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Definice zakladnich pojmu:

fylogeneticky strom = fylogenie (phylogeny): s kofenem, bez kofene
vétve (branches, edges): vnéjsi, vnitfni, centralni
uzly (nodes, vertices): vnitini, terminalni (externi)

dichotomie, polytomie

OTU, HTU
topologie
rooted tree unrooted tree
a) dichotomy polytomy b)
(bifurcation) (multifurcation) ternninal
“*“—node g central
periferal hrangh
branch . l
<+«—_____internal
node >

internal
branch
<+ root



Definice zakladnich pojmu:

— spojuje
spojuje dva terminalni uzel
terminalni uzly s kofenem

¢) d) .
x ‘ ‘ / /llneage
path / f \

draha linie




Definice zakladnich pojmu:

ARV

star tree partly resolved fully resolved

I I
network
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Kolik existuje stromu?

—~ <

Q2n— ! Q2n—)!
2" (n—)! 2" (n—=")!
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No. Taxons Unrooted trees Rooted trees

3 1 3
4 3 15
5 15 105
6 105 945
7 945 10 395
8 10 395 135135
9 135135 2 027 025
....... 10 2027025 34 459 425
11 34 459 425 654 729 075
12 654 729 075 13 749 310 575
13 | | SvEeRdEE 13 749 310 575 316 234 143 225
14 [ a— 316 234 143 225 7 905 853 580 625
15 7 905 853 580 625 213 458 046 676 875
20 13 458 046 676 875 . o 375
30 8 zm 891 559 375 pocet elekironti ve -
28 viditeIném vesmiru -
40 4’9518><105 (Eddingtonovo &islo) 1076

50 1,00986x%10 M— |

*) 6,022 141 79x10% mol"



Jaké typy dat muzeme pouzit?

L DATA }
/ \
E | } {Diskrétm’}
Distance
znaky
&~ ~a

Imunologie

DNA-DNA hybridizace [ Binarni } [ Vicestavove }

11010010011)\ABCDEF

neserazené serazeneé
ACGTTAGCT A—->B—-C




Typy dat

Nukleotidove a proteinove sekvence:

H_sapiens MTPMRKINPLMKLINHSFIDLPTPSNISAWWNFGS

baze = stav znaku

P_troglod ATGACCCCGACACGCAAAATTAACCCACTAATAAA
100

pozice (site) = znak



Typy dat

retroelementy: SINE (Alu, B1, B2), LINE

mikrosatelity, SNP



Problém homologie sekvenci

paralogous

—p
04 duplication o B .
— > —IE—— transposition
/‘Speciation\ l
a B o B e
— - — -
-— xenologous

orthologous



Problém homologie sekvenci

homologie
*
aralogie
ortologle P ¥ J ortologle
Zabi o pta0| o sav0| o zabip ptaci [3 savCi B
a-globin B-globin

N7

genova duplikace l
N

ancestralni globin

Pozor, ani jednotliva mista v sekvenci DNA nejsou
vzajemne zcela nezavisla!



Prace se sekvencemi

DNA databaze:

EMBL (European Molecular Biology Laboratory) — European Bioinformatics Institute,
Hinxton, UK: http.//www.ebi.ac.uk/embl/

GenBank — NCBI (National Center for Biotechnology Information), Bethesda,
Maryland, USA: http.//www.nchbi.nlm.nih.qov/Genbank/

DDBJ (DNA Data Bank of Japan) — National Institute of Genetics, Mishima, Japan:
http.//www.ddbj.nig.ac.jp/

Sprava databazi: vétsinou baliky programu Sybase nebo ORACLE

vystupy: ASCII (American Standard Code for Information Interchange)


http://www.ebi.ac.uk/embl/
http://www.ebi.ac.uk/embl/
http://www.ebi.ac.uk/embl/
http://www.ebi.ac.uk/embl/
http://www.ebi.ac.uk/embl/
http://www.ncbi.nlm.nih.gov/Genbank
http://www.ncbi.nlm.nih.gov/Genbank
http://www.ncbi.nlm.nih.gov/Genbank
http://www.ncbi.nlm.nih.gov/Genbank

