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Phylogenetics:
The study of the evolutionary history of living organisms.

Two major assumptions:

1. Molecular sequences used in phylogenetics
construction are homologous.

2. Each position in a sequence evolved independently.
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Classification:

study on “products” of
evolution

Evolution:
Studies on “processes”,
and forces driving
Processes

Studies on

y
even

Modified from Stuessy, 1990. Plant taxonomy, p.8. Columbia UP, NY.



A phylogeny is a reconstruction of the evolutionary
history of a collection of organisms.

« A phylogeny is atype of pedigree.

 Showing relationships between taxa (ex.
species), not individuals.

 Reconstructs pattern of events leading to
the distribution and diversity of life

e Often shown as a network or tree
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un-resolved relationships
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polytomy
/

partially resolved relationships

— dichotom

Polytomy: an internal node
with more than 2 immediate
descendants

“hard” polytomy:
simultaneous divergence

“soft” polytomy: unsure
order of divergence

Binary
bifurcating tree
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Choosinc - Iar Markers

e Nucleotide sequence data

* Protein sequence data



markers

Microarrays DGGE ITS
Differential SNPs RAPD
display AFLP

RNA
VNTRs
RELP scnDNA
mtbna~  (CPRNA

Allozymes




ChoosingeMolecular Markers

e Genome Information
e Cytoplasm Information
a. chloroplast DNA
b. mitochondria DNA
* Nuclear genes Information
single/low copy nuclear genes
 SNP (Single nucleotide polymorphism)



1. Computer alignment:

Clustal W/X
T-Coffee
bioedit

2~ Manuel Adjustment



Choosint Is of Evolution

Nucleotide sequence:
Jukes-Cantor Kimura
Protein sequence:

PAM JTT



| UPGMA

- Clastering-based?

_| Neighbor Joining

: <
f Distance-based methods -| Eitch-Margoliash

. Optimality-based )

Minimum Evolution

/&

(| Maximum Parsimony

\ Character-based methods




Assumptions:

Distance-based methods:
1. All sequences involved are homologous.
2. Tree branches are additive.

Character-based methods:
1. Characters at corresponding positions in a multiple
sequence alignment are homologous among the sequences
Involved.

2. Each character evolves independently and is treated as an




Unweighted Pair Group Method with Arithmetic mean

Closest pair— Cluster —» Average distances

Human

L—— Chimpanzee

Gorilla

Orangutan

Gibbon

0.019 0.007



Advantages:

1. Simple and fast method

2. Extensively used in clustering analysis of
DNA microarray data.

Disadvantages:
1. Assumes a molecular clock implies a root.
2. Be susceptible to Long Branch Attraction.



Neighbo!

Neighbor joining (NJ) :
the phylogenetic tree is constructed from a star-like
tree by grouping OTUs with shortest distance of
branch length together

The best use of an NJ tree is:

As a starting point for a model-based analysis such
as Maximum likelihood or Bayesian.



Advantages:

1. Relatively rapid, it is suitable for analyzing a large
dataset.

2. Calculate the branch length.

Disadvantages:

1. Construct only one possible tree.

2~ Yleld a biased tree under some condition.
3. Compress sequences information.



Optimality-based methods:
Comparing possible tree topologies and select a tree that best fits the
actual evolutionary distance matrix.

Fitch-Margoliash(FM)

Select a best tree based on minimum deviation between the
distance calculated in the all branches in the tree and distance in the
original dataset.

Minimum evolution(ME):
Uses a different optimality criterion that finds a tree among all

M



Parsimony is the principle that an evolutionary
explanation requiring the fewest steps should be
preferred.

the simpler, the better

|

tree length becomes our optimality criterion

|

The best tree Is the shortest which requires the
least number of substitutions



Advantage:

1. Asimple method and not depend on an explicit model
of evolution

2. Gives both trees and associated hypotheses of character
evolution

Disadvantage:
« With more data the it becomes increased that parsimony
will give the wrong tree due to long branch attraction.



« Maximum likelihood use statistical tool to
evaluate a hypothesis about evolutionary
history.

o |t constructs all possible trees of evolutionary
history from an observed data set.



