCGMTMERMATATES
CHARATES
COLEOCHARTALES
HEPATOPHY T.A
ANTHOCEROTOPHY T.A
BRYOPHY T.A
E 2R NI r P IV T2
ACTE_ AP EFF T TN
RHY NMIOPHY T A
LY COPODOPHY T
PEIF P FFY TN
CLADONYLOPHY T.A
EQUISETOPHY T.A
PTERIDOPHY T.A
PERITICA
AN LR FF Y TE N
ARCHAEODPTERIDOPHTY T.A
CAT. ADTOPITY ACE AR
LY SGIMNOPTERIDACEAR
MEDULOSACEAR
CY CADOPHY T.A
CATLTLISTOPHY TACEAR
| GLOSSOPTERIDACEAR
GINKE GOPHY T.A
PELTASPERNIACEAR
CORYSTOSPERMACEAR
CAY TOMNIACEAR
PENTOXVILATES
BEMMETTITATLES
CGNE  TOPHY T.A
Judd, Campbell 2002 —— AMNGIOSPERMIOPH Y T




.. Seemnetaimed
Valjasurnud “seemnesonajalad” (4 suguk) '|'

Alamklass palmlehikud Cycadidae
Suguk Callistophytaceae-l-

Alamklass okaspuud Piniidae

o ihnlehikulaadsed Cordaitales -|-
» mannilaadsed Pifliales (Coniferales)

Suguk Glossopteridaceae -|-

Alamklass holmikpuud Ginkgooidae

Suguk Caytoniaceae, Corystospermaceae,
Peltaspermaceae

Seltsid Pentoxylales, Bennetitales '|‘
Alamklass vastaklehikud Gnetidae



Mandrid Permis

Late Permian 255 Ma

Ancient Landamass '
Modern Landmase [:::}

subduction Zone {uisngles poing in the
direction of subdyctcn)

Sea Fleor bpreading Rioge <

www.scotese.com/sitemap.htm



Mesosolkum

Mandrid Triiases
Early Triassic 237 Ma

Bnciert Landmass ' ¥
Modern Langmass (o

Subdueticn Jone (Uriangled poing i tha/‘/-
direction of subduction] .LI':.
L

&8 Floor Spreading Ridge J:L

www.scotese.com/sitemap.htm



Mandrid Juuras

Early Jurassic

Ancent Landm ags '

Modern Landmass (,":'
Subduction Zone (trianges point inthe //
directicn of subduction) ‘LI‘

——

Sem Floor Spreadeg Ridge !'L

www.scotese.com/sitemap.htm



I\/Iandrld Kridis

Anciert Landmass '
Modem Londmase (73

Subduction Zone [tranghes point in the

direction of subduction) 1/
e

4

www.scotese.com/sitemap.htm



Valjasurnud
seemnesonajalad

= Runcaria

= Calamopityaceae
= Hydraspermaceae
= Lyginopteridaceae
= Medullosaceae



Runcaria

385 MAT!

1mn =
— I
http://www.geo.uu.nl/ngv/geonieuws/geonieuwsart.php?artikelnr=523




Elkinsia polymorpha

Cupula

Ovulo

el

-
-lF

Figura 20.3 Ricostruzione di un ramo fertile di Elkinsia poly-
morpha, una pianta del Devoniano superiore, con gli ovuli. Ciascun
ovulo era sovrastato dalla cupula, una struttura sterile ramificata di-

# cotomicamente. Sono visibili i lobi del tegumento pitt o meno li-
bio.miami.edu i "



- Archaeaosperma ja
Moresnetia

¥ [ ‘;.Ili""' -"'

Moresnetia

http://www.cnrs.fr/cw/dossiers/dosevol/decouv/articles/chap Lbuisson.html
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Lyginopteris

B ceniral column

lagenoslome

cupule gland

— cupule

H— nlcgument
nucellus

megagametophyle
with archegonia

http://www.ucmp.berkeley.edu/IB181/VPL/Osp/Osp3.html



Medullosa

leal base

vascular
HEE’.HW]“

chamber

gmuml l1ssue

micropyle
http://www.ucmp.berkeley.edu/| B8 fICyc/MedCyc2.html



Palmlehikud — Cycadidae,
Cycadales

Eriline juhtkimpude
paigutus leherootsus
*GlUkosiidid tstikasiinid
oErilist tUpi ohulohed

(ka okaspuudel) N ft'ﬁfl
eKatafullid al '
*Kabid subsidiary
Koralloidsed juured cells

«Sulgjad litlehed




*Palmi- vOi sOnajala-
taolised puud, 18-20 m
*Troopikas, eritl
lounapoolkeral
eCycadaceae, Zamiaceae
«10-11 perek, 130 liiki
*Reliktid, endeemid




http://Steprhthome.xs4all.nlf@nglod/etaeniop.html http://www.ucmp.berkeley.edu/IB181/VPL/MedCyc/MedCyc3.html
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Moore'l suurkabikas
Macrozamia moorel
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(A) Whole plant reconstuction showing vine-like growth form and
leaf attachment. (B) Callospermaroin ovules attached to pinnules of
Callistophyton (in transverse section). (C) Idanothekion
microsporangia attached to pinnule (in cross section).

http://www.ucmp.berkeley.edu/IB181/VPL/Cup/Cup2.html



| wOrdaltalcs
-..hnlehik Cordaites

C or d =1 j t es / http://www.geology?2.pitt.edu/GeoSites/fossils.htm
\ http://lwww.ucmp.berkeley.edu/IB181/VPL/CorCon/CorCon2.html
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Okaspuud

= Kabi, tuultolmlemine

= Embruoloogia
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= Pliknoksutulne puit

Okaspuude pu
* Vaigukaigud
= Koobaspoorid



Esimesed okaspuud

o Karboni lopul
e allakaik Tertsiaaris
| ebachia, Walchia

e Uhekojalised, kuid
eraldi emas-isaskabid

Puc. 185. Jlc6axun cocmoBunmas (Lebachia piniformis);
GoxoBasm BeTBh C HPAMOCTONYMMH COODAHHAMHE MeracTpo-
GHI0B U BHCAYMMH MAKPOCTpOGHIAMH,

http://www.ucmp.berkeley.edu/IB181/VPL/CorCon/CorConVGlIl.htm



Okaspuud

Taxaceae
Cupressaceae (s.l.)
Cephalotaxaceae
Scladopityacease
Fodocarpaceae
Araucariaceae

Finaceae

ddddddddddddddddd



Jugapuulised 7Taxaceae

= Uksik seemnealge

= Toelised kdabid puuduvad, nn marikabi:
* Seemned kova kesta ja lihaka arilliga

= Pohjapoolkeral

= 5 perek, 20 liki



H. jugapuu 7axus baccata




Peajugapuulised
Cephalotaxaceae

= Kabid olemas, soomused 2 seemnealgmega

= Seemned sukulentse arilliga,
luuviljataolised

= Aasias
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Scladopityaceae

*Elav fossiil
Jaapanis

o2 tuupi lehed
*Sugulus
Kivijugapuu-
listega?




I\NUpPil CoolliloT U

Cupressaceae

= Emaskabides soomused kokku kasvanud,
monel lihakad, 1-20 seemnealget, pustised

= [saskabides 2-10 mikrosporangiumi
soomuse alakiiljel

= Lehed tihti soomusjad, sageli dimorfsed
= Puud vO1 po0sad vaiguga, aromaatsed
= Ca 30 perek, 110-140 liki

= Kosmopoliitne, enamik pohjapoolkeral



Hiidsekvola e mammutipuu
Sequoradendron giganteum

Joelia fin,
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Metasequola glyptostroboides




H. Kadakas
Juniperus communis




Kivijugapuulised
Podocarpaceae

* Emaskabi 1-mitme soomusega, 1gatiks 1
seemnealgmega, kokku kasvanud,
moodustab lithaka epimaatsiumi

= 17 perek, 170 liki

= Troopikas ja subtroopikas, eriti
lounapoolkeral (Australaasia, L.-Aafrika)



Kivijugapuu Podocarpus




Araukaarialised
Araucariaceae

= Seemnealgmed tihekaupa, soomus
seemnega kokku kasvanud, aga pole lihakad

" Tolmutera eksiin auguline

= Lounapoolkera vihmametsades
= 3 perek, 40 lki



=

Araucaria

q \ i ;:_.-"' J

Joto-Carlos Ravazzani



Mannilised Prnaceae

= Arenenud kibid, vabad seemnesoomused
= Kaks pooratud seemnealget

= Seemned pika lennutiivaga, mis tekkinud
soomusest

= 10-11 perek, 220-230 liika
= Pohjapoolkeral
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Picea abies




UV iluAdc
Holmikpuu
Ginkgo biloba




Paliasseemnetaimed (1are) .
J6')Slstalme e te 1%)11116



megasporangium
megasporophyll

microsporangium
microsporophyll

= _.‘_ F‘_ _H.- ,'"'..‘I

2n spurphﬁt

]
'4
©000

microspores ﬂ

!

meiosis

Qooeo

megaspores
(only one lives)

mitosis mitosis

1n ¢ gametophyte
= pollen

pollination, archegonium
then fertilization with egg

1n ¥ gametophyte



Seemnetaimed

Calamopityaceae +
Hydraspermacease +
Lyginopteridacease +
Medullosaceae +
Cycads
Callistophytaceas +

Conifers

Cordaitopsida +
Glossopteridacease +
Crekanowskiaceae +
GEinkgos
Feltaspermaceas +
Corystospermaceas +
Caytoniaceae +
FPentoxylales +
Bennettitales +

Gnetales

T e Angiosperms  (flowering plants)




Seemnetaimed (hmk ruhm, hmk,
kohort Spermatophyta)

Valjasurnud “seemnesoOnajalad” (4 suguk) -|-
Alamklass palmlehikud Cycadidae

Suguk Callistophytaceae-|-

Alamklass okaspuud Piniidae

Alamklass holmikpuud Ginkgooidae

|
L

N antofttcicd (alarmi<onort Antnoonyiatiae)

|
:

_Alarmelass olstalmacd Magnoliidzae



Mesosoikum

7,

Early Triassic

Vi

-

Bnciert Landmass ' ¥
Modern Langmass (o

Subdueticn Jone (Uriangled poing i tha/‘/-
direction of subduction] .LI':.
L

&8 Floor Spreading Ridge J:L

http://www.scotese.com/sitemap.htm



Asian-Alaskan

Late Cretaceous 94 Ma / 'mdbnde

=
)

Anciert Landmass '
Modem Londmase (73

Subduction Zone [tranghes point in the

direction of subduction) |/
R R

4

http://www.scotese.com/sitemap.htm
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Glossopteridaceae




daceae

Glossopter




Glossopteridaceae

(A) Denkania (ovulate), (B) Scutum (ovulate),
(C) Dictyopteridium (ovulate),

(E) Eretmonia (pollen-producing).

i

1
.ucmp.berkeley.edu/IB I;:WPL/ Cup/Cup2.html



Anrevin

g Pelraspermm <~

tp://www.ucmp.berkeley.edu/IB181/VPL/Cup/Cup3.html



Keitoonia Caytonia

microsporangia

pAty

http://www.ucmp.berkeley.edu/IB181/VPL/Cup/Cup3.html




Corysto-
spermaceae

micropyle !

sporangia

.' i b{ .1
@ F'.'ﬁf:'!i;' i 'I‘
A Dicroidium and B Pachypteris foliage; C Umkomasia megasporophyll

with cupules, bifurcating micropyle; D Pteruchus microsporophyll.

http://www.ucmp.berkeley.edu/IB181/VPL/Cup/Cup3.html



Antofuudid

= Selts Pentoxylales

= Selts bennetiidilaadsed Bennetitales
= Alamkl vastaklehikud Gnetiidae

* Alamkl oistaimed Magnolidae
(Angiospermae)



Antofuudid
= trahheiidid/trahheed P-
ttupi paksenditega
- = lihtsulgjad
subsidiary  mikrosporofullid
cells 7 .
* Uks seemnealge kuupulis

= arenenud tolmutera
granulaarse eksiiniga

= ohulohede ehitus

= (biseksuaalsed) Oie-
guard taolised struktuurid
cells




Pentoxylon
: Gam) &

B
W

P 1 i
e
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A
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e W g

megagametophyle

http://www.ucmp.berkeley.edu/IB181/VPL/Cup/Cup4.html




Bennetiidid Bennettitales

i,
s -
w N e
= ,:_'! 1:."..' http://www.ucmp.berkeley.edu/IB181/VPL/Cup/Cup4.html
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ovulate

Bennettitales

bract

sporophyll

A. Williamsoniella,
B. Williamsonia, C. Weltrichia

http://www.ucmp.berkeley.edu/seedplants/bennettitales.html



Vastaklehikud Gnetopsida

Ephedra
Welwitschia

Gnetum



o
AT ]

Meertraubdyen.,

o
S

,::"ov."ff;""'

o i f::;;,.,

redrawn!from!Sporne (1974

http://www.imageenvision.com



Ephedra

http://tolweb.org/Ephedra/21721



Vastaklehik Gnetum

MICI 05pOT angla

scales

¥ Femile
Cone

http://www.uua.cn/Paleobotany/show-6138-1.html






Velvitsia Welwitschia

e




ANGIOSPERMS
2?7 2 o
BENMNETTITALES
Ginkgo
300mya Conifers
1 e

But it leaves us with missing links between 300 mya and 140
mya, as well as few clues about the common answer of
angiosperms and gymnosperms

This figure from Crepet (2000).
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Anthophyte hypothesis

Cycads
— Ginkgo
Canifers
. — GMETALES
T BENMETTITALES
. | ANGIOSPERMS

Gnetifer hypothesis

—— GMETALES

The Gnetifer hypothesis helps resolve the paradox of the age
of the Bennettitales (225 MY) relative to known Angiosperms

(140 MY)

(a) A typical morphology-based phylogeny of existing seed plants (plus the extinct Bennettitales) illustrating (in bold

type) the anthophyte clade.

(b) A composite phylogeny illustrating the realignment of Bennettitales and Gnetales based on ITS and new
morphological data (Goremykin et al 1996). This figure from Crepet (2000).
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Adult meristem

Temperature-

dependent
pathway

Autonomous
pathway

Gibberellin-
dependent
pathway

Light-
dependent
pathway

Repression of Floral Inhibitors

Cold

Vernalization
\I Flower-
repressing

genes
Autonomous /I l
gene expression
Flower-
promoting
genes
Gibberellin 1
LEY
co > AP1
Light

Activation of Floral Meristem Identity Genes

ABCDE
floral organ =

Floral organ __ |

identity genes deveiopment \

== inhibition
=3 activation

\

Floral meristem
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Whorl 1 Whorl 2 Whorl 3 Whorl 4

Pebain Begls Sl capels Cross section of wild-type flower
Sepals
A "l F'_gtals. X
Y Stamens
| Ncarpels| §
Wild-type /' Development L A . y
floral meristem / »-
© John Bowman
Cross section of —A mutant flower
—— Carpels
75 c \ Stamens
( B B
v B'and and }B N ¢ | .
\and C C and! y Siamens
) G 4
—A mutant | (Carpels] §
floral meristem: /" Development & |
missing gene f * ) y ¥
class A / -y

© John Bowman

Wild-type Flower

—A Mutant Flower




Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Cross section of —B mutant flower —B Mutant Flower

Sepals

| Carpels * _

—B mutant / Carpelg
floral meristem: /  Development
missing gene ' g

class B .
© John Bowman
Cross section of —C mutant flower —C Mutant Flower
\ Sepals

Petals

A'and and’A }
and B B and
B B

—C mutant
floral meristem: / Development
missing gene ' ¥
class C

© John Bowman



Oie teke

= Euanthium — kahesuqgulisest kabist
(Cycadoidea/Bennettitales/Caytoniales),
primitiivsed oied (Magnolia, Nymphaea)
periandiga, oieosad lehelist paritolu;
antoftititide ja Neopseudanthium teooria
(vastaklehikud oistaimede eellased); AGA
Gnetiildae MADSbox lahem okaspuudele

s Pseudanthium Uhesugulisest
paljunemisorganitest seemnesonajalgadel,
primitilvsed Oied periandita (Archaefructus),
tolmukad ja viljalehed otse teloomset paritolu;
OIGEM; AGA kuidas kahesuguliseks?