Prace se sekvencemi

Proteinové databaze:

SWISS-PROT - University of Geneve & Swis Institute of Bioinformatics:
http.//www.expasy.ch/sprot/ a http.//www.ebi.ac.uk/swissprot/

PIR (Protein Information Resource) — NBRF (National Biomedical Research Foundation,
Washington, D.C., USA) & Tokyo University & JIPID (Japanese International Protein
Information Database, Tokyo) & MIPS (Martinsried Institute for Protein Sequences,
Martinsried, Germany): http.//www-nbrf.georgetown.edu/

PRF/SEQDB (Protein Resource Foundation) — Osaka, Japan:
http.//www.prf.or.jp/en/os.htm

PDB (Protein Data Bank) — University of New Jersey, San Diego & Super-computer
Center, University of California & National Institute of Standards and Technology:
http.//www.rcsb.org/pdb/



http://www-nbrf.georgetown.edu/
http://www-nbrf.georgetown.edu/
http://www-nbrf.georgetown.edu/
http://www-nbrf.georgetown.edu/
http://www.prf.or.jp/en/os.htm
http://www.prf.or.jp/en/os.htm
http://www.prf.or.jp/en/os.htm
http://www.prf.or.jp/en/os.htm
http://www.prf.or.jp/en/os.htm
http://www.prf.or.jp/en/os.htm

Formaty souboru:

FASTA:

>H sapiens

ATEACCCCAATACGCAAAATTAACCCCCTAATAAAATTAATTAACCACTCATTCATCGACCTCCCCACCC
CATCCAACATCTCCGCATGATGAAACTTCGGCTCACTCCTTGGCGCCTGCCTGATCCTCCAAATCACCAC
AGGACTATTCCTAGCCATACACTACTCACCAGACGCCTCAACCGCCTTTTCATCAATCGCCCACATCACT
CGAGACGTAAATTATGGCTGAATCATCCGCTACCTTCACGCCAATGGCGCCTCAATATTCTTTATCTGCC
TCTTCCTACACATCGGGCGAGGCCTATATTACGGATCATTTCTCTACTCAGAAACCTGAAACATCGGCAT

>P troglod

ATEACCCCGACACGCAAAATTAACCCACTAATAAAATTAATTAATCACTCATTTATCGACCTCCCCACCC
CATCCAACATTTCCGCATGATGGAACTTCGGCTCACTTCTCGGCGCCTGCCTAATCCTTCAAATTACCAC
AGGATTATTCCTAGCTATACACTACTCACCAGACGCCTCAACCGCCTTCTCGTCGATCGCCCACATCACC
CGAGACGTAAACTATGGTTGGATCATCCGCTACCTCCACGCTAACGGCGCCTCAATATTTTTTATCTGCC
TCTTCCTACACATCGGCCGAGGTCTATATTACGGCTCATTTCTCTACCTAGAAACCTGAAACATTGGCAT

>P paniscus

ATGACCCCAACACGCAAAATCAACCCACTAATAAAATTAATTAATCACTCATTTATCGACCTCCCCACCC
CATCCAATATTTCCACATGATGAAACTTCGGCTCACTTCTCGGCGCCTGCCTAATCCTTCAAATCACCAC
AGGACTATTCCTAGCTATACACTACTCACCAGACGCCTCAACCGCCTTCTCATCGATCGCCCACATTACC
CGAGACGTAAACTATGGTTGAATCATCCGCTACCTTCACGCTAACGGCGCCTCAATACTTTTCATCTGCC
TCTTCCTACACGTCGGTCGAGGCCTATATTACGGCTCATTTCTCTACCTAGAAACCTGAAACATTGGCAT



GenBank:

