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Feneticky pristup (multivariatné metody; “pattern”; zhlukova
analyza, ordinéné metody, diskriminaa analyza)

Kladisticky pristup (parsimonicka analyza)

Alternativne pristupy k rekonstrukcii fylogenézy

(metdda spajania susednych objektawetghbour joining
method metody najvése] pravdepodobnostimaximum
likelihood Bayesovske metddyBayesian statistical methods

Geometricka morfometrika (Booksteinove suradnice tvaru,
Prokrustova analyza, metoda ohybnych pastekr-plate spling

Softver MorphoTools2, SYNTAX 2000,
[PAUP* version 4.0, beta version 10 (http://paup.csit.fsu.edu/),
d’alSi Specializovany softveér]
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Feneticky pristup

Department of Entomology, University of Kansas, Lawrence, U.S.A.

Michener, Ch.D. & Sokal, R.R. 195X.quantitative approach to a
problem in classificatiorEvolution11: 130-162.

Department of Microbiology, University of Leicester, U.K.

Sneath, P.H.A. 1956ome thoughts on bacterial classification.
Gen. Microbiol 17: 184-200.

Sokal, R.R. & Sneath, P.H.A. 19&inciples of numerical
taxonomyW. H. Freeman and comp., San Francisco & London.

Sneath, P.H.A. & Sokal, R.R. 19A8umerical taxonomy, the
principles and practice of numerical classificatidid. H. Freeman
and comp., San Francisco.



Neo-adansonovskeé principy

 Cim v&si jeobsah informaci® taxénoch a naim v&som paéte znakoy
je klasifikacia zalozena, tym je tato klasifikazasia.

o Kazdyznakma pri tvorbe taxdénoxovnaku vahu

e Celkovapodobnos medzi akymikévek dvomi jednotkami jéunkciol
podobnosti v jednotlivych znakoch.

e Taxony sa rozoznavaju na zaklade toho, zkosalaciemedzi znakmi v
r6znych skupinach lisia.

« Usudky o fylogenézsa mozu robi z taxonomickej Struktirgkupiny a
korelacii medzi znakmi. Beru sa pritom do Uvahyitarpredpoklad
(premisy) o evolénych cestach a mechanizmoch.

e TaxonOmia sa povazuje paaktickl a empiricku vedu

» Klasifikacie sa zakladaju rempirickej podobnosti



Feneticky pristup

« Terminy: numerical taxonomy (Sokal & Sneath), staial systematics
(Solbrig), numerical phenetics (Duncan & Baum), tealiate morphometrics
(Blackith & Reyment)

* Operd&ne taxonomickeé jednotky (OTU)

« Znaky, primarna matica, pet znakov, korelacie

« Koeficienty vyjadrujuce wahy medzi znakmi alebo objektmi, sekundarna
matica

« Multivariacné metody (zhlukovacie metody, ordina metody, diskriminaa
analyza)

* ROzne metddy mozu prinieésdzne vysledky

* Vyuzitie metod v minulosti a v $asnej taxonomickej praxi (infraspecificka
variabilita, polyploidné komplexy, Stadium morfolokgej variability v

rozsiahlych arealoch, molekularne data)



Zhlukovacia analyza




Analyza hlavnych
komponentov

Kanonicka
diskrimina&na analyza



Klasifika ¢na diskrimina¢na analyza

skupina prislusnost’ rastlin k stanovenym skupinam predpovedana na
zaklade vytvoreného klasifikacného kritéria (absolutny pocCet a
percento rastlin klasifikovanych do jednotlivych skupin)

amara austr. olot. opicii pyren. Celkom
amara 349 20 3 1 7 380

91.84 526 0.79 026 1.84 100.00%
austriaca 51 302 1 6 8 368

13.86 82.07 0.27 163 2.17 100.00%
olotensis 2 0 99 0 0 101

198 0.00 98.02 0.00 0.00 100.00%
opicii 1 9 0 326 42 378

0.26 238 0.00 86.24 11.11 100.00%
pyrenaea 1 11 0 19 207 238

042 462 000 798 86.97



B. pubescens = -35 B. pendula = +21
LTF=1

< LTW=19

DFT=7

Diskriminacna funkciana ugenie druhowBetula pubescersB. pendula
12LTF + 2DFT — 2LTW - 23

kladné hodnotyB. pendula

zaporné hodnotf3. pubescens

pravdepodobnasspravneho wenia 9%

(Stace, C. A., 1991, New Flora of the British I$les



Marhold, K. & Suda, J. 200&tatisticke zpracovani
mnohorozrrnych dat v taxonomiKarolinum, Praha.




Hebak, P. & Hustopecky, J. 1987icerozréarne statistické metody s
aplikacemi SNTL — nakladatelstvi technicke literatury, Alfa,
vydavatéstvo technickej a ekonomickej literatury, Praha.

Hebak, P., Hustopecky, J., JaroSova, E. & Pecakav2007
Vicerozrdrné statisticke metody (1d. 2. Informatorium, Praha.