Advantages:
1. All the sequence information is used
2. Evaluate all possible trees

3. Sampling errors have least effect on the
method.

Disadvantages:
1. Extremely slow.
2. Impractical for analyzing large data set.



Rooting 1

d(AD)=10+3+5=18
Midpoint =18 /2=9

1) Midpoint rooting: Roots the tree at the midway point
between the two most distant taxa in the tree, as
determined by branch lengths. Assumes that the taxa are

Ing in -li IS i
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%ﬁ outgroup

2) Outgroup rooting: Use “outgroup” taxa that are known to
fall outside of the “ingroup” (group under study).




Tree eval®

A statistical technigue that uses
computer intensive random
resampling of data to determine
sampling error or confidence
Intervals for some estimated
parameter

Jho Boot

Bootstrap Is a pseudo-repeats data collecting

I method to estimated reliability of the tree. I



How confident am I that my tree is orrect?

© High bootstrap values don't mean that
your tree is the true tree!

© Alignment and evolutionary
assumptions are key!
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Macintosh, DOS, Linux, Unix#A=0penVMX) .

Phylip@ & T 35/ MR 942 /5, X IR I 6942 5 AR
LRGN, RERFAREOET AALE
ANTE BT 5 &

PhylipZ B #ls) ZAEA Y E AR ETHAEF, £
ZAFEVNTIUNEFE: 5 T/F748, SEBFEMR
4R, FAEIMELNE, BERFHUE, L mlLa,




e IR 6
l.%4/n/+%|: protpars, proml, promlk, protdist;
). 4% )% %] . dnapenny, dnapars, dnamoveZr,

BE B 4EME40: Fitch, kitsch, neighbor

P 3 ﬁﬁlF?ﬂ Gendist, contml

BEF AL Pars, mix, move, penny, dollopZF
ﬁﬁﬁtﬁﬁé%#ﬂéﬂ: drawtree, drawgram
H . restdist, restml, segboot, contrast,

treedist, consense, retree,



. S YA
DNA LI ?}Lﬁiff@aﬁ» 5 AT R P RIFAL
B AE Ao R T AL I, HAEBRFHFAE BEFRLT.

). mFFEE BN R
DNAZLIE, T vAi514 29 (DNAPARS) , 444K i (DNAML) §E & =5

3. AT
ziﬁ—‘ﬁ%ﬁ/?lé , AT, BASITEIE, RFE LA
3, 4"'57\7})?9 4= R ARG Houtfile, outtree,



o R HIE - LR HETIFG BILER T 7).

« TMHE L - FEFH k (protdist. exe)
IR A4 297k (protpars. exe)
R A ALK % (proml. exe)

o %1t — 3R EE (bootstrap)



1. MFATprotdist. exe, IRIER TH AT
B A4

2. REENSH, PATARR, RIFIEB JEMFHIEH
b L fFoutfile,

3. 458 AT 3R B 4E MR HEA AR 69 Bk
(fitch.exe, kotsch. exe, neighbor. exe).

4, FERIRAFOGH B XL Hinfile, FATIRE
HEm Bk (neighbor. exe) . X BHFAH = HATAE
5, $igoutfilefrouttree™ A5 .



B outfile
IritE)  EREE

=

E) /I Q) FF ) FEEW

% Populations

Heighbor-Joining/UPGHA method version 3.6a3

Heighbor-joining method

Hegative branch lengths allowed

+-2

r r——————————

L

. e

3-—————— 1

L

*

o ———— S .cerevisi
remember: this is an unrooted
Betuween And

3 2

2 Homo_sapie
2 S.pombe

3 1

1 Zea_mays

1 C.elegans

tree?t

Length

a_83451
1.33969
1.92211
8.39696
1.83167
1.64333

File Edit Style Tree Window Help

E outtiree

) e g] [ sl

5. ceravisi

Homo sapie

S.pombe

Zea mays

C.elegans

FHILIF_1 (1/1)




Bootstrap

A~ F#ATboot strap AT 8942

seqboot. exeFrconsence. exe,

ST AR

1. Seqboot /=4 K Z 0 F3E2H .

2. RL )0 FLiR AT R A A BB LR HAT AT
3. @ consenceRfFmALAT.



mltl: TreeEzplorer (D:\cp.meg)

