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'I'gl What is phylogenetic ?




'I'S)I What is phylogenetic ?

e Phylogenetics is that field of biology which
deals with identifying and understanding the
relationships between the many different kinds
of life on earth. This includes methods for
collecting and analyzing data, as well as
interpretations of those results as new
biological information.

'I'S)I Molecular Phylogenetics




'I'gl What is Phylogenetic Analysis

Classical phylogenetic analysis: Modern phylogenetic analysis:
Morphology, Anatomy, Phenotype DNA or Protein sequences

'I'gl Phylogenetic Analysis

e Based on observable evidence to estimate or
Infer their evolution relationship

e Tree-thinking
- Clustering orthologous genes
- Inferring gene/protein functional diversification

- Find the evolutionary history of genes/gene families
or species




Tgl What is phylogentic tree

analysis: programs

e Phylogenetic tree can been used to represent
the historical relationships of groups of
organisms, not similarities

- a graphical representation of the evolution relations
among organisms or taxa. The taxa can be species,
populations, individuals or genes.

e The challenge for biologist in phylogentic

- Why taxon? Why sequence?

Tgl Phylogenetic tree

branches.
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e The tree is composed of nodes connected by

> node : a node represents a taxonomic unit.
»Internal nodes
»>External nodes

> branch (edge): defines the relationship
between the taxa.

» branch length : often represents the
number of changes that have occurred in
that branch.

» distance scale : scale which represents
the number of differences between
sequences (e.g. 0.1 means 10 %
differences between two sequences)

— _




'I'gl Phylogenetic tree cont.

e Branch: define relationship between nodes

- Branch length: longer branch length, more
sequence changes

Cladogram Phylogram Ultrametric tree
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Ex. Pasimon Ex. Neighbor-join Ex. UPGMA

'g' Trees only represent the order of branching

e Same tree in a different style

- Both trees have identical topologies, with some of the
internal nodes rotated.
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'I'gl Phylogenetic Analysis Steps

e Seqguences alignment

e Build substitution model

e Construct phylogenetic tree
e Evaluate phylogenetic tree

Phylogenetic Analysis Tool
Tgl ~ http://evolution.genetics.washington.edu/phylip/software.html
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Here are 265 of the phylogeny packages, and 31 free servers, that I know about. It is an attempt to be completely comprehensive. I have not made any attempt to
exclide programe that do not meet some standard of quality or importance. Updates to these pages are made sporadically. (Mote -- there were no updates of
thesa pages from early 20010 uniil August, 2003, Updating has now resumed and [ am slowly catching up. Hare is a "waiting hst" of naw programs.) Man;
of the programs in these pages are avalable on the web, and some of them are also available from ftp server machines




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

'I'gl Phylip documentation

PHYLIP programs and documentation
PHYLIP, the PHYLogeny Inference Package, consists of 35 programs. There are documentation files for each program, in the form of web pages m HTML 3.2
There are also documentation web pages for each group of programs, and a main documentation file that is the basic mtroduction to the package. Before running

any of the programs you should read it

Below you will find a list of the programs and the documentation files. The names of the documentation files are highlighted as linles that will talkce you to theose
documentation files

Introduction to PHYLIP

mam documentation file I

Molecular sequence methods

|molecula1' sequence programs documentation file
‘protpars |protein parsimony documentation file
‘dnaParS |DNA sequence parsimony documentation file
dnapenny DINA parsimony branch and bound d ation file

dnamove |interactive DINA parsimony o ion file

dnacomp DNA compatibility documentation file
dnaml DA mazimum likelihood documentation file

dnamlk  DNA masimum likelihood with clock documentation file

proml Protein sequence mazimum likelhood documentation file

Parameters Colleetion Result Display
Pages(WED) Pages (WEB) LI ]

Tgl Phylogenetic Analysis Tool
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Tgl PhylOgenetic Web Repeater (POWER)
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Tgl POWER: PhylOgenetic WED Repeater - an integrated

and user-optimized framework for biomolecular phylogenetic analysis

%Oﬁ“tw WE

http://power.nhri.org.tw T’ IT[ %:

Deme Conrdct

Nucleic Acids

The Mipigenetic Web Fepeater (POWER] allovs users petforming phylogenetic analysts
weith molecubar data by most programes of PHYLIP package repeatedly. POWER provide two
|i|xd||-?\-l.u pacscess B anal psts, One of them Ichides mltipe sequence allgnment (1S4}

t the begining of the pipeline whereas the other boegin philogenetic analysks with aligred
«qw