Eelisasuse teooria
(mostly male theory)

—y ovule encloseare

P

—_—
(Loss of n:amfrww:"-

? s'tmh-'h.l,j.




. N The broad, flat male
Pteruchus male 0rgans of Corystosperms
| (Pteruchus, Pteroma)
Ktalenia female Pteroma male
- would make good

carpels.

C"ytonia female

http://www.bioone.org/doi/full/10.2307/2666635



Pteruchus male

Did angiosperms originate by a simple
homeotic mutation that puts ovules
where microsporangia was supposed
to go?

Archaefructus female parts

Sun et al 2002



Eelemasuse teooria

= Emaskabid redutseerisid alumises osas
B-geenide ekspressiooni ja tekkisid
Isasorganid



Oistaimede siinapomorfid

= Ois (6iekate, tolmukad, emakas)

= Lihtsad mikro-ja megagametofuudid
(tolmukad, arhegoon puudub)

= Anatroopne seemnealge, kaks
integumenti

= 8-tuumaline lootekott



Oistaimede siinapomorfid

= Tolmuterade eksiin ribiline
= Trahheed

= Lignifitseerunud puidukiud ja
soeltorud

= Vorkjas roodumine
= Alkaloidid



Oistaimede siinapomorfid

Flower Structure ;
stigma

vl

carpel > gynoecium

“ pollen

style

.

locule

Pistil? avary anther

SUEricr COvary ovule

Hypogy o us Floswesr staman

Perfect Flowier > androecium
FADNDEeC LIS

SISy 7 O

filament

sepal
> calyx

receptacle

pedicel

http://plantphys.info/plants_human/flowerstructure.shtml



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

Generalized Life Cycle of Flowering Plants

Young

sporophyte Ovule

Megaspore mother
cell undergoes
MEIOSIS to
produce four
gegaspores

B

2 ‘Microspore| ‘J{\;\‘

mother cells. “_ 5 //)
under 9\\«

MEIOSIS to

produce
microspores

Generative cell e
undergoes MITOSIS %
to produce two sperms

Tube

Micropyle

‘One megaspore

e
)

Ht. g ‘Tﬁ“; G sugﬂiv&s to o
Poll 4} s | Ly ! undergo MITOSI
Tgngﬂ Pollen L (3 divisions)
MALE S ' —~~Polar nuclei
GAMETOPHYTE Synergids Antipodals

FEMALE GAMEPOPHYTE



Three antipodal cells

S8-tuumaline
lootekott

j\' Pollen tube

- Generative

~

]
’ nucleus

K\Tube
~ nucleus
.\ Polar nuclei
\ EQg
Synergids
Polar
1uclei
Zygote

nucleus

Synergids

http://www?2.estrellamountain.edu/faculty/farabee/biobk/BioBookflowersII.html



Tolmutera eksiini ehitus
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Arwiert Landmass "

Modern Landmars (2

Subduction Zene (triangles point in 'the-/’
direction of subduction) l"u‘-

e e
Swa Floor Spresdng Ridge l.l}

http://www.scotese.com/sitemap.htm



Middle Miocene 14 Ma

Arcient Landmass #
Modern Landmass [‘_',::'

Subduction Zome (trangles pont m the /
direction of subdudtion) I'I}
.-'—_\_____
qea Floor Spreading Fedge -u-

http://www.scotese.com/sitemap.htm



Kvaternaar

Last Glacial Maximum 18,000 years ago.

Ancent Langmass il
Modérn Landmags (70

Subduction Zone (triangles polnt in the
direction of subduction) ﬂ

Sea Floor Spreading Plage 4}

http://www.scotese.com/sitemap.htm



Oietolm
Triiasest

THE BOTANICAL REVIEW

FEMTASULCATE 5P. 1

LATE MIDDLE CAEMIAM TREISULCATE SP. 4

http://www .sunstar-solutions.com/sunstar/ Why02/why.htm



Sanmiguelia lewisii

Teur-Fig. &. Beconrzuning of Lammigurtis frwin Fanw.

@l http://www.ucmp.berkeley.edu/IB181/VPL/Cup/Cup5.html
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Bl Late Trias=sic fTo=s=il

Frocure 15 Tmplicationsof Lale Triassic angiospemnn-like
Fossils (Sammmigerelic, Crinopolles) for thhe age of node B,
depending on whether they are angiosperms (a) or shoim
angiophytes;: in the latter case, the crown-groupe oould
e snvuch younger (b, or it could exist at the same time
(). BG, Bennettitales, Pemfoxrylon, and Gnetales.



Anthophytes
Angiophytes (Possible)

Crown
Trinssi , ~ Angiophytes
: : ssic e ie JUFASSIC .
Bennettitaleans Gnetopsids .0 Sanmiguelia reticulate  ANgiosperms
polen porllen

Figure 9.1. A consensus phylogeny showing the Anthophytes including the angiosperm
sister groups, Angiophytes including the possible stem angiophytes, and the Angios-
perms, the crown angiophyies. The conceptual basis for this hierarchy is based on the
wark of Doyle and Donoghue {1993},

Taylor & Hickey, 1996, Evidence for and implications of an herbaceous
origin for Angiosperms. Chapman & Hall, 232-266.
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Asian-Alaskan

Late Cretaceous 94 Ma 'arm bridge._

Anciert Landmass '
Modem Londmase (73

Subduction Zone [tranghes point in the

direction of subduction) |/
R R

4

http://www.scotese.com/sitemap.htm



Arwiert Landmass "

Modern Landmars (2

Subduction Zene (triangles point in 'the-/’
direction of subduction) l"u‘-

e e
Swa Floor Spresdng Ridge l.l}

http://www.scotese.com/sitemap.htm



Middle Miocene 14 Ma

Arcient Landmass #
Modern Landmass [‘_',::'

Subduction Zome (trangles pont m the /
direction of subdudtion) I'I}
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qea Floor Spreading Fedge -u-
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Kvaternaar

Last Glacial Maximum 18,000 years ago.

Ancent Langmass il
Modérn Landmags (70

Subduction Zone (triangles polnt in the
direction of subduction) ﬂ

Sea Floor Spreading Plage 4}

http://www.scotese.com/sitemap.htm



Oietolm
Triiasest

THE BOTANICAL REVIEW

FEMTASULCATE 5P. 1

LATE MIDDLE CAEMIAM TREISULCATE SP. 4

http://www.sunstar-solutions.com/sunstar/ Why02/why.htm



Sanmiguelia lewisii

Teur-Fig. &. Beconrzuning of Lammigurtis frwin Fanw.

@l http://www.ucmp.berkeley.edu/IB181/VPL/Cup/Cup5.html



Chap. 3 A New Gnetophyte from the Late Carnian (Late Triassic) 49

15cm

I
N W A

1
=

r’'B

Figure 3.43. Reconstruction of Archaestrobilus cupulanthus and isolated organs related
by morphology and association. (A) Associated leaf of Pelourdea poleoensis; most
dichotomies occur near leaf base; cross-veins unknown. (8) Associated sterile lower part
of strobilus. (C) Female strobilus (holotype). (D) Dispersed seed (Carnian, Dan River
basin, NC) showing floater apparatus; same type of seed recovered from holotype.

Archaestrobilus
cupulanthus

http://bcornet.tripod.com/Cornet96/Archaestrobilus.htm



Lehtede ja tolmuterade areng

Kriidiajastul




Archaefructus
liaoningiensis
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http://wwwkBldicemag.org/content/282/5394/1692. full
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http://www.mnh.si.edu/museum/news/firstflower/



New fossil evidence--a
125 million-year-old

water lily from Portugal

Friis, Pederson & Crane. 2001. Nature 41(



Archae-
anthus
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http://www.tuninst.net/MyanMedPlants/Lawrence/part1/Princip-taxo3.htm



Kusimused, millele fossiilid vastust el
anna

= Kas esivanem oli puu (Magnoliiaae) voi
rohttaim (AMyrmphaeales)?

= Kas esimene oli suur “kabijas” ois
(Magnoliidae) voi vaike vaheseosaline 0is
(Chloranthaceae)?

= Kas enne oli lame tolmukas (lehest) voi
niitja varrega (teloom stinangiumiga)?



Z-ingiber'i(_l_zicfﬂ" 4 Lillidae

Commelinidae 7 %

Arecidae )

Rosidae (5) | f Asteridae

(6)
Alismatida¢ — ]

| Dilleniidae
‘} (4)
Hamamelidae\ |

2 ~Pv &
o fMagnoliidae
Cronquist :

)~ Caryophyllidae (3)

http://people.uvawiffe.edu/swvaflora/Liliopsida.html



Palherbs Mono Magnol Dicots — Magnol Palherbs Mono  Dicots

Paleoherb
Hypothesis

Magnoliid
Hypothesis



Plate |. Companson of pnmitive and advanced
floral features.

———
PRIMITIVE

Paris many

Parts indefinite in number
Parts free

Spiral arrangement of parts

Sepals, petals, stamens,
carpels all present

Bisexual
Dwvary superior

Symmetry regular
{actinomorphic)

Magrolia
campbeiiiy
g
4 '
Nymphaea
alegans

ADVANCED

Parts few

Parts definite in number
Paris fused

Whaorled arrangement of parts

Loss of sepals, petals, stamens
or carpels

Unisexual
Owvary inferior

Symmetry irregular
{zygomorphic)

Larmruam Helianthus
maculatum decapetalus




Miks Oistaimed nii edukad?

= Ca 250000 liiki, 350 sugukonda

= Hasti kaitstud seeme

= Efektiivsed tolmeldamise ja leviku viisid

= Efektiivsed transpordi elemendid (trahheed)
= Heitlehisus

= Sekundaarsed metaboliidid

= Rohtne kasvuviis (Uhe- ja mitmeaastased)



Angiosperm Phylogeny Group
APG

APG | 1998
APG 11 2003
APG 111 2009
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Soltis et al.2000, Judd & Campbell 2002
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Commmelinoids

Fanunculale =

http://www .biologie.uni-hamburg.de/b-online/apg/APG.html
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There are direcT limk=s
Frormm &l terrmimnal taxxca
arnd all imntermal nmnodeaes
to the relevant page of
The characterizations.

B Tree icons link to or
wrilll limk to tree Ffor
each order.

*F = modes with rather
wrem e S p ot

Limk to Model Orgamism Traa

eudicots .

core audicots

Il._lnplace:l Ta:-:al

http://www.mobot.org/MOBOT/Research/APweb/welcome.html
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Magnoliidae
(Magnoliophyta, Magnoliopsida)

Ois

suletud viljalehed, tolmukad

redutseerunud mikro-ja megagametofitdid

anatroopne seemnealge

2 iIntegumenti

tolmuterade idanemine emakasuudmel

8-tuumaline lootekott (modifikats. sekund.)
kaheliviljastamine, endosperm

soeltorud saaterakkudega
vorkjas roodumine



Amborallanae &

Amborella
trichopoda

& <Ulejaanute sdsarrihm
y | eTrahheed puuduvad
| _*5 *Kahekojaline
L eTolmuterad
Uhepoorilised,
eksiin pole ribiline
e_uuvili




Oistaimed v.a. Amporellanae

Trahheed e sooned olemas
Molekulaarsed tunnused



UVIEIMSEILS VESITO0SIIaalsed
Nymphaeanae

eriIsoomsed veetaimed
limakarvad

esuured pika raoga Oied
eSeemned avanevad kaanega

Nymphaea alba
Foto: Norman Hagen

Nymphaea

http://www.scientific-web.com/en/Biology/Plants/Magnoliophyta/NupharLutea01.html



KOik o1staimed v.a. Amborellanae

JaNymphaeanae
= Eeterlikud olid (idioblastides)

Tolmutera eksiin ribiline
Trahheed skalaarsete paksendustega (P-tttpi)

Teatud deletsioon genoomis

eCcium
calumella

=



Austroballeyanae

= [lliciaceae -tahtaniisipuulised
= vili Ghest viljalehest
= kovenenud mesokarbi rakud

All branches have

Illiciaceae

http://www.mobot.org/mobot/research/apweb/






VIO IALVICUL 1VUIVIRUNVE \ VILOANUIVOILRIVIO,

V.A. AMBORELLALES, NYMPHAEALES JA
AUSTROBAILEYALES):

= Oiekate ja tolmukad ringidena
= Viljalehed kokkuvolditud, kokkukasvanud

= | ootekott uhe seemnealgmega, bipolaarne,
8-tuumaline

= Endosperm triploidne
= Vesikulaar-arbuskulaarne mukoriisa



YRRy selts CHlyranthales
% N E )

) Cllorasthus,
Chloranthus, ok

4 fower sgen in
Flower-bud (mag.), front (mag,).

Clloranthus.
Transverse section of
anther (mag.),

Cleloranthus,
Ovary,

Chiorantius.
Ovule (mag.).

b

O brachystachys.
& and ¢ flowers
(mag.y.

Chloranthus.
Fruib cut vertically
(mag.).

Surcandre cis!ommkos‘de_x. Sarcandre. Chloranthus. Chiorenilius, Chioranthus.
Transverse section of fruit, Beed (mag.). Young fruit. Ripe froit, Embryoe (mag.).

e
| .



Ulemselts magnoolialaadsed
Magnolianae

= Terved leheservac
= Tolmukalid palju, spiraalselt
= Seemnealgme isearasused
= MAGNOLIALES

= LAURALES

= CANELLALES

= PIPERALES




Magnoolia-
laadsed
Magnoliales

All branches have
greater than 80%

support.

Magnoliaceae

Degeneriaceae

Himantandraceae

Eupomatiaceae

There are direct links
from all terminal taxa
and all internal nodes
to the relevant page of
the characterizations.

Annonaceae

http://www.mobot.org/mobot/research/apweb/



Magnoliales

Puittaimed

Eeterlikud olid,
alkaloidid

Suured tksikud oied

Palju tolmukaid,
spiraalselt

Palju viljalehti
Apokarpne sigimik

Fused carpels (Syncarpous gynaecium)

http://www.botanique.org/2/reproduction-in-angiosperms/ a. Axile plal: entation b. Parietal P!EIE entation



Magnoliaceae

Liriodendron tulipifera

Magnolia
grandifiora

Southern Magnolia (Mag if 3 k S ® 2005 Floridata.com



Annhonaceae

Annona muricata

Cananga odorala



W W NI B

laadsed
Laurales

Calycanthaceae

xDenotes controversial
upport; all other branches
1ave >80% support.

Siparunaceae

Gomortegaceae

Atherospermataceae

Monimiaceae

Hernandioideae

Hernandiaceae

Gyrocarpoideae
There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.
Lauraceae

http://www.mobot.org/mobot/research/apweb/



Loorberilaadsed Laurales

= Puittaimed

= Eeterlikud olid

= Vaikesed Uhesugulised oied

= Tolmukad kolmekaupa ringides
= Uksviljaleht

= Apokarpne sigimik




Lauraceae
cinnamomum

.GUDJONS.com



Lauraceae
Persea americana Laurus nobilis




Pipralaadsed Piperales

Rohttaimed vOi po0sad
Umarad eeterlike 6lide rakud
Alkaloidid

Vaikesed Oied

Tolmukad kolmetiselt
Solmekohad sageli paisunud
5 sugukonda



PIperaceae
Piper nigrum Peperomia




Aristolochiaceae -
tobivaadilised

Asarum europaeum

AL

._?