Hebak, P., Hustopecky, J. & Mala, |. 20085cerozrdrné statistick
metody (2) Informatorium, Praha.

Hebak, P., Hustopecky, J.e€kova, |., RiSa, M.,Rezankova, H
Svobodova, A. & Vlach, P. 200Yicerozrarné statistické meto
(3). Ed. 2. Informatorium, Praha.
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Legendre, P. & Legendre, L. 199Blumerical ecology Second English
edition. Elsevier, Amsterdam.

Podani, J. 1994Multivariate data analysis in ecology and systecsatsPB
Academic Publishing bv, The Hague.

Podani, J. 2000introduction to the exploration of multivariate lgical
data.Backhuys Publishers, Leiden.

Stuessy, T. F. 1990Plant taxonomy: the systematic evaluatior
comparative dataColumbia University Press, New York.

TOD ¥ NIUEERY Introduction to

the Exploration of

: |
LANT TAXON OMY Multivariate 3 m.J_rrH
. i 8 ical D ata "Wj nﬁ@ﬂﬂlﬂ }l IFH I WM- Ecouogion Conputatons Sares (€CS)

MULTIVARIATE DATA
ANALYSIS IN ECOLOGY

AND SYSTEMATICS
- A methodological guide to the SYN-TAX §.0 package
In memory of my mentar, P. Juhasz-Nagy
Developments in
Environmental
Modelling 20
Janos Podani
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Kladisticky pristup

Hennig, W.

1950: Grundzlge einer Theorie der phylogenetischen Systerbatiksche
Zentralverlag, Berlin.

1965: Phylogenetic systematicAnnual Review of Entomolod: 97-116.

1966: Phylogenetic systematiddniversity of lllinois Press, Urbana.

Botanika:

Koponen, T., 1968: Generic revision of Mniaceae Mitt. (BryophyXai.
Bot. Fennb: 11/7-151.

Funk, V. & Stuessy, T. F. 1978: Cladistics for practicing plant taxonomist.
Syst. Bot3: 159-178.

Bremer, K. & Wantorp, H.- E. 1978: Phylogenetic systematics in botany.
Taxon27: 317-329.
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~—|_evel of Divergence—"

Fig. 217 Cladogram {Wagner tree) of 30 species of Gossypium {Malvaceasa}, modified
from Frywaell "2,

W.H. Wagner, University of Michigan - Groundplan/divergence method



— Stemmacantha
—— Mantisalca
Amberboa
—E Volutaria
— Sect. Cheirolophus
_— Sect. Stizolophus
— Crupina
— Sect. Centaurea

Sect. Pscudophaeopappus
Cnicus

— Centaurea p. p. maj.

Sect. Grossheimia
—— Sect. Chartolepis

™ Sect. Hyalinella

— Sect. Aetheopappus

Fiaune 8-4. Strict consensus tree of six equally parsimonious cladograms of Centau-
rea scctions and related genera based on cypsela characters from Dittrich {1966, pp.
138-139). The data matrix is given in Table 8-4.

Stemmacantha
Mantisalca

52 #—Volutaria

Sect. Cheirolophus

Sect. Stizolophus

Crupina

Sect. Centaurea

Sect. Pseudophaeopappus
Cnicus

Sect. Chartolepis
Sect. Hyalinella
Sect. Aetheopappus

Ficure 8-5. One of six equally parsimonious cladograms of Centaurea sections and
related genera based on cypsela characters from Dittrich (1966, pp. 138-139). The
characters are given in Table 8-3 and the data matrix in Table 8-4. Solid bars indicate
nonhomoplastic synapomorphies; open bars indicate homoplastic synapomorphies
with reversals; double bars indicate parallelisms; crosses indicate reversals.
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FiG. 2. One of five equally parsimonious cladograms of the Empetraceae: Enkfamkus‘ and Dabocci;la::
outgroup taxa. Characters are numbered in accordance with the text, Appendix .1, and with Taltble L a.cs
dots = synapomorphies (ci = 1), white dots = synapomorphies (ci < 1), parallel lines = parallelisms, crosse:

= yeversals.
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AY-Z, X-Y-Z
monofyletické skupiny

B X-Y parafyleticka
skupina

C X-Y polyfyleticka
skupina, paralelizmus

D X-Y polyfyleticka
skupina, konvergencia

TP
" D

Fig. 26 Four diagrams showing different origins of three species {X, Y, Z) from the
ancestral taxa P and Q in order to iliustrate the concepts of monophyly, paraphyly,
polyphyly, parallelism and convergance. The possession of one or other of two contrast-
ing character-states by each of the five taxa is indicated by an open or closed circle
respectively. A. Groups YZ and XYZ are both monophyletic; the similarity batween Y
and Z is a synapomorphy; the difference batween X and YZ is due to divergence. B.
Group XY is paraphyletic; group XYZ is monophyletic; the similarity between X and Y is
a symplesiomorphy; the ditference between Y and Z is due to divergence, C. Group XY is
polyphyletic; group XYZ is monophyletic; the similarity between X and Y is a faise
synapomorphy caused by parallelism. D. Groups XY and XYZ are both polyphylstic:
group YZ is monophyietic; the similarity between X and Y is a false synapomorphy
caused by convergence.



