Fylogeneticka evolucni
analyza

Pro zajimavost... Dulezité...




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

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

Evoluce bioinformatika



Fylogeneze

Modern spedes

Fylogeneze YRVETYTRYRVTRYRYE
nezahrnuje pouze
podobnosti a rozdily
mezi organismy
(taxonomie)...

Ancestor

TIME

...ale také jejich
evoluéni vztahy.



Fylogeneticka data

* Fylogeneticka data jsou ziskavana
zkoumanim charakteristickych znaku
studovanych organismu.

Prvotné pouzivany MORFOLOGICKE znaky.

Problém — fosilni pozlstatky vétSinou NEKVALITNI,
neposkytuji zadané informace nebo se VUBEC
nedochovaiji.
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Molekularni fylogeneticka data

» Jediny experiment muze poskytnout informace
o mnoha znacich.

Kazda nukleotidova

AAGACGGCACCGACAACGACTACAACGACGCCGTCGTGGTGATCAACTGGCCGCTCGGCT pozice v sekvenci muize
AGGATGGTACCGACATGGACTACAACGACTCCATCGTCATCCTGAACTGGCCGCTGGGCT byt povazovana za
GGGACGGCAACGGC-TGGAC--CAAGGGCGCCTACACCGCCACGAACTGA jeden ZNAK, ktery se
ACGACGTGCCCGGAACCTATGGCAATAACTCCGGC-TCGTTCAGTGTCAATATTGGARAG  yyskytuje ve CTYRECH

rozdilnych STAVECH.
Jednotlivé stavy jsou jednoznacne a

nezameénitelné (A x C x G x T). Na rozdil

od morfologickych znaki (tvar), u nichz existuje mnoho
prechodovych forem.

Molekularni data se daji snadno prevest 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 = Ala = lle = Leu = Asp = Arg - TlChé mUtace
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(kédujici x nekéduji oblasti)
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PCR, automatické sekvencovani




Fylogeneticky strom

* Cil fylogenetické analyzy - fylogeneticky
strom popisujici evolucni vztahy mezi studovanymi
organismy.

Soucasné taxony Vétve

A E - 1 4 r
(geny) = terminalni Branches Terminalni
Periferni vétve\f N 1

(externi) uzly, vrcholy Vnitini vétve (externi) uzly

/\"-lnmm:.l ,,!"\ f/,.. External nodes

Internl u’zly = rcv)zdele“nl nodes
spolecného ,,predka Interni uzly

zmeény v prubéhu evoluce




Fylogeneticky strom

AV &anches _‘xyc\
/hlnm“l ,,-f\ ’/,._ External nodes

nodes

Fylogeneticky strom BEZ KORENE (unrooted).
Neni znamy nejstarsi spoleény predek (bod).
Vypovida pouze o pribuzenskych vztazich mezi
geny, ne o ,,cesté“ kterou se evoluce ubirala.

Fylogeneticky strom S KORENEM (rooted).
Nutny alespon jeden gen, ktery je méné pribuzny
s A,B,C,D, nez jsou tyto geny mezi sebou navzajem
= ,,outgroup*




Fylogeneticky strom

Fylogeneticky strom S KORENEM (rooted).
Nutny alespon jeden gen, ktery je méné pribuzny
s A,B,C,D, nez jsou tyto geny mezi sebou navzajem
= ,,outgroup*



,Genovy“ strom x ,,druhovy strom*

 Genovy strom — odvozen ze srovnani

ortolognich genu. Predpoklada se, Zze bude

presnéjsi nez strom ziskany pomoci morfologickych
dat.

Genovy strom = ruhovy strom.
Genovy strom — vnitrni uzly predstavuji rozdeéleni
puvodniho GENU (mutace).

Druhovy strom — vnitrni uzly predstavuji rozdeleni
populace puvodniho DRUHU do dvou skupin
(geograficka izolace).




,Genovy“ strom x ,,druhovy strom*

druhu se s nejvetsi
pravdepodobnosti
neodehraji soucasné. TIME

- Mudon

e Mutace a vznik nového l

 Mutace predchazi
separaci — v populaci se
nachazeji obé alely genu.
Po rozdéleni populaci muze
dojit ke ztrate jedné alely.

— Lnaciation




,Genovy“ strom x ,,druhovy strom*




Tvorba evoluc¢nich stromu

« ,Alignment“ sekvenci — nezbytny

pro vytvoreni stromu. Vyhodnoceni rozdilii mezi

jednotlivymi nukletidovymi sekvencemi, vétsinou
,multiple alignment®.

