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Vznik vSetkych organizmov zo spolo  €énych predkov —
vetvenie evoelucie

,Spriaznenosti vsetkych
organizmov tej istej triedy sa
niekedy prirovnavali k ve Fkym

stromom. Domnievam sa, Ze toto
prirovhanie je do zna €nej miery
pravdivé“ ch. Darwin, Pévod druhov
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() This dot =tife )
~All living things have
celis that can make
coples of thelr own
DNA. Which groups
of species on this
cladogram are allve?
All of them!
N Co to dat #2. J
@Thhdﬂ"‘!ﬂﬂl‘fﬂm i
uwhmmnmm-mﬂum
contalns maost of the cell's DHA. Which ps ol
spocies on this cladogram are allve AND are

sucaryotes? All these groups EXCEPT far True
N Bacteria. CET ITT Co to dot #3.

(3)

This dot = Bilateria W
Some living eucaryoles are symmetrical along their body. That
maans il you draw a line along the length of their body. the right
half Is a mirrer Image of the left hall, These ms arg
calied Bllateria. Which groups of species are alive AND
eucaryotes AMD symmatrical along their bodies? Mollusks,
Arthropods, Echinoderms, Ray-Finned Fish, Amphibia,
Mammals, Turtles & Tortolses. Lizards & Snokes. and

s Birds & Crocodilians. THAT'S A MOUTHFUL! Go to dot #4. __J

TRUE BACTERIA

PROTOCTISTS
GREEN PLANTS
FLINGI
CNIDARIANS
MOLLUSKS
ARTHROPODS
ECHINODERMS
RAY-FINNED FISH
AMPHIBIA
MAMMALS
TURTLES & TORTCHSES
[IZARDS & SMAKES

BIRDS B C ROCOIMLIARMS

(4) This dot = vertebrates
Saome living oucaryotes that are symmoetrical alse have
backbones. They are called vertebrates. Which groups of
spocies are alive AND eucaryctes AND symmetrical AND
bave backbones? FICURE IT OUT AMD YOU'LLBE

A CLADOCRAM EXPERT!
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Ohr, XXILY Schémata Kladogeneze a fylogenetické stromy. Na
schématu kladogeneze nese biclogicky relevanini informaci pouze
potadi odvétvovini jednotlivich vEtvl — popisuje relatival pofadi
odvétvoving jednotlivich drahi & vyisich taxond ve fylogenezi.
W opiipadd zakofenéného stromu (a) je dilefitoun informact | umisté-
ni-spolednéhe predka, nebot” ukazuje v rimei jednotlivieh véivi
pofadi speciadnich wddlosti. Ani na ziklad® zakofencndho stromu
vhak neni moZndé usweoval na relativad Sasovou nislednost specinci
ve dlvou riznych vitvich, Fylogeneticky strom (b) miZe nést navic
informact o absolutnim datoving jednotlivich evoluénich udilosti,
piipadng o rozsaho uréité anageneticke zmény, k niz béhem fyloge-
neze u jednotlivich drohi dochazi,

Snakes and
lizards

Turtles and
tortoises

Mammals

Figure 5.5 Phylogenetic tree of birds, reptiles, and mammals. The reptiles do not
constitute a natural clade since they share ancestors with the birds, which are not
included in the Reptilia. Birds and crocodiles, on the other hand, constitute a natural
clade (Archosauria) since they share a common ancestor (black box) not shared by
any other organism. From Li and Graur (1991).
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259, PPojem pribuznosti. Taxony
Y a £ jsou si pribuznégdi ne:
taxony X a ¥, protoke ¥ a Z méli
nedavndjiibo, jen jim spoleéncho
piedka { W), Taxony X a ¥ Jsou
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KLADOGRAMY. Kladogram vyjadfuje schéma kladogeneze, tj. potadi
odvétvovani jednotlivych OTU od jejich spole¢ného predka, aniz by poddval
informaci o délce vérvi. Konecné laxony jsou vidy na vrcholu jeho vérvi bez
ohledu na to, zda jde o taxon existujici nebo vyhynuly. Jestlize vychazime
z kladogramu (A,B)C, znazoméného na obr. 630, vidime, Ze se s nim shoduje 6

ruznych fylogenetickych stromt., Jednim z nich je samotny kladogram a v ostat-
nich Sesti jsou A a B vice pribuzné navzajem nez s C,