Please start your analysis by selecting the pipeline and the data
type:

“MSA + Phylogenetic Analysis(Input the FASTA format)
Pipaline

o Phylwlli: Analysis Only{Input the PHYLIP format)

Sequence T\'D'




'I'gl Phylogenetic Analysis Step 1

e Seqguences alignment
Clustalw, Jalview

Tgl To get the sequence

e The resource of sequence database: NCBI, EMBL,
DDBJ

e Data format
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<> NCBI

'*Sear;h_lNuz_lemlde

Nucleotide
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Limits Preview/ndex History Cliphoard Details
j ___§h'\1w.15 jl Send to j
Sengank k. - . -

Pratein

01:

ouse hepatitis v..[gi2641127]

Tyt

>gi| 2694A50 1 48.1| Mouse hepatitis virus strain MHV-459 C1Z mutant, complete genome
TATALGHNML PTACGTACCCTCTCAACTCTAAAACTCTTGTAGTTTAAATCTAATCTARL
CTTTAT Gmph FCGTGTCCATGCCCGCGGGCCTGGTCTTGTCATAGTGC TGACATTTGTAG
TTCCTTYG) List FCCAGTGACGTGTCCATTCGGCGCCAGCAGCCCACCCATAGGTTGCATAL
TGGCLAABrief BGTCTCGGCTTCARATGGGCCCCAGAATTTCCATGGATGCTTCCGAACGE
ATCGGAGSummar ETGAGAGGTCAGAGGAGGATGGGTTTTGCCCCTCTGCTGCGCAAGRACCS

GTGETTCAGTCTGCCATAATCCGTGATATTTTTGTAGATGAGGATCCCCAGAAGGTGGAGGCCTCARCTAT

AAAGTTARAGGALALRCTTTGGTTAATCACGTGAGGGTGAATTGTAGCCGGC TTCCAGC TTTGGAATGCT
GATGGCATTGCAGTTCGGTAGTGCCGTCTTGGTTAAGCCATCCALGCGCTTGTCTATTCAGGCATGGACT




'I'gl The resource of phylogenetics

Tree of life (ToL) project : since 1995 NCBI Entrez Taxonomy
~http://tolweb.org/tree/ ~http:/Avww.ncbi.nlm.nih.gov/
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Tgl Input file

e FASTA format: start with a symbol “ > *“

e The names of each sequence are not more
than 10 characters.

M1: AF029248 Reports Mouse hepatitis v [gi2641127)]

TATALGAGTGATTGGC GTCCGTACGTACCCTCTCALC TCTARLACTCTTGTAGTTTAAATC TAATCTALL
CTTTATAAACGGCACTTCCTGCGTGTCCATGCCCGCGGGCCTGGTCTTGTCATAGTGCTGACATTTGTAG
TTCCTTGACTTTCGTTCTCTGCCAGTGACGTGTCCATTCGGCGUCAGCAGCCCACCCATAGGTTGCATAL
TGGCALAGATGGGCARATACGGTCTCGGCTTCAAATGGGCCCCAGRATTTCCATGGATGCTTCCGRACGE
ATCGGAGAAGTTGGGTAACCCTGAGAGGTCAGAGGAGGATGGGTTTTGCCCCTCTGCTGCGCAAGAACCG
AAAGTTAAAGGAALLACTTTGGTTAATCACGTGAGGGTGAATTGTAGCCGGCTTCCAGCTTTGGAATGCT
GTGTTCAGTCTGCCATAATCCGTGATATTTTTGTAGATGAGGATCCCCAGARGGTGGAGGCCTCAACTAT
GATGGCATTGCAGTTCGGTAGTGCCGTC TTGGTTAAGC CATCCAAGCGC TTGTCTATTCAGGCATGGACT
AATTTGGGTGTGCTTCCCAARACAGCTGCCATGGGGTTOTTCAAGCGCGTCTGCCTGTGTARCACCAGGE
AGTGCTCTTGTGACGCCCACGTGGCCTTTCACCTTTTTACGGTCCAACCCGATGGTGTATGCCTGGGTAL
TGGCCGTTTTATAGGC TGGTTCGTTCCAGTCACAGCCATACCGGAGTATGCGAAGCAGTGGTTGCAACCC
TGGTCCATCCTTCTTCGTAAGGGTGGTAACALAGGGTCTGTGACATCCGGCCACTTCCGCCGCGCTGTTA
CCATGCCTGTGTATGACTTTAATGTAGAGGATGCTTGTGAGGAGGTTCATC TTAACCCGAAGGGTAAGTA
CTCCTGCAAGGCGTATGC TCTTCTTAAGGGC TATCGCGGTGTTALGCCCATCCTGTTTGTGGACCAGTAT

