Phylogenetic tree building methods

method type of data

of building DNA sequences
trees distances or other characters
clustering UPGMA

algorithm

neighbor-joining tree

optimality minimum parsimony
criterion evolution
tree L» maximum likelihood

Bayesian analysis




Maximum likelihood (ML) method

The likelihood of an evolutionary tree (L) is the probability that the
observed DNA sequences will evolve in a given tree topology and in
a given evolutionary model.

The goal of the maximum likelihood method is to find a tree with the
largest possible L. In this method, the starting tree is constructed
using the parsimony method or the nearest neighbor method, and
then the nearby trees are searched for a more likely tree than the one
we have available.

It is also possible to search all possible trees, but this, as with the
maximum parsimony trees, is time consuming and realistic only with
fewer sequences.



Maximum likelthood (ML) methods

Optimality criterion: ML methods evaluate phylogenetic hypotheses
In terms of the probability that a proposed model of the evolutionary
process and the proposed unrooted tree would give rise to the
observed data. The tree found to have the highest ML value is
considered to be the preferred tree.

Advantages:

* Are based on explicit model of evolution.

 Usually the most ‘consistent’ of the methods available.

 Can be used for character (can infer the exact substitutions) and rate analysis.
 Can be used to infer the sequences of the extinct (hypothetical) ancestors.

« Can help account for branch-length effects.

Disadvantages:

* Are based on explicit model of evolution.

 Are not as simple and intuitive as many other methods.

» Are computationally very intense (limits number of taxa and length of sequence).
 Slow

* Violations of the assumed model can lead to incorrect trees.



Models of the evolution of DNA sequences

purines
Parameters that affect sequence evolution:

- base frequencies
- types of substitution (transitions, transversions)
- heterogeneity of the rate of substitutions

pyrimidines

Classical substitution models:
Jukes-Cantor (1969)

Kimura 2 parameter (1980) Each model is based on
Felsenstein (1981) different assumptions
Hasegawa, Kishino & Yano (1985)

General time-reversible model (Lavane et al. 1984)



Increasing amount of model parameters

Substitution models

F81 - equal substitu%
rates;

unequal base
frequencies

a JC —equal substitution rates;
equal base frequencies

K2P - two different
substitution rates;
equal base frequencies

a  HKY —two different substitution rates;
unequal base frequencies

b GTR - 6 different substitution rates;
unequal base frequencies



Function of gama distribution (I") f(r) substitution rate on positions
of DNA sequences

o — shape parameter, oo < 1 — the function has a L shape, o > 1 — the
function has a bell-shaped shape

B —scale parameter sy
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Maximum likelihood (ML) method

Possible trees

Sequence Z:

Sequence W C G T T G G G
CGT 1T GGG

Sequence Y: CAATGAA
CAGGGAA
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Seguence X A C G
A C G
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Maximum likelihood (ML) method

Possible trees

Sequence W A C G C G T T G G G
Seguence X A C G C G T T G G G
Sequence Y: A C G C A A T G A A
Sequence Z: A CAZCA g GGAA

T A

TTAG ATG TGT




Maximum likelihood (ML) method
Some possible evolutionary paths (to the same tree)

TTAG TTAG
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Maximum likelihood (ML) method

Some possible evolutionary paths (to the same tree)

T TAG
AT A
G G

C C

# of Possible Paths / OTU / Position:
(Number of States)(Number of Nodes)
C = (Number of States)(Number of OTU -1)

= 43 = 64

>



Maximum likelihood (ML) method

One path likelihood

TTAG

\G/ depends on particular model
L (path) = L(root) x IT L(bran‘Ehes)/

[ufrg] X [ubmg]



Maximum likelihood (ML) method

Likelihood of one tree from one position of the DNA sequence

TTAG

L(one position treel) = Z L(all possible Evolutionary Paths to
tree 1)

= L(treel) + L(tree2) + L(tree3) + ... + L(tree64)

- trees of the same topology in terms of taxa at the ends of the
branches but with different nucleotides in the nodes



Maximum likelihood (ML) method

Likelihood of one tree from the whole DNA sequence

WXY Z

L(Sequence tree) = IT L(tree of particular position)

Choose the tree with the Maximum Likelihood.

