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Uvod
zakl. pojmy, pocet stroml, typy dat

Prace se sekvencemi DNA a proteinu
databaze (GenBank, ENTREZ, BLAST), serazeni sekvenci (Clustal)

Rozdeéleni metod a kritéria jejich hodnoceni

Maximalni uspornost (Maximum parsimony, MP)
MP a konzistence

Evolucni modely a distancni metody
vybér modelu, UPGMA, neighbor-joining




Uvod
Definice zakladnich pojmu

rooted tree unrooted tree * fylogeneticky strom =
a) dichotomy polytomy b) fylogvenle (phylogevny)
(bifurcation) (multifurcation) . . s korenem, bez korene

+— v
node Gerur| - vétve (branches, edges)
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oot | vnéjsi, vnitfni, centralni
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Kolik existuje stromu?

(2n—35)!
2173 (n = 3)!

XK

(2n —3)!
272 (n=2)!

No. Taxons Unrooted trees Rooted trees

3 1 3

4 vice nez elektronu ve viditelném 3 15

5 vesmiru (Eddingtonovo ¢islo) 15 105

6 105 945

7 945 10 395

8 10 395 135 135

9 135 135 2 027 025
AT bk S Vs, s 2027025 34 459 425
11 34 459 425 654 729 075

12 654 729 075 13 749 310 575

13 13 749 310 575 316 234 143 225

14 316 234 143 225 7 905 853 580 625

15 7 905 853 580 625 213 458 046 676 875

20 213 458 046 676 875 8200 794 532 637 891 559 375

30 8 200 794 532 637 891 559 375 4,9518%10°

40 4,9518%10* 1,00986x10’

50 1,00986x10> 2,75292%10"°

Uvod




Jaké typy dat muzeme pouzit?

[ DATA J
o P o
[ | } [Diskrétni}
Distance
znaky
“wc .

Imunologie L ) -
DNA-DNA hybridizace Binarni Vicestavove

11010010011)\ABCDEF

 neserazené -+ serazené
ACGTTAGCT A-B-C

Uvod




Uvod

Typy dat

1. Nukleotidové a proteinové sekvence:
H_sapiens MTPMRKINPLMKLINHSFIDLPTPSNISAWWNFGS

baze = stav znaku

P_troglod ATGACCCCGAGACGCAAAATTAACCCACTAATAAA

T

pozice (site) = znak

2. Restrikéni data: * restriction-site data

* restriction-fragment data (RFLP)
I fragment = znak
J_Y_Y_ pritomnost/absence =
I stav znaku
N

absence nezavislosti!

Restrikéni misto = znak
pritomnost/absence = stav znaku




Uvod

Typy dat

3. Alozymy:
alela = znak, pritomnost/absence = stav znaku
lokus = znak, alela = stav znaku
lokus = znak, alelova frekvence = stav znaku

4. Poradi genu
5. Retroelementy: SINE (Alu, B1, B2), LINE

6. VNTR, STR, SNP




Uvod

Vlastnosti znaku: * nezavislost (morfologie, alozymy,
poradi genu)
* homologie

Problem homologie sekvenci

paralogous
—
o duplicaion O  [3 "
‘/speciation\ l
o P a P ¢
— I — — I —
e ——————— xenologous

orthologous




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: hitp://www.ncbi.nim.nih.qov/Genbank/

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

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.qeorgetown.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.orq/pdb/




Formaty souboru

GenBank:

ORIGIN
1 tgaaatgaag atattctctt ctcaagacat caagaagaag gaact

61 cacccaaagc tggcattcta attaaactac ttcttgtgta cata
121 tagtacattt atgtatatcg tacattaaac tattttcccc aag
181 ttaatcaatg atataggcca taaaacaatt atcaacataa act
241 ttatactaat acatcaaatt aatgctttaa agacatatct gtg
301 tacagtcata aactcttctc ttccatatga ctatcccctt ccc
361 taccatcctc cgtgaaacca acaacccgcc caccaatgcc cct
421 attaaacttg ggggtagcta aactgaaact ttatcagaca tct
481 catcaaatgc gttatcgccc atacgttccc cttaaataag aca
541 ctaatcagcc catgaccaac ataactgtgg tgtcatgcat ttg
601 cctactttca tcaacatagc cgtcaaggca tgaaaggaca gca
661 tacggtgaag aatcattagt ccgcaaaacc caatcaccta agg
721 ttagacataa atgctactca ataccaaatt ttaactctcc aaa
/81 cttaatgcca aaccccaaaa acactaagaa cttgaaagac ata
841 ccctatgtcc tgatcgattc tagtagttcc caaaatatga ctc
901 aaaattttac aaaatcatgc tccgtgaacc aaaactctaa tca
961 aatattaaca agttaatgta gcttaataac aaagcaaagc act