Fgl| 2641127 | gh | AFO29245.1| Mouse hepatitis wirus strain MHV-A59 C12 mutant, complete genome
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Tgl How to choose the sequences

e Homologs sequences: two taxa/sequences are
descended from a common ancestor

- Using BLAST program
- Identical or Mixed sequences set

e Sample can answer the questions you are
interested

e The representative samples
e The informative samples

e DNA or protein sequence: far related can use
protein sequence

Tgl Alignment program-ClustalX (for Windows)

i Clustal¥ (1.81)

-0/ %]

File Edit aAlignment Trees Colors Quality Help

Multiple Alignment Mode j Font Size:{10 'I

a
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9 Pipistrello

10 Haiale

11 Cavallo

1z Pollo

ruler

-

JCT| ]

CLUSTAL-Alignment file created []
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'I'gl Phylogenetic Analysis Step 2

e Build substitution model
- Parameters determined

'I'gl Substitution model

e Transition: purine to purine, pyrimidine to
pyrimidine

e Transversion: purine to pyrimidine (and
pyrimidine to purine)

e Base frequencies

e Among-site rate variation: Wol A—¢C

- Invariable, Variable sites ><

T———mm¢C

== Transition
== Transvertion

12



—_._Using Substitution model to infer evolution
'g' progress

e Gene tree v.s Species tree : Gene tree is
different from species tree

G_
G_
G =
2k ---- . species diverse
— : genediverse
Now*-

(@) ) . (<)
[ : species tree

I . liii Ilii (Nei, M. 1987, Molecular Evolutionary




Tgl Chromosome and Genome evolution

e Molecular evolution
- Mutation: change at level of genes and proteins
- Genetic recombination
- Natural selection
- Reproductive isolation
e Accumulated genetic change: polymorphisms
- Quasispecies: for example, virus genome
- Speciation

'I'gl Speciation event

= £
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- Prosimii
D anthropoidea

Prosimians
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'I'gl Substitution model

e Outgroup: to root a tree

Tg' Tree topology

e Rooted: common ancestor

e Unrooted tree: the phylogenetic relationships
only (Fig. A)

e Rooted tree: provide the direction of evolution
(Fig. B)

- More correct, but less informative
(A) (B) Internal

nodes A

> < ) = - J External nodes: A~E
W D Root: R

B E :
Internal Intemail’.»%ig

15



Tgl To root a tree

e Outgroup rooting

f m
- One or more taxon that are — %\
distantly related to all of the >—< VA
D m

taxa being considered

e Midpoint rooting

- Putthe root atthe middle of . = \
4 2
the longest path (sum of 2 - /3
branches between any two h /N
operational taxonomic units

(OTUSs))

5 D f m h
D

—._ How to choose the suitable model :
Tgl Model selection

e \Which method would be better for our data
matrix?

e Using a variety of method to analysis the data
matrix

e Software: Modeltest 3.7 .
- http://darwin.uvigo.es/software/modeltest.html

16



Modeltest 3.0 hierarchy
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‘I'SI Phylogenetic Analysis Step 3

e Construct phylogenetic tree

- Quantitatively determine the relationship between
input sequences

17



'I'gl Construct tree methods

e Character state method:
- Maximum parsimony
e Distance method

- Neighbor-joining (variable evolution rate) and
UPGMA method :

- Fitch-Margoliash method
e Maximum likelihood methods

- determinate evolution model first, then construct
system trees

'I'gl Distance matrix

30
Sequence 1 GTATAGGGGATATACTGAGAGCTATTTACA
Sequence 2 GTATTGGCGATATTCCGAGACCTATTTACT
Sequence 3 GTATTGGCCATATTCCGAGACCTATTTACT
Sequence 4 GTATAGGCGATATACCGAGACCTATTTACT

Distance matrix 1 2 3 4
—— 0.20 0.233 0.133
—_— 0.20 0.067

oG b=

—_— —— 010
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'I'gl Phylogenetic Analysis Step 4

e Evaluate phylogenetic tree

'I'gl Evaluate reliability of tree

e Seqboot
- Bootstrap
- Jackknife
- Permutate
e Get the same results with different methods