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021

//

tgaaatgaag
cacccaaagc
tagtacattt
ttaatcaatg
ttatactaat
tacagtcata
taccatcctc
attaaacttg
catcaaatgc
ctaatcagcc
cctactttca
tacggtgaag
ttagacataa
cttaatgcca
ccctatgtcc
aaaattttac
aatattaaca
taattttatc

Formaty souboru:

atattctctt
tggcattcta
atgtatatcg
atataggcca
acatcaaatt
aactcttctc
cgtgaaacca
ggggtagcta
gttatcgccc
catgaccaac
tcaacatagc
aatcattagt
atgctactca
aaccccaaaa
tgatcgattc
aaaatcatgc
agttaatgta
cca

ctcaagacat
attaaactac
tacattaaac
taaaacaatt
aatgctttaa
ttccatatga
acaacccgcc
aactgaaact
atacgttccc
ataactgtgg
cgtcaaggca
ccgcaaaacc
ataccaaatt
acactaagaa
tagtagttcc
tccgtgaacc
gcttaataac

caagaagaag
ttcttgtgta
tattttcccc
atcaacataa
agacatatct
ctatcccctt
caccaatgcc
ttatcagaca
cttaaataag
tgtcatgcat
tgaaaggaca
caatcaccta
ttaactctcc
cttgaaagac
caaaatatga
aaaactctaa
aaagcaaagc

gaactactcc
cataaattta
aagcatataa
actgatacaa
gtgttatctg
ccccatttgg
cctcttcteg
tctggttctt
acatctcgat
ttggtatttt
gcacacagtc
aggctaatta
aaacccccca
atatattatt
ctcatatttt
tcacactcta
actgaaaatg

ccaccaccag
catagtacaa
gcaagtacat
accatgaata
acatacacca
tctattaatc
ctccgggcecc
acttcagggc
ggtatcgggt
tttattttgg
tagacgcacc
ttcatgcttg
accccctcect
aactatcaaa
agtacttgta
ttacgcaata
cttagatgga



Formaty souboru:

PHYLIP (“interleaved” format):

6 1120

H sapiens
P_troglod
P _paniscus
G_gorilla

P_pygmaeus
H lar

ATGACCCCAA
ATGACCCCGA
ATGACCCCAA
ATGACCCCTA
ATGACCCCAA
ATGACCCCCC

ATTCATCGAC
ATTTATCGAC
ATTTATCGAC
ATTCATTGAC
ACTCATCGAC
ACTTATCGAC

TACGCAAAAT
CACGCAAAAT
CACGCAAAAT
TACGCAAAAC
TACGCAAAAC
TGCGCAAAAC

CTCCCCACCC
CTCCCCACCC
CTCCCCACCC
CTCCCTACCC
CTCCCCACCC
CTTCCAGCCC

TAACCCCCTA
TAACCCACTA
CAACCCACTA
TAACCCACTA
CAACCCACTA
TAACCCACTA

CATCCAACAT
CATCCAACAT
CATCCAATAT
CGTCCAACAT
CATCAAACAT
CATCCAACAT

ATAAAATTAA
ATAAAATTAA
ATAAAATTAA
GCAAAACTAA
ATAAAATTAA
ATAAAACTAA

CTCCGCATGA
TTCCGCATGA
TTCCACATGA
CTCCACATGA
CTCTGCATGA
TTCTATATGA

TTAACCACTC
TTAATCACTC
TTAATCACTC
TTAACCACTC
TTAACCACTC
TCAACCACTC

TGAAACTTCG
TGGAACTTCG
TGAAACTTCG
TGAAACTTCG
TGGAACTTCG
TGAAACTTTG



Formaty souboru:

NEXUS (PAUP*, “interleaved”):

#NEXUS
begin data;

dimensions ntax=6 nchar=1120;
format datatype=DNA interleave datatype=DNA missing=? gap=-;

matrix

P_troglod
P _paniscus
H sapiens
G_gorilla

P_pygmaeus
H lar

P_troglod
P _paniscus
H sapiens
G_gorilla

P_pygmaeus
H lar

end;

