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Kde ziskat sekvence?

* Sangerovo sekvenovani — .ab1 files

« GenBank ¢i jina databaze

-

* Dryad — publikované datasety

* NGS — FASTQ (obsahuje i informaci o
kvalite sekvence) — specificka analyza dat



Editace sekvenci — Sangerovo sekvenovani
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w2Alignment”“ = contig (ze stejného jedince)
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Alignment sekvenci z ruznych jedincu —
analyza polymorfismu

TLaTAGTACA

............. T..C..T. ...

T T |I| |III|||I||||||||||u|-I|II

TALLTALTTT ATGATGAALATTTTGEG TTATTAGGTATETGTTTAATAGTAEA
‘ ‘ .f',|||||']ﬁ|”'| n,f]ﬁ npn HQ }\pm Znaceni heterozygotu
‘ ..|‘l'ui = - L = =17 ‘ A el L O T i
T

T

'-_J-
'—]-
'-_-i_

|
— .
1 .
1 .
|
- .
o1 .
[l |
= .
[y |
by
jo |
=
1 .

G,
C
T
C
C

>oo>o>o>oo>

, C,
, A,
, A,
T
T
, G
T
, C
, T
, C
T

me§<xmzu<z
g W non



Nukleotidové a proteinové sekvence:

H sapiens MTPMRKINPLMKLINHSFIDLPTPSNISAWWNEGS

baze = stav znaku

P_troglod ATGACCCCHALACGCAAAATTAACCCACTAATAAA

m

pozice (site) = znak



Problém homologie sekvenci
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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.ncbi.nlm.nih.qov/Genbank/

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

PRF/SEQDB (Protein Resource Foundation) — Osaka, Japan:
http.//www.prt.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.ebi.ac.uk/embl/
http://www.ncbi.nlm.nih.gov/Genbank
http://www-nbrf.georgetown.edu/
http://www-nbrf.georgetown.edu/
http://www-nbrf.georgetown.edu/
http://www.prf.or.jp/en/os.htm

Formaty souboru

FASTA:

>H sapiens

ATGACCCCAATACGCAAAATTAACCCCCTAATAAAATTAATTAACCACTCATTCATCGACCTCCCCACCC
CATCCAACATCTCCGCATGATGAAACTTCGGCTCACTCCTTGGCGCCTGCCTGATCCTCCAAATCACCAC
AGGACTATTCCTAGCCATACACTACTCACCAGACGCCTCAACCGCCTTTTCATCAATCGCCCACATCACT
CGAGACGTAAATTATGGCTGAATCATCCGCTACCTTCACGCCAATGGCGCCTCAATATTCTTTATCTGCC
TCTTCCTACACATCGGGCGAGGCCTATATTACGGATCATTTCTCTACTCAGAAACCTGAAACATCGGCAT

>P troglod

ATGACCCCGACACGCAAAATTAACCCACTAATAAAATTAATTAATCACTCATTTATCGACCTCCCCACCC
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
cctcttecteg
tctggttctt
acatctcgat
ttggtatttt
gcacacagtc
aggctaatta
aaacccccca
atatattatt
ctcatatttt
tcacactcta
actgaaaatg

ccaccaccag
catagtacaa
gcaagtacat
accatgaata
acatacacca
tctattaatc
ctccgggcecc
acttcagggc
ggtatcgggt
tttattttgg
tagacgcacc
ttcatgcttg
accccctecet
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



Clustal:

P troglod

P paniscus
H sapiens

G gorilla

P pygmaeus
H lar

P troglod

P paniscus
H sapiens

G gorilla

P pygmaeus
H lar

Formaty souboru

ATGACCCCGACACGCAAAATTAACCCACTAATAAAATTAATTAATCACTCATTTATCGAC
ATGACCCCAACACGCAAAATCAACCCACTAATAAAATTAATTAATCACTCATTTATCGAC
ATGACCCCAATACGCAAAATTAACCCCCTAATAAAATTAATTAACCACTCATTCATCGAC
ATGACCCCTATACGCAAAACTAACCCACTAGCAAAACTAATTAACCACTCATTCATTGAC
ATGACCCCAATACGCAAAACCAACCCACTAATAAAATTAATTAACCACTCACTCATCGAC
ATGACCCCCCTGCGCAAAACTAACCCACTAATAAAACTAATCAACCACTCACTTATCGAC