(# possible trees)x(seq length)x(# states)(# OTUs)



Maximum likelihood (ML) method

ML analysis starts with a tree created e.g. NJ and then search the
nearby trees for those with higher credibility.

For larger data files, heuristic ML analysis Is very computer
Intensive, In addition, support for individual clades should be verified
by the bootstrap method, which multiplies the time required for
analysis.

If the ML analysis finds a local optimum, it does not mean that it is
also a global optimum in the tree space.



Maximum likelihood, ML method

ML analysis includes:
- testing of evolutionary models for a given data set, calculation of scores (log likelihood

scores) with respect to the model and data - jmodeltest2
- selection of a suitable model based on log likelihood scores according to certain test criteria -

jmodeltest2
- calculation (search) of the most probable tree according to selected model - PAUP

Jmodeltest2 (https://github.com/ddarriba/jmodeltest2/releases)

- program for calculation and comparison of log likelihood scores of tested models, selection
of a suitable evolutionary model for a given data set

Darriba D, Taboada GL, Doallo R, Posada D. 2012. jModelTest 2: more models, new
heuristics and parallel computing. Nature Methods 9(8), 772.

Guindon S and Gascuel O (2003). A simple, fast and accurate method to estimate large
phylogenies by maximum-likelihood". Systematic Biology 52: 696-704.



models are expressed by parameters: - base frequencies, - types of substitution and their
rates, - homogeneity / heterogeneity of mutation rates at different positions, - proportion

of invariable positions

Table 2. Model parameters. The substitution codes are just two ways of indicating the substitution
scheme. Any of these models can ignore rate variation or include invariable sites (+), rate variation

among sites (+G), or both (+1+G).

Free Base Substitution  Substitution code
Model  parameters frequencies  Substitution rates code 1 2
JC 0 equal a=b=c=d=e=f 000000 aaaaaa
F81 3 unequal a=b=c=d=e=f 000000 aaaaaa
K80 1 equal a=c=d=f, b=e 010010 abaaba
HKY 4 unequal a=c=d=f, b=e 010010 abaaba
TNef 2 equal a=c=d=f, b, e 010020 abaaca
TN 5 unequal a=c=d=f, b, e 010020 abaaca
K81 2 equal a=f, c=d, b=e 012210 abccha
K8Tuf 5 unequal a=f, c=d, b=e 012210 abccha
TIMef 3 equal a=f, c=d, b, e 012230 abccda
TIM 6 unequal a=f, c=d, b, e 012230 abceda
TVMet 4 equal a, c,d, f b=e 012314 abcdbe
TVM 7 unequal a, c,d, f b=e 012314 abcdbe
SYM 5 equal a,c,d f b, e 012345 abcdef
GTR 8 unequal a,c,d f b, e 012345 abcdef

Mutation rates a(A-C), b(A-G), c(A-T), d(C-G), e(C-T), f(G-T)
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Table 1. Model names. Some models have no reference (TNef, K81uf, TIMef, TIM, TVMef, TVM),
they are just some variations of some existing models, and they were no developed, only named, by
D. Posada.
Model Name
]C Jukes and Cantor (Jukes and Cantor, 1969)
F81 Felsenstein 81 (Felsenstein, 1981)
K80 Kimura 80 (=K2P) (Kimura, 1980)
HKY Hasegawa, Kishino, Yano 85 (Hasegawa, Kishino and Yano, 1985)
TNef  Tamura-Nei equal frequencies
TN Tamura-Nei (Tamura and Nei, 1993]
K&1 Two transversion-parameters model 1 (=K81=K3P) (Kimura, 1981)
K8Tuf Two transversion-parameters model 1 unequal frecuencies
TIMef  Transitional model equal frequencies
TIM Transitional model
TVMef Transversional model equal frequencies
TVM  Transversional model
SYM  Symmetrical model (Zharkihk, 1994)
GTR General time reversible (=REV) (Tavare, 1986)
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https://github.com/ddarriba/jmodeltest2/releases/tag/v2.1.10r20160303

« = O @ O B nttpsy//github.com/ddarribafjmodeltest?/releases/tag/v2.1.10r20  Tf ® Search L DO ¥ O B =

O Product -~ Team Enterprise Explore Marketplace Pricing Search

Sign in ‘ Sign up |

Q ddarriba fjm0d9|t95t2 Public «D» Motifications Y Fork 42 vr Star 57 -

<> Code (® Issues 13 Il Pull requests 1 (® Actions B Projects 0 wiki © Security [~ Insights
Releases [ v2.1.10r20160303

jModelTest v2.1.10 (=)