5o |~ Yristelochia fimbriata
/ ‘

i o
Folh v-%-eezm-mr’wwc.mr 7. urapiiiftye WHafelmurs,
il



Kardheinalaadsed +
uheidulehelised

= Peajuur nork

= Varre juhtkimbud suletud
(Interfastsikulaarne kambium puudub)



Kardheinalaadsed +
pariskaheidulehelised

= Tolmukapea ja tolmukaniit
diferentseerunud

= Eeterlikud 0lid kadunud



Kardheinalaadsed Ceratophyllanae

= Veetaimed

= Eeterlikud olid puuduvad

= Juured puuduvad

* Trahheed puuduvad

= Ohuldhed ja kutiikula puuduvad

* Endosperm puudub

= Lehed mannastes, ogalishambulised
= QOied vaikesed, tihesugulised

= Vili ogaline seemnis



Rani-kardhein

Ceratophyllum
demersum

nederlandsecichlidenforum.nl -~




Oistaimed III - iiheidulehelised



Tapsustatud seokronoloogiline skaala (Mat)
= Kvaternaar 2,588

= Neogeen 23,03

= Paleogeen 65,5+-0,3
= Krit 145,5+-4,0

= Juura 199,6+-0,6

* Trnas 251+-0,4

= Perm 299+-0,8

= Karbon 359.,2+-2.5
= Devon416,0+-2.8

= Silur 443,7-+1,5

* Ordovitsium 448,3+-1,7
= Kambrium 542+-1.0
= Ediacara - u. 635



4o/bh

Ulemselts liilialaadsed Lilianae
(tiheidulehelised)

SO0 LUUOIN]

43/0k

43/55

43000

aliljal

40/100

od/a7

4343

hG/ -

10043

b/ -

o2/ -

90/ -

100498

Arirales
Alsmatales

Asparagales
Jinscoreales

 |1ales
Handanales

Arecales

Foales
Commelinales

Lingiberales

Commelinoids



glkthanae (itheidulehelised)

Narmasjuurestik

Juhtkimbud hajusalt, suletud

Lehed rootsuta, roop- vo1 kaarroodsed
Oied kolmetised, pentatsiiklilised

P33 Az.5 Gy

S1gimik nektaartumidega vaheseintel

Uhekaviline, monosulkaatne tolmutera
1/4 O1staimedest




Kalmuselaadsed Acorales

= Qisik tihe tihk, lateraalselt
* Magusalt Idhnavad
= Lehed saduljalt, kahes reas



Acorus calamus

Kalmus



Konnarohu-

laadsed
Alismatales

http://www.mobot.org/mobot/research/apweb/

# Denotes branches
with 50-70% support;
@ Denotes branches
wth <50% support;
Other branches with
support greater than
or equal to 70%.

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Araceae

Tofieldiaceae
Hydrocharitaceae

Butomaceae
Alismataceae

Limnocharitaceae
Scheuchzeriaceae
Aponogetonaceae
Juncaginaceae
Posidoniaceae

Ruppiaceae

‘ Cymodoceaceae

Zosteraceae

Potamogetonaceae



Konnarohulaadsed Alismatales

= Veelised vo1 poolveelised taimed

= Oied pooristes voi tihkades

" Tolmukaid ja viljalehti palju

* Endosperm helobiaalne, valminud
seemnetes puudub

= Miikoriisa puudub



Endospermi tuubid

= Nukleaarne

= Tsellulaarne

r

" Helobiaalne
Basal Cell | r- i ‘¢ "rg.,z%_?;- “tﬁ?g"jr';_
0[‘- the f 5 ‘)r # Fj_- j‘:‘:'}.""' 1
Suspeusor *- E ﬂl\ /df';t""":“‘}.~
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¥ ) I 3 '.' o _z.
[ ¥ B L ;

Bt s e
by 4 &3

Pro to:lerm

http://www.botany.org/plantimages/ImageDat




Konnarohulised Alismataceae

Sagittaria sagittifolia Alisma plantago-aquatica
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Kilbukalised Hydrocharitaceae

3 \ Iy -

> !
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i

Konnakilbukas-
Hydrocharis
Morsus-ranae

© - josef, hl'.ﬁc_k I
wwle.hlasckw-'.com £

Vesikarikas —
Stratiotes aloides




Kilbukalised Hydrocharitaceae

Kanada vesikatk —
Elodea canadensis

Meri-nakirohi-
Najas marina



Butomaceae Scheuchzeriaceae
Butomus umbellatus Scheuchzeria palustris

by N )f © - josef hlﬂbﬂkt
" www.hlasek'com 4
Schcuc\klfcrmpaluqmsﬁllﬂ s e f"‘
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Penikeelelised- Potamogetonaceae

Potamogeton perfoliatus

Photo by Jess Van Dyke -
Copyright 1998 Florida Department of Environmental Protection e



Juncaginaceae

Triglochin palustre T. maritimum

il = - ol
o i |

5 2005 Eleanor Saulys



RuUpplaceae, ZoSleraceae,
Zannichelliaceae, Tofieldiaceae

Pikk merihein
Zostera marina

o
-
=

Lemmaelill
Tofieldia calyculata




Liilialaadsed
Liliales

http://www.mobot.org/mobot/research/apweb/

* Denotes branches
with 50-80% support;
all other branches have
> 80% support.

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Corsiaceae

Campynemataceae

Melanthiaceae

Petermanniaceae

Colchicaceae

Luzuriagaceae

Alstroemeriaceae

Rhipogonaceae

Philesiaceae

Smilacaceae

Calochortus

Prosartes, etc.

Tricyrtis

Medeoloideae

Lilioideae

Liliaceae



Liilialaadsed Liliales

= Qiekattelehed basaalsete nektaariumidega
* Tolmukad ekstrorssed
. GeOfﬁﬁdid (riSOOm, SibUI\ DIRECTION OF ANTHER DEHISCENCE -

exlrorse lat rorse

WY

http://www.environment.gov.au/biodiversity/abrs/online-resources/glossaries/vascular/anthdire.html mirorse termmal
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olised Colchicaceae




I\/Ilanthiaceae

Trillium ovatum

Trilliaceas
©G.D. Car



Asp ari_ Orchidaceae

Boryaceae

+ Denotes branches Blandfordiaceae
1 a a d S e d with 50-79% support; Lanariaceae

< Danotes branches

wth <50% support; Asteliaceae

all other branches

AS p a r ag a I e S have >80% support. Hypoxidaceae
Ixioliriaceae

Tecophilaeaceae
Doryanthaceae
Iridaceae
Xeronemataceae
Hemerocallidaceae
Xanthorrhoeaceae
Asphodelaceae

Agapanthaceae

Amanlidecéat £.1. (" , Alliaceae

EA
» Amaryllidaceag

_/
Aphiyllanthaceae
= < Themidaceae
Hyacinthaceae

* Anemarrhena

Agave, etc.

There are dln_:ct links Hesperocallis
from all terminal taxa Agavaceae

and all internal nodes Behnia

to the relevant location .

in the text. Herreria, etc.
*

Anthericum, etc.

, Laxmanniaceae

Asparagaceae
http://www.mobot.org/mobot/research/apweb/ * Ruscaceae



Asparilaadsed Asparagales

= Geofulidid: sibulad, mugulad voi1 risoomid
= Seemnekest must, sisaldab fiitomelaani
= Nektaartumid sigimiku seintes

= Helidoonhape



ium

Dendrob

dpalised Orchidaceae



Kapalised Orchidaceae

m Eestis:
= Dactylorhiza 10,
Orchis 4, Epipactis 3

= Platanthera, Listera,
Cephalantera,
Gymnadenia 2

m Veel 12 tihe lngiga
esindatud perekonda

sepals e KA . column
Y % {in cantar)

flower stalk xxlal:-c- um
"

W fip-like petal)

".E'HH W .
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Pruunikas pesajuur
Neottia nidus-avis

3 --'- _. .-r&.

-7

- "\ Kaunis kuldking Cypri

Neottia\nidus-avis
Foto: Dag Fosse.  Foto: Trond Steen




Saaremaa sormkipp Dactylorhiza osiliensis
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V6hum66galised Iridaceae










Lauk Allium 91

Allium schoenoprasu




Asparilised
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Convallaria majalis

Scilla sibirica







Kommeliniidid

= Lignifitseerumata rakukestad
= Ranikehakesed lehtedes

= Oiekate diferentseerunud

= Qisik korglehtedega

= Tarkliserohke endosperm
* Epikutikulaarne vaha



Palmilaadsed Arecales

= Puud

* Lehed suured, sormjalt voi sulgjalt
jagunenud ja roodunud

= Oied suurtes keerukates oisikutes

= Vili luuvili vO1 marni



Palmilised
Arecaceae




Kommehinilaadsed
Kommeliinilised Commelinaceae

= Sukulentsed

* Lehed tupega

* Tolmukaniidid karvased
= Suured o1sikud

= Seemned kaanega



Tradescantia ohiensis Komme-
liinilised




Ingverilaadsed Zingiberales

= Risoom

= Lehed vahelduvad, suured, rootsuga,
sulgroodsed

= Oied siigomorfsed, epigiiiinsed, sageli
suurtes eredavarvilistes 01sikutes
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Korrelise-

laadsed
Poales

http://www.mobot.org/mobot/research/apweb/

* Denotes nodes with
60-80% bootstrap support.
All other nodes have
>B80% support.

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Typha
Typhaceae

Sparganium

Bromeliaceae

Rapateaceae

Xyridaceaa

Eriocaulaceae

Mayacaceae

Thurniaceae

Juncaceaes

Cyperaceae

Anarthriaceae
Centrolepidaceae
Restionaceae
Flagellariaceae

Joinvilleaceae

Ecdeiocoleaceae

Poaceae



Korreliselaadsed Poales

= Lehed 2-realiselt, tupega

= Vaikesed o1ed

= Uks seemnealge viljalehe kohta

= Nukleaarne endosperm

= Ohuldhe kaasrakud erilise kujuga

= Ranikehakesed epidermis
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L.oalised

Siledad
*Avatud tupega lehed kolmes reas
*Poorisjad O1sikud korglehega




Loikheinalised
Cyperaceae

*Kolmekandiline vars

[_ched suletud tupega kolmes reas
*Oied koondunud pihikutesse,
need liitoisikutesse

*Vili pdhklike




L.oikheinalised
Cyperaceae Eestis

*12 perekonda, tile 100 liigi

eCarex 771

eEleocharis 71

*Eriophorum 4l

*Trichophorum, Scirpus, Schoenoplectus,
Blysmus, Schoenus, Rhynchospora 2|



Eleocharis palustris

Blysmus
compressus

] ‘\ﬁﬁ‘ :.’.




Trichophorum alpinum
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Bolboschoenus maritimus
Schoenoplectus tabernaemontanii




Schoenus ferrugineus

Xhynchospora alba




Korrelised
Poaceae

http://www.mobot.org/mobot/research/apweb/

+ denotes branches with
<50% support.

* Denotes branches with
50-80% support.

All other branches have
>80% support.

Anomochlooideae

Pharoideae

Puelioideae

Bambusoideae

Ehrhartoideae

Pooideae

Aristidoideae

Danthonioideae

Arundinoideae

Chloridoideae

Centothecoideae

Panicoideae

Micrairoideae



Korrelised

Poaceae ( Abh, 58)
[ Poa)
P(2)+2 A3 G(3)

«Oonsad, iimarad,
solmilised varred
*Avatud lehetupp,
keeleke

Oie ehitus

*Vili teris
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Teraviljad

Zea mays
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hirss, sorgo

Avena sativa

Secale cereale



Bambusa



Eestis

= Enamik Pooideae

= 48 perekonda, tuile 100 luig1

= Sh 7 liki teravilja, ajuti metsistuvad
= Poal01l

" Festuca 9l

= Bromus 71

= Agrostis 6 1

= Calamagrostis, Alopecurus 5 1

= Glyceria41

= Setaria, Hierochloe, Koeleria, Puccinellia,
Lolium, Elymus, Hordeum, Avena 3 1



.




Hundi-

nuialised
Typhaceae

_ ‘Y4
Typha Iatifol‘ '
Fotc _Norman Hag’?.n '
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Pariskaheidulehelised

Mitteformaalne rihm

I osa: basaalsed rithmad ja rosiidid



Pariskaheidulehelised

= Kolmepooriline tolmutera

= Oiekate diferentseerunud tupeks ja
krooniks, ringides vaheldumisi

= Eeterlikud Olid sageli puuduvad
= Trahheed
lihtsad ©

CHEDN



There are directT limkcs
rorrn all terrmimnal tasxa
v @il imtermal modeaes

o the relewvant pacge oiff
e charactaerizations.

> Tree icons limnk to or
wrilll limk To tree For
cAach order.

F = modes with rather
wemlle S ppeorit

1k To Moddel Orgamismmm Tirnae

eudicots .,

>

corae audicots

Il._lnpla-::e::l Ta::-:al

://www.mobot.org/mobot/research/apweb/

o oo s

rosial L5
Ji‘ i ] e
o=

raoesiadl IX S
Pl | el =

A tasrid I

asterids

mstoaricd TT

comurmmealimids

Ferns S.L. %™
Cycadales
Ginkgoales

Finmnales
Gnetales S
Amborellales
Mymphaeales
Austrobaileyalas S
Chilcoranthales
Magnoliales S
Laurales S
Canailales
Pipearales s
Acorales
Alismatales =
Petrosawviales
Dioscoreales 9
Pandamnales
Liliales
Asparagales e
Unplaced
arecales
FPoales
Commelinales. =
Fingibberales O
Ceratophwyillales
Ranmnumnculales
Sabiaceas
PFroteales
Trochodendral es
Busxalaes
Gunmnaeral es
rilleniacease
Saxifragales
Witales
EZygophyllales
Celastrales
Oxalidales S
Malpighiales S
Fabales
Rosales
Cucurbitales &
Fagales
Geramniale o~
Myrtales
Crossosorm.atales S
Picrammniales
Sapindalaes S
Huarteales

P alwvalaes S
Brassicales 9

Santal ales S
Berberidopsidalaes
Caryophy les g
El}irnfillﬂﬁ
ShaTassaT

Garryal os
Unplaced
Gentianales S
Lamiales
Solamnales
Acguifolial e
Asteralesﬁ
Escalloniales
Erumnial
Apiales
Faracryphiales
Dipsacal as S




Basaalsed
pariskaheidu-
lehelised

Tulikalaadsed
Ranunculanae

| ehed sageli
|Iohestunud
Tolmukaid ja
viljalehti palju
eBensuulisokinoon-
alkaloidid
-Oiekatte valimine
ring kroonjas

Eupteleaceae

#Denotes branches
with 50-80% support;
all other branches have

>80% support. Lardizabalaceae

Circaeasteraceae

Menispermaceae

Berberidaceae

Ranunculaceae

Pteridophylloideae

from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Fumarioideae

http://www.mobot.org/mobot/research/apweb/



Tuhkalised
Ranunculaceae
Eestis

eEestis 12 perekonda, 36 liiki
eRanunculus 19 |
eThalictrum 5 |

eAnemone 3 |

eAconitum, Pulsatilla 2 |



Ranunculus
aquatilis
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Magunalised

Papaveraceae

Fumaria officinalis
Papaver somniferum



Kukerpuulised Berberidaceae
Berberis vulgaris

-




Prootealaadsed Proteanae

Nelumbonaceae

Platanaceae




Proteaceac

Leucadendron

Protea obtusifolia




Pariskaheiduleheliste tuumruhm

= Oied viietised
* Tupp jJa kroon eristunud

= Kolmekaviline (trikolpaatne)
tolmutera

* Endosperm nukleaarne

= Juure apikaalne meristeem suletud
= Seemnekesta ehitus

= Spetsiifilised geenid



There are direcT limk=s
Frormm &l terrmimnal taxxca
arnd all imntermal nmnodeaes
to the relevant page of
The characterizations.

B Tree icons link to or
wrilll limk to tree Ffor
each order.

*F = modes with rather
wrem e S p ot

Limk to Model Orgamism Traa

eudicots .

core audicots

Il._lnplace:l Ta:-:al

http://www.mobot.org/mobot/research/apweb/
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wossial L
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Fomid

roosiad DX S
Pl e e el

s bariad I

Aasterids

i storicd T

cormurmelinid=s

Ferns S.L. %
Cycadales
Ginkgoales

Finales
Gnetales S
Amborellales
MMymphasales
Austrobaileyales S5
Chiloranthales
Magnoliales e
Laurales S
Canasllales
Pipeaerales S
Acorales
Alismatales S
Petrosawviales
Dioscorealas
Pandamnales
Liliales
Asparagales o
Unplaced
Aarecales

Poales
Commealinales &
Zingibberales e
Ceratophwillales
Ranmnunculales
Sabiaceas
Protealaes
Trochodendral es
Buxalas
Gunnerales
Dilleniaceae

Saxifragales
Witales
EZygophyllales
Celastrales
Oxalidales
Malpighiales S
Fabales
Rosales
Cucurbitales &
Fagales
Geramiale g
Myrtales
g Crossosomatales S
Picramniales
Sapindales S
Huaerteales
FMalwvales S
Brassicales W&
Santalales S
Berberidopsidales
Caryophy les g
Eﬂirn;i.les*
ricales
Unplacea
Garryalos
Unplaced
Gentianalaes S
Lamiales
Solanales
Avguifolial _
nﬁtErﬂleﬁ-ﬁ
Escalloniales
Brumial
Apiales
FParacryphiales
Dipsacales S

>




All branches have

Kiviriku- .
Saxifragales

eAsetamata selts

eViletised kiirjad Oied
Viljalehed alusel

kokku-

kasvanud vOiI peaaegu

vabad,

eraldi emakakaeltega
Endosperm

tsellulaarne I
e ehed hambulised, And i internal nodes

to the relevant location

néérmetega in the text.

http://www.mobot.org/mobot/research/apweb/

Peridiscaceae

Paeoniaceae

Altingiaceae

Hamamelidaceae

Cercidiphyllaceae

Daphniphyllaceae

Crassulaceae

Aphanopetalaceae

Tetracarpaeaceae

Penthoraceae

Haloragaceae

Cynomoriaceae
Unplaced

Iteaceae

Pterostemonaceae

Grossulariaceae

Saxifragaceae



NoOlapuulised
Hamamelidaceae

Hamamelidaceae

Hamamelis virginiana L.