Bclh CGATCARCGGCARGARGTCGGACGECTCGCCGTTCACGGTCARCTTC
BclB CGA-CATCTTCAAGRAGAC CTACTTC
BclD CGCTGAGCGCGEECGATACCE TGTGGCT
BclC GGA-TATTTTTARARARTC TTATTTC

& & & &

0l

-CEGAAGACGECCACGACAGCGACTACARCGACGECATCGTCGTGCTCCAGT GEOCGATC
-CEGAAGATGECGECGATGECGACTACARCGACGECATCGCGATCCTGARCTGEGCCGCTG
GOGEARGATGETGCCGATGCGGATTATAR TGATGECATTGTTATICTGCAGT GGCCGATT
-CTGAAGA TG TGOGGATGATGATTATARCGATGECATCGTGTTTCTGARCTRGOCECTE

¥ kEkkEk ek & & dk kk kE kEk FhkkEkEk ok * Fk ¥ kkEkkkdk k&




Jak preveést ,,multiple alignment“ na strom?

Multiple alignment

* Neexistuje AGGErtAEEEATjGCTET -
A

u N y “ - N
,,nejleps| metoda‘“. AGGCIMAAGACATACETAALC
AGGCCAAGACATAGCTGTCC

ALGCARAAGACATACCTGTCC

Nekolik metod je

pouzivano soubézne,
zadnou nelze oznacit
za lepsi nez ostatni. Distance matrix

Distancni matice.

Slouzi k urceni delky
vetvi.




Jak prevest ,,multiple alignment“ na strom?

UPGMA (Unweighted Pair Group Method with
Arithmetic mean, Unweighted Pair Group Method
Using Arithmetic Average). Vyuziva distancni matici.

Box 11.1 An Example of Phylogenetic Tree Construction Using the UPGCMA Method

A B C

0.40

0.35( 045

0.60 | 0.70 | 0.55

1. Using a distance matrix involving four taxa, A, B, C, and D, the
UPGMA method first jodins two closest taxa together which are A and

C (035 in grey). Because all taxa are equidistant from the node, the
branch length for A to the node is AG/2 = 0.35/2 = 0.175.

0.175 i
A Essential

| Bioinformatics
C JIN XIONG

Texas A&M University




Jak prevest ,,multiple alignment“ na strom?

2. Because A and C are joined into a cluster, they are treated as one
new composite taxon, which is used to create a reduced matrix. The dis-
tance of A-C cluster to every other taxa is one half of a tazon to A
and C, respectively. That means that the distance of B to A-C is (AB +
BC)/2; and that of D to A-C is (AD + CD)/2.

A-C B
B |04+045
2

D mﬂ,ms 0.70

= 0.425

3. In the newly reduced-distance matrix, the smallest distance is
between B and A-C (in grey). which allows the grouping of B and A-C
to create a three-taxon cluster. The branch length for the B is one half

of B to the A-C ecluster.

0.175
A

C Essential

0.175 Bioinformatics

JIN XIONG
B Texas A&M University

(1L.425/2 =10.212




Jak prevest ,,multiple alignment® na strom?

* Neighbor-joining method- ,,spojovani
sousednich objektu“ (Saitou a Nei 1987) . Vyuziva
distanc¢ni matici, korekce vzdalenosti.

(A} The starting point for the neighborjoining method (B) Removal of two sequences from the star




Box 11.2 Phylogenetic Tree Construction Using the Neighbor Joining Method

A B C
B | 040
C | 035] 045
D | 060 | 0.70 | 0.55

1. The NJ method is similar to UPGMA, but uses an evolutionary rate cor-

rection step before tree building. Using the same distance matrix as in
the UPGMA tree building (see Box 11.1), the first step of the NJ method
is r-value and r’-value calculation. According to Eq. 11.1 and 11.2, r

and r’ for each taxzon are calculated as follows:

AB+AC+HAD=0.4+0.35+0.6=1.35

= raf(4—2)=1.35/2=0.675

= BA+BC+BD=0.4+0.45+0.7 =1.55

= ra/(4—2) =1.55/2=0.775
— CA+CB+CD=0.354+0.45+0.55=1.35
= rc/(4—2)=1.35/2=0.675

Essential
Bioinformatics

— DA+DB+DC=0.6+0.7+0.55=1.85 JIN XIONG

Texas A&M University

= rp/(4—2) =1.85/2=10.925



2.

Based on Eg.

11.4 and the above r-values,

obtained as follows:

r
d‘AE
r
d‘AE
r
r
d‘E-E
r
d‘E-I:I

dl‘

= dAE—lfrz* [fs_-l"'fB} = 0.
= dgc—lfﬂ* [fg"‘f(;:l = 0.