ATGACCCCGACACGCAAAATTAACCCACTAATAAAATTAATTAATCACTC
ATGACCCCAACACGCAAAATCAACCCACTAATAAAATTAATTAATCACTC
ATGACCCCAATACGCAAAATTAACCCCCTAATAAAATTAATTAACCACTC
ATGACCCCTATACGCAAAACTAACCCACTAGCAAAACTAATTAACCACTC
ATGACCCCAATACGCAAAACCAACCCACTAATAAAATTAATTAACCACTC
ATGACCCCCCTGCGCAAAACTAACCCACTAATAAAACTAATCAACCACTC

ATTTATCGACCTCCCCACCCCATCCAACATTTCCGCATGATGGAACTTCG
ATTTATCGACCTCCCCACCCCATCCAATATTTCCACATGATGAAACTTCG
ATTCATCGACCTCCCCACCCCATCCAACATCTCCGCATGATGAAACTTCG
ATTCATTGACCTCCCTACCCCGTCCAACATCTCCACATGATGAAACTTCG
ACTCATCGACCTCCCCACCCCATCAAACATCTCTGCATGATGGAACTTCG
ACTTATCGACCTTCCAGCCCCATCCAACATTTCTATATGATGAAACTTTG



Formaty souboru:

Clustal X:

P_troglod
P paniscus
H sapiens
G_gorilla

P_pygmaeus
H lar

P_troglod
P paniscus
H sapiens
G_gorilla

P_pygmaeus
H lar

ATGACCCCGACACGCAAAATTAACCCACTAATAAAATTAATTAATCACTCATTTATCGAC
ATGACCCCAACACGCAAAATCAACCCACTAATAAAATTAATTAATCACTCATTTATCGAC
ATGACCCCAATACGCAAAATTAACCCCCTAATAAAATTAATTAACCACTCATTCATCGAC
ATGACCCCTATACGCAAAACTAACCCACTAGCAAAACTAATTAACCACTCATTCATTGAC
ATGACCCCAATACGCAAAACCAACCCACTAATAAAATTAATTAACCACTCACTCATCGAC

ATGACCCCCCTGCGCAAAACTAACCCACTAATAAAACTAATCAACCACTCACTTATCGAC
% % %k ok kK ok dhkkhkdkkdk  hhkkkk hhkk  kkkk khkkk kk kkkkkk Kk kk kkxk

CTCCCCACCCCATCCAACATTTCCGCATGATGGAACTTCGGCTCACTTCTCGGCGCCTGC
CTCCCCACCCCATCCAATATTTCCACATGATGAAACTTCGGCTCACTTCTCGGCGCCTGC
CTCCCCACCCCATCCAACATCTCCGCATGATGAAACTTCGGCTCACTCCTTGGCGCCTGC
CTCCCTACCCCGTCCAACATCTCCACATGATGAAACTTCGGCTCACTCCTTGGTGCCTGC
CTCCCCACCCCATCAAACATCTCTGCATGATGGAACTTCGGCTCACTTCTAGGCGCCTGC

CTTCCAGCCCCATCCAACATTTCTATATGATGAAACTTTGGTTCACTCCTAGGCGCCTGC
dk kk  kkkk kk kk kk Kk hkkhkkk hhkkkk kk kkkkk kk hk kkkkkk



BLAST

GenBank

ClustalX



Serazeni sekvenci (alignment):

Sekvence 1  TTGTACGACGG g ¢ A
Sekvence 2 TTGTACGACG A
G o [ AN )
TTGTACGACGG TTGT---ACGACGG c hd
RRRRRRRR I N Mele °
TTGTACGACG TTGTACGACG G ° °ole
T @ o
T o o
TTGTACGACGG