Paksulehelised
crassulaceae




Sostralised
Grossulariaceae




Kivirikulised
Saxifragaceae

© - josef hlasek
www.hlasek.com
Saxifraga granulata 10811

lﬁhrysosplmmh tert

By 4 r":'i-f_.h | “m ’ép

!‘?
ﬂ-h




“Rosiidid” Rosanae

= Abilehed

* Diplostemoonsed oOled
(tolmukad kahe voiI enama
vahelduva ringina)

= Tanniinid
= Pikk embruo



99/53
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M54

jall
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Geraniales
hdalpighiales
Cxaldales
Fabales
Hosales

Cucurhitales
Fagales
hyrtales
Brassicales
Malvales

aapindales

| Sp1504n3

Il SpIse.n3



Viinapuulaadsed Vitales
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Parisrosiidide
I ruhm ehk “fabiidid”

* Endosperm puudub vol vaike
*= Molekulaarsed tunnused



Malpiigia-
laadsed
Malpighiales

Lisaks
L_inaceae

http://www.mobot.org/mobot/research/apweb/

Achariaceae
Goupiaceas

The rest Violaceae
# Denotes branches Fusispermum
with 50-80% support; Malesherbia
all other branches
with =>80% support. ’ Turnera, etc. Passifloraceae
Passiflora, etc.
* Lacistemataceae

Casearia, etc.
Scyphostegia | Salicaceae

Salix, etc.

Lophopyxidaceae
Putranjivaceae
Ctenolophonaceae
Erythroxylaceae
Rhizophoraceae

Bonneticaceaes
Clusiaceae

Calophyllaceae

- Podostemaceae
., Elatinaceae
Malpighiaceae

Ochna, etc.

Medusagyne

Quiina, etc.

Peraceae
Rafflesiaceae

Ochnaceaea

Euphorbiaceaea
There are direct links

from all terminal taxa P‘l'l'grllanthal:eae
and all internal nodes Picrodendraceae
to the relevant location

in the text. Balanopaceae

Trigoniaceae
Dichapetalaceasa
Chrysobalanaceae
Euohroniaceae



Mercurialis
perennis

P Buphorbia helioscopia
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Pajulised Salicaceae
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Kannikeselised Violaceae
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Linalised LInaceae
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Clusliaceae

+ Hypericaceae

¥
-y
't
....ﬁ
'y

erforatum

—
{;
»
|

AY |




Rafflesiaceae + Passifloraceae
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Janesekapsalaadsed Oxalidales
Oxalidaceae




Polygalaceae

Oalaadsed
Fabales

F‘Pﬂ:

Surianaceae

Fabaceae:
Caesalpiniolideae
Mimosoideae
Faboirdeae

Quillajaceae

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Fabaceae



Liblikoielised (oalised)
Fabaceae

= Juuremugarad
= Sulgjad liitlehed

* Vabad kroonlehed, suigomorfne
olIs

= 10 tolmukat
= Uks viljaleht
= Vi1 kaun



Tsesalpiinialised Caesalpinioideae
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Mimoosilised Mimosoideae




Liblikoielised Faboideae

* Rohttaimed

= Liblikois

= Astragalus maailmas ca 3000 |
= toidutaimed

= E 23 perek, 70 liiki

*= Trifolium 12

= Vicia 11, Lathyrus 10

= Anthyllis 8, Lotus 7+1

= Medicago 6



Arachis







d

Ise
Polygalaceae

llel

Vahul

Polygala fruticosa




Roosilaadsed
Rosales

eRedutseerunud
endosperm
eHUpantium
Molekulaarsed
tunnused

http://www.mobot.org/mobot/research/apweb/

* Denotes branches
with <50% support

or largely morphology;
All other branches
have >80% support.

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Rosaceae

Barbeyaceae

Dirachmaceae

Rhamnaceae

Ulmaceae

Cannabaceae

Moraceae

Urticaceae



Hupantium

Stamens &

Hypanthium




Roosoielised Rosaceae

| ehed liitlehed vaoi I0Ohestunud,
abilehtedega

eHUpantium nektaariumiga
eKroon lahklehine, palju tolmukaid
e|_ihakad viljad

e Rosoldeae, Spiraeoideae,
Amyqgdaloideae, Pyroideae
eEestis 22 perek, ule 100 liigi
eAlchemilla 24 (1)

ePotentilla 19

eRosa 16

eCrataegus 9

eRubus 7
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http://en.wikipedia.org;wiki/File:Cleaned—

Tllustration Malus_domestica.jpg
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2 _j Fragaria vesca

| = Foto: Per M. Hagen
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Mooruselised Moraceae

¥§

Morus nigra
Fler fem. y mase.

Morus nigra
Corteza

Morus
Habito




Kanepilised Cannabaceae

Yl




Rhamnaceae ja Ulmaceae
—

iZ) Tardin Blundani ©

e
http://www.discoverlife.org/mp/20q?search=Rhamnaceae



Nogeselised Urticaceae




Anisophylleaceae

Korvitsa-
laadsed PR
Cucurbitales

Corynocarpaceae

Coriariaceae

Cucurbitaceae

Cucurbitaceae:
eRonivad, kOitraagudega
eSOormroodne leht abilehtedeta
eKilirjas Ois hupantiumiga
eKroonlehed kokku kasvagiuigh. o vk

and all internal nodes

4 LI hakas Su N karpne VI I | to the relevant location

in the text.

Tetramelaceae

Datiscaceae

Begoniaceae

http://www.mobot.org/mobot/research/apweb/



Korvitsalised
Cucurbitaceae




Poogilaadsed
Fagales

e Tuultolmlejad
VVaikesed
uhesugulised oOied
oisikutes (urvad)
eLihthe Oiekate

e]l-seemneline vili:

luuvili vOI pahkel

http://www.mobot.org/mobot/research/apweb/

* Denotes branches
with 50-80% support;
all other branches
have >80% support.

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Nothofagaceae

Fagaceae

Myricaceae

Juglandaceae

Rhoipteleaceae

Ticodendraceae

Betulaceae

Casuarinaceae



Poogilised Fagaceae




ised Betulaceae

p—
B
7 9]
S
"

)
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Parisrosiidide II rihm ehk
“malvudid”

= Flavonoolid
= Uks emakakael
*= Molekulaarsed tunnused



Kurerehalaadsed Geraniales

# indicates 50-85%

support; @ indicates Geranium, etc.
support less than 50%;
G = all other branches
have greater than .
erariiaceae have greater Geraniaceae
Hggseucharis

Naarmekarvad

| 0hestunud lehed
«10-15 tolmukat
eSunkarpne emakkon
uhe emakakaelaga

Melianthaceae

Francoaceae

Vivianiaceae

There are direct links
from all terminal taxa
and all internal nodes
to the relevant page of
the characterizations.

Ledocarpaceae

http://www.mobot.org/mobot/research/apweb/



Kurerehalised
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Murdilaadsed

*Denotes branches
with 50-80% support;

M rta I e S *Denotes branches
with <50% support;

all other branches have

| ehed vastakud
ePult sisemise
floeemiga ‘

eHUpantium
nektaariumiga
Tolmukad pungas
painutatud

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

http://www.mobot.org/mobot/research/apweb/

Combretaceae

Onagraceae
Lythraceae
Myrtoideae
2
-
Heteropyxidae E
Psiloxyloideae | &
Psiloxyleae
Vochysiaceae
Melastomatoideae
Melastomataceae
Olisbecideae

Crypteroniaceae

Alzateaceae

Rhynchocalyx

Penaea, etc. |Penaeaceae

Olinia



Murdilised
Myrtaceae




Roodlehelised Melastomataceae




ised Lythraceae

Kukesabal

~




Pajulillelised
Onagraceae




Akaniaceaeae

* Denotes branches Tropaeolaceae

Ka S a_ with 50-80% support;
all other branches

have >80% support.

laadsed e

Setchellanthaceae

Brassica-
I e S Koeberliniaceae

Moringaceae

Bataceae

Salvadoraceae

.G I u kOSi nO I aad i d > Emblingiaceae
Si n e p i 6 I i d \ Pentadiplandraceae
murosiinirakkudes * e

! - - = Gyrostemonaceae
eOlekate sageli neljatine
E W Tovariaceae
There are direct links
from all terminal taxa .
and all internal nodes Capparidaceas
to the relevant location
in the text. Cleomaceae

Brassicaceae

http://www.mobot.org/mobot/research/apweb/



Ristoielised Brassicaceae

Aktinomorfne lahklehine Ois: 4
tupplehte, 4 kroonlehte, 6 tolmukat,
2 Vviljalehte

Sigimik sunkarpne, jaotatud kaheks
kambriks sekundaarse vaheseina
poolt

Gunofoor

Vili avanev koder
Eestis 40 perekonda, 77 liki
Sisymbrium, Cardamine 6

Erysimum, Rorippa, Brassica, Lepidium,
Camelina 4



Structure of
Waratah flower

G A - Anther
S - Stigma
ST - Style
O - Ovary

G- ophore "
N ,?l?cigry Bud showing the

“hook™ typical of the
Waratah and its allies

Waratah bud showing
curved apical swelling

http://anpsa.org.au/APOLS5/emblemsS.html



Harilik miiiirlook
Arabidopsis thaliana

Brassica oleracea zelje, ohrovi, cvetata itd.







_ g;a{mbe marltl




; S --':'
e

I
B
J'

1 f




1sed
daceae
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Kassinaeri-

laadsed
Malvales

eTahtkarvad

+ Denotes branches
with 50-80% support;
+« Denotes branches
wth <50% support;
all other branches
have >80% support;
4 Denotes support

for morphology only.

eL_imarakud ja —-kanalic

eSOormjad lehed

e Tolmukaid palju, kKimpudes

http://www.mobot.org/mobot/research/apweb/

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location

in the text.

Meuradaceae

Thymelaeaceae

Sphaerosepalaceae

Cochlospermum

Bixa
Di ndron
Cistaceae
Sarcolagnaceae
Monotoideae

Pakaraimaeocideae

Dipterocarpoideae
Cytinaceae

Muntingiaceae

Grewioideae
Byttneriocideae
Sterculicideas
Tilicideae
Dombeyoideae
Brownlowioideae
Helicteroideae

Malvoideae

Bombacoideae

Bixaceae

Dipterocarpaceae

Malvaceae
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Kuldkannilised
Cistaceae




Seebipuu-
laadsed o
Sapindales

-Puittaimed X
eL1it- vOI IOhestunud lehgd
eOled nektarikettaga

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

http://www.mobot.org/mobot/research/apweb/

Biebersteiniaceae

Nitrariaceae

Kirkiaceae

Burseraceae

Anacardiaceae

Xanthoceras

Aceroideae

Dodonaeoideas

Sapindoideae

Simaroubaceae

Meliaceae

Cneorum, etc.

Ruta, etc.

Zanthoxylum

Phellodendron, etc.

Sapindaceae

Rutaceae
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Rhus typhina

Ana-
kardilised
Anacar-
diaceae

|

I\"/réng_ifera indic

—



Ruudilised
Rutaceae




Oistaimed (jarg)

Pariskaheidulehelised (jarg)
Rosiidid (jarg)
Nelgilaadsed
Asteriidid



Parisrosiidide 11 ruhm ehk
“malviidid’
* Flavonoolid

= Fnamasti iiks emakakael
= Molekulaarsed tunnused



Kurerehalaadsed Geraniales

+ indicates 50-85%
support; ¢ indicates
support less than 50%;
all other branches
have greater than

Geranium, etc.

= 85% SUDDOFt. Geraniaceae
Geranlaceae "
Hggseucharis
Naarmekarvad
[.0hestunud Iehed Melianthaceae
°10-15 tolmukat .
*Sunkarpne emakkond I
uiihe emakakaelaga
Vivianiaceae
;I'rl;l:.irl Ea?lrf ef‘l;:?: ; II Itr::cz
and all internal nodes Ledocarpaceae

to the relevant page of

the characterizations. http://www.mobot.org/mobot/research/apweb/



Kurerehalised




Murdilaadsed

*Denotes branches

M rt al e S with 50-80% support;
y +Denotes branches
with <50% support;
all other branches have

=80% support.

l.ehed vastakud
*Puit sisemise
floeemiga !
Hupantium
nektaariumiga
*Tolmukad pungas
painutatud

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Combretaceae

Onagraceae
Lythraceae
Myrtoideae
2
-
Heteropyxidae E
Psiloxyloideae | &
Psiloxyleae
Vochysiaceae
Melastomatoideae
Melastomataceae
Olisbecideae

Crypteroniaceae

Alzateaceae

Rhynchocalyx

Penaea, etc. |Penaeaceae

Olinia
P A P R



Miirdilised &
Myrtaceae




Roodlehelised Melastomataceae
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Ised Lythraceae

Kukesabal




Pajulillelised
Onagraceae
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Kapsa-
laadsed

Brassicales

*Gliikosinolaadid —
sinepiolid
miirosiinirakkudes

Oiekate sageli neljatine

* Denotes branches
with 50-80% support;
all other branches
have >80% support.

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Akaniaceaeae

Tropaeolaceae

Moringaceae

Caricaceae

Setchellanthaceae

Limnanthaceae

Koeberliniaceae

Bataceae

Salvadoraceae

Emblingiaceae

Pentadiplandraceae

Resedaceae

Gyrostemonaceae

Tovariaceae

Capparidaceae

Cleomaceaa

Brassicaceae

http://www.mobot.org/mobot/research/apweb/



RistOlelised Brassicaceae

Aktinomorfne lahklehine 0is: 4
tupplehte, 4 kroonlehte, 6 tolmukat, 2
viljalehte

Sigimik siinkarpne, jaotatud kaheks
kambriks sekundaarse vaheseina poolt

Gunofoor

Vili avanev koder

Eestis 40 perekonda, 77 liiki
Sisymbrium, Cardamine 6

Erysimum, Rorippa, Brassica, Lepidium,
Camelina 4



Structure of
Waratah flower

G A - Anther
S - Stigma
ST - Style
O - Ovary

ﬁ g}:c?gr[;?m Bud showing the

“"hook" typical of the
Waratah and its allies

Waratah bud showing
curved apical swelling

http://anpsa.org.au/APOLS5/emblemsS.html



.Harilik miii_irll_oo’ik' i ._
Arabidopsis thaliana

Brassica oleracea zelje, ohrovi, cvetata itd.
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Kapparilised

Capparidaceae
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Kassinaeri-

laadsed
Malvales

*Tahtkarvad
Limarakud ja —kanalid
Sormjad lehed
*Tolmukaid palju, Kimpudes

o

+ Denotes branches
with 50-80% support;
+ Denotes branches
wth <50% support;
all other branches
have >80% support;
4 Denotes support

for morphology only.

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Meuradaceae
Thymelaeaceae
Sphaerosepalaceae

Cochlospermum

Bixa Bixaceae
Di ndron

Cistaceae

Sarcolagnaceae

Monotoideae

Pakaraimaecideae | Dipterocarpaceae

Dipterocarpoideae
Cytinaceae

Muntingiaceae

Grewioideae
Byttnericideae
Sterculioideas
Tilioideae
Dombeyoideae Malvaceae
Brownlowioideae
Helicteroideae

Malvoideae

Bombacoideae

http://www.mobot.org/mobot/research/apweb/
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Kuldkannilise
Cistaceae




Seebipuu-  Emngms.
laadsed
Sapindales

= 80% support.