19



Tgl Bootstraping

e Generate pseudo-sequence alignment randomly
e Compare with original result to get bootstrap value

123456 7 8 910111213141516 1718 19 20 21 22 2324 2526 2728 29 30

GTATAGGGGATATACTGAGAGCTATTTACA

GTATTGGCGATATTCCGAGACCTATTTACT

GTATTGGCCATATTCCGAGACCTATTTACT

GTATAGGCGATATACCGAGACCTATTTACT
i I

P | ,|__|_'T.I—‘|

b s IR EETTRME
—————————————— 2 b o i
oW AT 1,¢¢l
123456 7 8 9101112131415162 9 2920 5 25141121 816 7 3018
GTATAGGGGATATACTTGCAACATGCTGAA
GTATTGGCGATATTCCTGCATCTTCCCGTA

GTATTGGCCATATTCCTCCATCTTCCCGTA

- GTATAGGCGATATACCTGGAACATCCCGTA-

'I'gl Construct trees with Bootstraping

Reliability measurement: The probability that the nodes of
a given clade are always nodes of that clade

HEoV-NLES

] HCoV28E
—l HCoV-NLE3 — N
a8
TGEV HCov-0C43)

———m TGEV

10 Sahs

,—I HCoV-229E
|_. -~ The result of TreeView
| 8 HCov-0Ca3

20



A B C D E

Tree 1

'I'gl Consensus trees

A B C D E

Tree 2

el

Tree 3

A B C D E

A B C D E

Tl =

Strict Majority-rule
consensus tree COnsensus tree

Tgl Reconstruct tree completely??

e Species evolution is a history, which can’t be
reconstructed fully

e All models are questionable but some are
useful

e Narrow down difference between gene tree
and species tree

21



. e
T8l pOWwER = | °

e ClustalW

- Step of mutiple sequence alignment (MSA)
e Phylip
- Character state method
e Maximum parsimony
- Distance method
e Neighbor-joining and UPGMA method
e Fitch-Margoliash method
- Maximum likelihood methods
e with molecular clock

, Pylogenetic analysis for DNA

Character state methods

« Maximum parsimonyiheuristic szearch) method

« Maximum parsimony(branch and bound search) method

« Compatibility method

Distance methods

« Neighbor-joining and UPGMA method

» Fitch-Margoliash and least squares method

» Fitch-Margoliash and least squares method with molecular
clock

Maximum likelihood methods

« Maximum likelihood method
» Maximum likelihood method with molecular clock

(Warning: these methods cost much memory. So, if the number of
bases of your sequences data exceeds 40000, the job may fail.

[
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'I'gl Pylogenetic analysis for Protein

Character state methods

» Maximum parsimony(heuristic search) method

Distance methods

» Neighbor-joining and UPGMA method

» Fitch-Margoliash and least squares method

» Fitch-Margoliash and least squares method with
molecular clock

'I'gl The Result of POWER

Color of line indicates how many times the group which consists of the species to the
right of the fork occurred.
=20 =208 <=40 —»40 & <=60 —=608& <=80 =30

— HCoV-NL63

|_- SARS
[ ] —

I—I TGEV

This node can
flip its two child
groups

The node
can be

length | ,—l MHY deleted
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'I'gl View the result by TreeView

((((((BCoV:100.0,HCoV-OC43:100.0):98.0, MHV:100.0):100.0,HCoV-
229E:100.0):44.0,PRCOV:100.0):69.0,(TGEV:100.0,SARS:100.0):73.0):87.0,HC
0V-NL63:100.0);

HCEANLED

@ ————_

100
Bty

56
——————————————————  HCeM-OC43
1

'I'gl How to use the downloaded files

e Original fasta file
e .phy(generated by clustalw)
e Tree Image

e outfile(generated by phylip programs) :
consensus

e treefile

24



'I'gl The problem would be asked

e What kind of datasets should be chosen
e How to do model selection

e Which tree topology should be used

e What kind of result is more reliable

Tgl Service Usage of POWER from 2005 uly.

Visit Statistic(Country):

Visit Statistics I
~ 21BN \/ictinre
Sequence Statistic(Month):

Sequence (Accumilat ive)

~ 46,000 accumulated sequences

i ¥ 8 80t 38 3
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