File Image Subtree Yiew Compute Caption Help

HE®m & ¢ & =&€ |

b Original tree | Bootstrap consensus treel

»IE C.argyrophyllum HN 2
C.rmongolicum WL 27
C.marifolium HSZ

I
I
= 54 C.crassum
wi NEGA 4 & o C.yoshinaganthum
=
5

File Data Distances | Phylogeny Fattern Selection Aligoment Windows Help C.omatum
19 C.occidentali japonense
! | '-l':j: %l "v'l Construct Phy o3 *:x Weighbor-Joining (HT). .. d ¢ sichotensis
Bootstrap Test of Phylogeny J E Minimum Evolution (ME). .. — C.maximawiczii XL 11
i = . = . . 42 4\0 kt ZJ14
Tutorial on Hovw to Use ME 4 Interior Branch Test of Phylogeny P 25 Maximum Parsimomy (ME). .. B5 | ~-naKiongense )
; ' - &0 C.zawadskii RS1
Click e to actrvate 4 data fi & PG 0 _
.. . | Relative Rate Tests L C.akiense
Citing WEG A in publication 2 57 [ C.yezoense
o to the MEGS web page Display Saved Tree Sessiom. .. C.maximowiczii NMK
C.chanetii BJ
Display Hewick Trees from File. .. 2

451 C.thombifolium CQ 15
455|‘: C.indicum SMJ
C.hypargyrum TB 13

74 || C.lavandulifolium PKL

C.nankingense NJ
C.potentilloides S

82 57

C.dichrum HE

C.occidentali japonese var

g3 C.oreastrum CB2 13
C.oreastrum CB1 16

% 7 & | B Microsoft Dffice. .. P8 ndobe Acrobat Fr. .. I MEGA 4.0




Phylogenetic Analysis by Maximum Likelihood (PAML)

Ziheng Yang

Table of contents

* Introduction

e How fast iz wy new computer?

 Downloading and Compiling PAML

« Funning Programg in PAML

e To ask questions, go to Ceweitiscs Software Forwm
o« PAML Wanual (panlDOC.pdf)

o« PAML FiDz (pamnlFiQs.pdf)

o 01d wergions of panml

o PUML Resources on the web

* Juestionzg and Bug Reports

Introduction

PAML iz a packaze of programs for phylogenetic analyses of DHA or protein sequences using maximum likelihood. It is
maintained and diztributed for academic use free of charge by Ziheng Yang. ANSI C source codes are distributed for
ONIZ/L inux/MAC OS X, and executables are provided for MS Windows.

Thizg document iz about downloading and compiling PAML and getting started. See the manual (pamlDOC.pdf) for more information
about running programe in the package.

L zummary of the types of analvszes performed by different programs in the package iz given below.

« haseml: ML analysis of nucleotide sequences: estimation of tree topology, branch lengths, and substitution parameters
under a variety of nucleotide substitution models (JC69, K80, F&1, F84, HEY8S5, TH93, REY); constant or gamma rates for
gites: molecular clock (rate constancy among lineages) or no clock, among-gene and within-gene wariation of
subztitution ratez: models for combined analyses of multiple sequence data sets: calculation of substitution rates at
2ites; reconstruction of ancestral nocleotides.

*» basemlg: ML analysis of nucleotide sequences under the model of gamma rates among sites. The (continuous) gamma model



Modeltes

Number of substitution types (nst)

1:

JC JC+1 JC+G JC+I1+G

F8 F81+1 F81+G FS81+1+G

2:

K80 K80+ K80+G K80+ 1+G

HK HKY+1 HKY+G HKY+1+G

6:

TrNef TrNef+1 TrNef+G TrNef+I1+G
TrN TrN+1 TrN+G TrN+1+G
K3P K3P+1 K3P+G K3P+1+G

K3Puf K3Puf+1 K3Puf+G K3Puf+I1+G
TIMeF TIMef+1 TIMef+G TIMeFf+1+G
TIM TIM+1 TIM+G TIM+1+G

TVMefT TVMef+1 TVMef+G TVMef+1+G

/M \ \



Prior distribution of tree topologies and uses (MCMC)

methods to search tree space and infer the posterior

distribution of topologies.

Allows for rate variation among sites and a variety of

models of sequence evolution (relativeley free from

Ioni branch attraction).
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