*Puittaimed *X
Liit- vOoi lohestunud lehed
*Oied nektarikettaga

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Biebersteiniaceae

Nitrariaceae

Kirkiaceae

Burseraceae

Anacardiaceae

Xanthoceras

Aceroideae

Dodonaeoideas

Sapindoideae

Simaroubaceae

Meliaceae

Cneorum, etc.

Ruta, etc.

Zanthoxylum

Phellodendron, etc.

http://www.mobot.org/mobot/research/apweb/

Sapindaceae

Rutaceae
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Seebipuulised
Sapindaceae

A, /-/ et se et . Fpthakern,



Rhus typhina

Ana-

kardilised
Anacar-

diaceae

e

Manglfera iridica

—



Rutaceae
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Nelgi-
|laadsed
Caryo-

phyllanae

*Denotes nodes with 50-80%

bootstrap support; Unmarked

branches have >80% support;

[1] & [3] 50-80% bootstap *
support in matkK tree only;

[2] not recognized at all in

matk tree only.

*x
[1]
* [2]
*
[3]
*
There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.
[4]

http://www.mobot.org/mobot/research/apweb/

Droseraceae
Nepenthaceae
Drosophyllaceae
Ancistrocladaceae
Dioncophyllaceae
Frankeniaceae
Tamaricaceae
Plumbaginaceae
Polygonaceae
Rhabdodendraceae
Simmondsiaceae
Asteropeiaceae
Physenaceae
Caryophyllaceae
Achatocarpaceae
Amaranthaceae
Stegnospermataceae
Limeaceae
Lophiocarpaceae
Barbeuiaceae
Aizoaceae
Phytolaccaceae
Sarcobataceae
Nyctaginaceae
Molluginaceae
Halophytaceae
Basellaceae
Montiaceae
Didiereaceae
Talinaceae
Portulacaceae
Anacampserotaceas
Cactaceae



Nelgilaadsed

= Antotsuaniinide asemel sageli betalaiinid

= Sigimik sageli ithepesaline

» Platsentatsioon tsentraalne vaba vo1 basaalne
= Perisperm tarkliserohke

* Enamasti terved lehed

= Sageli tiks ring oiekattelehti

" Puudub miikoriisa



'.I_ Fagopyron esculentum$

\
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;“F?heum rhabaFJQarum
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Polygonum bi.




Ised

Droseracea

helna

Drosera

folia

rotund



Tinajuurelised Plumbaginaceae

Limonium ja Armeria




Nelgilised Caryophyllaceae

= Rohttaimed
= Lihtsad vastakud lehed

= Viietised aktinomorfsed o0ied, diferentseerunud
tupp ja kroon

= Ebasarikoisik

= Antotsuaniinid

= Eestis 18 perekonda, 52 liiki

= Stellaria 9, Silene 8

= Cerastium 5, Dianthus 4

= Sagina, Spergularia, Lychnis, Gypsophila 3
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Nelgilised




Rebasheinalised
Amaranthaceae

g T



Icornia

Sal

europaca



Kaktuselised
Cactaceae




Kann-
taimelised




Asteriidid Asteranae

= Enamik rohttaimed
= Kroonlehed enamasti kokku kasvanud
= Paljudel kahest viljalehest emakkond

* Vaikese nutselliga tihekattelised
seemnealgmed

* Enamasti tsellulaarne endosperm
= Paljudel iridoiidid
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Lornales
Ericales

sarryales
Gentianales
Lamiales
a0lanales
Aquitoliales
Aplales
Asterales
Dipsacales



Kontpuu-
|laadsed
Cornales

Cornaceae:

*Vastakud lihtsad lehed
*Oied viikesed, neljatised
Kroonlehed vabad
Suured oisikud

eLuuvili

# denotes branches with

<50% support.

* Denotes branches with

50-80% support.

All other branches have A
>B0% support.

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

http://www.mobot.org/mobot/research/apweb/

Loasaceae

Hydrangeaceae

Nyssaceae

Cornaceae

Curtisiaceae

Grubbiaceae

Hydrostachyaceae



Cornus sanguinea

ol

Chamae-
periclymenum

{ suecicum




Kanarbiku-
laadsed
Ericales

» Enamasti puitunud

* Lihtsad vahelduvad
lehed eriliste
hammastega

* Enamik aktinomorfse
oiega
» Palju tolmukaid

Balsaminaceae

o Denotes branches
with 100% Bayesian
support; all other

branches have >80%
bootstrap support.

Marcgraviaceae

pellici
Tetrameristaceae

Tetramerista, etc.

Polemoniaceae
Fouquieriaceae
Lecythidaceae
Sladeniaceae
Pentaphylacaceae

Sapotaceae
Ebenaceae

Myrsinaceae
» Mitrastemonaceae
Theaceae
Symplocaceae
Styracaceae
Diapensiaceae
Actinidiaceae

Roridulaceae
There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Sarraceniaceae
Clethraceae
Cyrillaceae

Ericaceae

http://www.mobot.org/mobot/research/apweb/



Enkianthoideae

All unmarked branches

Kanarbiku- ™
lised
E 2 i CaAacCceae Arbutoideae

sPuittaimed
Erikoidsed lehed
Aktinomorfsed oied
Kokkukasvanud kroon
*10 tolmukat
*Erikoidne miikoriisa
*Eestis 20 litki yphetioeae

Ericoideae

Harrimanelloideae

Vaccinioideae

http://www.mobot.org/mobot/research/apweb/



Ericoldeae: Rhododendron
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Erica tetralix

Foto: Norman Hagen
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Vaccinioldeae




Monotropoideae
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*Monotropa hypopityst




Nurmenukulised Primulaceae

Primula\veris

Foto: Larsi Ake Janzon



Trientalis europaea




Ebenaceae ja Sapotaceae

. i :
Pouteria sapota £
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Sarraceniaceae ja Theaceae

Sarracenia




_;..:.. £ \ -!v\.mJ
LTI S
I ...UJW.% - .m.mﬁ..urﬁw.u
g\ i m

Balsaminaceae ja
Polemoniaceae
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Parisasteriidide | rihm ehk
lamiidid

= Molekulaarsed tunnused

* Trahheed lihtsate
perforatsioonplaatidega

= Enamasti vastakud lehed
= Kaks viljalehte
= Nektaridisk



Boraginaceae karelehelised

= Asetamata sugukond

= Jaigad karvad

= Spiraalsed vo1 sirpjad ebasarikoisikud
= 2pesaline, 4pesaliseks muutuv sigimik
= Laguvili voi luuvili

= Eestis 22 luiki, 13 perek

= Myosotis 7



laxa

IS

Myosot

Boraginace:



Maavitsa-

laadsed
Solanales

*Lehed vahelduvad
»Alkaloidid

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Montiniaceae

Sphenocleaceae

Hydroleaceae

Humberticideae

Convolvulaceae
Convolvuloideae

Resolution
uncertain

Petunioideae Solanaceae

Solancideae

Nicotianoideae

http://www.mobot.org/mobot/research/apweb/



Solanaceae

Maavitsalised

Solanum
dulcamara,
tuberosum,
lycopersicum
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Convolvulaceae

v

Convolvulus-arvensisas—
B e S



[fiajuure-
laadsed
Gentianale
S

Alkaloidid
Vastakud lehed
Naarmed

Puit sageli sisemise
floeemiga

* Denotes branches
with <90% support;
all other branches

have >90% support.

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Rubiaceae

Gentianaceae

Loganiaceae

Gelsemiaceae

Apocynaceae

Secamonoideae

Asclepiadoideae

http://www.mobot.org/mobot/research/apweb/



Madaralised Rubiaceae

Vastakud,
abilehtedega lehed

Alumine sigimik

Maailmas neljas,
10 000 liiki

Eestis 4 perek, 21
liiki
Galium 16




Psychotria Coffea arabica




Emajuurelised
Gentianaceae

© Fjosef hlasck

W via hlasek.com
Gemtiana pneumonanthe a4584 &




Koera-
Apocynaceae A\ih"l | (5

g&:[ - '.,J‘/
/ fVlnea min o~

Asclepias  Apocynum m i o 4



Asteriidid (jarg)
Asteranae
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4oy -

10045

1005k
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10075,
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10075,

44/55

db/Hh

Lornales
Ericales

Farryales
zentianales

Larmiales
=0lanales
Anuitoliales
Anlales
Acterales
Lipsacales



Parisasteriidide | ruhm
ehk lamiidid (jarg)

Molekulaarsed tunnused

Trahheed lintsate
perforatsioonplaatidega

Enamasti vastakud lehed

Kaks viljalehte

Nektaridisk

Boraginaceae, Gentianales, Solanales,
Lamiales



Iminogeselaadsed Lamiales

* Enamasti vastakud lehed

= Sugomortsed oied

= Sageli varvunud korglehed

* Tolmukaid 4 voi 2, spetsiifilise ehitusega
= Naarmekarvad

= Keemilised, embriioloogilised,
molekulaarsed tunnused



Floococspe rma
Carlemanniaceas
Oleaceae (olive family)
Tetrachondraceas
Gesneriaceaes (gesneriad family)
Acanthaceae (acanthus family)
Caloceolariaceaese (=lippsr flowers)
scrophulariaceas (Tiogwort Tamily )
Euddlejac=eas
MMyoporaceas
Flantaginaceas
Bignoniaceae (trumpet creeper family)
FPedaliaceas
Faulowniac=ase

core Lamiales COrobanchacease (broomraps family)
FMartyniaceas
Lentibulariaceae (bladderwort family )
Verbenaceae (verb=na family)
Lamiaceaes (mint family)
Cyclocheilac=eas
Evblidac=as
Fhrymacsas
Avicennia (black mangroves)
=schlegeliaceas
Stilbaceas



Olipuulised
Oleaceae

.

sior




Gesneerialised Gesneriaceae ja
karusoralised Acanthaceae

Streptocarpus




Scrophulariaceae

sealouarohulised

Sugomorfne kokkukasvanud
krooniga 0is

i Verbasci

-
,(. . ™ " SSPER | p
< < - s | A




Teelehelised Plantaginaceae

= Rohttaimed

= Suigomorfsed (kahehuulelised) kuni peaaegu
aktinomorfsed o1ed

" Seinavanev kupar

= Spetsiifilised naarmekarvad

* Maailmas ca 2000, Eestis 32 liiki
= Veronica 16, Plantago 6



Veronica officinalis
Foto: Norman Hagen




Digitalis purpurea

Antirrhinum



Soomukalised Orobanchaceae

= Parasiidid voi poolparasiidid

" Viietised sugomorfsed (kahehuulelised)
oied kobaroisikus

= Maailmas ca 2000, Eestis 25 liiki

= Euphrasia 8 (1), Melampyrum 5,
Orobanche 4, Rhinanthus, Odontites 3,
Pedicularis 2
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Huuloielised Lamiaceae

* Aromaatsed naarmekarvadega

* Vastakud hambulised lehed

* Neljakandilised varred

= Kahehuulelised 0ied ebasarikates, 2-4 tolmukat

* Kahest viljalehest neljapesaline emakas,
laguvili

= Maailmas ca 7000, Eestis 46 liiki
= Mentha 6, Lamium, Galeopsis 5, Stachys 4



»
- Lamium album

: ’ ‘ TN _b
Lamium albuk

4



Vesihernelised
|_entibulariaceae

http://commons.wikimedia.org/wiki/Category:Utricularia_australis

LPlnguic®la vulgaris

BLASORT, UTRICULARIA MAJOR SCHMIT,



Parisasteriidide 11 ruhm ehk
“kampanuliidid”

* Enamus rohttaimed

* Enamasti vahelduvad lehed

= Oie ontogeneesi tunnused

= Alumine sigimik (epigiilinne 01s)

= Poluatsetileenid ja seskviterpeenid
iridonidide asemel

= Molekulaarsed tunnused
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10045

1005k

4/ -

10075,

47 -

10075,

44/55

db/Hh

Lornales
Ericales

Farryales
zentianales

Larmiales
=0lanales
Anuitoliales
Anlales
Acterales
Lipsacales



Astelpoosalaadsed
Aquifoliales, Aquifoliaceae

ePyittaimed
eUhesugulised
Ulemise
sigimikuga
oled

1/450: /lex




Sellerilaadsed Apiales

Liit- vo1 1ohestunud lehed
Erituskanalid
Sarikoisik
Kroonlehed vabad
Stiillopood




Pennantiaceae

All nodes well-supported. -
PP Torricelliaceae

Griseliniaceae

Pittosporaceae

Sellerilaadsed ——

I~ Araliaceae
piales
Myodocarpaceae
Mackinlayoideae
Platxsace
There are direct links Azorelloideae
fram all terminal taxa
and all internal nodes Apiaceae
to the relevant location ﬂﬂﬂ]lﬂi
in the text.
Saniculoideae
Apioideae

http://www.mobot.org/mobot/research/apweb/



Araalialised
Arallaceae




Sarikalised Aplaceae

= Rohttaimed

-

= (enamasti liit)sarikas 1 mm
Mericarp cCumin

= Kaksikseemnis

= Enamasti liitlehed
* Erituskanahd

= Maailmas ca 3000,
Eestis 43 liiki




Saniculoideae




Aploideae

| Carum carvi
Foto: Jan\Wesenberg



conium
maculatum



AStri-
laadsed
Asterales

* Varuaine inuliin
= Sekundaarne
oietolmu
eksponeerimine
tolmeldajatele

http://www.mobot.org/mobot/research/apweb/

* Denotes branches with
100% posterior probability;
+ denotes branches with
70-80% jackknife support.
All other branches have
>80% support.

There are direct links
from all terminal taxa
and all internal nodes
to the relevant location
in the text.

Rousseaoideae

Rousseaceae

Carpodetoideae

Campanulaceae

Pentaphragmataceae

Alseuosmiaceae

Phellinaceae

Argophyllaceae

Stylidioideae

Stylidiaceae

Donatioideae

Menyanthaceae

Goodeniaceae

Calyceraceae

Asteraceae



Kellukalised Campanulaceae

* Rohttaimed

= QOietolmu sekundaarne eksponeerimine
= Pehmed, spiraalselt paiknevad lehed

* Piimmahl

* Campanuloideae: kellukjas 01s

= Lobelioideae: siigomorfne 01s
= Maailmas ca 2000, Eestis 12 1



Campanu-
loideae




|_obelioideae

Lobelia dortmanna
Foto: Norman Hagen




Korvoielised Asteraceae

* Rohttaimed

= Piimmahl kanalites

= Korvoisikud

* Tolmukad toruna

* Vili pappusega seemnis

* Suurim taimesugukond maailmas: 23 600 liiki,
1/10 distaimedest, Eestis lile 130 + mikroliigid
(Hieracium, Pilosella, Taraxacum)



Barnadesiocideae

Stifftia group

* Denotes branches
with 50-80% support;

# Denotes branches
wth <50% support;

KO rV6 i e I i Ste :g:: Tgu?rfgﬁgﬁzm Mutisioideae
alamsugukonnad

Hecastocleioideae
Carduoideae
Pertyoideae
Gymnarrhenoideae
Cichorioideae
Corymbioideae

Asteroideae
http://www.mobot.org/mobot/research/apweb/



Carduoideae

Centaurea cyanus




s laraxgeliny | (AR T

. -I ":..'Jp.{-'."l‘l:' ' -L-,.-____':#___ " e g \'_:.',\
Foto: Arva-Leria bbiderhes A ;‘ Ty ,,r/_-_. ol




Asteroideae

Seheclo Jacobaea Anthemis arvensis®

\ UGA1196221 -




 Antennaria dioica _—
| Foto: Norman Hagen ﬁ

Antennaria dioica
Foto: Einar Vaernes

%




Uniohaka-
laadsed

Dipsacales

= Roht- ja puittaimi
= Vastakud lehed

= Qied keerukates
ebasarikates voi peades

= Qied aktinomorfsed kuni
stigomorfsed, enamasti
kokkukasvanud krooniga

http://www.mobot.org/mobot/research/apweb/

Adoxaceae

All branches with
high bootstrap values.

Lonicera, etc.
Caprifoliace

Heptacodium

Linnasaceae

Morinaceae

Dipsacus, etc.
Dipsacaceae

Triplostegia

Patrinia

There are direct links
from all terminal taxa Nardostachys
and all internal nodes

to the relevant location

in the text.