Jinak chépou vyznam kladogramu kladisté. Podle nich je kladogram sy-

napomorfni schéma, tj. sdileni jednotlivych odvozenych (apomorfnich) forem
znaka mezi jednotlivymi OTU.

kladogram fylogenetické stromy

ﬁ.ECABA g A® B
c cC
o
C

A
® = nejblizsi spole¢ny predek @® = vysledny druh

Obr. 630
Priklad kladogramu a jemu teoreticky odpovidajicich
fylogenetickych stromu




Figure 14.5 A simple relation exists between the phylogenetic (cladistic) classification of a
group of species, and their phylogenetic tree. (a) The evolutionary history of seven species.
(b) Their cladistic classification. (c) The formal Linnaean classification for species 5. This
particular classification is only an example; depending on the detail in a particular case,
different Linnaean levels might be used.

(a) Phylogeny (b) Cladistic rulr-ltiuns {c) Classification

LY

1 2 5

opecies 1 -7

Family | Species 5 -7

[Genus Species 5 -6

l Spec icil Species 5

L/ TABLE 14.1
Phenetic, evolutionary, and cladistic classification can be distinguished by the characters they
use to defir groups, and the kinds of groups they recognize.

""" Characters Used

'Homologies. ey

 Polyphyletic ... Analogies.  Ancestral Derived

Phenetic Yes Yes Yes Yes Yes
Phylogenetic No No No No Yes
Evolutionar Yes Mo MNo Yes Yes




Millions of years ago
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Cambrian Ordovician 5|Jur|an|Deumlnncarhunilmus Permian Tﬂasa[-cl Jurassic |crnlat:auua_ Tertiary | Periods
. Urochordata (tunicates)
T
28
g Cephalochordata (lancelets)
g3 2
g9
E % Agnatha (jawless vertebrates)
e El' 3
Placodarmi
g, W
{extinct Jawed fishes) =

Chondrichthyes {sharks and rays)

SALVAHOHD

Osteichthyes (bony fishes)

S3LVHEILHIN

Amphibia (frogs and salamanders)

Reptilia (reptiles)

Aves (birds)

sam}unv
500dvH13 ]

Mammalia {mammals] .

@ 1908 Addison Wesley Longman, Inc



o g

R bk f-i'—;ﬁf
9 fL¢ r gl Colawadid Gpe
) parar i o e o i
&%Mfs {I[._,, i
3) pfplytti: = for-wes witlos

il Lo PAg

s H{E.SE-EIL.F{MH?‘S

AMLLS for

N e

crlijlm:,u {(Amricig}: t’..l'z Chelonea {i::l".-'_-.-}.

L Lepidosauria (halérie a Jupinati), C Crecodylia
(krokodvlove), 4 dves (ptac), M Mammualio (save);
Ch + L+ C =, Reptilia" (plan);

A+ M =, Homeiotherma™ (Evodichové s Fyziologicky
regulovanon teplotou t2a). Monofyleticks

a parafyleticke taxony vznikly z jediného spoledncho
piedka, ktery jo v nich té% klasifikovany, a zahrnuji
uceleny vysek dendrogramu; jsou monefyleticke
(Cervena linka) (napf, viechna Ammnions, A, M, atd.),

vnsanu)i-it veeenny polomky spoledného pfedka, nebo
parafylctické (feryend pleruiovana linka)

{ Reptilia” ), neobsahuji-li viechny polomky
spoletného piedka. Polyfyletické taxony (modrd
piepuigvapd Jinka) neohsahuji v sobé spoleéncho
predka a nevabrnufi uceleny vysek dendrogramu (napf.
Afamaiotherma™, kterd by vznikla spojenim ptikd

a savcl do jedinéhoe taxonu)
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dendrogram

diagram pripominajuci strom — strom Zivota
— zobrazuje vztahy medzi rozli¢nymi taxonomickymi
skupinami organizmov

v zavislosti od kritérii rozdielne podoby:

Fenogram je skonstruovany na zéklade stupiia celkove]
podobnosti metédami fenetiky (numericka taxonémia)

Kladogram odrdza mieru odlinosti medzi taxonmi —
postupnost’ objavovania sa novych znakov (kladistika)

Evoluény strom zohl'adiiuje podobnosti i odliSnosti a
rozhodujtcim kritériom je stupefi pribuznosti (evolu¢na
skola klasifikacie organizmov).

