8. Syntéza a aplikace vysledku
fylogenetickych analyz

* molekularni vs. morfologicka data ve
fylogenetické analyze
* Caste zdroje chyb
* kombinovana vs. oddelena analyza
* vyuziti fylogenetickych analyz pro:

— klasifikaci

— testovani evoluénich scénaru a adaptaci
— historickou biogeografii a testy kospeciace



The Cladisticules ©Tom Stidham

outgroup

Horn Antenna

, www.phylo.org/sub-sections/outreach/outreach_c



outgroup

The Cladisticules

Horn Antenna
Head ﬂ C_:.'
Thorax el
Abdomen =)
2 3 4 5
head fused to thorax| feet twia numebr of legs | antennas absent | homs absent thorax abdomen
ves (0) v toes (0)| four (0) six | (0] present (1) (o white (0) white (0)
(1) three toes (1) present (1) hour glass (1) hlack (1)
(1)
Joe (OG)
April
Mike
Tanya
Bobby
Jason
Jerry

Jane




1 2 3 4 5 6 T

head fused to thorax| feet wo numebr of legs| antennae  absent| homs absent thorax abdomen
ves (0) no ftoes (0)| four{0) six| (0) present (1)] (0) present white (0} white (0)
(1) three foes (1) (1) (1) hour glass (1) black (1)
Joe (OG) 0 0 0 0 0 0 0
April 1 1 0 0 1 0 1
Mike 1 1 1 1 0 0 0
Tanya 1 1 1 1 0 1 1
Babby 1 0 0 0 0 0 0
Jason 1 1 1 0 0 0 0
Jemy 1 1 1 1 0 1 0
Jane 1 1 0 0 1 0 1
. i
The Cladisticules a
outgroup i i
'—ui—‘ 0D
Bobby Apnl Jane Tanva Jerryv| Mike Jason

lllustrating grouping of the cladisticules by shared, derived characters (i.e., shared state '1' in this example).
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Bobby hpnl Jane Tanv Jerrv| Mike Jason

lllustrating a homoplasic character, #7 considered homoplasic because it is incongruent with the other characters.
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Joe (the outgroup) would connect here. h‘\
A node -- each node corresponds to one of the proper
subsets, and represents an hypothesis of a shared ancestor.
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The final tree, with tic marks showing where evolutionary changes are inferred to have occurred. “Note character
7 (the homoplasy) is mapped to two branches.



Kladisticky software

kompletni prehled fylogenetickych programu:
http://evolution.genetics.washington.edu/phylip/s
oftware.html

NONA 2.0 (Goloboff 1993) + Winclada 1.00.08
(Nixon 2002)

TNT (Goloboff, Nixon & Farris 2008)

PAUP* 4.0 beta (Swofford 2002) + MacClade
4.07 (Maddison & Madison 2002)

Hennig86 (Farris 1989) + TreeGardener
(Ramos 1996)



Vyhody molekularnich dat

velky pocCet znaku k dispozici

Siroké rozpeti substitucnich rychlosti (pouzitelnost pro
ruzné urovné hierarchie)

dedicnost, nezavislost (neplati absolutne)
objektivni vybér a definice

Vyhody morfologickych dat

umoznuji zahrnout vice taxonu (lepSi dostupnost
materialu, fosilie, cena)

kazdy znak kdédovan jinym genem/souborem genu

morfologie je stale hlavni metodou rozpoznavani
organizmu, moznost definovat klady pomoci
synapomorfii



Percent of tree correct
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Hillis & Wiens 2000
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Priciny konflikti a chyb ve vysledcich

celkove slaba data v jedné/obou analyzach (viz napt.
bootstrap; €asto vlivem nezahrnuti dulezitych znaku/taxonu)
,Sum” ve znacich

— znaky nejsou homologické (konvergence, analogie, Spatny
alignment)

— $Spatné vazeni znakl, znaky nejsou nezavislé (nedocenéni nebo
pfecenéni v analyze)

— chybné urceni zakladniho planu vysSich taxonu
— arte)fakty (kontaminace, Spatna determinace, chyba v pfepisu
dat

Spatna volba outgroup a chybna polarizace (seskupovani
na zakladé symplesiomorfii, domnéla outgroup ve skutenosti
soucasti ingroup apod.)

evoluce genu se lisi od evoluce taxonu (paralogie,
horizontalni pfenos genu, neuplné sortovani linii)

poruseni predpokladu metody konstrukce stromu (3patny
model, problém dlouhych vétvi)