Kuslapuulised Caprifoliaceae
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Harakkuljuselised
L Innaeaceae




Palderjanilised Val

s . 77 !
S Gemeiner Batdrian, [/ Fotbociine fpcena ay

http://www.herbfactory.at/valeriana_offici



Uniohakalised Dipsacaceae

Knautia arvensis




Adoxa moschatellina
Sambucus

Viburnum

)\ 1/ Photo copy
Lo http:iwww . henriettesherbal.com

PR SRS T A L R F e e T BT TS




Taimede varieeruvus

e Geneetiline varieeruvus

e Fenotuubiline varieeruvus
e Populatsioonid

e Geenisiire



transkriptsioon
r enotuup. > RNA

DNA
translatsioon
(411 alu11
Aminohapped
valgud
\ mitoos
e : aren
Meioo @ & Q' =

| _ Fenotii
Replikatsioon ERD

A . Organism
Parilik varieeruvus J

Embrioloogia



Geneetilise varieeruvuse
allikad-mutatsioonid

= Avaldumine fenotuubis
letaalne, morfoloogiline, biokeemiline jm
* Mutageenid

UV ja radioaktiivhe kiirgus, ekstr temp,
kemikaalid, vanadus jm

» Sagedus: haruldased gameedi vOiI indiviidi
kohta, aga ule populatsiooni voi liigi
muutuvad oluliseks



Mutatsioonid

= Suund ja moju
. “Tagasimutatsioonid” erakordselt
harva
« Enamik on letaalsed

- Mitteletaalsed pohjustavad vaikesi
muutusi

» Valkeste muutuste akumulatsioon
vOIb vila suurte muutuste, uute
stundroomideni



Mutatsioonid

mittesunonuumsed

SECOND LETTER

FIRST LETTER

i ' A G

¥ M Ly
vyl ]Pm ey ) p
Rily we | .
. T A
WA Y. UCA A iy :
wuG LG | g G
oy ) o ] CAU ]m. CoU u
oee C

ac | ooe o CAC i
cuA CCA CAA ]ﬂﬂ CGA A
e oG CAG GG G
A ] Ay ) AAY ]m acu ) |V
Al V] ACT AN AT <
AUA ) ACA, thr AAA - AGA e A
AUG et ACG ) AAG ACG G
Guu ] ey GAU ]Hp GGU U
Gue | e |, GAC GGC 4
GUA GoA GAM - GGA A
GUG GG GAG G G

HALLAT QY¥IHL

Kodeeriv ja mittekodeeriv,
sunonuumsed ja

tRMNA anticodon loop

http://biology.kenyon.edu/courses/biol114/Chap05/Chapter05.html



Mutatsioonid

= “Kuumad punktid”

= Punktmutatsioonid ja suuremad
“Umberkorraldused”

" Asendused: transitsioonid ja transversioonid

* Insertsioonid ja deletsioonid

= Mittesunonuumsete asenduste moju
= Valkude struktuur muutub

= Raaminihe



suurernaad
umberkorraldused

Genoomisisesed = i— .\ S

- Krossingover LN O <

Geenikonversioon N S
Transposoonid 2\

/ \

Gene conversion Crossover



Kromosoommutatsioonid

Mormal chromosome

= Deletsioonid . ,-/ :
: / : ; a bjc r_rl?- a e:r £ r::' f g h
* Duplikatsioonid | l ’
T
* Inversioonid ——— e e
Terminal delation Interstitial deletion

fa) Tandam

bc e o
L. L 2 d 4 i g
_
a I ’ d

e o s o e T

% B G O E i b [ v & o
—— | AGEES I B pETRCENETC A B [ [»]
—_— rver 0N halerorygate o] Miosis in a -

A D C B E —) pencentnc (b) Revorse

A c B D inversion
hueterorygote G L
1, Pairing a b 2 ﬂ'

CroEs0vern in loop

A o
l- Segregation
B C D E
End of Meiosis | End of Medasis I
A B _C D
A B © D Mormal product
L o— !
A B C A A_B X C A Dugication A am
Dedation D armi
—
3] B [ o
” " Dupbcation O amn
- Diceninc bridge iy
D B c A
D ¢ B E & 4 b ¢ B E oD B C© A Inversion product



Kromosoommutatsioonid

* Translokatsioonid asymmetric paiing
= Ebavordne krossingover 1 ———

o Asummeetrlllne unequal crossing-over

16A region Deletion
paardumine § — :

16A region - ;;_ e

U-ng-nal pasingn of
translocated Segrments

§ 1 1 Two types of
. ] "_*:- — SOOFBIA0NS!
Maarrmil e b e e Adjacent-1 Products
T T )
Translocated to narh T, + Ny  Duplication of colored, deletion
of black translocated segment | (often
o south T, + N, Duplication of black, deletian of . Evianie)

colorad transkocated segment
Alternate o
Pairing configuration to north T,+T; Translocation

genotype } (Bath complete and viable)
tosouth M, + N, Normal



Kromosoomiarvu
muutused

Poluploidsus



PolUploidide liigid

= Euploidid
= Autopoluploidid AAAA
= Allopoluploidid ehk amfiploidid AABB

(kasitleme hiljem pohjalikumalt)

= Aneuploidid
« Esimene jagunemine--=>2n+1 ja 2n-1
gameedid

- Teine jagunemine--=>1n+1, 1n-1,
normaalsed gameedid

« Monosoomid (2n-1) and nullisoomid (2n-2)
o Trisoomid (2n+1)



Autopoluploidide teke

Unreduced gamete with

6 chromosomes
Karyotype of Zygote

parent species (autopolyploid)

Ii o Offspring with
t{/ \\33 Meiotic S\-;.-n-\A %/;\N polyploid

karyotypes may

error ilizati
~ fertilization m be viable and
33 tgp \ / self-fertile
2" — 6' 4" — 12
Tetraploid

Unreduced gamete with
6 chromosomes

Copyright @ Paarson Education, Inc., publishing as Benjamin Gummings.



Autopoluploidide
omadused

— meioosis multivalentide moodustumine

— alleelsete geenide multisoomne
lahknevus

— geneetilistest Isearasustest tulenevad
fenotuubilised korvalekalded

— vahene fertiilsus
— aeglustunud areng

— morfoloogiliste parameetrite
suurenemine



Foluploidide evolutsioonitiisead
omadused

= suurem mutatsioonide taluvus =
= mutatsioonide akumuleerumise tendents =
= suurem evolutsiooniline potentsiaal

= adaptilivsete ja heteroossete genotluupide
filkseerumine

= kohastumisvoime laienemine,
despetsialiseerumine

= steriilsusbarjaaride norgenemine,
hubridiseerumine

= paljunemisviisi muutus autogaamialt
allogaamiale vOlI agamospermiale

= Poluploidid on sagedasemad ja edukamad
aarmuslikes elutingimustes

= Uks tee huppeliseks liigitekkeks



Sugurakkude ja
somaatilised mutatsioonid

= Geneetilise mosailiksuse hupotees
(Whitham & Slobodchikoff 1981; Gill
1986)

maosaicism maosaicism




Meetodid taimede
molekulaarse varieeruvuse ja
fulogeneesi uurimisel

e Valgud, eriti allostumid
e DNA
e Tuuma, kloroplasti ja mitokondri DNA

e Geenide ja mittekodeerivate alade
nukleotiidsed jarjestused (sekventsid)

e Korduv DNA kuil oluline varieeruvuse
allikas

e Minisatelliidid (10-60 bp)
e Mikrosatelliidid (1-6 bp)



Fragmentanaluus voOI
DNA “sormejaljed”

RFLP

Hubridiseerimine (Southern blot,
lookusespetsiifiline ja multi-lookuseline)

PCR-1l baseeruvad meetodid
PCR-RFLP ehk CAPS
RAPD

Mini- ja mikrosatelliidid (SSR), tuuma ja
kloroplasti; erim ISSR

AFLP
Konformatsiooni polumorfismi analuusid
jm



Fenotuubiline
varieeruvus



Fenotuup

El ole UksUhest vastavust fenotuupide ja
genotuupide vahel

Geneetiliselt on maaratud reaktsiooninorm
Fenotuubiline varieeruvus

Geneetiline varieeruvus

Arenguline varieeruvus

Fenotuubiline plastilisus s.s.



Arenguline varieeruvus

Evo-devo questions
* Howdid development originate?

Environment
* Howdid the developmental repertoire evolve?

~ Evo—devo g
Evolution Development

e Devo—evo ="
Eco—evo—devo

* How are developmental processes modified
in evolution?

Devo—evo questions
* How does development influence phenotypic
variation?

* How does development contribute to phenotypic novelty?

* How does development affect the organization of phenotypes?
Eco—-evo-devo questions

* Howdoes the environment interact with developmental processes?
* How does environmental change influence phenotypic evolution?

* How does developmental evolution affect the environment ?

Muller, 2007



Late growth of i

Early growth of i

15

Effects of developmental timing on form. The
developing flower, shown from above at left,
has petal primordia (p) scparated by
intercalary cells (i). If these begin dividing
only after the petal primordia grow, the petal
lobes of the matare flower (side view, at
right) are well separated. If the intercalary
cells develop along with the petal primordia,
a largely fused (sympetalous) corolla is
formed. (Adapted from Stebbins 1974, atrer
Payer 1857)

Ancestral
ontogeny A

J

&L —
a=1

b=1

<

A‘
b=22
a=2/3

Allometric growth. (A) Arithmetic plot of
the lengths y and x of two structures or
dimensions, Curves 1 and 2 show isometric
growth (a = 1); structure 2 equals structure 1
in curve 1 (b = 1) and is twice as long in
curve 2 (b = 2). Curve 3 shows positive
allometry (a = 1); curve 4 shows negative
allometry (a < 1). (B) Logarithmic plot of the
same curves. The slope equals 1 in curves 1
and 2, which differ only in intercept (cf.
Figure 6); it is greater than 1 in curve 3

fa = 1), less than 1 in curve 4 (@ < 1),

250 - =032,
a=3/2
& 200
=
g
Z
g 150 [2)b=2a=1
E
z
=~ 100 p=
(b=1a=1
5“—
4 b=22a=2/3
| | ] |

20 40 60 BO 100
x (dimension 1)
A

(C) Nlustration of hypothetical evolution of
leaf shape, according to these graphs. As the
ancestral species doubles in length (x) during
its growth from juvenile (J) to the mature
form (A,), it doubles in width (y); that is,

a = 1,b = 1. Descendant A. 1s twice as wide
when mature, for b has evolved from 1 to 2.
If a evolves from 1 to 2/3, a narrower leaf
(Ay) results. If a evolves from 1 to 3/2, a
wider leaf (Ay) is formed. With this allometric
relation, evolution of greater length results in
disproportionately greater width (Ay).
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Heterokroonia

= Neoteenia ja akstseleratsioon

= Arenguetapi hilinemine vO1 varanemine
" Progenees ja hiipermorfoos

= Uhiste nimedega:

pedomorfoos ja peramorfoos

= VO1b pohjustada fenotiiiibilist plastilisust



Fenotuubiline plastilisus

= Valik toimib populatsioonis fenotuupidele

= Tunnuse reaktsiooninorm on fenotuubiliste
vaartuste kogum, mida antud genotuup
ekspresseerib.

= Valik toimib indiviidide vahel tunnuse
seisundile

= Plastilisus taimedel
vegetatiivsetel organitel suur
generatiivsetel vaike



“Plastilisusgeenid”

e Alleelide ekspressioon vOib erinevates
keskkonnatingimustes avaldada erinevat
moOoju fenotulbile = fenotuupne
modulatsioon ehk “pidev” plastilisus

e Nt lehtede kuju

e Regulaatorgeenid pohjustavad teiste
geenide “sisse- ja valjalulitamist” erinevates
keskkonnatingimustes =
arengukonversioon ehk “diskreetne”
plastilisus

e Nt Oite varvus



— —
—— —

ot NI A

Fig. 6.18. Generalised diagram showing heterophylly in Ranunculus subgenus
Batrachium. For convenience only one shoot 1s illustrated. Close examination
has revealed seasonal variation in leaf form. especially in the submerged leaves.
(From Zander & Wiegleb, 1987



Evolutsioon toimub
populatsioonides

* Populatsioonigeneetika
TUMRIS

= Toomas Tammaru,
Evolutsiooniline 0koloogia




Alleelisagedused

« Populatsioonis, kus N diploidset isendit,
Mendeli jargi:
e N11 = genotulup A1A1l (homosugoodid)
e 2N12 = genotuup A1A2 (heterosugoodid)
e N22 = genotuup A2A2 (homosugoodid)
e N11 + 2N12 + N22 = N

« Genotuupide proportsioonid
e A1A1: P11 = N11/N
- A1A2: P12 = N12/N
- A2A2: P22 = N22/N

« Allelisagedused
e p=(N11 + N12)/N = P11 + P12
e q = (N22 + N12)/N = P22 + P12



Hardy-Weinbergi vorrand

S T

=
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“Loplik” populatsioon

= Hardy-Weinbergi = Geenitriiv, juhuslikud
tasakaal reaalselt ei protsessid:
kehti homosugootsus
« Valiku vm tegurite suureneb f; = 1/2N +
puhul alleelisagedus (1 - 1/2N)f-1
muutub = Vaga vaikesed
Ap = spg2/ (1 - sg?) populatsioonid labivad
- Mittejuhuslik “pudelikaelu™
paaritumine = Alleelid “fikseeruvad”
juhuslikult

» eelistused
fenotuubi jargi

» sugulusristumine

« Iseviljastumine

Migratsioon ;
Poliiploidsus




Valjasuremine

More
inbreeding
depression

More
genetic drift;
less ability

to adapt

Muore
demographic
variation

Lower effective
population size
N

Population
more
subdivided by
fragmentation

e

S

* Habitat destruction

* Environmental degradation

- I"llh]ut fl‘.m]cnutmn
* Over harvesting

* Eftects of exotic species

Briggs & Walters (1997)



Taimepopulatsioonid
looduses

Paljud liigid esinevad
valdavalt viikeste
populatsioonidena

Populatsioonid on
fragmenteeritud ja
isoleeritud &/
Paljudel liikidel piiratud | g
levikuvoime i £Y%

Sugulusristumine on
tavaline

Inbriiding



Geenisiire

Maaravad-mojutavad:

= Eluvorm

* tolmeldamisviis ja paljunemistuup

* |leviku mehhanismid, nt seemnete leviku
tuubid

= [iigl geograafiline levik

= |jsendite asetus ruumis

= liigisisene ja litkkidevaheline konkurents

= kasvukohatingimused

= migratsioon populatsioonide vahel



Tolmlemine

pollen ﬂ'ﬂnamn

same flower :_’nflerent flower
autogamy allogamy
selfing
same ramet different ramet
geitonogamy
selfing
same genet different genet
geitonogamy xenogamy
selfing Crossing

FIGURE 22.4 Patterns of pollen transfer within and between flowers and plants.
(From Richards 1986:3)

Risttolmlemise agendid: tuul, putukad, ka vesi, linnud jm



Seemnelevi

= Aktiivne (paiskviljad)

= Aktilvne kandjate abiga (tuul, vesi,
loomad)

= Passiivne (gravitatsioon)



Mudelid

= kivilt kivile
(stepping
stone)

= saarte mudel

= kontinendi-
saare mudel

= kauguse mudel




Populatsioonidevaheline

geneetiline erinevus
Soltis & Soltis 1989

Korge Madal
Isetolmlemine Risttolmlemine
Hermafrodiidid Uhe- ja kahekojalised
Gravitatsiooniline Tuul- ja loomlevi
seemnelevi
Uheaastane Mitmeaastane
Monokarpne Polikarpne

Suktsessioonis varane

Suktsessioonis hiline




Looduslik valik ja
adaptatsioonid



“Selection Is the statistically
consistent differential survival
and/or reproduction of two or more

classes of entities.” (Futuyama
1979)



Looduslik valik

Parilik replikatsiooni Kiiruse variatsioon pohjustab
evolutsiooni valiku kaudu

. Replikatsiooni kiiruse valik on otsene,
fenottubi kaudu

. Tunnused, mis mojutavad kiirust, on kaudse
valiku all

Evolutsioon toimub vahemsobivate variantide
jarjestikulise asendumise teel sobivamatega

Uus tunnus areneb vaid siis, kui ta on individiidile
kasulik

Valik parandab toimetulekut konkreetsetes
tingimustes

Adaptatsioon Uhtedes tingimustes voib olla kahjulik
teistes tingimustes

Selektsiooni pohjustab indiviidide



Valiku liigid

Stabiliseeriv

Suunav

Divergeeriv /\

Valik toimib I S\

fenotuubile sensu

lato

Valiku edukust ot stecin

saab hinnata /\
kohasusega — ,

jarglaste suurema
arvuga

time

time




Briggs & Waltérs (1997)

Glutotide Enzyme
genofypes genolypes

Valiku naiteid

fcli

o Fig. 9.7. Phenotypic and genotypic frequencies in wild populations of Trifelinm
repenis [rom different alttudes. (From Jones, 1973, after Daday, 19545

Estimated genotypes (right}

Fig %46, Distribution and fregquency of the cyanogense variant i Eunope AcLi - glucosides and enzyme Black section = dominant homozvgoles
near eastern wild populations of Trifiditen reperns. Black socnon: frequens Ad - glucosides only Lined section = heterozygotes

the cvanogenic vanant. Whine section: feeguency of the acvanogenic van acli - enzyme only White section = recessive homozygotes
.|.|I1l.l.ll=:| imothermis= (F rom Jones, 1973, after |J'.|.|:.|:-. 15 atdi = menher !1|HL'I."'-}1|L‘"- nor enayme

[
Phenolypes (ki)




Briggs & Walters (1997)

e e ——

100 metres

-—-—"_'_'-.d_ﬂ_’ B
Plan of mine and adjacent areas \——/

— — Edge of contaminated area

Fig. 9.10. Map of old copper mine workings at Drws y Coed, Caernarvon,

Wales, showing positions of transects sampled by McNeilly (1968). In his

studics of Agrostis capillaris (A. tenuis). using a water culture technique, an

index of copper tolerance for adult plants and seed produced by different ac i

was determined for material from two transects: (i) sites 1-6: and (ii) sites A LE| ‘ )
| |

Adults from the mines proved to be more copper tolerant than plants from
non-contaminated pasture adjacent to the mine. Studies of the seedlings, |
produced from wild collected seeds, revealed a wider spectrum of variation | 8= __
in the adult plants. This pattern was particularly clear in transect A E, whe . 1 LU :
evidence for considerable gene flow of copper-tolerance genes downwind of i | - e -
mine was discovered in progeny of copper-sensitive plants. This experiment 3 h LE| J—r '
consistent with the view that strong natural selection occurs on the variable o3 | [ l'_'_:_l—'_‘l._]_

r t

J LLL[E .