Compare ~

o ddarriba released this Mar 03, 2016 . 5 commits to master since this release  © v2.1.10r20160... -0 6391928

jModelTest 2.1.10 Full release (tar.gz)
jModelTest 2.1.10 Manual (pdf)

v Assets 2

[Z) Source code (zip)

[5) Source code (tar.gz)




1. Execute the script for the Graphical User Interface (runjmodeltest-
gui.sh). The main jModelTest frame should pop up on the screen:

B jModelTest 2.1.3

——————————————————————————————— jModeltest 2.1.3 —-----—=-=——m—mmmmmm e e
(c) 2011-onwards D. Darriba, G.L. Taboada, R. Doallo and D. Posada
(1) Department of Biochemistry, Genetics and Immunology
University of Wigo, 36310 Vigo, Spain.
(2) Department of Electronics and Systems
University of A Coruna, 15071 A Coruna, Spain.
e-mail: ddarribadudc.es, dposadaduvigo.es

Mon Apr 08 23:55:03 CEST 2013
Windows XP 5.1, arch: x86, hits: 32, numcores: 2

jModelTest 2.1.3

Copyright (C) 2011 D. Darriba, G.L. Taboada, R. Doalla and D. Posada

This program comes with ABSOLUTELY NO WARRANTY

This is free software, and yvou are welcome to redistribute 1t under certain
conditions

Motice: This program may contain errors. Please inspect results carefully.

Citation: Darriba D, Taboada GL, Doallo R and Posada D. 2012.
"iMadelTest 2: more models, new heuristics and parallel computing”.
Mature Methods 9(B), 772.

Likeliheod scores not available No data file loaded




2. Load an input alignment file using the File/Load Alignment option.

jModelTest 2.1.3

——————————————————————————————— jModeltest 2.1.3 ——-—----mmmmm
{c) 20ll-onwards D. Darriba, G.L. Taboada, R. Doallo and D. Posada,
(1) Department of Biochemisztry, Geneticsz and Immunology

University of Wigo, 36310 Vigo, Spain.

Load DNA alignment

Lookin: | () jmodehtest-2.1.3 v| O @
[CDconf [F runjmodeltest-gui
@ Des runjmodeltest-gui.sh
My Recent Chexample-data THIRDPARTYLICENSES

Documerts Chexe

@ &

Desktop Dlog

BTESDUTCES
. E:Itrees
’\) COPYING
. = cHaNGELOG
D ent -
My Documents INSTALL
@ jModelTest
g:l README
runjmodeltest-cluster.sh
My Computer
-
File name: | b | L Open J
My Network  Flesoftype: | Al Fles ") v| [ _cancel |

Likelihood seores not available No data file loaded




3. Go to Analysis/Compute Likelihood Scores and select the
candidate models and the options for model optimization
(optionally you can set a base topology from a file). Press Enter or
the "Compute Likelihoods™ button.

5 Kelihood settings ™

iModeltest 2.1.3 rNumber of processors requested

(c) 2011-onwards D. Darriba, G.L. Taboada. R. Doallo and D. Posada, 1

(1) Department of Biochemistry, Genetics and Immunology [ j 2 |
University of Wigo, 36310 Vigo, Spain.

(2) Department of Electronics and Systems
University of A Coruna, 15071 A Coruna, Spain.

e-mail: ddarribaudc.es, dposada@uwvigo.es

rHeuristics
Mon Apr 08 23:55:03 CEST 2013 O AIC AICC BIC r
Windows XP 5.1, arch: x86, bits: 32, numcores: 2 ]
jModelTest 2.1.3 [] Model Filtering —