Long-branch attraction

problém pri urCité kombinaci dlouhych a kratkych vetvi

pokud metoda predpoklada, ze se vSechny lokusy meni stejnym
tempem (napf. parsimonie)

nahromadéni nahodnych zmén v sekvencich, setfeni fylogeneticky
podstatné informace — Spatna topologie

A

B

skuteCny strom ziskany strom



 priklad problemu dlouhych
vétvi: postaveni fasniku
(Strepsiptera) v systému
hmyzu
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1.0/100
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|: Bittacidae
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1.0100 Neotyphloceras J@
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1.0/100 Drosophila
Musca

1.0/100
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Amphiesmenoptera

1.0/100

Tipulidae

Anopheles

1.0/100 Noctuidae
Bombyx

1.0/100

Hydropsyche '/n

1.0/69 Pteromalidae ,
Tenthredinidae /*

Apis

Frankliniella
—

l— Dictyoptera

Coleoptera

Strepsiptera

Neuroptera

Megaloptera

Raphidioptera

Mecoptera

Siphonaptera

Diptera

Lepidoptera

Trichoptera

Hymenoptera

McKenna & Farrell (2010)
analyza sekvenci 9 jadernych genu



« pfriklad problému zavislosti znaku — sladéna konvergence
(concerted convergence) morfologickych znaku: vzajemné
pribuzenske vztahy jepic, posSvatek a Neoptera

Pterygota Pterygota Pterygota
Palaeoptera Metapterygota Chiastomyaria

Ephemeroptera Odonata Odenata Neoptera Ephemeroptera  Meoptera

Blanke et al. (2013)



» odhaleni sladené
konvergence:
identifikace skupin
zavislych znaku: klik
(Cliques: Holland et al. 2010)
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Blanke et al. (2013)

Tree reconstruction Molecular dataset

maximum parsimony 188/ 285 | H3 sequences
maximum likelihood 28 Taxa
Bayesian inference

Y

Morphological dataset Tree reconstruction

139 characters of the head maximum llikelihood
28 Taxa Bayesian inference

Excess and Rl of morphological + Excess and' RI

characters on 1000 mol. trees

*

¥
Pairwise excess index J. Exclusion of characters with a
good fit (excess) on the molecular

trees

v
Dissimilarity matrix
visualisation of pairwise excess *
indices

sorting of characters according
their Rl on 1000 mol. trees

¥
UPGMA analysis

identification of
character groups [cliques)

Subset tree
reconstruction

clique 1 | * clique 1 tree reconstruction

Character cliques

clique 2 |
clique m |
rest of characters |

* cligue 2 tree reconstruction
* clique n tree reconstruction
* rest of characters tree reconstruction

Concerted convergence analysis



« priklad dosud
nevyjasneneho
konfliktu v
datech:
nejasna
monofylie srpic
(Mecoptera)
oproti blecham
— dve
protichudné
hypotezy

ribosomalni geny, morfologie
(Whiting 2002)

%%~ Diptera

(a) o ?I‘:T 3 Siphonaptera
Diptera
1 o
- 8
ol
o
o
AL D
(b) ,[;[&} Siphonaptera

’,l'

protein-kodujici geny (Wiegmann et al. 2009)

Mecoptera



Kombinovana vs. oddélena analyza

 ruzné typy dat: morfologie/molekuly, gen1/gen2,
dospéelci/larvy, embryologie apod.

A B C D E F

total
Data set + Data set evidence
| 1 2 ——
L____ a
A-B C D E F A B C D E F A B C D E F

Kitching et al. 1998



Kombinovana analyza

« simultanni analyza, total evidence, supermatrix approach

« z pohledu kladistiky filozoficky lepSi pristup, testuje soulad
(homologii) znakd v maximalni mife

» casto je vysledny strom |épe rozliSen
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simultaneous analysis

Kitching et al. 1998



Oddelene analyzy

partitioned analysis, separate analysis

moznost vzajemného testu datovych souboru razné
podstaty

shizuje pravdépodobnost zavislosti znaku

Ize pouzit rozdilné evolucni modely a algoritmy
konstrukce stromu

lepsi v pripadée velmi rozdilného

— obsahu homoplazie (informace/Sum)

— poctu znaku

pfi souborech taxonu, které se prekryvaji jen Castecné
(—superstrom, supertree)

—testy nesouladu mezi dvema datovymi soubory:
incongruence length difference (ILD), Templetonuv test,
testy zalozené na ML, atd.