Xk Kk Kk Kk kK Xk Kk Kk Kk kK kkkKkk Kk *%k kkhkkhkk kkhkkk kk Kkkkkkkkhkk Kk KKk KKk

CTCCCCACCCCATCCAACATTTCCGCATGATGGAACTTCGGCTCACTTCTCGGCGCCTGC
CTCCCCACCCCATCCAATATTTCCACATGATGAAACTTCGGCTCACTTCTCGGCGCCTGC
CTCCCCACCCCATCCAACATCTCCGCATGATGAAACTTCGGCTCACTCCTTGGCGCCTGC
CTCCCTACCCCGTCCAACATCTCCACATGATGAAACTTCGGCTCACTCCTTGGTGCCTGC
CTCCCCACCCCATCAAACATCTCTGCATGATGGAACTTCGGCTCACTTCTAGGCGCCTGC
CTTCCAGCCCCATCCAACATTTCTATATGATGAAACTTTGGTTCACTCCTAGGCGCCTGC

*k k% kkkk kK k*k KXk k% khkkikkhkk hhkkhkkhk Kkk kkhkkkk kk kk Kk k Kk kK



Serazeni sekvenci (alignment)

Sekvence 1  TTGTACGACGG . o o
Sekvence 2 TTGTACGACG A
G o [ AN )
TTGTACGACGG TTGT---ACGACGG i o
ERRRRRR A RN R R e ala °
TTGTACGACG TTGTACGACG
GP =g +h RN
gap penalty g - gap penalty
h — gap extension CGACGG
Sekvence 1 ACTTGTGCTTC I—gzgallgzgth
Sekvence 2 ACGTGCTGCTC P P
T [ AN ) [ o
ACTTG-TGCTTC g ht -
Path 1 L T [ Tele o
ACGTGCTGCTC c ) ()
G
ACTTGTGCTTC . L S o
Path 2 LT c o [ [e
AC--GTGCTGCTC A

ACTTGTGCTTOC



GenBank (http://Iwww.ncbi.nim.nih.qgov/genbank/)

BLAST

(http://blast.ncbi.nim.nih.qov/Blast.cqi?PROGRAM=blasth&PA
GE TYPE=BlastSearch&LINK LOC=blasthome)

BioEdit nebo AliView — volné dostupné, zakladni
editace sekvenci

konverze formatu (zejména pro

fylogenetickou analyzu):
ALTER (http:/sing.ei.uvigo.es/ALTER/)



http://www.ncbi.nlm.nih.gov/genbank/
http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
http://sing.ei.uvigo.es/ALTER/

DnaSP

* napr. tvorba haplotypoveho souboru
(jednotlivé sekvence serazeny do
haplotypu — pro vytvareni haplotypové
site)

* Phase — separace heterozygotu do
haplotypu (MCMC algorithm)



Fylogeneticka analyza - definice zakladnich pojmu

rooted tree unrooted tree

a) d_ichotorpy
(bifurcation)

polytomy b)
(multifurcation)

terminal
*“— node S central
periferal branch
branch . l
+—____internal R
node ¥,
internal
branch
<+— root
c) d)
lineage
ol
path / t \
draha linie

fylogeneticky strom =

fylogenie (phylogeny)
s kofenem, bez korene

vétve (branches, edges)
vnéjsi, vnitfni, centralni

uzly (nodes, vertices)
vnitfni, terminalni (externi)

dichotomie, polytomie
OTU, HTU

topologie

ARV

star tree partly resolved

fully resolved



Definice zakladnich pojmu

topologie:
e) — A F
- D
C — A
D —> —— B
E C
F E
G G

f) g) IV

I I
network



Kolik existuje stromu?