1021 taattttatc cca
Il

Prace se sekvencemi

actcc ccaccaccag

aattta catagtacaa
catataa gcaagtacat
gatacaa accatgaata
ttatctg acatacacca
catttgg tctattaatc
cttcteg ctccgggecce
ggttctt acttcagggc
tctcgat ggtatcgggt
gtatttt tttattttgg
cacagtc tagacgcacc
ctaatta ttcatgcttg
cccecca acceectect
tattatt aactatcaaa
atatttt agtacttgta
cactcta ttacgcaata
gaaaatg cttagatgga




Prace se sekvencemi

Formaty souboru

FASTA:

>H_ sapiens
ATGACCCCAATACGCAAAATTAACCCCCTAATAAAATTAATTAACOACRTEGACCTCCCCACCC
CATCCAACATCTCCGCATGATGAAACTTCGGCTCACTCCTTGGCGGBTGCTCCAAATCACC
AGGACTATTCCTAGCCATACACTACTCACCAGACGCCTCAACCGETTARTCGCCCACATCACT
CGAGACGTAAATTATGGCTGAATCATCCGCTACCTTCACGCCAATEGBAGEICTTTATCTGCC
TCTTCCTACACATCGGGCGAGGCCTATATTACGGATCATTTCTCTARATBAGBSAAACATCGG(

>P_troglod
ATGACCCCGACACGCAAAATTAACCCACTAATAAAATTAATTAATCATATBGACCTCCCCACCC
CATCCAACATTTCCGCATGATGGAACTTCGGCTCACTTCTCGGCGEBATGCTICAAATTACC,
AGGATTATTCCTAGCTATACACTACTCACCAGACGCCTCAACCG@IT®ATCGCCCACATCACC
CGAGACGTAAACTATGGTTGGATCATCCGCTACCTCCACGCTAATGAATRITTTTTATCTGCC
TCTTCCTACACATCGGCCGAGGTCTATATTACGGCTCATTTCTCTARRTBTGGAAACATTGGC

>P_paniscus
ATGACCCCAACACGCAAAATCAACCCACTAATAAAATTAATTAATCATATBGACCTCCCCACCC
CATCCAATATTTCCACATGATGAAACTTCGGCTCACTTCTCGGCGIXATRXXT TCAAATCACC
AGGACTATTCCTAGCTATACACTACTCACCAGACGCCTCAACCGRITBAMCGCCCACATTACC
CGAGACGTAAACTATGGTTGAATCATCCGCTACCTTCACGCTAAUGBRETGACTITTTCATCTGCC
TCTTCCTACACGTCGGTCGAGGCCTATATTACGGCTCATTTCTCTARKIBGBSAAACATTGGCAT




Prace se sekvencemi

Formaty souboru

PHYLIP (“interleaved” format):

6 1120

H_sapiens ATGACCCCAA TACGCAAAAT TAACCCCCTA ATAAAATTAA TTAACCACT!
P_troglod ATGACCCCGA CACGCAAAAT TAACCCACTA ATAAA ATTAA TTAATCACTC
P_paniscus ATGACCCCAA CACGCAAAAT CAACCCACTA ATAAAATTAA TTAATCACTC
G_gorilla ATGACCCCTA TACGCAAAAC TAACCCACTA GCAAA ACTAA TTAACCACT
P_pygmaeus ATGACCCCAA TACGCAAAAC CAACCCACTA ATAANTTAA TTAACCACTC
H_lar ATGACCCCCC TGCGCAAAAC TAACCCACTA ATAAA ACTAA TCAACCACTC