Superstromy (supertrees)

pfi CasteCné prekryvajicich se souborech taxonu a pro konstrukci
,stromu zivota“ z obrovskych datovych souboru

mnoho ruznych metod konstrukce (pfimé, neprimé), idealni metoda
neexistuje (napf. mohou vznikat klady odporujici vstupnim stromim)

matrix representation with parsimony (MRP):

source tree 1 source tree 2
A B C D C D E F

3 5 6 combined data;
2 ABCUDE F

1 4

d 536
noqae

taxon 1 2 3 4 5 6 A

A 1 00 2?2 ? ? 2
B 1 1 0 2?2 2?2 92 1
C |1 11110
D |11 1110
E 2 2 2 1 0 1
F #2910 1

Wégele 2005



Test nesouladu mezi dvema datovymi soubory
(Partition homogeneity test)

* Incongruence length difference (ILD): Farris et
al. 1995

Sum of Number of Sum of Number of

tree lengths replicates tree lengths replicates
1661 1 1672 10
1662 2 1673 7
e O 1663 1 1674 4
e i 1665~ 9 1675 4
Partition 1: L = 12 Partition 2: L. =9 1666 8 1676 1
L =21 1667 9 1677 4
1668 5 1678 2
1669 11 1679 1
1670 10 1680 1
1671 9 1683 1

* = gum of lengths for original partition
P value = 1 - (87/100) = 0.130000

Partition 1: L = 14 i 5 Partittion 2: L. =11



Vyuziti fylogenetickych analyz: 1) Klasifikace

Vvhody klasifikaci zalozenych na fylogenezi:

* objektivita (opakovatelnost) — jednoznaéna kritéria pro
vymezeni skupin (monofylie, na zakladé synapomorfii),
hypotézy |ze testovat

* informativhost — maximalni vypovidaci hodnota o rozlozeni
znaku mezi taxony

e prirozenost — usporadani ziskané z jednoho souboru dat
bude pravdéepodobné shodné/podobné jako usporfadani vzniklé
Z jiného, nezavislého souboru dat

« schopnost predikce — umozriuje zafazeni nové objevenych
taxonu do existujiciho systému v€etné predpovédi o jejich
pravdépodobnych vlastnostech (znacich)

 stablilita — vyplyva ze vSech pfedchozich bodU



Zpusoby vyjadreni hierarchie

A BCDE AB
L

C
|

D
-

E E DC BA
|

 graficky:
— fylogeneticke

stromy
— Vennovy
diagramy
— zavorky

Snodgrass 1950:

INSECTA
MYRIAPODA

(A((B,C)(D,E)))

EUARTHROPODA
MANDIBULATA
TRACHEATA

ONYCHOPHORA

Wégele 2005



Zpusoby vyjadieni
hierarchie

* odsazeni
(indentace)

ABCDEFGHIJK
K
ABCDEFGHIJ

N
ABCDEFGH
EFGH
EF
GH
ABCD
B
BCD
B
CD

Fleger 2005



Z o b i dv y 1 En1togn§1hla
1. Diplura
puso y Vyja renl 1.2. Ellipura
- = 1.2.1. Protura
h Ie ra rc h Ie 1.2.2. Collembola
2. Ectognatha
2 1. Archaeognatha (microcoryphia)
2.2. Dicondylia
2.21. Zygentoma
v 7 , , 2.2.2. Pterygota
® I 9221, Palacoptera
Clse ny SyStem 2.2.2.1.1. Ephemeropiera
2.2.21..2. Odonata
2.2.2.2. Neoptera
2.222.1. Plecoptera

29222 .2 Paurometabola
2.2.2.2.21. Embioptera

2222.22.1. Blattopteriformia
222222 11. Notoptera (Grylioblattodea)
2.222.22.1.2. Dermaptera
2222.22.1.3. Blattopteroidea
2222.22.13.1. Mantodea
2222.22.1.32, Blattodea
2222.22.2. Orthopteroidea
2222.22.21. Ensifera
2222.22.22. Caelifera
2.222.22.23 Phasmatodea
2.2.2.2..3. Paraneoptera
2.2.2.2.31. Zoraptera
222.2.32. Acercaria
2222.32.1. Psocodea