Copyright (C) 2011 D. Darriba, G.L. Taboada, R. Doallo and D. Posada
This program comes with ABSOLUTELY NO WARRANTY 3
This is free software, and you are welcome to redistribute it under certain
conditions

rLikelihood settings

Notice: This program may contain errors. Please inspect results carefully. rNumber of substitution schemes
________________________________________________________________________________ 03 Os5 Q7 @®u o203 NumModels = 88
Citation: Darriba D, Taboada GL, Doallo R and Posada D. 2012.
"jModelTest 2: more models, new heuristics and parallel computing”. R — —— 3
Nature Methods 9(8), 772. q J—
“““““““““““““““““““““““““““““““““““““““““““““““““““ +F + +3 4
Reading data file "maritITS.nex"... OK. i
number of sequences: &3 rBase tree for likeliheod calculations ]
number of sites: 622
() Fixced BIONJ-1C (") Fixed user topology
(%) BIOM] () ML optimized 3
Base tree search
‘ Default Settings ‘ ‘ Cancel ‘ ‘ Compute Likelihods ‘

Likelihood scores not available maritiT5.nex




G

Completed 4/88

Thread actiwity

[

Computing TPMZuf+I+G...

Computing TPM3uf+I+G...

- X

Elapsed time: 0h:02:33

[

Cancel

A\WINDOWS\system32\cmd.exe

D:=“My Dncuments\PrednaakaZaFeHla\kladiatika\jmudeltest—2.1.3—2813B3BE\jmndeltestI=

—2.1.3>java —jar jModelTest.jar
[MPI] Testing MPI environment...
[MPI]1 Proceed without MPI

(sav—f1437h3d81ad




jModelTest 2.1.3

Analysis

Compute likelihood scores  Ctrl+,

(>

Do AIC calculations ... Cirl+I
Do BIC calculations ... Ctrl+B

R Do DT calculations ... Ctrl+D

[ Do hLRT calculations Cir| 4R

Akaike Information Criterion (AIC) Settings

Ma Model-averaged phylogeny Ctrl+2

pa
-InL = 2137.6662 | rAIC Settings
kK = 132
frega
freqC
freqG
freqT
R{a) [AC]
R({b) [AG]
R{c) [AT]
R{d) [CG]
Rie) [CT]

r Sample size

L2397 )
3583 [ ] Use AICc correction I

. 2557
2464 r Sample size mode

.7754 Calculate parameter importances ALTGNMENT 3

LOE7L

o

2

o tens rConfid int I =100%—
0. 881l Do model averaging R

4
1

. 3588 i
. D000 . LI T O T T T I I B
] 0 20 40 60 80 100

nnonon
oo

gamma shape = 0.8&810

Model = GTR+I+G
partition = 012345

-1nL = 2137.6520 Default Settings ‘ ‘ Cancel ‘ { Do AIC calculations
kK = 133
frega
freqC
freqG
freqT =
R{a) [AC]
Ri{b) [AG]
R{c) [AT]
R{d) [CG]
Rie) [CT]
R(F) [GT]
p-inw = 0. 0000

gamma shape = 0.&810

=FFF
P
(%]
(%2}
=l

0.7757
2.0882
2.3174
0.8613
4.8576
1. 0000

Computation of Tikelihood scores completed. It took 00h:14:11:06.

hd

Likelihood scores lcaded for 83 models (optimized trees) maritlTS.nex




mutual testing of models based on log likelihood scores, selection
of a suitable model according to testing criteria - AIC (Akaike
Information criterion), hLRT (hierarchical likelihood ratio test),
BIC (Bayesian information criterion)

AIC - simultaneous comparison of all models
hLRT - mutual comparison of two models
BIC - calculation by Bayes method using MCMC

not the model with the highest score, but with the most optimal (i.e. if
adding parameters, increasing complexity only slightly increases the
score, a less complex model is chosen)

sometimes they design different models, it is up to the user who
chooses (the preferred is usually AIC)



jModelTest 2.1.3

>

"""""""""""""""""""""""""""""""""" Model selected

Model selected:

Model = SYM+G

partition = 012345 Model TIMI=f+&

-InL = 2137.9855% pe

K = 129 partition 012032 B I C

R{a) [AC] = 0.7675 Alnl 21334445

R(b) [AG] = 2.0552

R{c) [AT] = 2.2345 K 128

R(d) [CG] = 0.6831

RCe) [CT] = 4.8786 frega - Rfa) 04421

R() [GT] = 1.0000 -

gamma shape = 0.6950 freqﬂ “[h] L2723

fregG - R{c) 1.0000

PAUP* Commands Block: fregT - Ri{d) 04421
If vou want to Toad the selected model and associated estimates in PAUP=, .
attach the next block of commands after the data in your PAUP file: t'ft""' - “-[E] 30873
0 R(f) 1.0000
Likelihood settings from best-fit model (SYM+G) selected by AIC p-inv - gamma 0.7200
with jModeltest 2.1.3 on Tue Apr 09 00:29:46 CEST 2013]