ATTCATCGAC CTCCCCACCC CATCCAACAT CTCCGCATGA TGARK L
ATTTATCGAC CTCCCCACCC CATCCAACAT TTCCGCATGA TGGABGT
ATTTATCGAC CTCCCCACCC CATCCAATAT TTCCACATGA TGAAATT
ATTCATTGAC CTCCCTACCC CGTCCAACAT CTCCACATGA TGAAEC
ACTCATCGAC CTCCCCACCC CATCAAACAT CTCTGCATGA TGGRAET
ACTTATCGAC CTTCCAGCCC CATCCAACAT TTCTATATGA TGAAATGT




Prace se sekvencemi

Formaty souboru

NEXUS (PAUP*, “interleaved”):

#NEXUS

begin data;

dimensions ntax=6 nchar=1120;

format datatype=DNA interleave datatype=DNA missing =? gap=-;

matrix

P_troglod ATGACCCCGACACGCAAAATTAACCCACTAATAAAATRATAATCACT
P_paniscus ATGACCCCAACACGCAAAATCAACCCACTAATAAAARIIAAATCACTC
H sapiens ATGACCCCAATACGCAAAATTAACCCCCTAATAAAATARTAACCACTC
G_gorilla ATGACCCCTATACGCAAAACTAACCCACTAGCAAAACTITAACCACTC
P_pygmaeus ATGACCCCAATACGCAAAACCAACCCACTAATAAAATTAACCACT
H_lar ATGACCCCCCTGCGCAAAACTAACCCACTAATAAAACTATCAACCACTC

P_troglod ATTTATCGACCTCCCCACCCCATCCAACATTTCCGCANSGGAACTTC
P_paniscus ATTTATCGACCTCCCCACCCCATCCAATATTTCCACAMTBEAAACTTCG
H_sapiens ATTCATCGACCTCCCCACCCCATCCAACATCTCCGCATGAAACTTCG
G_gorilla ATTCATTGACCTCCCTACCCCGTCCAACATCTCCACATAIGAAACTTCG
P_pygmaeus ACTCATCGACCTCCCCACCCCATCAAACATCTCTGBABGAACTTC
H_lar ACTTATCGACCTTCCAGCCCCATCCAACATTTCTATATGATGAAACTTTG

end:;




Prace se sekvencemi

Formaty souboru

Clustal:

P_troglod ATGACCCCGACACGCAAAATTAACCCACTAATAAAATTRPAATCACTCATTTATCG.
P_paniscus ATGACCCCAACACGCAAAATCAACCCACTAATAAAATTMATCACTCATTTATCGAC
H_sapiens ATGACCCCAATACGCAAAATTAACCCCCTAATAAAATTAAACCACTCATTCATCGAC
G_gorilla ATGACCCCTATACGCAAAACTAACCCACTAGCAAAACTARAACCACTCATTCATTG
P_pygmaeus ATGACCCCAATACGCAAAACCAACCCACTAATAAAATTANMCCACTCACTCATCGAC
H_lar ATGACCCCCCTGCGCAAAACTAACCCACTAATAAAACTARCAACCACTCACTTATCGAC

k*kkkkkkk kkkkkkk Kkkhkkkk kkk kkkk kkkk kk kkkkkk * k% kkk

P_troglod CTCCCCACCCCATCCAACATTTCCGCATGATGGAACTTCBIACTTCTCGGCGCCTGC
P_paniscus CTCCCCACCCCATCCAATATTTCCACATGATGAAACTECECACTTCTCGGCGCCTGC
H_sapiens CTCCCCACCCCATCCAACATCTCCGCATGATGAAACTECTBCACTCCTTGGCGCC

G_gorilla CTCCCTACCCCGTCCAACATCTCCACATGATGAAACTTGGTCACTCCTTGGTGCCTGC
P_pygmaeus CTCCCCACCCCATCAAACATCTCTGCATGATGGAAGITUCCGACTTCTAGGCGCCTGC
H_lar CTTCCAGCCCCATCCAACATTTCTATATGATGAAACTTTGTTCACTCCTAGGCGCCTGC

)k kk  kkkk kk kk kk kk  kkkkkk kkkkk kk kkkkk k% **k kkkkkk




Prace se sekvencemi

Serazeni sekvenci (alignment)