—~ 34

23)!
Y</<§

No. Taxons Unrooted trees Rooted trees

3 1 3

4 vice neZ elektrond ve viditelném 3 15

5§ vesmiru (Eddingtonovo Cislo) 15 105

6 105 945

7 945 10 395

8 10 395 135135

9 135135 2 027 025

....... 10 N 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 8 200 794 532 637 891 559 375

30 8 200 794 532 637 891 559 375 4,9518><103’8

40 4,9518x10°® 1,00986x10°’

50 1,00986x10°’ 2,75292x107°




Metody konstrukce stromu

kritérium
optimality

algorithms

Rozdéeleni metod

Typy dat

distance znaky

- UPGMA
* neighbor-

joining

* Fitch- * maximum
Margoliash parsimony

* maximum

* minimum likelihood
evolution - Bayesian a.




(1) Maximalni uspornost (maximum parsimony, MP)
- snaha minimalizovat poc€et analogickych stav

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

Al1 o 1 Occamova britva

B0 0 1 minimalni pocet krokl = 3 (pro kazdy znak jedna

ci1 0 0 zména)

D/0 1 O skuteCny pocet kroku =5
= 2 extra kroky — analogie = homoplasie

E|1 0 1 . N . ..
= stejny stav znaku vznika vicekrat nezavisle

a) b) ¢)
1 o 1 0 1 0 1 0 0 0 1 o 0 1 1



(2) Evolucéni (substitucni) modely a distancni metody

Baze po substituci

A C G T
A -Ya Va Ya Va
Pavodni baze C Ya -%a Va Va
G Ya Va -%a Z
T Va Ya Va -Ya
. A
— o o o
Q= o — o o
o o — o
o o o —
\ J
Jukes-Cantor (JC): 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

™ | ™ Q
| DD Q™

™ R ™™ |
QR I ™

Jestlize o = 3, K2P = JC



Felsenstein (F81): rizné frekvence bazi

s N
- TCC TCG TCT
- T — | 9|
Q= A G T
A Tc - Tr
A Tlc g -
N J

Jestlize nA = nC =G =xT, F81 =JC

Hasegawa-Kishino-Yano (HKY): ruzné frekvence bazi
transice # transverze
4 A
- ncP UTel% P
Q= AR - P Us %
UINY ncP - P
AR Tc P -
N J
General time-reversible (GTR): ruzné frequence bazi

ruzné frekvence vsSech substituci



nestejné

Jukes-Cantor (JC)
7Z'A=7Z'C=7Z'G=7Z'T

a=p

vice nez 1

frekvence typ
bazi / \ substituce

Felsenstein
(F81)
TAE R E G Tor
a=f

Kimura‘s two-
parameter (K2P)
TA=RC=TG=Tr

af

Felsenstein (F84)
TAE T ERGE T
a=c=d=f=1, b=(1+Klry),
e=(1+Kiny), kde mg=mp+7g
=7ty

Hasegawa-Kishino-Yano

T A¢ ﬂ'c¢ ﬂ'G¢ T

2 typy transici

\4

Tamura-Nei (TrN)
ﬂ'Aiﬂ'ciﬂ'Giﬂ'T

a2 f

v

Kimura’s three-
substitution-type
(K3ST)

A== G= T

/aiﬁ

General-time reversible
(GTR)
TpAFE FERGE T
a,b,c,def




Heterogenita substitucnich rychlosti
v ruznych ¢astech sekvence

Gama (IN) rozdéleni:

* parametr tvaru a (shape
parameter)

« diskrétni gama model

* invariantni pozice
— GTR+ +]

0.08

0.06

Frequency
&
=}
o

0.02

o = 200

Substitution rate



u:

del

r

y

anli mo

Porovn

HKYS85
A C G T

JC K2P
A C G T

A C G T

Real data
A C G T




Porovnani modelu:

Ktery model vybrat?