Sekvence 1 ACTTGTGCTTC

Sekvence 2 ACGTGCTGCTC c °® e °®
T . AN ) [ ) [ )
ACTTG-TGCTTC CLe
G o
Path 1 || || |||| T o0 o
ACGTGCTGCTC cl o °
G
ACTTGTGCTTC R e
Path 2 I c o [ |o
AC--GTGCTGCTC A

ACTTGTGCTTOC



Serazeni sekvenci (alignment):

GP =g +hl

Penalizace mezer (gap penalty): hgi 'g%ipez‘f:r?:%n

penalty
_ ] | — gap length
g = penalizace za vyskyt mezery (1x)

h = extenze za kazdou ,pomICku®

| = délka mezery (= pocCet ,pomicek”)

Pr.. GCl [ [1 [1 [0 TTAA
I=95,9=x, h=25x



Progresivni serazeni - ClustalX

3 faze:

1. Serazeni dvojic sekvenci — paroveé distance
2. Konstrukce ,guide tree” (NJ)
3. Serazeni vSech sekvenci podle stromu

——— sequence A
l.
il

——— sequence B

sequence C

—— sequence D |
l.

——— sequence E



AGGTT
AG-TT
AG-TT
AG-TT
AG-TT
AGGTT

Problem progresivniho serazeni

gorila

kan
panda

6 druhu:

AGGTT
AG-TT
AG-TT

4

gorila
kan
panda
tucénak
kure
psStros

v v/

tucnak

kure

pStros

AGGTT
AG-TT
AG-TT
A-GTT
A-GTT
AGGTT

A-GTT
A-GTT
AGGTT

AGGTT
A-GTT
A-GTT
A-GTT
A-GTT
AGGTT



Existuji i metody bez serazeni:

—
1 E—
D — - E=== — 2
3 | — —_— 3
4 — [ 4
homologni sekvence referenCni strom
e E— 1 — e
- - - - - == - == T 2 m—— E—
B e ———————- — 3 === I
- - - - - = e E—— 4 e— E———
sefazeni vSech sekvenci
7 —— <
2 — 4

metoda bez serazeni sekvenci

fylogeneticky strom

1111 <

AN W=
I
AN W



Metody konstrukce stromu

kritérium
optimality

algorithms

Rozdéleni metod

Typy dat
distance znaky
UPGMA
neighbor-
joining
Fitch- maximum
Margoliash parsimony
maximum
minimum likelihood
evolution Bayesian a.




Jak hodnotit jednotlivé metody?

vykonnost (efficiency): jak rychla je metoda?
sila (power): kolik znaku je tfeba?
konzistence (consistency): vede zvySujici se poéet znakl

ke spravnému stromu?

robustnost (robustness): jak metoda funguje pfi
neplatnosti pfedpoklad?

falzifikovatelnost (falsifiability):  umoZiuje testovani platnosti
predpokladu?




MAXIMALNI USPORNOST
(maximum parsimony, MP)

William of Ockham (c. 1287 — 1347)

s (OCCamova bfitva

_ O 2 O /| =

oo -~ O O O

A
B
C
D
minimalni pocCet kroku = 3 c
skute€ny pocet kroku =5
— 2 extra kroky — homoplasie
a) b) ¢)
1 0o 1 0 1 0 1 0 0 0 1 0
1 1 0 0 1
1 0
2 kroky 1 krok 2 kroky



1(C)

2(D)

6(A)

Odhad poctu kroku: Fitchuv algoritmus

5(A) 1. arbitrarni koren

4(T)

3(T)



Odhad poctu kroku: Fitchuv algoritmus

) 6(A)  5(A) 1. arbitrarni kofen
1(C) 4(T)
2. Shora dolu:
w=C,nebo T
x=T
2(D) 3D y=A,nebo T

z=T




Odhad poctu kroku: Fitchuv algoritmus

6(A)  5(A) 1. arbitrarni kofen

1(©) 4(T)