Sekvence 1 ~ TTGTACGACGG R :
Sekv ence 2 TTGTACGAC A
G [ (2N )
TTGTACGACGG TTGT---ACGACGG c hd
EREANANAN ERIIE = DI oL 2
TTGTACGACG TTGTACGAC ° ol e
GP =g +hl
gap penalty g - gap penalty
h — gap extension CGACGG
penalty
Sekvence 1 ACTTGTGCTT I gap length
Sekvence 2 ACGTGCTGCTC ° °
T [ 2N ) o o
ACTTC TGCTT( g e -
Path 1 00 00 0000 : o ~
ACGTGCTGCTC clMl'e °
G
ACTTGTGCTTC R A
Path 2 00 00000 O c ° °
AC-- GTGCTGCT(C A

ACTTGTGCTTOC




Prace se sekvencemi

Progresivni serazeni - ClustalX

3 faze:

1. Serazeni dvojic sekvenci - parové distance
2. Konstrukce ,,guide tree* (NJ)
3. Serazeni vSech sekvenci podle stromu

sequence A |
.
1

sequence B

sequence C

sequence D |
l.

sequence E




Prace se sekvencemi

Problém progresivniho serazeni

6 druhu:

gorila AGGTT tu énak A-GTT

kan AG-TT ku e A- GTT

panda AG-TT pStros AGGTT
AGGTT gorila AGGTT AGGTT
AG-TT kani AG-TT A- GTT
AG-TT panda AG-TT A-GTT
acTT = tu &nak A-GTT =) aoTT
ACG-TT ku e A- GTT A- GTT

AGGTT pPStros AGGTT AGGTT




Metody konstrukce stromu

Rozdeéeleni metod

Typy dat
distance znaky
7))
S - UPGMA
=
S Aol
© joining
> * Fitch- e maximum
£ £ : :
S = Margoliash parsimony
o E * maximum
t o * minimum likelihood
S evolution - Bayesian a.

Rozdéleni metod




Jak hodnotit jednotlive metody?

« vvkonnost (efficiency): jak rychla je metoda?

* sila (power): kolik znaku je treba?

Rozdéleni metod

» konzistence (consistency): vede zvysSujici se pocet znakli

ke spravnému stromu?

* robustnost (robustness): jak metoda funguje pri
neplatnosti predpokladu?

 falzifikovatelnost (falsifiability):

umoznuje testovani platnosti

predpokladi?




Parsimonie

Maximalni uspornost
(maximum parsimony, MP)

William of Occam (c. 1285 - c. 1349):

I

AT IR0 ™M

B0 50 w1

Crrd . 70%,.0

D|0 1 O

E IR0 %1

b)
1 0 1 0 1 0

1 1 0

1
2 kroky 1 krok

Occamova britva

minimalni pocet kroku = 3
skutecny pocet krokli =5
= 2 extra kroky —~ homoplasie




Odhad poétu krok
Fitchav (1971) algoritmus

a)
6(A)  5(A)
1) 4(T)
2(T) 3(T)
c) 1 2 3 4 5 d) : 2 3 4 5
c T T T A T T T A
TXW TXX
)y
)z

DELTRAN

SN

Parsimonie

1. arbitrarni koren

2. top - bottom:
w=Cnebo T
x=T
y=Anebo T
z=T

3. bottom - top:
z=T nebo A

celkova délka = 3

ACCTRAN

(DELayed TRANsformation) f: (ACCelerated TRANsformation)




Parsimonie

Problém homoplasie:

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

* index konzistence (consistency i., Cl) ) o~
- retenéni index (retention i., Rl) o Zm o Zg’ ZS
- upraveny Cl (rescaled Cl, RC) "D N g-Ym

* 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 xRI
HI=1-CI




Parsimonie

Metody parsimonie

 Fitch parsimony: X-YandyY - X
unordered characters (A - TorA - Getc.)