2.222.32.21. Thysanoptera

Hennig 1969 2222.32.22. Hemiptera
279992 292 221 Heteranteraidea



Linnéovsky systém
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Vences et al. 2013



Linnéovsky systém
* hierarchie vyjadrena pomoci kategorii
* nevyhody:
— ruzna pravidla pro ruzné rise (ICZN, ICBN, bakterie —
homonymie, vysSi taxony)
— nerozlisuje monofyletické skupiny od umelych
— formalné neupravuje podminky pro jednoznacné
vymezeni taxonu
— kazdemu popisovanemu taxonu je prikazano priradit
kategorii
— tézkopadnost zmén pfi zjisténi novych poznatku o
fylogenezi (zména koncovek, maly pocCet kategorii
apod.)
— nutnost pamatovat si kategorii a jeji relativni umisteni
Vv hierarchii



Fylogeneticka nomenklatura (PhyloCode)

www.ohiou.edu/phylocode/
bez formalnich kategorii

registrace jmen ve Node-
specialni databazi based
kazdé jméno (vyjma

druhu) musi byt

doprovazeno Stem-
fylogenetickou definici based
pomoci tzv. specifikatoru
(vy€tu druht, sesterské skupiny
nebo synapomorfii)

z ruznych duvodu vsak
spise pro budoucnost
neperspektivni

Apomorphy-
pased




Prevod fylogeneze do Linnéovskeho systemu

1) formalné klasifikujeme jen monofyletické skupiny

2) kazda klasifikace musi logicky souhlasit s hypotézou o
fylogenezi, kterou zastavame

3) klasifikace by mela odrazet sesterské vztahy mezi
taxony

Doporuceni:

- Linnéovsky system kategorii

- pokud mozno minimalné menit existujici klasifikaci
(nepouzivat/nevytvaret redundantni kategorie/taxony

pokud to neni nutné pro vyjadreni sesterskych vztahu
skupin, zachovat kategorie stavajicich taxonu)

- pri popisu noveho taxonu vyslovne uvadet a rozlisovat
apomorfie od diagnostickych znaku a plesiomorfii

- monofyletické taxony s nejistou pribuznosti zaradit
jako incertae sedis na uroven hierarchie, do ktere jiste

patri



Logicky soulad klasifikace s fylogenezi

Empetrichthys ~ Crenichthys ~ Goodeinae

Celed Goodeidae
podcCeled Epetrichthyinae /
rod Empetrichthys
rod Crenichthys
podceled Goodeinae

(mnoho rodu)

klasifikace je v

logickém

ouladu s Goodeinae
. Goodeinae

hypotézou

o fylogenezi

Wiley et al. 1991



Logicky nesoulad klasifikace s fylogenezi

celed Cidae Aus Bus Cus
podceled Ainae
rod Aus
rod Bus
podcCeled Cinae
rod Cus

klasifikace
neni v

logickém
hypotézou
o fylogenezi

Wiley et al. 1991



N
N s & N N
@ N & S N 4
R S o < ) @
© & © N R
Bl 3 @ O o <
N e O ) N x
<& & v v P R

postupné se odvetvujicim
_ skupinam Ize konvenéné
_— pfiradit stejnou kategorii
(sequencing condition):

SUBORDINATED: SEQUENCED:
Order Thysanoptera Order Thysanoptera
Order Hemiptera Order Hemiptera
Suborder Sternorrhyncha Suborder Sternorrhyncha
Suborder Euhemiptera Suborder Auchenorrhyncha

1 h Suborder Fulgoromorpha
New rank 1 Auchenorrhyncha Suborder Coleorrhyncha

New rank 1 Neohemiptera Suborder Heteroptera

New rank 2 Fulgoromorpha
New rank 2 Heteropterodea

New rank 3 Coleorrhyncha

New rank 3 Heteroptera
Schuh 2000



Feathers Jy

Long hard palate

Pneumatic spaces in the

skull /

Hooked 5th metatarsal

Diapsid skull

Pedicellate teeth

Tetrapoda  ‘Right-handed” circulatory sysfem

Lissamphibia
Amni
miota- \mniote egg Lissamphibia
Mammalia
Reptilia | Mammalia
. Tetrapod limbs
Chelonia Chelonia
Sauria
Lepidosauria Lepidosauria
Archosauria Crocodylia
Crocodylia A
Aves ves




Vyuziti fylogenetickych analyz:

2) Testovani evolucnich sc

Butterfly Genera

Eurytides

Protographium

Iphiclides

Lamproptera

Pazala s.g.