BEEGIN PAUP;

Lset base=equal nst=6 rmat=(0.7675 2.0552 2.2345 0.6831 4.8786) rates=gamma
shape=0.6950 ncat=4 pinvar=0;

END:

* ATC MODEL SELECTION : Selection uncertainty

Model -InL K ATIC delta weight cumiweight I
SYM+G 2137.9855 129 4533, 9710 0. 0000 0.4832 0.4832
SYM+I+G 2137.9700 130 4535, 9401 1.9691 0.1505 0.6637
SYM+I 2139, 3603 129 4536, 7205 2.7495 0.1222 0.75859
TIM3ef+G 2141.7523 127 4537.5047 3.5337 0.0826 0. 8685 v

Likeliheod scores loaded for 838 models (optimized trees) maritlTS.nex




BEGIN PAUP;

Lset base=equal nst=6 rmat=(0.4421 1.2723 1.0000 0.4421
3.0879 1.0000) rates=gamma shape=0.7800 ncat=4 pinvar=0;
END;

Iset ... specification of the selected model

Base ... frequency of bases A, C, G (T)

Nst ... number of types of substitutions

Rmat ... rates of mutations a (AC), b (AG), ¢ (AT), d (CG), e (CT), f(GT)
Rates ... gamma distribution function (rate of mutations at nucleotide positions)
Shape ... function shape parameter

Pinvar ... proportion of invariable positions



5. nexus file with added specification of selected model and commands for ML calculation

JZ210mMaritCC3 s r v err et e ACCTACTAAGT GATAACT TTCAAATTCAGACGAAACCCT CEAAT TAACAACGEGGCAAT CCTCAGCCAAAT CCTTGTTTACGCSAACAAACT
ReylvestrisAF079352aAF3A2A44: - -« - - HNHNNNHNHNNNNNGAT AACT TTCAAATTCAGAGAAACCCT GEAAT TAACAAT GEGCAAT CCTCAGCCAAAT COTTGTTTACGCAAACAAACT
REpalustrisAF079351aAF3A2RAF: « - -« - - NMNNHNNNNNNGAT AACT TTCAAATTCAGAGAAACCCTGEAAT TAACAAT CEGCAATCCT SAGCCAAAT CCTTGTTTACGCAAACARACT
Rl

EMD; 9

q

begin- BAUP; q

set-autcclose=yes-increase=auto;

get-critericon=distance;q

deset-distance=logdet ;1

outgroup:ReylvestrisAF079352aAF3626544 RpalustrisAF079351aAF362669;
nj:q

bl

set-autcclose=yes-increase=auto;

set-criterion=likelihood notifybesp=vyes=s;q

log-file=maritTRN_ML.log:q

Leet: -Base=(0.3597-0.1458-0.1502) - -N=t=6- - Rmat=(0.9444-0.9041-0.0515-0.5453%9-0.9041) - - Rates=gamma- - Shape=0. 5381 - Pinvar=0:;1
outgroup- ReylvestrizsAF079352aAF362644  RpalustrisAF073351aAF362669;

hgearch-start=1-nrep=s=10:1

Savetrees-brlens=yes-append=yes-file=maritTRN_ML.treeS;ﬁ

and;q
q




6. calculation of the ML analysis in the PAUP program

B PALIP* 4.0b10

File Edit ‘Window Help

ol
Fy
FRUP®* :‘

Uarzion 4.8b18 for 22-bit Microsoft Windows
Sun Apr B2 12:88:23 2886

----------------------------- MOTICE---------—-—---=-—-- -

Thiz iz a beta-test wversion. Ple:
>

apparent calculation errors, or D'_ —IEI
There are no restrictions oh publ: - _ .
with this versiown, but you should  Look i Ih ML_bezlndelCoding j [=] g -
frequently for bug announcements ¢
See the README file oh the distrit

tenL+krnLF+out
tenL+trnlF+out_bezIndelCoding
tenL+trnlF+out_bezIndelCoding_models
tr'r|L+trr|LF+-:|ut_|:|e._ ndelCoding_Mad

File: name: ItrnL+trnLF+out_be2IndelCoding_MndeISelected DpenHEHecutEI
j Cancel |

Files af type: INEXUS [*.nex]

File Open Maode
[ﬂ Execute " Edit

| =

‘ E:-:ec:utel Llear I Delete I Stop I Fauze IJ

PRT=TEN

Mo datafile open




6. calculation of the ML analysis in the PAUP program

-i01

File Edit  “window Help

J226figlaeCdil

F=ylvestrizAFEya
FpalustrisAFE7?93
Optimality criterion set to likelihood.