+ syn. fylogram, resp. fylogeneticky strom —
schematické znazornenie predpokladaného priebehu
evolticie prislu§nych taxonov (fylogenéza)

V suasnosti su tieto typy dendrogramov zostrojovane
hlavne metodami kladistiky = + syn. kladogram.
Dendrogram mdze mat’ podobu zakoreneného stromu
—jednotlivé vetvy postupne od¢lenujii od spolo¢ného
predka lokalizovaného v zakladoch

— vertikalna os vyjadruje absolutny alebo relativny cas

— horizontélna os je bud’ bez vyznamu alebo
metaforicky nazna¢uje mieru odliSnosti.

Ak spoloény predok a hierarchia od¢lefiovania vetiev
nie st zname, konstruuje sa nezakoreneny strom —
vetvi zo stredu grafu na viac ako dve strany.

fylogeneticky strom fylogeneticky strom e
s korenem bez kofene

A

E
Sipky ukazuji cestu od kofene
stromu k D.

Obr. 430
Fylogenetické stromy s kofenem a bez kofene

A

C

Obr. 431
Po&et moznych fylogenetickych strom U s kofenem a bez korene ze tfi OTU




Box 1. Character information and tree rooting

Since baleen are not present in any non-cetacean mammals, the presence of baleen {Ba) is a synapomorphy (a shared
derived, hence cladistically informative, character state) that appeared somewhere along the branch in bold and that supparts
the grouping of all baleen-bearing cetaceans in a clade (a truly monophyletic group, that is. a group containing one ancestor
not shared by any species outside that group). On the other hand, since non-cetacean mammals possess teeth, the
presence of teeth (Te) in some cetacean taxa is a symplesiomorphy (a shared ancestral, hence cladistically uninfarmative.
character state] retained by extant teeth-bearing cetaceans. The presence of teeth provides no infarmation allowing us to
choose between TREE 1 (where odontocetes form a clade) and TREE 2 (where odontocetes form a paraphyletic group. that
is, a group containing an ancestral species together with some, but not all, of its descendants).

TREE 1

TREE &
Mysticetes

Rorquals
Right whales Ba Bam
Gray whale Ba

Odontocetes -Te “

Sperm

Dolphins Te —

Narwhals Te — Te —

Porpoises Te —

Te Cutgroup Te

Rooting 1
(defines
TREE 1)

Most phylogenetic methods produce unrooted trees.
The tree is rooted by using an outgroup taxen, that is, &
taxon that diverged from G1, G2 and G3 before thase three
groups diverged from each other. The phylogenetic analysis
will position the branch leading to the outgroup on one of
the three branches connecting G1, G2 and G3. These three
altemative roctings will define three alternative cladoge- :
netic relationships between the groups G1 (mysticetes), G2 ROOtfng 2

(sperm whales) and G3 (non-sperm-whale odontocetes). (defines >
Using G1 s an outgroup would force the grouping of G2 and TREE 2)
G3 in a clade, hence, the monophyly of toothed whales

(G2 + G3) would be constrained and not assessed.

!

=
-
e
L

Rooting 3
(defines the third
alternative tree,

not shown)

Paolyphyletic
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Homoplasy

Independent evolution of the same character.

(1) Convergent events (in either related on unrelated entities),
(2) Parallel events (in related entities)

-
A Er 0L @ (3) Reversals (in related entities)

(N (2) 3

The Jukes- Kantor correction assumes homoplasy occurs at the rate predicted by
random mutations.
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Maximum parsimony -- 1t's
“character-building™

Optimality criterion: The ‘most-parsimonious’ tree is the one that
requires the fewest number of evolutionary events (e.g., nucleotide
substitutions, amino acid replacements) to explain the sequences.

ATGGCTATTCTTATAGTACG
ATCGCTAGTCTTATATTACA
TTCACTAGACCTGTGGTCCA
TTGACCAGACCTGTGGTCCG
TTGACCAGTI'CTCTAGTTCG

monme

For this column, and this tree,
one mutation event 1s required.
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Vétve fylogenetického stromu mohou byt kalibrované nebo nekalibro-
vané. Toto rozlisovani spodiva v tom, Ze délka vérvi kalibrovanych fylogene-
tickych stromil je umérnd poctu molekuldrnich zmén. U nekalibrovanych
fylogenetickych stromi neni délka vétvi amérna poétu molekuldmich zmén;
tyto zmény jsou na vétvich uvedeny jen &islem vyjadfujicim jejich pocet.
Takové znazoméni fylogenetického stromu umoZfiuje sefadit existifjici OTU a
umistit uzlové body a OTU nad Zasovou kalou, je-li doba divergence znama
(obr. 429).

