Fylogeneticka evolucni
analyza

Fylogeneze = vyvoj druhu (vyvoj novych druhil) procesem
evoluce.

Fylogenetika = véda zkoumajici fylogenezi, pribuzenské
vztahy a vyvoj organismu.

Evoluce bioinformatika
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Fylogeneze

Modern spedes
1 ] | [ 1]
Fylogeneze \ /| | \/ \ Ry,
nezahrnuje pouze
podobnosti a rozdily
mezi organismy
(taxonomie)...

1 “
\/ 'l" \/

TIME

...ale také jejich
evoluéni vztahy.

Fylogeneticka data

* Fylogeneticka data jsou ziskavana
zkoumanim charakteristickych znaku
studovanych organismu.

Prvotné pouzivany MORFOLOGICKE znaky.

Problém - fosilni pozistatky vétSinou NEOKVALITNi,
neposkytuji zadané informace nebo se VUBEC
nedochovaji.
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Molekularni fylogeneticka data

- Jediny experiment muze poskytnout informace
o mnoha znacich.
Kazda nukleotidova

ARGACGGCACCGACAACGACTACAACGACGCCGTCGTGGTGATCAACTGGCCGCTCGGCT —— POZIce v §ekyen°' muze
AGGATGGTACCGACATGGACTACAACGACTCCATCGTCATCCTGAACTGGCCGCTGGGCT byt povaZovana za
GGGACGGCAACGGC-TGGAC--CAAGGGCGCCTACACCGCCACGAACTGA ————————~— jeden ZNAK, ktery se
ACGACGTGCCCGGAACCTATGGCAATAACTCCGGC-TCGTTCAGTGTCAATATTGGARAG  yyskytuje ve GTYRECH

rozdilnych STAVECH.
+ Jednotlivé stavy jsou jednoznacné a

nezameénitelné (A x C x G x T). Na rozdil
od morfologickych znaki (tvar), u nichZ existuje mnoho
pfechodovych forem.

* Molekularni data se daji snadno prevést do

,,Ciselné* formy. Vhodné pro matematické a statistické
analyzy.

Proteinové sekvence x DNA sekvence

* Pro fylogenetickou analyzu vyuzivany
PREVAZNE DNA sekvence.

DNA poskytuje mnohem vice fylogenetickych
informaci nez protein.

-Gly- Al - lle -Leu-Asp -Arg-  Tiché mutace

R S . S .

GGAGCCATATTAGATAGA-  Variabilita uspofadani genomu
-GGAGCAATTTTTGATAGA- (kédeiCi X nekéduji Ob|aSti)

“Gly- Al -lle -Fhe-A-Az- PCR, automatické sekvencovani




Fylogeneticky strom

 Cil fylogenetické analyzy - fylogeneticky
strom popisujici evoluéni vztahy mezi studovanymi

organismy.
Souéasné taxony A Vétve o
(geny) = terminalni o -~ Branches —-\,\ Termlpalnl
(externi) uzly, vrcholy ~ Perifernivétve Ny iz vave \ (externi) uzly

. External nodes

. Internal A 'S
B nodes D
Interni uzly

Interni uzly = rozdéleni
spoleéného ,predka“

Délky vétvi = umérné velikosti

5 ~u Fylogeneticky strom (strom)
zmény v prubéhu evoluce

Fylogeneticky strom

\
.
. External nodes

N Internal ,/

C
B nodes D,( S p °
B A
A B
Fylogeneticky strom BEZ KORENE (unrooted).
Neni znamy nejstarsi spole¢ny predek (bod). | )
8 C

Vypovida pouze o pribuzenskych vztazich mezi

geny, ne o ,,cesté“ kterou se evoluce ubirala. R o
3
. A B A B
Fylogeneticky strom S KORENEM (rooted). o c
Nutny alespon jeden gen, ktery je méné pfibuzny o
s A,B,C,D, nez jsou tyto geny mezi sebou navzajem <
= ,,outgroup“
4 5
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Fylogeneticky strom

¢lovék

Simpanz a2 3
C
gorila NP o
B A
\%/A .
orangutan )
! B C
-
3
. A B A B
Fylogeneticky strom S KORENEM (rooted). c
Nutny alespon jeden gen, ktery je méné pfibuzny ° o
s A,B,C,D, nez jsou tyto geny mezi sebou navzajem <
= ,,outgroup“
4 5

,Genovy“ strom x ,,druhovy strom*

* Genovy strom — odvozen ze srovnani

ortolognich gent. Pfedpoklada se, Zze bude
presnéjsSi nez strom ziskany pomoci morfologickych
dat.

* Genovy strom = druhovy strom.

Genovy strom — vnitini uzly predstavuji rozdéleni
puvodniho GENU (mutace).