Graphium s.g.

Nomius s.g.

Arisbe s.g.

Host Plant
Family

Annonaceae,
Lauraceae,
Magnoliaceae

Annonaceae

Rosaceae

Hernandiaceae

Lauraceae

Annonaceae,
Lauraceae,
Magnoliaceae,
Hernandiaceae

Annonaceae,
Magnoliaceae

Annonaceae

én

* ] \

aru

» character mapping —
vyneseni znaku na
terminalni taxony
kladogramu

 napr. hostitelské rostliny
otakarku

Miller 1987



Rekonstrukce puvodniho
stavu znaku

DDDDDDDEEE

» character optimization —
vyneseni znaku na kladogram
a rekonstrukce jeho evolucni
historie na zaklade
optimalizacniho kritéria
(parsimonie, max. likelihood,
Bayesian inference)

polymorfni

e napf. pritomnost kridel u
bruslafek (Gerridae): pavodni
stav - dimorfismus

i B v s e e e e v R o v o I e e

\ manentné
bezkridlé

Vi
Eﬂgﬂﬂl

PAa

|
Wing polymorphism |
[ winged
EZ polymorphic
H fiightiess ‘
[l equivocal J‘

permanentné
makropterni

i v f s Qo e e R e s e

goog

Andersen 1997

Rhagadotarsus

1M Rheumatobates

Metrobates
Rheumatometra
Metrobatopsis
Cryplobates
Ovatometra
Halobatopsis
Trepobates
Telmatometra
Trepobatoides
Hynesionella

[E Naboandelus
B Rheumatometroides
B Stenobates

Charmatometra
Eobates
Brachymetra
Cylindrostethus
Potamobates
Platygerris
Rheumatogonus
Potamometropsis
Ptilomera
Potamometra
Heterobates
Potamometroides
Rhyacobates
Pleciobates
Ventidius

Esakia
Eurymetropsielloides
Eurymetropsis
Eurymetropsiella
Metrocoris
Eurymetra

B Asclepios
B Halobates

Chimarrhometra
Eotrechus
Amemboa
Onychotrechus
Eurygerris
Tachygerris
Gerrisella
Neogerris
Tenagogerris
Tenagogonus
Limnometra
Tenagometra
Limnogonus
Tenagometrella
Gigantometra

B Limnoporus

Aquarius
Gerris



Rekonstrukce pﬁvodniho stavu Box 1. Reconstructing ancestral states using parsimony

Ancestral states are often reconstructed using the parsimony criterion. The algorithm illustrated below iden-
Zna k u tifies all unambiguous reconstructions for equally weighted, unordered characters?, and is implemented in
commonly used computer packages such as MacClade 3.0 (Ref. 2).

The algorithm uses a ‘downpass’ and ‘uppass’ traversal (see Figures) to optimize ancestral states using
Parsimony two rules:

Geospiza RULE 1: if descendant nodes share any states in common, assign the set of shared states to the ancestor.
RULE 2: if no states are shared in descendant nodes, assign the union of descendant’s states to ancestor.

(1) Downpass optimization: proceed ‘down’ the tree towards the root, optimizing each ancestral node.

O 0O e e O O O e e O
A B C D E A B C D

E

FX(0"" RULE 2 applies o

The descendants of F (D and E)
share no states so the union is
assigned to F.

H

Down

O RULE 2 applies
Down

O RULE 1 applies

(2) Uppass optimization: proceed ‘up’ the tree away from the root, optimizing each ancestral node.

O O e e O O O e e O
A B C D A B C D

E E

Down o _
(D (P RULE 2 applies

Daown

Uy
O" RULE 1 applies

Maximum likelihood

] Down
own

For node H, consider
downpass state of ancestor |
and ancestor’s sister node (A)
RULE 1 gives uppass state
(in shaded box).