Jestlize délka mezi kterymikoli dvéma OTU je rovna soultu délek viech

kalibrovany
fylogeneticky strom

nekalibrovany
fylogeneticky strom

O Pt bk Srich
i o Sl DOy,
Uzly jsou umistény
amérné dobam
divergence. |

1 jednotka

Délka vétvi je umérna
poétu molekuldrnich

doba divergence E zmén.

I
Obr. 429

Kalibrovany a nekalibrovany fylogeneticky strom

vérvi, kreré je spojuji, oznaduje se takovy strom jako aditivni kalibrovany
fylogeneticky strom. Napf. na obr. 429 vzdalenost mezi A a C u kalibrovaneho
stromu je

I+1+3+2=28.
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FiG. 3. Phylogenetic position of the turtle. A data sct combining
the two rRNA mitochondrial genes (12S and 16S) was analyzed with
MP, NJ, and ML phylogenctic methods (upper, middle, and lower
numbers above branches, respectively). Numbers shown above
branches represent bootstrap values from 100 pseudoreplicates. Rain-
bow trout, carp, and loach were used as outgroup taxa.
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Neandertalci a modernyglovek Neanderthal population genetics

Chimpanzees

Neandertal

Humans

Figure 1 The area within which Neanderthal remains have been found (dotted line). The

Mezmaiskaya Cave is situated 1,310 m above sea level within the northern Caucasus at 4 ilion T
6 million 120.000—
years ago 550,000-690,000 150.000

44°10" N 40° 00" E on the bank of the Sukhoy Kurdzhips river. The location of the
Feldhofer Cave in Germany is also shown.

11111111 111111111111111111111111 111 111 1 1 1 1 1
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
c oo0oo0o11111111111111122222%222:222:2:2 2 2 3 3 3 3 3 3
378 9 001 1 12 3 4556 88 8 0 2 3 3 4 4 5 5 5 6 6 6 7 9 1 2 4 6 6 9
7 8 6 3 7 8 1 2 8 9 98 46 92 3 9 93 043 4 06 8 1 2 3.18 9 1 04 2 5 3
Reference A AT TCCCCOCGGACT GGCAATT T CACTS GO CCA ATCC - c A T CCTCC
Direct 1 C A T T A T CC CccTCGT A A
P1 cC A T T A T CCcCccTGT A A T A T
P2 c . AT T A T C CcC CccT G T A A T A T
P3 C A A T T A T CCcC Ccc T G T A A T A T
Direct 2 T G T A A T A T G C T T C .
577.1 T G T A . A T T A T G C T T C T
557.2 T G T A T A T A T G C T T C
581.2 T G T . A A T A T G ¢ T T C .
581.3 T G T C A A T A T G C T T C T
Mezmaiskaya . ¢ ... .. .. . ATT . A T CCOCCTSGT A . A . T A T G C T T C
Feldhofer G G . ¢c T T T T . A TTOC . T . CCCTG T A A G T A T G C T C

Figure 2 Variable sites in the DNA sequences of the PCR fragments obtained by direct Neanderthal from Feldhofer Cave* are included for comparison. A full stop indicates that
sequencing (Direct 1 and 2) and cloned PCR products derived from the Neanderthal from  the sequence is the same as the reference. The sequence that could be duplicated in the
Mezmaiskaya Cave. The human reference sequence'' and the sequence of the Stockholm laboratory is shown in bold within the compiled Mezmaiskaya sequence.
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Povod domaceho psa

Porovnavacie studie
mitochondriového genomu
psovitych Seliem(divo zijuce druhy
roduCanis sa mozu navzajom Krir

- 162 vlkov z celého sveta - 27 lokalit,
- 140 psov zo 67 plemien plus 5
"bastardov"

- kojot (Canis latrans), Sakal Canis
aureus, C. mesomelas, C. simensis)

Rozdiely vo variabilne] oblasti
MtDNA

(control region - 261 bp, resp. 1030 bp):

- stanovovanie stuja pribuznosti

- odhad doby, kedy sa jednaotlivé lin
od seba oddelili

Fig. 2. (A) Neighbor-joining tree of wolf and dog
haplotypes (D13 excluded; see Fig. 1) based on
261 bp of control region sequence (17). (B)
Neighbor-joining tree of 8 wolf and 15 dog ge-
notypes based on 1030 bp of control region
sequence, The suffixes a, b, and ¢ after the hap-
lotype labels were used 1o distinguish identical
261-bp sequences that have different 1030-bp
sequerices. Bootstrap support is indicated at

odes if found in more than 50% of 10.000 boot-
strap tress.