Druhovy strom — vnitini uzly predstavuji rozdéleni
populace puvodniho DRUHU do dvou skupin
(geograficka izolace).
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,Genovy“ strom x ,,druhovy strom*

* Mutace a vznik nového
druhu se s nejvétsi
pravdépodobnosti
neodehraji souc¢asné.

* Mutace predchazi
separaci — v populaci se
nachazeji obé alely genu.
Po rozdéleni populaci muiize
dojit ke ztraté jedné alely.

,Genovy“ strom x ,,druhovy strom*
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Tvorba evoluc¢nich stromu

+ ,Alignment“ sekvenci — nezbytny

pro vytvoreni stromu. Vyhodnoceni rozdili mezi
jednotlivymi nukletidovymi sekvencemi, vétSinou
,multiple alignment*.

Bclh CGATCRAACGGCRAGRAGTCGGACGGCTCGCCGTTCACGGTCAACTTCGGGATCGTCGTIGT 325
BclB CGA-CATCTTCRAGRAGAC: CTACTTCGGGCIGGICGGAT 670
BclD CGCTGAGCGCGGECGATACCG TGTGGCTGGECTGECTGGEC 804
BclC GGR-TATTITTTARRRRRTC TTATTTCGGTATTATIGGCT 754
* * * * * & * *
BclA -CGGAAGACGGCCACGACAGCGACTACRACGACGGCATCGTCGTGCTICCAGTGGCCGATC 384
BclB -CGGARAGATGGCGGCGATGGCGACTACRACGACGGCATCGCGATCCTGARCTGGCCGCIG 729
BclD GCGGARAGATGGTGCCGATGCGGATTATARTGATGGCATIGTTATTCTGCAGTGGCCGRATT 864
BclC -CTGARGATGGTGCGGATGATGATTATARCGATGGCATCGTGTTTICTGARCTGGCCGCTG 813
* khhidk % * & kk kEk kd khk Rhkhdkd & * k% * hhkhkhkhdk &

Jak prevést ,multiple alignment” na strom?

* Neexistuje ,,nejlepsi metoda“. Nékolik metod
je pouzivano soubézné, zadnou nelze oznacit za
lepSi nez ostatni.
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Jak prevést ,multiple alignment” na strom?
Multiple alignment

AGGC AQCCATAGLTQTEC

AGGCCAAGACATAGCTGTCC

AGGCAAAGACATACCTGTCC

 Distan¢ni matice.

Slouzi k ur€eni délky
vétvi.

o M —

Distance matrix
| 2 3 K

I - 0.20 0.05 0.15

3 - 0.10

Jak prevést ,multiple alignment” na strom?

* Neighbor-joining method- ,,spojovani
sousednich objekti“ (Saitou a Nei 1987) . Vyuziva
distanéni matici.

(A) The starting peint for the neighbor{oining method (B) Removal of two sequences from the star

A




The Neighbor-joining Method: A New Method for
Reconstructing Phylogenetic Trees!

Naruya Saitou® and Masatoshi Nei

Jak prevést ,multiple alignment” na strom?

* Neighbor-joining method - ,,spojovani
sousednich objekti“ (Saitou a Nei 1987) . Vyuziva
distanéni matrici.

+

L

+

Jednoduché = rychlé

Vhodné pro velké soubory dat

Vhodné pro prvotni analyzu

Informace z alignmentu velmi zredukovana

Poskytuje pouze jeden vysledny strom (unrooted)
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Jak prevést ,multiple alignment” na strom?

* Unweighted Pair Group Method with
Arithmetic Mean
* — Vyuziva distanc¢ni matrici.

Ultrametricka metoda, o€ekava, ze vSechny terminalni konce jsou
stejné vzdalené od pocatku (molekularni hodiny) - vSecny linie se
vyvijeji stejnou rychlosti...

Vysledkem je “rooted” tree

Jak prevést ,multiple alignment” na strom?
preciznéjsi metody

* Metody maximalni uspornosti — maximum
parsimony method. Pfedpoklada (spravné???), ze
evoluce jde nejkratSi moznou cestou, tj. spravny
fylogeneticky strom je ten, ktery pozaduje minimum
nukleotidovych zmén, aby bylo dosazeno daného
rozdilli mezi sekvencemi.

+ Preciznéjsi

- Vétsi naroky na manipulaci s daty

- Cim vice sekvenci, tim vice topologii strom(i je nutné vyzkouset

- 5 sekvenci =15 stromu, 10 sekvenci =2 027 025 stromu

10
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Jak prevést ,multiple alignment” na strom?