2. Shora dolu:
w=C,nebo T
x=T
y=A,nebo T
z=T

2(T) 3(T)

d) 2 3 ; 3. Zdola nahoru:
X/ N/ )/ z=T, nebo A

celkova délka = 3




Odhad poctu kroku: Fitchuv algoritmus

6(A)  5(A) 1. arbitrarni kofen

1(©) 4(T)

2. Shora dolu:
w=C,nebo T
x=T
y=A,nebo T
z=T

2(T) 3(T)

d) 2 3 ; 3. Zdola nahoru:
X/ N/ )/ z=T, nebo A

celkova délka = 3

6

DELTRAN A ACCTRAN
(DELayed TRANsformation) (ACCelerated TRANsformation)




Problem homoplasie:

parsimony-informative and non-informative characters (sites)
- invariant sites (symplesiomorphies)
- singletons (autapomorphies)

index konzistence (consistency i., Cl)
retencni index (retention i., RI) . .
upraveny Cl (rescaled Cl, RC) N s - Sgi—5m
index homoplasie (homoplasy i., HI) i i i

m = min. no. of possible steps
S = min. no. needed for explaining the tree
g = max. no. of steps for any tree

RC=CI x RI
HI=1-CI



Metody parsimonie:

Fitchova: X>YaY->X
nesefazené znaky (A — T nebo A — G etc.)

Wagnerova: X>YaY->X
sefazené znaky (1 > 2 - 3)

Dollova: X—>YaY —> X, potomnelze X > Y

a) b)

1 00 000 0O O 1

1 0 0 0 00O OO 1

... restriction-site and
restriction-fragment data

Caminova-Sokalova: XY,
neY —» X

... SINE, LINE

vazena (weighed, transversion): “relaxed Dollo criterion”

generalizovana: matice nakladu (cost matrix) = krokova matice (step matrix)



Wagnerova Fitchova
a) a b ¢ d b) a b ¢ d
a - 1 2 3 a - 1 1 1
b 1 - 1 2 b 1 - 1 1
c | 2 1 - 1 c | 1 1 - 1
d 3 2 1 - d 1 1 1 -
c) a b ¢ d d) A C G T
al - MH2M 3M Al - 5 1 5
b 1 - M 2M C| 5 - 5 1
C 2 1 - M G 1 ) - 5
d 3 2 1 - T 3 1 5 -
[N

Dollova

vazena
(transverzni)

*) M je libovolné velké Cislo zarucujici, ze bude povolena pouze jedna transformace

do kazdého odvozeného stavu.




Parsimonie a konzistence

((A,B),(C.D))

(A,C),(B.D))



Parsimonie a konzistence

,Felsensteinova

\_/ zona“ >_<
0.5 —/
| 7

p <q-q)

>_<o | 'q' 'o.sx_(

Ve Felsensteinove zone je parsimonie nekonzistentni



Parsimonie a konzistence

Success

0-20%

20-40%
40-60%
60-80%
80-95%

S<

>~




Parsimonie a konzistence

\

I dlouhé vétve

~pritazlivost dlouhych vetvi®
(long-branch attraction, LBA)

C




Hledani optimalniho stromu

1. Exaktni metody:

a) vycCerpavajici hledani (exhaustive search)
b) branch-and-bound



branch-and-bound

/

C B .
V2 na zacCatku 3 taxony,
>/B >/A postupné pridavani
Cl12 ¢ /A /
) \ 5 . \ ) g /'
D C

D
B
C1.3 ¢ / ) |
C D B
A

ﬂ ¥
je-li strom del&i ne2 nahodné ) \\

vybrany, algoritmus dal nepokracCuje




2. Heuristické hledani

tromy

Zné s

hny moz

v

vsSecC




Stepwise addition

Star decomposition
branch swapping

heuristické hledani




nearest-neighbor
interchanges (NNI)

subtree prunning
and regrafting (SPR)

tree bisection and
reconnection (TBR)