Povod domaceho psa — Zavery:

* psy nemaju n& spolainé so Sakalmi a kojotmi

* jedinym predkom psov je vik (davnejsi predpoklad)

* k domestifikacii doslo len dvakrat, a to z dvoch rc“)znychpopulé
vika (dnes uz neexistujucich)

- skrotr’ vlka nebolo jednoduché
- vzajome prilezitostné krizenie s vlkom bolo ndogag’ bezné

* Siroka paleta rozmanitych variantoxariabilného tUseku mtDNA
avSak ziadna sa neobmedzuje na jediné plemeno s(@ava pre
sfachtitéd’ov)

- z Padiska mtDNA su vSetci psy jednym plemenom ("basjar

* psy ziju sélovekom uz 100 - 130 tisic rokoWi!!!

- psy sprevadzajdloveka odcias kedy opustil Afriku a pustil sa d
osid’ovania zbytku sveta
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Prof. RNDr. Jan Zrzavy, CSc —Evolu éna biologia — litarattra
(prislusné kapitoly z knih dostupné na  http://www.fns.uniba.sk/~cps/konferencia.pdf)
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Evolu ¢na biologia
Zapis na skusku

Test sa kona v poslucharni B1-301. Terminy:
streda; 10.01.2007 9:00 hod.
Stredas 1720452007 9:00 hod!
Siredar 2450152006)6: 000!

Test mozno vykonat vylucne v troch terminoch, uvedenych na
zapisnom harku. Datum opravného terminu sa oznami neskor
(ako opravny termin mozno vyuzit uz aj 2. resp. 3. vypisany
riadny termin, ak Student neuspel v predchadzajucom riadnom
termine testu). Zavazny je zapis do 12:00 hod. predchadzajuceho
dna. Kto je v tomto Case zapisany, ale nedostavi sa, poklada sa
za neuspesného v danom termine.

Zapisne harky su umiestnenée pri dverach sekretariat u Ustavu

bunkove] biologie (G1-418).




Evolu €na bioldgia — informacia o skuske

1. Skuska sa kona formou pisomného testu . Na vypracovanie
testu je k dispozicii €éas 1:30 hod .

2. Test ma Styri _€asti, A — D. V Casti A sa preveruju znalosti
terminoldgie, v Casti B faktografické vedomosti, v Casti C ide o
rieSenie uloh a prikladov, ¢ast' D tvoria tri temy, z ktorych si kazdy
vyberie jednu a napiSe o nej vSetko ¢o poklada za vyznamne, v
rozsahu cca 1-2 strany.

3. Maximalny pocet bodov za otazku lezi v rozpati 1-15 (uvedené
v teste). Pozor, v Casti B su za chybnu odpoved minus 2 body, za
zladnu odpoved 0 bodov.

4. Pri teste nie je pripustné pouzivat’ literatlru, pisomne zaznamy
a iné pomocky, okrem kalkulacky. Je tiez nepripustné robit’ si
akekolvek poznamky inde ako na harku papiera, ktory je prilozeny
k testu a treba ho odovzdat spolu s testom.




Evolu €na bioldgia — informacia o skuske
5. Zakladom hodnotenia je suc€et bodov za vSetky otazky. Ten sa
transformuje na kredity zapisané do indexu takto:
0-50 = FX
51-57 = E
58 -64 = D
65-71 = C

/2-78 = B
79-100= A

6. Vysledok testu oznamime v _zapisnom harku najneskor do
48 hodin po termine konania testu. Po tretom termine sucasne
zverejnime zoznam vsSetkych Studentov, ktori sa skusky zucastnili,
usporiadany podla poctu ziskanych bodov.

7. Zapis _do indexu sa robi v piatok 26.1.2007 v ¢ase od 11 do
12 hod na v seminarnej miestnosti Ustavu bunkovej biologie (B1-

567, oproti schodom na poschodi, kde sa nachadzaju priestory Katedry
genetiky). Ak nemoOzete prist osobne, poslite index po kolegovi, alebo ho
vopred odovzdajte na sekretariate Ustavu bunkovej bioldgie (G1-418).

V inom termine si mozno nechat zapisat' vysledok do indexu len ak je na to
zavazny dovod.