Geospiza

Legend
@O Unambiguous reconstruction
(»  Ambiguous reconstruction
O™ Downpass reconstruction
O”  Uppass reconstruction
O™ Final reconstruction

Cunningham et al. 1998

(b) 2\




Testovani adaptaci:
poradi ekologickych/adaptivnich zmeén

€ BE® %ﬁw

bees — birds

Hypotéza: Cervena barva kvétu je adaptaci rostliny na opylovani ptaky

bees — birds bees — birds

Support hypothesis of adaptation Adaptation unsupported



Srovnavaci studie (comparative method)

 testovani vzajemné zavislosti dvou znaku fenotypu nebo

fenotypu a proménné prostfedi u ruznych druhu nebo
vysSich taxonu

« korelace, regrese, kontingencni tabulky

« problém: data z riznych taxonu nejsou vzajemné
nezavisla — Cast variability znaku (pokud je dedicny) je
dusledkem fylogeneze (fylogeneticka
korelace/setrvacnost, phylogenetic correlation/inertia)

< >
100 % variability znaku




Zavislost dat na fylogenezi
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Felsenstein 1985



Zavislost dat na fylogenezi

Millions of Years Ago * = @xtinct taxon
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Nezavislé kontrasty (/Independent contrasts)

« Felsenstein (1985): pruméry predku vazené délkou veétvi,
kontrasty standardizovany jejich smerodatnou odchylkou
« jedna z mnoha metod, Casto pouzivana (kvantitativni znaky)

Estimation of l X Y Contrasts
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values
(weighted means) 2 4
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Kvalitativni znaky

* je pritomnost znaku X spojena se znakem Y?
 pri zohlednéni fylogeneze casto malo dat

Char#1 a a a a a a a b b b b
Char#2 0 0 0 0O O O O 1 1 1 1

0» 1
a» b

Cunningham et al. 1998

Contingency table

without reconstructing
ancestral states (P < 0.005,
Fishers 2-tailed test)

Contingency table

after considering ancestral
states according to

Ridley's method?’ (P < 0.99)



Paroveé srovnavani (pairwise comparisons)

« Maddison (2000): algoritmus na vybér fylogeneticky
nezavislych paru umoziujicich srovnani (program Mesquite)

 vice moznosti: ¢im vice paru, tim lépe pro statistiku, ale pary
musi byt relevantni
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Historicka biogeografie

rozsireni organismu je ovlivnéno soucasnymi podminkami prostredi
a geologickou minulosti

HB srovnava historii skupiny/skupin s dlouhodobou historii _
geografickych oblasti nebo historii jiné skupiny organizmu (parazité-
hostitelé, geny-organismy), snazi se zjistit pfipadny soulad a roli
procesu

vs. ekologicka biogeografie: rozsifeni organismu ve vztahu k zivemu
a nezivému prostredi

(b)

Page & Charleston 1998



Late Permian 255 Ma T — Wiley & Lieberman 2011

www.wikipedia.org

Ancient Lanomass

Modern Landma;

Sea Ficor Spreading Ricge <5

Fossil evidence

AFRICA of the Triassic

land reptile
Lystrosaurus.

ﬂ u AUSTRALIA

chslls of the fern
Glussnpterls found in
all of the southem

Asia
Australia
Africa
Antarctica

SOUTH AMERICA |

Africa, Antarctica

Australia, Africa,
Antarctica

Fossil remains of

Cynognathus, a Fossil remains of the

Triassic land reptile freshwater reptile
Asia, Australia, Africa, approximately Mesosaurus. continents, show that
3m long. they were once joined.

Antarctica



4 typy udalosti (events)

7

vicariance dispersal \
cospeciation host-switch
sympatry

failure to speciate / extinction

within host speciation _missing the boat*



Kladisticka biogeografie

1) vstupni data:
— fylogenetické stromy s taxony
— oblasti endemismu

Xiphophorus Heterandria
attenuata l: pygmaeus
jonesi nigrensis
litoperas = l: montezumae
obliqua A cortezi
anzuetoi y clemenciae
cataractae alvarezi
dirempla 'PMH'’
bimaculata helleri

signum

Rosen 1979



Kladisticka biogeografie

2) nahrazeni jmen taxonu na stromu oznacenim
oblasti endemismui:

taxon-area cladograms

attenuata

jonesi

litoperas

obliqua

anzuetoi

cataractae

dirempta

bimaculata

Rosen 1979

— pygmaeus

— nNigrensis

— montezumae

- cortezi

clemenciae

, —_—
alvarezi
'PMH'

helleri

signum




Kladisticka biogeografie

3) vyresSeni konfliktd do jediného kladogramu:

resolved area cladogram

- vice riznych metod s odliSnymi vysledky

- problém: taxony rozSifené ve vice nez jedné oblasti (widespread
taxa) a chybéjici oblasti (napf. v dusledku vyhynuti taxonu nebo

nedostateCného vzorkovani)