Logging output to file

Mote: Outgroup stotus not chonged by Outgroup or Ingroup command.

Heuristic search settings:
Optimality criterion = likelihood
Likelihood settings:
Humber of substitution types =6
User-specified substitution rate matrix =
- B.944460  @.09684188 H.8615868
6. 944460 -  B.649988  @.984188
G.984168  0.549008 - 1. 860866
§.8515608  6.284186 1. BEDEEE -
Assumed rnucleotide freguencies (=et by useri:
A=8.353978 C=6.14588 G=A.156828 T=0.3443H
Among-site rate variation:
Assumed proportion of invariable sites
Distribution of rates at variable sites

nare
gamma (discrete
approximation s

Shape parameter Calphal
Humber of rate categories
Fepresentation of auerage rate for each category = mean
These settings correspond to the GTR+G model
Humber of distinct data patterns under this model = 151
Molecular clock not enforced
Starting branch lengths cbtained using Rogers-Swofford approximation
method
Tress with approzimate likelihoods 38 or further from the target score
are rejected without additional iteration
Branch-length optimization = one-dimensional Mewton-Raphson with pass
limit=26, delta=le-666
-ln L tunconstrained) = unavailable dus to missing-dato and/for
ambiguities
Branch-swapping algorithm: tree-bisection-reconnection (TER?
Initial swapping on tree 1 already in memory
Steepest descent option not in effect
Initial 'MaxTress' setting = 188 (will be auto-increased by 18680
Bronches collapsed (creating polytomies) if branch length is less than or
equal to 1e-G6ES
'MulTrees' option in effect
Topological constraints not enforced
Trees are unrooted

H.5381
4

"0z YHEIDELBERG clankysmaritima’al ignmentsiHML_bezIndelCodingimari tTRN_ML. log”.

Heuristic Search Status

Addition sequence: NAA
# Trees held at each step: HAA
Swapping algorithm: TBR
COLLAPSE option in effect; Yes
MULTREES option in effect: Yes
Steepest dezcent: No
K.EEPFing treez LE scaore: MAA
# Tara joined HAA
# Beanangements tied: 22
# Trees remaining to swap: 1
Mumber of trees saved: 1
Best tree found so far: 20304073

=1

Execute | Clear | Delete | Siop | Fauze Ij

|Perfcurming TBR branch swapping. ..

rrLF+out_bezIndelCoding_Modelsele o




6. calculation of the ML analysis in the PAUP program

il

Heuristic-search-completed]
-Total-number-of- rearrangements-tried-=-576787
s Bcore-of-kest-treei(s)-found-=-2030. 407339
‘Number-of-treez-retained-=- 11
‘Time-used-=-29:48:50. 09

q

l-tree-appended-to-file- "maritTRN ML.trees"1

il

Procesgsing-of-file- "trnlt+trnlE+out bezInd#3ECEF.txt " completed. 1

q

Trees: number- 1+ (rooted-using:user-specified:cutgroup)
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. @‘ Google Code Archive - Long-i:

“ > c e

Project

Source

Issues

Wikis

Downloads

oF ! https://code.google.com/archive/p/q EI e 9 f? Q garli

garli

Phylogenetic analysis of molecular sequence data using the maximum-

likelinood criterion Project Information

This is the location of the latest versions of GARLI! e License: GNU GPL v3

] ) o _ = 3 stars
GARLI, Genetic Algorithm for Rapid Likelihood Inference is a

program for inferring phylogenetic trees. Using an approach
similar to a classical genetic algorithm, it rapidly searches the Labels:

space of evolutionary trees and model parameters to find the =
solution maximizing the likelihood score. It implements =

nucleotide, amino acid and codon-based models of sequence
evolution, and runs on all platforms. The latest version adds
support for partitioned models and morphology-like datatypes. It
is written and maintained by Derrick Zwickl.