= dpp — 1/2 % (rptrp) =

= dgc—lfrz* [f]:_!,"‘f.::l = 0.

= dgp — 1/2 * (rgtrp) =

= dcn—lfrz* [f.:""f]:} = 0.

4 —(1.35+1.55)/2=-1.05
35 — (1.35+1.35)/2=-1

.6—(1.35+1.85)/2=-1

45 — (1.55+1.35)/2=-1

.7 —(1.55+1.85)/2=-1

55— (1.35+1.85)/2=-1.05

the corrected distances are

3. The rate-corrected distances allow the construction of a new distance

matrix.
A B C
B -1.05
C -1 -1
D -1 -1 |-1.03
4. Before tree construction,

sta

Essential

Bioinformatics

JIN XIONG
Texas A&M University

all possible nodes are collapsed into a

r tree. The pair of taxa with the shortest distances in the new



Jak prevest ,,multiple alignment® na strom?

* Neighbor-joining method- ,,spojovani
sousednich objektu“ (Saitou a Nei 1987) . Vyuziva
distanc¢ni matici, korekce vzdalenosti.

(A} The starting point for the neighborjoining method (B) Removal of two sequences from the star




(d) (e) (f)

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

Naruya Saitou* and Masatoshi Nei



Jak prevest ,,multiple alignment® na strom?

Neighbor-joining method - ,,spojovani
sousednich objektu“ (Saitou a Nei 1987) . Vyuziva
distancni matrici.

Jednoduché = rychlé

Vhodné pro velké soubory dat

Vhodné pro prvotni analyzu

Informace z alignmentu velmi zredukovana

Poskytuje pouze jeden vysledny strom




Jak preveést ,,multiple alignment“ na strom?

Metody maximalni Uspornosti — maximum
parsimony method. Predpoklada (spravne???), ze
evoluce jde nejkratsi moznou cestou, tj. spravny
fylogeneticky strom je ten, ktery pozaduje minimum
nukleotidovych zmén, aby bylo dosazeno daného
rozdili mezi sekvencemi.

Preciznéjsi

Veétsi naroky na manipulaci s daty

Cim vice sekvenci, tim vice topologii stromu je nutné vyzkouset

5 sekvenci = 15 stromu, 10 sekvenci =2 027 025 stromu
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Figure 10.7: All possiblz tree topologies for three and four taxa. For three taoa, there are one unrooted
and three rooted trees. For fowr taxa, there are three unrooted and Afteen rocted trees.



Jak preveést ,,multiple alignment“ na strom?

 Parsimonie: Fitchova parsimonie

Wagnerova parsimonie (reverzibilita zmeén)

Dollova parsimonie (,,novinka“ muze
zaniknout)

Caminova-Sokalova parsimonie (zmény
ireverzibilni)

Vazena parsimonie
Generalizovana parsimonie

 Metoda maximalni pravdepodobnosti



Software pro fylogenetickou analyzu

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

AP
_4—‘ About PAUP* @

ToOrder®@  PAUP* Version 4
{means - ...1ools for inferring

and interpreting
phylogenetic trees

_J-—- UNDXVMS® o alyze
+ Molecular sequences . —

Dos @
+ Morphological data

Macintosh &

Windows @

Support ¢
+ Maximum likelihood
FAQ® + Parsimony

+ Distance methods
]—-Tsah exchange @

Downloads &

— _
]-mlwr:: Geting | F’urchf-’;;jfup.| 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 (evohlitionary 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, already-compiled executables are available for Windows (93/98/MNT/2000/me/xp/Vista), Mac OS X, Mac OS 8 and 9, and Limix systems. Complete
documentation is available on documentation files that come with the package.

* PHYLIP — PHYLogeny Inference Package

Methods that are available m the packagd include parsimony, distance matrix, and likelihood methods

<

http://levolution.genetics.washington.edu/phylip.html



Software pro fylogenetickou analyzu

Phylogenetic Analysis by Maximum Likelihood (PAML)

Introduction

PAML isa package of ‘Pprograms for phyvlogenetic analvses of DINA or protein sequences using maximum likelihood. It is maintained and distributed for academic
= fras 0 = ang ANSI C source codes are distributed for UNIX/Limm/Mac OSX, and executables are prcmded for MS Windows. PA\{L is

1P, MOLPHY, PhyML, RaxML, etc

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

http://macclade.org/index.html

MacClade



Shrnuti

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

Morfologicka data/molekularni data (sekvence).

Fylogenetické stromy: topologie (pribuznost +
evoluce).

Tvorba stromu: alignment + parsimonie, Neighbor-
joining method, ...

BioNJ, PAUP, PHYLIP, PAML
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