Primitivny stav znaku

Pleziomorfia
Sympleziomorfia

Odvodeny stav znaku
Apomorfia
Autapomorfia
Synapomorfia

Homoplazia = konvergencia + paralelizmus

Mimoskupinové porovnanie(outgroup comparison)



A+B+C+D

—CAB+CD

SALMON

LAMPREY SHARK

time




LAMPREY SHARK SALMON LIZARD

4
? homology ? 13. fin rays
1. paired fins
(a)
LAMPREY SHARK SALMON LIZAFRD

13. fin rays

(b) 2. jaws

1. paired fins



VERTEBRATA

GNATHOSTOMATA

OSTEICHTHYES

[—T ETRAPODA —|
LAMPREY SHARK SALMON LIZARD

D A B C

9. internal nostril

11. prismatic 10. adipose fin

cartilage

12. rasping tongue
8. pentadactyl limb

7. stapes

13. fin rays 6. renal portal

5. lungs

4. maxilla, dentary

3. large dermal bones

1. paired fins



Forey, P.L., Humphries, C.J., Kitching, 1.J., Saod, R.W., Siebert, D.J. &
Wiliams, D.M., 1992Cladistics. A practical course in systematiCsarendon

Press, Oxford.
Kitching, 1.J., Forey, P.L., Humphries, C.J. & Walins, D.M., 1998Cladistics.

The theory and practice of parsimony analygid. 2. Oxford University
Press, Oxford.

Stuessy, T. F. 199@lant taxonomy: the systematic evaluation of coraipas
data. Columbia University Press, New York.

Wiley, E.O., Siegel-Causey, D., Brooks, D.R. & FuRKA. 1991.The comple:
cladist, a primer of phylogenetic procedureBhe University of Kansas,
Museum of Natural History, Lawrence.

K dispozicii na www stranke: http://nhm.ku.edu/¢mh

OXFORD SCIENCE PUBLICATIONS

PLANT TAXONOMY

CLADISTICS

Tur CoMPLEAT ClLADIST

A Primer of Phylogenetic Procedures

P. L. FOREY, C. J. HUMPHRIES,
I L. KITCHING, R. W. SCOTLAND,
D. J. SIEBERT, ano D. M. WILLIAMS

.............

THE SYSTEMATICS ASSOCIATION PUBLICATION NO. 10



Geometricka morfometrika

Thompson, A. W. 1917.0n growth and form. Cambridge University
Press, Cambridge.

Argyropeleciis offersi. Sternopiyx diaphana.



Geometrickd morfometrika

A A B A

Vzajomne vZahy tvarov druhostenoptyx diaphan@d) a Argyropelecus
olfersi (B) — vzorove data z programu tpsSpline
(http://life.bio.sunysb.edu/morph/), C — zobrazenie @edk transformacie

pomocou ohybnej paskthin-plate spling, D — to isté vyjadrené pomocou
vektorov



Geometrickd morfometrika

:

Prokrustova analyza — konsenzualna konfiguracia plnoarou, jednotlivy
objekt bodkovane; b — superpozicia metdodou GLS (rozdiely v pozicii
zodpovedajucich vyzrtaych bodov su porovndiee); ¢ — superpozicia metddou
rezistentného prispésobenia (objekty sa vyrazne liSia v poziciejeal bodu)



Rohlf, F.J. & Bookstein, F.L., eds., 1990. Procagdiof the Michigan
morphometric workshogspecial Publ. No. 2, The University of Michigan
Museum of ZoologyBlue book]

Bookstein, F.L. 199IMorphometric tools for landmark data: geometry and
biology.Cambridge University Press, New York. [Red bookK]

Marcus, L.F., Bello, E. & Garcia-Valdecasas, As.ed993 Contributions to
morphometrics.Museo Nacional de Ciencias Naturales, Madrid. ¢E
book]

Marcus, L.F., Corti, M., Loy, A., Naylor, G.J.P. &lice, D.E., eds., 1996.
Advances in morphometricBlATO ASI Series A: Life Scien&®4 [White
book]

Proceedings of the
Michigan Morphometrics Workshop

, : CONTRIBUTIONS Advances in
: TO Morphometrics
Morphometric Tools for WS ek RO

Landmark Data Leske F, Marcus

Marco Corti

‘ Anna Loy
MONOGRAFIAS Gavin J. P. Naylor and
Dennis E. Slice

Geometry and Biology

Fred L. Bookstein

Consejo Superior de Investigaciones Cientificas AT Setiok

Series A: Life Sciences Vol, 284



Macleod, N & Forey, P. 200Rlorphology, shape and phylogenyaylor
and Francis, London, New York.

Macholan, M. 1999. Prokrustes, deformace a novdamatrie.Vesmir78:
35-39.