Y

products of sexual reproduction. The only seedlings to survive to adulthood ' 0
likely to be copper tolerant on the contaminated areas and non-tolerant '
variants (which have been shown to be better competitors than copper-toler

plants) on pasture areas. (From McNeilly, 1968.)
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Fig. 9.14. Distribution in the British Isles of variants of Spergula arvensis with
~ smooth and papillate seed-coats, (From New, 1938




Valiku tasemed

Q OO
@s@r@,@bf

.@



Valiku eriliigid

= Ruhmavalik

* Perekondlik valik

= Sagedusest soltuv valik
= Suguline valik



Organismid on selektsioonilised “mosaiigid”



=

Cegg

Iy,
“Pley,

‘Adaptiivne “kohasuse
maastik”_ '

Genotypic Variable

Niklaus (1997)

Genotypic Variable

Genotypic Variable Phenotypic Variable



A phenotype I phenotype 11 phenotype 111

phenotypic generalist

Number of Individuals in Population

metabolically active

E

Environmental Variable ——»

Figure 1.14. Alrternative adaptive phenotyvpic responses to a changing environmental vari-
able illustrared by plotting the fr::quﬂn{.} disrriburtion n-.l' henorypes against an environ-
mental variable critical d pularion may consist of
individuals with differen as u% n¥a r range of the environ-
mental variable; (B) population may consist of a phenotype capable of survival and repro-

ductive success across g broad range of the gnvironme l""l.] va I‘I:‘lh - () individuals may
suspend metabolic ac muu* k -htal variable exceeds a
critical threshold.




Homoostaa
Geneetiline|
assimilee-
rumine
Kanalisee-
rumine



Adaptatsioon

= Protsess ja parilik tunnus/tunnuste kompleks, mis
vOoimaldab organismil ellu jaada ja/vdoi muudab ta
edukamaks (kohasemaks) antud
keskkonnatingimustes

= Aptatsioon - struktuur, mis tostab kohasust

= Adaptatsioon s.s. - aptatsioon, mis on kujunenud
praeguseks otstarbeks

= Eksaptatsioon ja

* Preadaptatsioon - struktuurid voi funktsioonid, mis
arenesid Uhes kontekstis, hiljem hakkasid taitma
(lisaks vOI ainult) teist funktsiooni

= Uksiktunnused ja kompleksid — adaptiivsed
sundroomid



Analoogia ja homoloogia
Parallelism ja konvergents

Cypripedium calceolus

Bromus catharticus ™ . i



cabhage
[comulensed sloit)

bruosscls sprouts
{lateral huds)

braccoli
Hower claster)

kohlrain
iswallen stem
and leaf hases)




4
i
;

convergence

characters:

analogous , O

homologous E 1‘% P

characters:

Figure 7.1. Evolutionary parallelism, divergence, and convergence diagrammed in terms
of a hypothetical cladogram for eleven phyletically related taxa. Symbols denote different
states of a single phenotypic trait. Arrows connecting symbols show character transforma-
tions among the states of the trait. Homologous character states are those that are derived
directly from the same previous character states, are comparable parts of the same charac-
ter transformation series, or are identical with thar of the last common ancestor. Analo-
gous characters appear to be similar because they serve the same function, but they are
derived from different character states.




Vastuolud

= Adaptatsionistid
= Neutraalse evolutsiooni teooria

= Kompromiss nn sunteetiline
evolutsiooniteooria



Evolutsioon — kuidas
Ikkagi?

Evolutsiooni kiirus

~Uleetiline gradualism, muutuste aeglane
Kogunemine

Katkestatud tasakaal, “plahvatused”
Evolutsiooni-liigitekke mudelid
Jagunemine

Fuleetiline

Kvantliigiteke




Uudsuste tekkimine

= [udsused - vanade tunnuste modifikatsioonid

= Juhuslikult tekkinud uudsus voib esile kutsuda
diversitikatsiooni

* (Geneetiline assimileerimine
= Spetsialiseerumine
= Makromutatsioonid

* Suur roll ka mutatsioonide juhuslikul tekkel ja
fikseerumisel



Makroevolutsioon

-Evolutsiooniline “radiatsioon”ehk
diversifikatsioon- ekstensiivne, kiire
divergeerumine ja liigiteke, mis viib terve uue
liikide grupi tekkele, oluline adaptatiivsete
uudsuste teke

Adaptiivne radiatsioon. Kuidas?
Eri nisside holvamine, uus areaal
eLiikide vastastikune moju

Parallelismid, koevolutsioon,
arengukonversioonid, suguline valik

*Arenguline radiatsioon



Mitteadaptiivne radiatsioon
ehk difuusne evolutsioon

*Evolution abhors a vacuum—whenever
possible, organisms will evolve by chance
Into and come to occupy all regions in the
domain of theoretically possible
phenotypes that permit survival and
reproductive success” (Niklaus)



Divergeerumise uurimine

Vahe korralikult uuritud ruthmi (pisut enam
saartel)

Molekulaarsiistemaatika toid saab kasutada
difuusse evolutsiooni uurimiseks

Ringpohjendused
Fenotlupsete tunnuste kasutamine

fulogeneesi koostamiseks viib tstklilisele
pohjendamisele

Molekulaarne fulogenees aluseks

Selle baasil saab uurida morfoloogiat,
Okoloogiat jm



Naide: Brocchinia (Bromeliaceae

Prominent aerenchyma

Brosd long aves / Myrmecophity Givnish et al. (1997)

Thin leaf cross-section Tank habit Carnivory
Mucilage secretion /,,-r Epiphytism
()
% [Absurptwe trichomes
Thick ground-tissue layer
Pungent leaf tips » Saxicoly

Figure 8.13. Tank habit as a key innovation in Brocchinia, showing entrain |}
phological traits and the evolutionary path leading to specialized mecha
subsequent ecological dominance and widespread distribution.

. o3k

Plade 1. Adapiive radiation in Brocokinin fvee Chapler B



Naide: Hawal Viola

/ﬁsut:fa%p f-:arest O \f? %d? Q
@’dry'?é'ré{tfc_l{f'f' older ——= younger
_I:maviensis HA 0 & 2 ‘
lanalensis 0 Q

-[maviensis MO 0 &' " Q

robusta 0 Q

£ —oahuensis 0 ¥ ﬁj'ﬂ Q
[kauaensls N I Q
waialenalenae M B ‘ﬁﬂﬂ Q

— e E NS . 1:}'? ?ﬂﬂ Q
rchamisscniana 0 » ‘fjﬂﬂ Q
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Paljunemisviisid ja nende
osa taimede evolutsioonis



Bell (1982) “Sex is
the queen of
problems In
evolutionary
biology. Perhaps
no other natural
phenomenon has
aroused so much
Interest; certainly
none has sowed as




Millest koosneb suguline
paljunemine?

rekombinatsioon
segregatsioon
sungaamia

uute genotulpide teke



Seksi hind ehk miks mitte
seksida?

= Rekombinatsioon |ohub edukad
geenikombinatsioonid - evolutsioon aeglustub

* Osa jarglasi on madala kohasusega

= Meloos ja sungaamia on aeganoudvamad kui
mIitoos

= Korgematel organismidel voib seks olla seotud
riskiga

= Toimub gameetide “raiskamine” ja seksuaalne
dimorfism “maksab”

= Madala asustustiheduse korral on paaritumine
raskendatud



Seksi hind ehk miks mitte
seksida?

= QOlulisim: sugulised @ @

emased saavad Hutcross Self
sama kuluga edas
anda vaid 50% om + +

geenidest

| gene 2 genes



Miks ikkagl seks?

Loob varieeruvust, samas ka uhtlustab
DNA parandamise hupotees: krossingover

Mulleri “hammasratas’ - aseksuaalsetes
kloonides kuhjuvad kahjulikud mutatsioonid,
rekombinatsioon elimineerib need

Fisher-Mulleri hupotees - rekombinatsioon
loob uusi alleelikombinatsioone, voimaldab
kasulikul mutatsioonil avalduda

Loob evolutsiooni “materjali” kiiresti
muutuvas keskkonnas






Segiaetud panga hupotees

= Bell 1982, Felsenstein 1988
= ruumiline heterogeensus

= osad genotutbid edukad Uhtedes
tingimustes, ebaedukad teistes, teised
vice versa

= suguliselt paljunevad rithmad suudavad
holmata rohkem nisse kui piiratud arv
partenogeneetilisi kloone



Punase emanda hlupotees

= eelmisega sarnane, rohutab keskkonna
heterogeensust ja muutlikkust

= Viimased hupoteesid on kooskolas sellega, et
stabiilsetes tingimustes, kus on suur

konkurents, on seksuaalne paljunemine
levinum



Taimepopulatsioonid looduses

= Paljud liigid esinevad
valdavalt vaikeste
populatsioonidena

= Populatsioonid on
fragmenteeritud ja
Isoleeritud

= Paljudel liikidel
pliratud levikuvoime

= Sugulusristumine on
tavaline




Taimede korvalekalded
panmiksisest

risttolmlemine = Kolm aarmuslikku
naabertaimede strateegiat
vahel (vitsinism) - panmiksis
Isetolmlemine . autogaamia
(autogaamia) . aseksuaalsus
vegetatiivne * Praktikas sagell
paljunemine segastrateegia

agamospermia



Inbriiding

= |gasuguse mittejuhusliku paljunemise
tagajarg
= Koefitsient F
« F-->0 panmiksis
« F-->1 Inbriiding



Inbriiding

Rohkem
homostgoote, vahem
heteroslgoote

El muuda
allelisagedusi
Genotuubiline ja
fenotuubiline
varieeruvus vaheneb
populatsiooni sees,
suureneb
populatsioonide vahel

Inbriidingudepressioo
n

NMumber of individuals

Selfed

e bt

J

Qutcrossed

L

100 300 500 700 900

100 1300

Number of heterozygous loci



Populatsioonidevaheline

geneetiline erinevus
Soltis & Soltis 1989

Korge Madal
Isetolmlemine Risttolmlemine
Hermafrodiidid Uhe- ja kahekojalised
Gravitatsiooniline Tuul- ja loomlevi
seemnelevi
Uheaastane Mitmeaastane
Monokarpne Poliikarpne

Suktsessioonis varane

Suktsessioonis hiline




Tolmlemine ja viljastumine

= Risttolmlemine ehk

allogaamia

« ksenogaamia

e anemofiilia
e hudrofiilia

» zoofiilia

» geitonogaamia

= [setolmlemine ehk
autogaamia

€200 Adders Repley




pollen donation

same flower ‘/ \‘mllerent flower
autogamy allogamy
selfing
same ramet different ramet
geitonogamy
selfing
same genet different genet
geitonogamy xenogamy
selfing Crossing

FIGURE 22.4 Patterns of pollen transfer within and between flowers and plants.
(From Richards 1986:3)



RISLLOHTHEITHSE lagallllse
mehhanismid - lahksugulisus

TABLE 22.2 Common Types of Sex Distribution Within and Between Flowers and
Genets of Angiosperms. (From Richards 1986: 4)

Distribution of

SEX OFEURS
within a within a Angiosperm
Name flower plant Breeding system species (%)
dioecy dor? dor ¥  xenmogamous (outcrossing) 4
gynodioecy g, dor? dor?  xenogamous, 7
geitonogamous, autogamous
monoecy dor? ¢ allogamous, some selfing, J
SOME Crossing
ZYNOMONOECy dor? ) allogamous and autogamous 3
hermaphrodity d d allogamous and autogamous 72

(other)

2le




Risttolmlemise tagamise
mehhanismid

Dihhogaamia
 proterandria
» proteroguunia

Figure 22. Two flowering stoges in red valerion (Centranthus ruber). The
stamen, which ripens before the stigma, moves out of the way when the latter
reaches maturity. This is intended to prevent self-pollination.



e —— -

= e e ——

= e e —

Long style Mid style Ehort style

Fig. 7.3. Symbolic representation of distyly and tristyly. In each system., the
compatible pollinations only involve anthers and styles at the same level, and
therefore the following are incompatible combinations: pin = pin,

thrum = thrum, long = long, mid = mid, and short = short. (From De
Nettancourt, 1977 Darwin {1877) listed 14 families in which heterostyly had
been confirmed. This list has now been extended 1o . 25 famihes ( Barretn.

199 2)



Risttolmlemise tagamise
mehhanismid: gametofiuiitne

I S eS O b I m a‘t u S Pollen parent qE“D\

1 pistil

.5'1_54 istil

Fig. 7.1. Gametophvtic sell-mcompatubihity. A pollen parent of genolype

5,5, will be infertile, semi-fertile or fully fertile according to the genotype of the
|';|'|'| ale plant. In most species with this svstem, incompatible pollen tubes are
inhibited in the style, ES = embryvo-sac. (From ||..-|n|* Harrison, 1975 Note

that in some familics gametophyvtic sell-incompatbility 15 more complex
genetically, being controlled by two or more loci (D¢ Nettancourt, 1977



MNIOoLLUIITIHTHTTOL Layallllot©

mehhanismid: sporofiiiitne
ISesobimatus

Sporophytic Self-incompatibility

exine {outer cotlen

£ @ el ) containg

= paraent Fissae
ia: {'EF.::T‘::-Fh'i’-.-]—q'c-_}
e -ﬂ-::-.mﬂ‘l'ﬁ?'l::h]r"l"it_ tisgy =

car= -4 o iy
[ et 'E.é-::m"l.s f"”“f""" ] /
exine ; tuloe Iy

inTeErfoction copd Sar-foce

http://www life.illinois.edu/ib/335/BreedingSystems/BreedingSystems.html



stigma
tuup

marg

kuiv

Isesobimatus

stigma papillide oOietolmu oietolmu isesobi-

eksudaat kutiikula hudra-

tatsioon

olemas mitte- valine
pidev

puudub pidev sisemine

sisene-
mine

Inter-
tsellu-
laarne

Intra-
tsellu-
laarne

matuse
tutp

gameto-
fuiiitne

Sporo-
futitne



Isetolmlemine

= [sesobivus
= Struktuursed mehhanismid (kleisotgaamia)

* Obligaatsed ja fakultatiivsed



Aseksuaalne

paljunemine=

apomiksis s.|

" Vegetatiivne
paljunemine
o Taimefragmendid
» Spetsiaalsed struktu
« Vivipaaria:
toeline ja
pseudo

* Agamospermia ehl
apomiksis S.S.