Likelihood ratio test (LRT):

Akaike information criterion (AIC):

Bayesian information criterion (BIC):

nested models
LR =2(InL2 — InL1)
Chi-square, p2 — p1 d.f.

nonnested models
AIC = -2InL + 2p, where

p = number of free parameters
better model — smaller AIC

nonested models
BIC = -2InL + pInN, where
N = sample size



Porovnani modelu:

Hierarchicky LRT — ModelTest (Crandall and Posada)

| Modeltest 3.0 hierarchy I

o
Equal base e
requandas FE1
[3 4y =
e B R - a
o - T —
Transilion ‘]Ed; _h‘Fm
Rt Gruals - = [ T
trangvarsion Hed
HEY
falg {140 .l.._.n' ‘-..,_& A s \_E
/ Y r -
1ord J/r FEr Vi HEY
1 vE L]
N / R i A
[} / f!-"'f ~ R (/ n#_f’ ., R
e s e s et .\_‘
1ar2 Kaf Trhat / HEY ey
WaNEvB s on B hid f Kau? I g
rates {1 ) / Kid Tifted & ! L]
/ AR a4 R s A4 R Al m
_|. A hY e
2ard / e ¢ Tlhdef / / kit iy
LE TR Rt )] ."'r vE .'RI vE )"( )"( wu i
rarles (2 ) & ; Tuhad Vi &M rd ; VM / I3
o . A R / AR _./ r‘)l( TR ! Asc R
K L 4 i ¥ s y ¥ ¢ ' 3 . ¥ g
r . * a
Equal mims s Kot KA Tuhdaf Tibler Tihef ] Fat HiTY K&t VM T Ui S
armang iles R v w5 e s wE w L] s g s ] il L
(1 Alez2E] M4 Kated Tellaf: Tridei+ & TRA=TE EYG ol HEEY+3 BT+ TVMeS TG TIM+G BTR*G
AnR AA R B4R Ar R bp R AR AnR AR AR AR Hu-_ﬁ AR AnR AR
P o A P ey s i T i ) Y ¥ Y oo
Mz menabls  JC JC+'3 K,m} k&l.'IHS KE| KEWG TWMel TVKRMG Tk TilieG THal TIMENG S¥M Svmes FBI FEISG HKY HKYaG Kﬂf Kiea T Thsa TN TG T e GTR OTRA
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Porovnani modelu:

Dynamicky LRT




Porovnani modelu

Real data JC K2P HKYS85

A C G T A C G T C G T A C G T
Al )e @ Al @ @ @ Al : Al )o@
cle()- @ cleee cl- O - @ cle( ) o
G|® - © C|le ®( )@ | @ - O G|® o
T e - O Tie @ @ () T|- @ - () T o O

Vice parametru = vice realismu, ale ...

... takeé vice neurcitosti, protoze jsou odhadovany ze stejneho
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 fylogeni

» vyhoda: velmi rychlé a jednoduché (lze i na kalkulacce)



Distance

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

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

, expected /’/
problem difference \ /’ Iq—— “correction”
saturace: " s
S /
/
e N
A ,// estimated
,,/ ("observed”)

difference

Time —



Distance pro nékteré modely:

_ 30141
IC d‘Y__Zl.l 1—31)) D=1—-(a+f+k+p)
:_B I_D D =jako JC
k8l le—(ﬂA2+7Z'C2+7TG2+7ZT2)
1 rozdily typu transici: P=c+h+i+n
K2P 1 l rozdily typu transverzi:
O=b+d+etg+tj+til+m+o
QArEl J 7y = e+ 7w, IR = AT TG,
FR4 A = memr/ oy + A/ 7R,
B = ncrer + mana,
2@%@1@ % A
— = diagonalni matice prumérnych
ot | dy=stofp ] ['Ky) | b XaT

¢etnosti bazi v sekvencich Xa Y

Priklad v MEGA




Shlukova analyza - UPGMA

simpanz (S)
bonobo (B)
gorila (G)
&lovek (C)
orangutan (O)

Najdi min d(ij)

N —

Simp.

0,0427
0,0382
0,0953

. Vlypocitej novou matici

d(SB-k) = [d(B-k)+d(S-k)]/2

3. Opakuj1a 2.

SB

gorila (G)
lovek (C)
orangutan (O)

SB
0,0422
0,0355
0,0935

bonobo

0,0416
0,0327
0,0916

gorila

0,0371
0,0965

gorila

0,0371
0,0965

Cloveék

0,0928

Clovek orang.