* Parsimonie: Fitchova parsimonie

Wagnerova parsimonie (reverzibilita zmén)

Dollova parsimonie (,,novinka“ muze
zaniknout)

Caminova-Sokalova parsimonie (zmény
ireverzibilni)

Vazena parsimonie
Generalizovana parsimonie

e Metoda maximalni pravdépodobnosti
e Metoda minimalni evoluce

Jak prevést ,multiple alignment” na strom?
preciznéjsi metody

e Metoda maximalni pravdépodobnosti
(maximum likehood)

statisticka metoda - vyhodnocuje pravdépodobnost pro
jednotlivé modely- (vice mutaci v internich vétvich snizuji
pravdépodobnost navrhovaného modelu - podobna
maximum parsimony method (napf. umoziuje odliSné
rychlosti evoluce)

e Bayesian inference
zaloZena na Monte Carlo metodé
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Software pro fylogenetickou analyzu

* BioNJ (Neighbor-joining method)
* PAUP - Phylogenetic Analysis Using Parsimony

LA

About PAUP* @
To Ordor ® PAUP* Version 4
—Versions ¢ ...toals for inferring

and interpreting
phylogenetic trees

Macintosh @

_1 UNIXVMS®  pnalvze
pose * Molecular sequences
+ Morphological data
Windowse ¢ Other dataTypes
—Support ¢ Using
+ Maximum likelihood
FAQ@® + Parsimony
q + Distance methods
(—Tech exchange @
= Known problems @ - . .
Maiing st @ e irted Purchast b http://paup.csit.fsu.edu/index.html

Software pro fylogenetickou analyzu

PHYLIP

PHYLIP (the PHYLogeny Inference Package) is a package of programs for inferring phylogenies (evolutionary trees). It is available free over the Internet. and
written to work on as many different kinds of computer systems as possible. The source code is distributed (in C), and executables are also distributed. In
particular, alreadv-compiled executables are available for Windows (95/98/NT/2000/me/xp/Vista). Mac OS X, Mac OS 8 and 9, and Linux systems. Complete
doc jon is available on doc jon files that come with the package.

 PHYLIP — PHYLogeny Inference Package

Methods that are available in the package| include parsimony, distance matrix, and likelihood methods

g

http://evolution.genetics.washington.edu/phylip.html
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Software pro fylogenetickou analyzu

Phylogenetic Analysis by Maximum Likelihood (PAML)

Introduction

PAML is a package of programs for phylogenetic analyses of DNA or protein sequences using maximum likelihood. It is maintained and distributed for academic
e by Zitrens . ANSI C source codes are distributed for UNIX/Linux/Mac OSX. and executables are provided for MS Windows. PAML is
not good for tree making. It may be Used to estimate parameters and test hypotheses to study the evolutionary process. when you have reconstructed trees using
IP, MOLPHY, PhyML, RaxML, etc.

http://abacus.gene.ucl.ac.uk/software/paml.html

§ http://macclade.org/index.html

MacClade

Software pro fylogenetickou analyzu

Portal pro ML a Bl
 Maximum likelihood tree (PhyML, RAXML)

* Bayesian tree (Mr.Bayes, BEAST).

https://www.phylo.org/portal2/loginlinput.action

? CIPRES SCIENCE GATEWAY

CIPRES Home Toolkit Help  How to Cite Us

Missing results? The CIPRES Science Gateway now offers BEAST2 and PhyloBayes
Send us the job handle, MPI, along with RAXML, MrBayes and other codes.
and we may be able to . . me Users: Please review the o 5

IS m he X D m and o a 0
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Postranslational modifications

Phosphorylation
-Ser, Thr, Tyr
-Control protein activty and structure, as well as
protein-protein and protein/nucleic acid interactions
-Kinases phosphorylate, phosphatases dephosphorylate
-Kinases are major drug targets
. .0
P
O o OH
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Glycosylation

-Ser, Thr, Asn

-regulated by glycosyl transferases

-Control protein structure,stability, and trafficking. Regulate protein

activity.
OH

H mo O-glykosylace
HO X

HN N-glykosylace
Ac M

Acetylation
-N-terminus, Lysine side chains
-Affects chromatin structure and gene expression

Carboxylation

-most common is Y -carboxy-glutamate
-Vitamin K, CO,, O, dependent.

ex. Prothrombrin

O 01 Ca?* localized blood
—> 3 - 3 OO.
\(‘rr at membrane thrombrin clotting

Vitamin K dependent process; Warfarin inhibits turnover of
Vitamin K by epoxide reductase and prevents clotting

24/04/17
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Hydroxylation
-Pro, Lys

-Proline hydroxylation is important in transcriptional control and protein structure.

-Hydroxylation and subsequent crosslinking of lysine residues in collagen cause
conformational restriction and stabilize the coil-coil structure.

OH NH»
HO
N
e &Nﬁ:‘a
H O

Thiol oxidation

SH SOH -caused by reactive oxygen species
r — |/ -unclear whether this has natural
e regulatory activity
Sulfatace
Prenylace
Myristoylace
SUMOylace

--- vice Vas navede domaci ukol---
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