« Wagner parsimony: X - YandY - X
ordered characters (1 - 2 - 3)

* Dollo parsimony: X->YandY - X, thennoX - Y

a)1000000001b)

1 00 0 0O0OOTUOTU O 1

... restriction-site and
restriction-fragment data

« Camin-Sokal p.: XY,
noY - X
... SINE, LINE
» weighed (transversion) p. “relaxed Dollo criterion”

 generalized parsimony: cost matrix (step matrix)




Hledani optimalniho stromu a méreni spolehlivosti

1. Exaktni metody: a) vyCerpavajici hledani (exhaustive search)
b) branch-and-bound

D E C B /
;g/B >/
A
C12 ¢ A
A \ D B / \ C B /
D B C D
V|
C13 ¢ / e } X
B
B2

37N




timalniho stromu

Vé

V4

ani op

Hled

2. Heuristicky pristup:

stepwise addition

star decomposition
branch swapping




Hledani optimalniho stromu

j_<1 |
SPR ’ > * nearest-neighbor

interchanges (NNI)

\

w
[, ]
W

=Y

B o

3
1 3 ‘o £ > ‘
1\//\ 1 2 5
2 5 A T 1 * subtree prunning
2 ] and regrafting (SPR)

TBR * tree bisection and

34 1 2 6 4

N ‘—s_.>_\_L< reconnection (TBR)
- 3 :




Parsimonie

Parsimonie a konzistence

A “spravny”’ C

\_/ Felsensteinova zona >_<
0.5

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

P <q-q)




Parsimonie

Parsimonie a konzistence

Success

0-20%

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




Parsimonie

Parsimonie a konzistence

I dlouhé vétve

»pritazlivost dlouhych vetvi*
(long-branch attraction, LBA)

C




Evolucni modely a distancni metody

Baze po substituci

A C G T
A ~Y/a Ya Ya Ya
Puvodni baze C Ya ~Ya Ya Ya
G Ya Ya ~Ya Ya
T Ya Ya Ya ~%a
4 ™
- a o a
Q-= o S o a
o a = a
a a a =
\. J
Jukes-Cantor (JC): stejné frekvence bazi

stejné frekvence substituci




Kimura 2-parameter (K2P): transice # transverze

transitions

t .
Bl B XB [P yersions

\ 4
< oL transitions

f \
= 3 o 3
- | B v 3 o
Q s 3 = 3
3 o 3 i

S g,

Jestlize a = 3, K2P = JC

Evolucni modely




Evoluéni modely
Felsenstein (F81): rizné frekvence bazi

4 A
= L' T Tt
Q = L' 7 T TG
T A Tlc F TlT
1" L' Tig B
\_ J

Jestlize MTA=1C =1iG =T, F81 =JC

ruzné frekvence bazi
transice # transverze

Hasegawa-Kishino-Yano (HKY):

e N\
~ ncP N T4
Q= TP T TP THA
LAY NP = e
TP L' TP .

\

General time-reversible (GTR, REV):

ruzné frequence bazi
ruzné frekvence vsSech substituci




nestejné
frekvence

Jukes-Cantor (JC)
TW=Tc= 657y
a=p

vice nez 1

typ
bazi / \ substituce

Felsenstein
(F81)

TMFE TR TG Tk
a=p Y azf

Kimura‘s two-
parameter (K2P)

T\=Te=T6=T,

Felsenstein (F84)

TW# I g% Ty
a=c=d=f=1, b=(1+Kl ),

Hasegawa-Kishino-Yano
(HKY)

TR# TG T 1%

e=(1+K/ ), kde =+
R=Te+ g

azf

2 typy transici

v

Tamura-Nei (TrN)

TRETCE TG Ty
a*f

v

Kimura’s three-
substitution-type
(K3ST)

TW=Te=T6=T,

/aiﬂ

(GTR)

General-time reversible

TW# Ic# g% Ty
a,b,c,def

Evoluéni modely




Evoluéni modely

Heterogenita substitucnich rychlosti
v ruznych ¢éastech sekvence

Gama (I) rozdéleni: 0.08
o =200

* parametr tvaru a

... 0.06

()
- diskrétni gama model §

S
- invariantni pozice i M

—» GTR+ '+l

0.02

Substitution rate




Porovnani modelu

Real data JC

A C G T A C G T
Al )e @ - Al @ @ @
c-(:) O cle () o @
G|® - ©° - cle ®() e
T - O T @ ®@ @ ()

Ktery model vybrat?

* Likelihood ratio test (LRT):

- Q@ O >

K2P
A C G T

Q @
- Q -
® - O
® - (

O

nested models

LR =2(InL2 -
Chi-square,

InL1)
p2 — p1 d.f.