6

1
1 — 4,5 -
9 3

s 4
4.5 456 = — 11
10 — 9,10 mul
11
7T 11 — L g
pruned consensus tree

2 - (odstranéni unikatnich

Rosen 1979

a konfliktnich vétvi)



Kladisticka biogeografie

- napr. Brooks parsimony analysis (BPA):
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Rekonstrukce ancestralnich oblasti vyskytu

« optimalizace napf. pomoci Bayesianskych analyz (program BayesTraits, Pagel et al. 2004)

» S-DIVA (=statistical dispersal-vicariance analysis,
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Koevoluce parazitu a hostitelu

e srovnavame fylogenezi dvou skupin organizmu (2 stromy)

 vice metod naroénych na vypocet (ruzné vysledky)

 funguiji pfi velkém podilu kospeciaci, 1 parazit/1 hostitel,
malé skupiny, dokonale rozlisené fylogenetické stromy

Gophers

talpoid,
Mosts) alpoides
bottae -

Thomomys

pytlonosi
(Geomyidae)

/ bursarius

Geomys s hispidus
/ cavator
underwoodi

Orthogeomys
cherriei -

heterodus

i Lice

wardau (parasites)
minor
thomomyus

Thomomydoecus

actuosi
ewingi
chapini
Geomydoecus
panamensis
- selzeri

cherriei

costaricensis

Page 1994

vSenky
(Ischnocera:
Trichodectidae)




Koevoluce parazitu a hostitelu

Napf. reconciled trees — sladi strom paraziti se stromem hostitell
adekvatnim promichanim 4 evolucnich udalosti pri maximalizaci
kospeciaci, test oproti nahodnym topologiim stromu

TreeMap (Page 1994), TreeMap2 (Charleston & Page 2002)

® 6 optimal solutions (out of 9)

1 of 9| Con 8, Sw= 4 (total distance: 3.565), Du= 10, Zof91Co= B, Sw = 4 (total dstance: 3.67), Du= 10,1 Joft9|Com 12, 5w = 3 (total distance: 3.003), Du = 6,
t talpaides t
wardl wardi ward|
thomomyus thomonmyus thomomyus
boite boitae
minor minor minor
actuosi Pty actuosi
burserius burserius bursar fus
wing ewing: awinge
haspidus hispidus hispidus
h: s ch:;.ri chapini
cavator cavator covatlor
panamensis panamensis PaNMensis
undersoods undersood:
set2eri sat2eri setzer
cherriei cherrim cherriel
cherrie: cherriei cherriel
heterodus heterodus heterodus
coStancenss costancansis costancensis
4af 3| Co=1Z, 5w =3 (towal distance: 3.003), Du= &, Gof 31Ca=12, 5w =2 (total distence: 1.9345), Dy =1 Got 9| Co= 12, Sw=2 (tatal distance: 1.9345}, Du =1
tnipaides talpoldes taipaides
wardi wardi wardi
thornamyus Thomanyus
bottae hottas
minor minor minar
BCtucs Bctuosi BCtuos
bursarius burserius bursar fus
ewing| ewing| awingl
Tt hispidu: hifipethus
hapini chapini chapini
Wanor Cavato cavanor
= panamensi pEnsmEnsis
urnderwood undarwood
Lze setzen setxan
harri. charriai cherriel
herri cherrigi cherriei
heterodus heterodus heterpdus.
costericensise ~ *costanicens COILANCEN|

Charleston & Page 2002



Koevoluce parazitu a hostitell

« ParaFit (Legendre et al. 2002)- test globalni hypotézy
koevoluce pomoci shody mezi maticemi s informacemi o
topologii stromu a hostitelskych asociacich parazitu

Host-parasite
associations

_____ Hosts Princ. coordinates
Parasites Hosts _ .
Matrix A Matrix B
& | Absence/presence of 8 Coordinates (col.)
_____ @ host-parasite 'z describing
E ussociations E the para§1te
_____ (0/1 data) phylogenetic tree
Parasite tree
! Hosts princ. coordinates
] 4
g Matrix C Ei Matrix D
B A C 'a Coordinates (rows) %
§ describing S E SSCP parameters
Parasites Host-parasite Host E the host 8 o to be estimated
tree associations tree S phylogenetic tree & §
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