NNI

SPR

\
w
B oo
W w
e
o,

v

5 2 5
34 1 2 6 4
——5 ,> | <
5
2 6 3
3 4 1 3 6 4



Evolucni modely a distancni metody

A
Pdvodni baze C
G
T
.
Q= | ¢
a
a

Jukes-Cantor (JC):

Baze po substituci

A C G T
-5/a Ya Ya Ya
Ya -5/a Ya Ya
Ya Ya -5/a Ya
Ya Ya Ya -5/a
3

o o o

— o o

o - o

o o -

stejné frekvence bazi
stejné frekvence substituci



Kimura 2-parameter (K2P): transice # transverze

(1\ e £ b t iti
AN ransitions

A

Bl B XDB

trans-
versions

A
v
@ e B ® transitions
o

R | ™
™ | ™R
| =™ R ™

Jestlize o = B, K2P = JC



Felsenstein (F81): ruzné frekvence bazi

_ e
Q= | "a N
T e
Tia Tic

Mg y
Mg y

_ iy
Tg —

Jestlize tA=nC =nG =n=nT, F81 =JC

Hasegawa-Kishino-Yano (HKY):

- ncP

- AP -
Q TAQ P
AP T

General time-reversible (GTR, REV):

rizné frekvence bazi
transice # transverze
N\

MOl Ay

P Ol
- B
B -

rizné frekvence bazi
ruzné frekvence jednotlivych typu
substituci



nestejné

Jukes-Cantor (JC)
A= Te=TG=7r

a=p

vice nez 1

frekvence typ
bazi / \ substituce

Felsenstein Kimura‘s two-
(F81) parameter (K2P)
TpF M F NG# Ty Mp= M=M= Top
a=pf azf

Felsenstein (F84)
TpE T # GE Tp
a=c=d=f=1, b=(1+Kl ),
e=(1+Klny), kde ng=7p+7g
= ek

Hasegawa-Kishino-Yano

TpNE T G Tp

2 typy transici

\4

Tamura-Nei (TrN)
TpE T # G# Tp

azf

v

Kimura’s three-
substitution-type
(K3ST)

A= = 7e= 7t

a#f
/

General-time reversible
(GTR)
TpE ME TGE Ty
a,b,c,def




Heterogenita substitucnich rychlosti
v riznych ¢astech sekvence

Cim je o vySSi, tim jsou frekvence

Gama (') rozdeleni: substituci homogenn&;jsi
0.08
parametr tvaru a
S o =200
diskrétni gama model
.. 0.06 |
=
invariantni pozice <
— GTR+ I+l 3
= 0.04

0.02

Substitution rate



Porovnani modelu:

Likelihood ratio test (LRT):

zahnizdéné modely (nested models)
LR =2(InL2 — InL1)
v2rozdéleni, p2 — p1 stupnd volnosti

Akaike information criterion (AIC):

nonnested models
AIC = -2InL + 2p, kde p = poCet volnych parametru
lepSi model — nizsi AIC

Bayesian information criterion (BIC):

nonested models
BIC = -2InL + pInN, kde N = velikost vzorku



Porovnani modelu:

hierarchicky LRT — ModelTest (Crandall and Posada)

Modeltest 3.0 hierarchy
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Porovnani modelu:

dynamicky LRT:




Porovnani modelu:

Real data JC K2P HKYS85

A C G T A C G T A C G T A C G T
Al )e @ - Al e @ @ Al - @ - e @
c-(/j} o cle ) e @ cl- O - @ c-O O
G|® ° - cle @) @ c|@® - ) - © o
T o O Tle @ @ () T ® - O T o O

Vice parametrli = vice realismu, ale ...