» Akaike information criterion (AIC): nonnested models

AIC = -2InL + 2p, where p = number of free pars.
better model - smaller AIC

« Bayesian information criterion (BIC): nonested models
BIC = -2InL + pInN, where N = sample size

- @ O P

Evoluéni modely




Porovnani modelu

hierarchicky LRT — ModelTest (Crandall and Posada)

| Modeltest 3.0 hisrarchy I

J
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Evoluéni modely

™
o

GTR*G

A R

s TR
TIkI=3
R AR

" I ) O
TG TiWd ThHO GTR QTR+3
s wE i ] 14

| ¥ ¥ L
Mo rwanabla JG JOHE KBG KE(HG KB KE1=G TWMel TWRe+G Thle Triis=5 Tl TiMetG SYM sy FBI Falsc HEY H
sites {1 df) e ] VB W w3 uE wn L e wE e wE g il e u o il L] T‘T-II 4 o % o
IO S G 1 R+ EE1H KL LHAGTVRIGH Tyklaf-HG Tilpf Trbab HGTIMaRTIMg R4S SY MeEY RIS FETH R GHEY-H HIOY - HSCRE 10t KR ok G YU TG TERH TS T g TR G H GTR-+HHE
P b g Lokl U Al 7 Al R Gl G R L St e R sl S el
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dynamicky LRT

Porovnani modelu

Evoluéni modely




Real data
A C G T
) @

P
‘>
@ o
.. L

® - O

O

- @ O >

- @ O >

Porovnani modelu

JC K2P
A C G T A C G T
(e e @ Al - @ -
e H e o C SN |
oo (o c|@® - () -
e o 0 () T|- @ - O

 Vice parametril = vice realismu, ale ...

Evoluéni modely

- @ O >
® @
A
.
@

. ... také vice neurcitosti, protoze jsou odhadovany ze stejného

mnozstvi dat




Distance

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 (lze i na kalkulacce)




Distance

Distance

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

p-distance: p=k/n=3/30=0.10

. expected //
pl'?b'em difference \// Iq— “correction”
saturace: ’

Differences

estimated
("observed”)
difference

Time —




Distance pro nékteré modely:

Distance

3 4
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Cetnosti bazi v sekvencich Xa Y




Estimated differences per site
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Shlukova analyza - UPGMA

Simp. bonobo gorila
Simpanz (S) --

bonobo (B) -

gorila (G) 0,0427 0,0416 --
¢lovék ((VZ) 0,0382 0,0327 0,0371
orangutan (O) 0,0953 0,0916 0,0965

-—

. Najdi min d(ij)

2. Vypocitej novou matici
d(SB-k) = [d(B-k)+d(S-k)]/2

3. Opakuj 1 a 2.

SB gorila Clovék
SB -
gorila (G) 0,0422 -
&lovek (C) 0,0355  0,0371 -
orangutan (O) 0,0935 0,0965 0,0928

- UPGMA: d[(BSC)G] = {d(BG)+d(SG)+d(CG)}/3
- WPGMA: d[(BSC)G] = {d[(BS)G] + d(CG)}/2

* single-linkage

- complete-linkage

Clovék

0,0928

orang.

orang.

Distance




Distance

UPGMA a konzistence

A B
aditivni distance: d,g + d.p < max (d,c + dgp, dsp + digc) @
* tj. vzdalenost mezi 2 taxony je rovna souctu vetvi, D

které je spojuji A

ultrametrické distance: d,; < max (d,g, dgc) C A B

[ [y
e T

- :

aditivni strom ultrametricky strom




UPGMA a konzistence

Distance




Spojeni sousedu (neighbor-joining, NJ)

Algoritmicka metoda

Princip minimalni evoluce —» minimalizuje soucet délek vétvi S
Kazdy par uzli adjustovan na zakladé divergence od ostatnich
Konstrukce jediného aditivniho stromu

hvézdicovy nalezeni prepocitani
a) @ Strom b)  nejblizSich sousedu ) distanci

opakovani postupu ...

Distance




Distance

Nevyhody distancnich dat:

. ztrata casti informace behem transformace

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

. helze sledovat evoluci na riznych ¢astech sekvence
. obtizna biologicka interpretace délek veéetvi

. helze kombinovat rizné distancni matice