Cryptovivipary

The embryo grows
to break through the

seed coat but notthe || _ F

fruit wall before it
A Q* ﬂ% (- "._

splits open
Photos Copyright Hugo Cota-Sanchez, 2007

Figure showing different stages of vivipary iu fruits and offspring of Epiphyllum
phvllands. A. Marre, four-week-old fruit showing the area of dehiscence (arrow). region
throngh which the viviparous seedlings emerge upon germination. B. Six-week-old fimit on
maother plant showing the emergence of viviparons seedlings through pericarp. C. A seven-
week-old fruit on mother plant with viviparous oflspring. D, Close-up of a six-week-old
viviparous fiuit. E. Developmental series of viviparous seedlings harvested from the fruit in
the previous picture. Scale: 1 bar = | mm. From: Cota-Sénchez. 1. H. & D. D. Abreu.
(2007). Vivipary and offspring survival in the epiphytic cactus Epiphyvllum plvllantius
(Cactaceae). Jowrnal of Experimental Botany 58: 3865-3873 (doi: 10.1093/jxb/erm232).




Agamospermia

= fertillsete
‘seemnete
aseksuaalne,
viljastumiseta
moodustumin
e

http://et.wikipedia.org/wiki/Pilt:36_Taraxacum officinale.jpg



ciriasgalriectde arelig ja
viljastamine Oistaimedel

1. arhesporogenees

sporofultdi seemnealgme nutselli rakud = arhespoori
rakk

2. Sporogenees

arhespoor = meioos = 4 makrospoori = uhest
megagametoftiudi emarakk

3. megagametogenees

emarakk = 3 mitoosi = 8-tuumaline lootekott
(emasgametofult)

4. gametogenees

lootekoti diferentseerumine 7 rakuks: munarakk, 2
sunergiidi, 3 antipoodi ja 2 polaartuuma thinemisel
moodustunud teistuum

S. Sugotogenees
kaheliviliastamine ia stiaoodi arena



Formation of pollen grains

pollen _
& ) ) 0 tubi::uclel o
o/ o =

microspores  microspore generative nucleus  gperm nuclei

(elle

Formation of the embryo sac Arrange- fertilization Seed
i 6) E) \ment by sperm (1N)
Div. Div. Diy kntipodal
1 @ 7 @@ 3 I @@ ##‘-__ -..__E“du(s::;le)rm
polar
/@ \/ @ - @@ N @@ - @@ nuclei
@ @ @ / S
N
s Embryo



Agamospermia liigid
1. adventiivhe embruoonia ehk sporofiititne
agamospermia

embrio tekib nutselli somaatilistest rakkudest,
lootekott puudub

koos normaalse sugulise sigimisega

= 2. apogaamia

lootekott tekib gametofiiiidi 1n rakkudest siingaamia teel

= 3. gametofuutne agamospermia (=partenogenees
S.S., autonoomne embrioonia) meioosi €1 toimu

= 2A. apospooria

lootekott tekib nutselli vim 2n somaatilistest rakkudest,

= 2C. diplospooria

lootekott kujuneb 2n megaspoori emarakust



Agamospermia liigid

. autonoomne agamospermia

seemned arenevad soOltumata tolmeldamisest,
lootekoti teistuum muutub partenogeneetiliselt
endospermiks

Il. pseudogaamia

embruo hakkab arenema enne tolmeldamist,
kuid endospermi moodustumiseks on vajalik
teistuuma viljastamine

Obligaatne ja fakultatiivne



Asteraceae, Poaceae, Rosaceae




Evolutsiooniline potentsiaal

=+

heteroosi fikseerumine
hubriididel paas
steriilsusest

tugev heterosugootsus
soltumatus tolmlemisest

voimaldab uute alade
holvamist uksikisendi
jareltulijatega
diaspooride edukas
kauglevi

kokkuhoid seksi hinnalt

puudub kasulike
mutatsioonide
rekombinatsioon =

varieeruvuse
puudumine =

uks genotuup,
ebaedukad muutuvas
keskkonnas

kasutute mutatsioonide
Kuhjumine



S€gastialeegia
naiteid

4. /;7// TP

Weifklee.
http://et.wikipedia.org/wiki/Ristik

MBSRIOS TARAKNEUN BERIERNRE http://et.wikipedia.org/wiki/Pilt:36_Taraxacum_officinale jpg



Litkide
tekkimine




Liigitekke viisid

Sympatric Speciation

(1) Ancestral Population
(homogeneous)

= allopatriline
= sumpatriline
O (parapatr|||ne)(2) New Population Appears

VWithin Ancestral Population

(3) Two Sympatric, Non-interbreeding
Species Are Established




Punctuated

s



Liigitekke viisid

« geograafiline

» poluploidne

« Kromosomaalne
« Okoloogiline

« aseksuaalne

« hubriidne

s JNEe



Geograafiline liigiteke

DEGREE OF ISOLATION

« geograafiline
kaugus, mis
valdib voi piirab = | -\ L Genus -
ristumist

» tavalisim nii
taimedel kui
loomadel

» palju téendeid

TIME

——— Biological species —

—— fee———— Semispecies —

— — — —— Geographical race —
—————————— Local race -

==~ Ancestral population —

http://www.plant.siu.edu/PLB479/Lectures%20PLB479/SpeciationProcess.html ) ARACILIMT OF MIEEEBEMTIATIOMN

STAGE



Voimalikud barjaarid

= Maeahelikud

= Merl,
mageveekogud

= Maa (veeliikidele)
= Jaa, liustikud
= Orud




Geograafllme Iuglteke
Mudelid e

The populations become allopatric

= klassikaline
allopatriline
Mmudel s.s.

Geographic
barrier

Populations become sympatric Populations become
again and interbreed. sympatric again but
Speciation has not occurred. do not interbreed.

Speciation has occurred,
Copyright & Paarson Educatioh, Inc., publishing as Benjamin Cummings.



Geograafiline liigiteke

» pioneeriefekti

Founder effect

mudel (founder
effect)

» perifeersete
Isolaatide
mudel

@x

20 blue
10 red

silverswords in
u‘f Hawaii,

A " tarweeds in
California



Poluploidne liigiteke

Poluploidid enamasti diploididega el
ristu

Paralleelselt erinevates kohtades
Kiire, spontaanne

Maismaataimed iidsed poluploidid
Sumpatriline

Enamasti allopoluploidne, harvem
autopoluploidne



Autopoluploidne liigiteke

ol

= Kromosoomistiku
duplikatsioon

= Allopatriline vOI
sumpatriline

= Fusioloogilised
erinevused

= Duplikaatsetes
lookustes allelide
vaigistamine

= Harv




Kromosomaalne
liigiteke

Sumpatriline

Kiire

Vaikestes populatsioonides

Valik ja adaptatsioon ei mangi rolli
Homoploidne hubriidne liigiteke
Kvant-liigiteke

Stasipatriline liigiteke



Kvant-liigiteke

Clarkia




Okoloogiline liigiteke

= populatsioonid
adapteeruvad
jarkjargult & ©wp Amstrong 2000
erinevatele O
nissidele

= sumpatriline
vOI parapatriline

= sOsarliigid




Aseksuaalne Inglteke

klonaalsetel, L
partenogeneetilis .
tel organismidel :

mutatsioonide &
akumuleerumine ,

ristumiste-
klonaalsete
perioodide
vaheldumine
mikroliigid,
taksonoomilised
probleemid




Hubridisatsioon

s.l. lgasugune
erinevate
genotuupide
ristviljastumine, nii
lilgisisene Kuli
lilkidevaheline

S.S.

Seotud teiste
protsessidega
Geograafilised ja
okoloogilised rassid




Hubrindid

Vahepealsed
Mitte alati
Uued tunnused
Sageli tavalised

Vahel kaugel
vanemliikidest

Taimedel vaga
tavalised

Materjal valikule



INntrogressioon

Tagasiristumine

Uhe- voi kahesuunaline
Sarnasus Uhe vanemaga
Laiem 6koloogiline amp[it_uud
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Fig. 1. The shortest Wagnéer parsimony tree of 54 steps
using 4% chloroplast DNA restriction site mutations, Gray
area represents the unresolved trichotomy, Mutations are
numbered according to Table 2. Gains and losses of sites
are indicated by + and —, respectively. Parentheses in-
dicate convergences. A large number of other site muta-
tions (many of which could not be precisely inferred in
side-by-side comparisons) separated Salix exipra from all
other Populus species and are not shown at the base of the
tree. Two convergent site mutations occur between Salix
and specific lineages within Populus. These mutations are
arbitrarily ordered relative 1o Salix. Confidence levels for
each lineage from bootstrap analysis are shown as percents.
This Wagner tree is topologically congruent to the shortest
Dollo tree.
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Fig. 4. The shortest Wagner parsimony trée of 24 steps
using 21 nuclear rDNA restriction site mutations. Gray
area represents the unresolved trichotomy, Mutations are
numbered according 1o Table 4. Gains and losses of sites
are indicated by + and —, respectively, Parentheses in-
dicate convergences. Eleven site changes separating Safix
exigua and all species of Popuwlus are arbitrarily ordered
relative to Salfix. The consensus tree of three equally short
Daollo trees places the lineage of P. balsamifera and F.
szechuanicaas a fourth radiation from the unresolved poly-
chotomy.

Smith & Sytsma (1990)



Hubriidne liigiteke

= Homoploidne hubriidne
liigiteke

Peekerlill Penstemon

P. spectabilis P. clevelandii
wasp-pollinated  =———— bee-and hummingbird-pollinated
i(lavender. inflated) (magenta, semi-inflated)
subsection Spectabiles subsection Speciabiles
P. grinnellii P. centranthifolius
carpenter-bee pollinated hummingbird-pollinated
(pink, inflated) {red, tubular)

subsection Spectabiles subsection Cenfranihifolii
z g




Rekombinatsiooniline
liigiteke

Okoloogiline
lilgiteke

algse
hubridisatsiooniga




Allopoluploidne
liigiteke

= 47% o1staimi ja 97%
sonajalgu hiibriidid

omanes_ssp_trichomanes.php
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Looduses

= Uhe liigi teket voib seletada mitu
mudelit

= Litk loetakse tekkinuks, kui
populatsioonid uuesti
kontakteerudes enam el ristu



(Reproduktiivse)
Isolatsiooni
mehhanismid

Pliravad geenisiiret
divergentsete
populatsioonide vahel



Ruumiline ehk
geograafiline isolatsioon

= Lihtne, rassidel ja alamliikidel
= Voib olla liigitekke algus
= Varaseim, ajutine

= EI ole geneetiliselt maaratud,
valine mehhanism



Keskkonnaline ehk

Okoloogiline isolatsioon
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Reproduktiivne isolatsioon s.s.
Presugootsed mehhanismid
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|
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FIGURE 4. Phenology of V. conspersa (white), V. rostrata (gray), and V. striata (black) based
on specimens at MICH from south-central Michigan; initials of specific epithets
indicate means of collection dates for each species.



Presugootsed mehhanismid

= Etoloogiline CQ)

« Olestruktuuride R
erinev areng,
o0

muster

« erinevad
tolmeldajad




Presugootsed mehhanismid

= Mehhaaniline

« OIlte erinevad
struktuurid

Ficone 2. Diagram to show nofotribde pollination in Viels—A. Proboscis inserted into
petal ipur; pollen from another flower contacts opening of stigmatic cavity.—B, Proboscis
[ ) Sama prnetrakes b ectar: stﬂl' raised and ]5-.1|||'n releised. —C, Proboscls '|.l.1lh4lrn'|l.'n with new [HJ]-

f ben boad, style back to resting position
tolmeldaja

= Gameetne
» ISesobimatus

Ficung 3. Diagram to show stemotribic pollination in Viala—A. Proboscis inserbed Into
petal spur; pollen from another fower contacts opening of digmatie cavity,—B i".rulmlr:
enedratos (o moclar; stybe madsed and pollen relemsed —C. Proloscls withdmwn with new
pollen Tl -.:}-I.p Ik §n resting position.



Reproduktiivne isolatsioon s.s.
Postsugootsed mehhanismid

= Postsugootne iIsesobimatus

« embruo sureb enne seemne
valmimist vol el ole
idanemisvoimeline

= Hubriidide eluvoimetus
« F1 el saavuta sugukupsuse iga

= Hubriidide alakohasus
« F2 norgad, haigustundlikud jms



Postsugootsed
mehhanismid

= Hubriidide steriilsus
« geenne
« Kromosomaalne
» tsUtoplasmaatiline



| ooduses

= Uks mehhanism domineerib, lisaks teised

* Tugevamad hiljuti divergeerunud,
sosarliikidel



Litk, sustemaatika
ja evolutsioon



Liigikontseptsioonid

= Morfoloogiline

« “Species are the smallest groups that are
consistently and persistently distinct, and
distinguishable by ordinary means.” (A.
Cronqguist)

= Bioloogiline
. “Species Is a group of interbreeding

populations which are reproductively
Isolated from other such groups.” (E. Mayr)



Liigikontseptsioonid

= Fulogeneetiline (s.l.)
« monofuleetilisus
» SUnapomorfsed tunnused
= Evolutsiooniline

= “An evolutionary species Is a lineage
(an ancestral-descendent sequence of
populations) evolving separately from
others and with its own unitary
evolutionary role and tendencies.” (G.
Simpson)



Liigikontseptsioonid

= Okoloogiline

“A species Is a linegae (or a closely
related set of lineages) which occupies
an adaptive zone minimally different
from that of any other lineage in its
range and which evolves separately

from all lineages outside its range.”
(Van Valen)

= Pliratud kasutusega: feneetiline,
geneetiline, paleontoloogiline



Kolm vaatepunkti

Taksonoomia

Evolutsioon

Kladistika

Vastuolud

Ukski kontsepstioon ei hélma kogu varieeruvust

Sustemaatika eesmark on praktiline
klassifikatsioon, aga morfoloogiline
kontseptsioon alahindab varieeruvust

Evolutsiooni kailku on vaga raske tuvastada

Evolutsioon el kulge sugugi alati
monofuleetiliselt jJa parsimoonselt

Aseksuaalsus, autogaamia, poluploidia,
hubridisatsioon jm



Miks liigid
eksisteerivad?

stabiilsed mittepideva mateeria
seisundid

adaptatsioonid diskreetsetele
okonissidele
reproduktiivne isolatsioon

pohjustab hiaatusi ja sOltumatut
evolutsiooni



Lilgisisene varieeruvus

« diskreetne
» pidev

= Populatsioonisisene

= Geograafiline
« klinaalne Uhe tunnuse suhtes
« klinaalne mitme tunnuse suhtes
« Mosailikne
= Okotuupne
« keerukas mitmetunnuseline varieeruvus

» geneetiliselt maaratud tunnused
adapteerunud kohalikule keskkonnale

e lTUresson



Highly diagrammatic representations of some
common patterns of geographic vanation,

(A) Two classical subspecies that interbreed
along a narrow border. Size and color are
correlated. (B) Abrupt transition in each of
two characters that have discordant
distributions. (C) Concordant clines in e¢ach of
two characters, (D) Discordant clines in each

of two characters. (E) An east-west cline 1n
the frequency of black and white individuals;
each “pie diagram™ represents proportions in
a sample from a single locality. (F) A mosaic
distribution of two phenotypes, as might be
observed if one (black) were a wetland
ecotype and the other (white) an upland
ccotype.



Liigisisene varieeruvus

= kromosomaalne

. autopoliploidid \ i 3
 translokatsioonid, |
inversioonid jms l /
= Molekulaarne > | |

geograafiline

» el ole sageli kooskolas
morfoloogilise |
varieeruvusega P




Liigisisesed
taksonoomilised uhikud

=Vvorm
« Nt albiino

= varieteet

« norgalt morfoloogiliselt ja dkoloogiliselt
eristunud, geograafiliselt enamasti mitte

= alamliik

« Mmorfoloogiliselt ja geograafiliselt eristunud
populatsioonide kogumik
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