0,0928 --

orang.

(¢p]

(@



Shlukova analyza - UPGMA

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




Spojeni sousedu (neighbor-joining, NJ)

Algoritmicka metoda

Princip minimalni evoluce — minimalizuje soucet
delek vetvi S

Kazdy par uzlu adjustovan na zakladé divergence od
ostatnich

Konstrukce jedineho aditivniho stromu



Spojeni sousedu (neighbor-joining, NJ)

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

opakovani postupu ...



Nevyhody distancnich dat:
1. ztrata ¢asti informace béhem transformace

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

3. nelze sledovat evoluci na ruznych ¢astech sekvence
4. obtizna biologicka interpretace délek vetvi

5. nelze kombinovat ruzné distan¢ni matice



(3) Maximalni verohodnost (maximum likelihood)

data:
1 TCAAAAATGGCTTTATTCGCTTAATGCCGTTAACCCTTGCGGGGGCCATG
2 TCCGTGATGGATTTATTTCCGCAATGCCTGTCATCTTATTCTCAAGTATC
3 TTCGTGATGGATTTATTGCAGGTATGCCAGTCATCCTTTTCTCATCTATC
4 TTCGTGACGGGTTTATCTCGGCAATGCCGGTCATCCTATTTTCGAGTATT
strom: I evoluéni model
. I
topologie L
= hypotéza
” —
délky vétvi — —
L =P(D|H),
kde D = matice dat
Vérohodnostni funkce: jaka je H = 7 (topologie),
pravdepodobnost ziskani danych v (délky vétvi),

dat pii dané hypotéze? ¢ (model)



(4) Bayesovska analyza

aposteriorni pravdépodobnost (posterior probability)
= pr. platnosti hypotézy pfi ziskanych datech: P(H | D)
a.p. je funkci verohodnosti P(D | H) a apriorni pravdépodobnosti (prior prob.)

prior vyjadruje nas apriorni predpoklad nebo znalost

Aposteriorni pravdépodobnost je dana Bayesovou rovnici:

vérohodnost prior

P(D| H)|x{P(H)

P(H|D) =

S[P(D | H)xP(H))]

suma Citatelu pro vSechny alternativni hypotézy



Fylogeneticke programy:

alignment:

ClustalX http://inn-prot.weizmann.ac.il/software/ClustalX.html
BioEdit

AliView

PAUP*

PHYLIP

MEGA ... MP, NJ, ML
RAXML ... ML
MrBayes ... BA

http://evolution.genetics.washington.edu/phylip/software.html#methods

prace se stromy:

TreeView http://taxonomy.zoology.gla.ac.uk/rod/treeview.html
FigTree



Priklad

 urcit druh zvirete, které jsme osekvenovall
na mtDNA (BLAST)

* urcit jeho fylogenetickou pozici v ramci
rodu (alignment, NJ tree)



08/98/89

(a) 100/98/99

ns/68/64

99/98/99

(b)

100/100/100

100/100/ns

(c)

100/99/100

100/98/98

90/83/91
AF533090

86/89/94

AF533104

AF533095

AF533091
AF533099

AF533103

AF533092

AF533100

AF533094

F533101

AF533102
F
Al

96/ns/ns

F533087

Rhabdomys

CTZ1588 )
c171508| N Tanzania (3) 2n = 38

T N Tanzania (4) 2n = 38
SP14317

SP14314

AF533107 Uganda (4) 2n = 46

AEaaaie| Malawi (19) 2n =46

150715 S. Tanzania (5)
7383 N. Tanzania (2)
10992
11032
11028

S Tanzania (8)

SA589
AF533111
AF533110
AF141214
716
AF533100| Zimbabwe (6, 18) 2n = 46
AF533108

South Africa (7, 16, 17) 2n = 46

South Africa (9-15) 2n =48

AF533115
92/71/57 AF533096

99/100/92 E AF533007
AF533084

South Africa 2n=48

R. d. dilectus

R. d. chakae

R. pumilio