s syn-based source control

July 2013 - Garli Version 2.01 has been released. Thisis a
minor bug-fix update to version 2.0 (released April 2011).
Multithreaded executables are not yet available, but
continued use of version 2.0 should be fine in nearly all
cases. Get it on the Downleoads page.

http://code.google.com/p/garli/




The Exelixis Lab A News . ch B Publications iz Software w) Te

RAXML - Randomized Axelerated Maximum Likelihood

Source code

New RAXML citation

Publication

Documentation When using RAXML please cite the following paper: A. Stamatakis: "RAxML Version 8: A tool for
Phylogenetic Analysis and Post-Analysis of Large Phylogenies”. In Bioinformatics, 2014, open

Google group access.

GUI

Web services

Helper scripts Latest code download

Get the most up-to-date RAXML version from github.

Documentation

+ new RAXML version 8.0.0 manual PDF

+ copy of the old v704 manual: PDF

+ For a basic step by step tuterial using some more recent features see RAxXML step-by-step
tutorial

s For a basic step by step tutorial by Pavies Pavlidis on how to install and run RAXML on a Linux
cluster see RAXML on cluster step-by-step tutorial

» For a video explaining the evolutionary placement algorithm for short reads see Alexis talking
about evolutionary placement of short reads

s Video of Alexis talking about evolutionary placement of short reads at the Joint Genome Institute

http://sco.h-its.org/exelixis/web/software/raxml/



The RAxML v8.0.X Manual

by Alexandros Stamatakis
Heidelberg Institute for Theoretical Studies

May 23 2014
Structure of this manual
I About RAXML
I, Getting Help
I, RAxML Web-servers and GUI
IV. Downloading RAXML
V. Compiling RAxML
VI. RAxML Likelihood Values & Idiosyncrasies
VII. Alignment input File Formats

VIll.  The RAxML options

IX. Qutput Files

X. Computing TC and IC values
Xl. Simple RAXML Analyses

XII. Frequently Asked Questions

http://sco.h-its.org/exelixis/resource/download/NewManual.pdf



-

Illl. RAxML web-servers and Graphical User Interfaces

While there exist several web-servers that allow you to run RAxXML, | am directly involved in
running three of them.

1. The Cipres Portal web server: http://www.phylo.org/sub_sections/portal/
2. The web-server at vital IT in Switzerland: http://embnet.vital-it.ch/raxmli-bb/
3. A dedicated server for the Evolutionary Placement Algorithm: http://epa.h-its.org/raxml

There is no official graphical user interface supported by me, but a GUI has been developed by
researchers at the research museum in Frankfurt, which is available here:
http://sourceforge.net/projects/raxmlgui/

Note that, | will not provide any sort of support for the GUI, you need to contact the original
authors for this.



Home / Browse / Science & Engineering / Bio-Informatics / raxmiGLUI

e raxmlGUI

Brought to you by imichalak, silvestro1

Summary  Files Reviews Support Wiki  Mailing Lists  Hosted Apps ~ News  Discussion

* 5.0 Stars (2)
v 147 Downloads (This Wesk)
1 Last Update: 2013-12-06

W Tweet R5 g4 2 m ‘g & Browse All Files

Download

R — : o
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Description

A userfriendly graphical front-end for phylogenetic analyses using RAxML (Stamatakis, 2006). Please cite:
Silvestro, Michalak (2012) - raxmIGUI: a graphical front-end for RAxML. Organisms Diversity and
Evolution 12, 335-337. DOIL: 10.1007/513127-011-0056-0

http://sourceforge.net/projects/raxmigui/



program TCS
http://bioresearch.byu.edu/tcs

Clement M, Posada D and Crandall K. 2000. TCS: a computer program to estimate gene
genealogies. Molecular Ecology 9(10): 1657-1660

Templeton, A.R., Crandall, K.A., Sing, C.F., 1992. A cladistic analysis of the phenotypic
associations with haplotypes inferred from restriction endonuclease mapping and DNA
sequence data. I1l. Cladogram estimation. Genetics 132, 619-633

Templeton, A.R., 1998. Nested clade analyses of phylogeographic data: testing hypotheses
about gene flow and population history. Mol. Ecol. 7, 381-397.