... takeé vice neurcitosti, protoze jsou odhadovany ze stejného
mnozstvi dat



Distance

pocitany pro kazdy par taxonu, z matice distanci (nebo podobnosti)
konstruovan strom

distanCni metody zalozeny na predpokladu, ze pokud bychom znali
skuteCné distance mezi vSemi studovanymi taxony, mohli bychom
velmi jednoduse rekonstruovat spravnou fylogenii

vyhoda: velmi rychlé a jednoduché (Ize i na kalkulacce)



1 10 20 30
sekvence 1: ACCCGTTAAGCTTAACGTACTTGGATCGAT
sekvence 2: ACCCGTTAGGCTTAATGTACGTGGATCGAT

p-distance: p = k/n=3/30=0,10

expected //’

problém difference \ / i Iﬂ—— “correction”
e

saturace:

Differences

estimated
("observed”)
difference

Time —



Distance pro nekteré modely:

3 4
(. D) D =jako JC
d,=-Blni1— —
F81 Xy \ B B=1_ (7TA2 n 7Tc2 n 7TG2 " 7TT2)
1 [ 1 Y1 (1) rozdily typu transici: P=c+h+i+n
K2P | d,, = -Inl ——— 1+ -Inl —— | |rozdily typu transverzi:
2 \1-2P-0) 4 \1-20) |g-prdtetgtj+i+m+o
d. = -2A]nu(1— }i_(w\,Jr Ty = e+ 71, IR = A+ TG,
FR4 Y \ 24 24C ) A = memr/ wy + mATGI 7R,
2A-B-Oynf1- 2 B = mem ™t I,
(4-B-0C) 'K_zfj C = mmy, P a O jako K2P
GTR d,, = stop aHh’ H -1 F, IT = diagonalni matice primérnych

¢etnosti bazi v sekvencich Xa Y
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Shlukova analyza - UPGMA

Simp. bonobo  gorila Clovek orang.
$impanz (S)

bonobo (B) --

gorila (G) 0,027  0,0416 -
&lovek (C) 0,0382  0,0327 0,0371 -
orangutan (O) 0,0953 0,0916 0,0965  0,0928 -

1. Najdi min d(ij)
2. Vypoditej novou matici: d(SB-k) = [d(B-k)+d(S-k)]/2
3. Opakuj1a?2.



SB gorila Clovék  orang.

SB -

gorila (G) 0,0422 --

lovek (C) 0,0355  0,0371

orangutan (O) 0,0935 0,0965 0,0928

UPGMA (unweighted pair-group method using arithmetic means).
d[(BSC)G] = {d(BG)+d(SG)+d(CG)}/3

WPGMA: d[(BSC)G] = {d[(BS)G] + d(CG)}/2

L& 4

complete-linkage (m. nejvzdalengjSiho souseda)

(¢



UPGMA a konzistence

aditivni distance: dyg + dop < max (dac + dgp, dap + dgc)

A B
tj. vzdalenost mezi 2 taxony je rovna souctu vétvi, ! % !
které je spojuji C

D
A
ultrametrické distance: dac < max (dag, dgc) C ./<_>\. B
L

—
L

— N

aditivni strom ultrametricky strom




UPGMA a konzistence




Spojeni sousedu (neighbor-joining, NJ)

Algoritmicka metoda

Princip minimalni evoluce — minimalizuje soucCet délek vetvi S

Kazdy par uzli adjustovan na zakladé divergence od ostatnich

Konstrukce jedineho aditivhiho stromu



hvezdicovy
strom




hvézdicovy nalezeni

strom nejblizSich
sousedu
®
()
X
5




hvezdicovy
strom

nalezeni
nejblizSich
sousedu

prepocitani
distanci




hvézdicovy nalezeni . erie s
strom nejbliz&ich prg.p‘t’c'ta,”'
sousedU stanc

opakovani
postupu ...




Nevyhody distancCnich dat:

. ztrata casti informace béhem transformace

. jakmile data transformovana na distance, nelze se vratit zpét
(odlisné sekvence mohou dat stejné distance)

. nelze sledovat evoluci na riznych ¢astech sekvence
. obtizna biologicka interpretace délek vetvi

. helze kombinovat rizné distan¢ni matice