haplotype network formation (cpDNA data) - statistical parsimony



program TCS
http://bioresearch.byu.edu/tcs/

omputa.tional SCiEIlCE Labm‘a.tmy PROJECTS PEOPLE PAPERS CONTACT

Navigation

Home
Projects
eSS
MSA
AlRnet
GNUMAP
Pathgen
Promatch
Psoda
ScaffoldScaffolder
Feople
FPapers
Contact
Lab Wiki
Presentations

Computational Science Laboratory

The Computational Science Laboratory investigates new algorithms for solving problems in computational biology. computational chemistry and computational
physics. Emphasis is placed on finding efficient algorithms that can be run on parallel computers.

Resources

The Laboratory currently uses computational resources from the Fulton Supercomputing Center as well as 600-500 idle desktop nodes across the BYU campus that
are managed by the DOGMA, system.

Software

Several software packages have been developed by members of the laboratory including:

s GNUMAP maps reads from next-generation sequencers to genomic data.

+ DOGMA uses idle computers as well as clusters and supercomputers for distributed scientific computing.

* The PSODA project provides a phylogenetic search tool that reads the same data file format as PAUP*.

= Members of the laboratory collaborate with the Department of Integrative Biology to develop software to analyze biochemical properties when performing
alignment or phylogeny search. This software performs a detailed analysis of selection on amino acid properties using user-defined phylogenetic trees.

= The TCS project estimates gene genealogies including multifurcations and/or reticulations (i.e. networks). The network estimation implemented in TCS is also
known as Statistical Parsimony, which is described in Templeton, A. R.. K. A. Crandall and C. F. Sing. 1992.

= The ScaffoldScaffolder project is for haplotype-aware scaffolding of contigs. It also includes modules for solving the Contig Onentation Problem.

Funding

The laboratary is currently supported by an NSFE grant to investigate hexapod phylogeny.




program TCS
http://bioresearch.byu.edu/tcs/

omputa.tional SCiEIlCE Labora.tmy PROJECTS PEOPLE PAPERS CONTACT

Navigation TCS

Home

Projects + TCS is a Java computer program to estimate gene genealogies including multifurcations and/or reticulations (i.e. networks). The network estimation
TCS implemented in TCS is also known as Statistical Parsimony, which is described in Templeton, A. R., K. A. Crandall and C. F. Sing. 1992. A cladistic analysis
MSA of phenotypic associations with haplotypes inferred from restriction endonuclease mapping and DNA sequence data. |ll. Cladogram estimation. Genetics
AlRnet 132:619-633. For a review on networks and instraspecific genealogies you may read Posada D and Crandall KA. 2001. Trends in Ecology and Evolution 16 (1):
GMNUMAP 3745
Pathgen « You can download the code here
Promatch « Questions can be submitted to Mark Clement
FPsoda
ScaffoldScaffolder

People

Papers

Contact

Lab Wiki

Presentations




TCS 1.21 (30 June 2005)

2000-2005 © Mark Clement, Jacob Derington {(Brigham Young University, USA)
Steve Woolley (Washington University, USA) and David Posada (University of Vigo, Spain).

dposada@invigo. es
Aitnddanvin. uvigo. essoffwaredos tmif

DISCLAIMER

This program /s free soffware, you can redistribute it and/or modify it under the ferms of the GNU
General Fublic License as published by the Free Soffware Foundsation; either version 2 of the
License, or (al your aption) any later version. This program is distiibuted in the haope that it will be
usefil, but WITHOUT ANY WARRANTY, without even the implied warranfy of
MERCHANTABILITY or FITNESS FOR A FARTICULAR PURFOSE. See the GNU General
Fublic License for more delails. You should have received a copy of the GNU General Fublic
License glong with this program, if not, wiite to the Free Software Foundalion, Inc., 59 Temple
Flace - Suite 330, Boston, MA 027717-1307, USA.

HISTORY
Version 1.21 (30 June 2005) Fixed the mapping code to correctly deal with gaps as defined in the
GUI, either as 5th state or as missing (IUPAC ambiguity characters are treated as

missing data)




program TCS

2 TCs v1.18:2 (Jlava ¥ersion: 1.4.Z_08 from Sun Microsystems Inc.) -- Windows XP 5.1

[+

Gaps = Sth state | = |
Select Modes & Branches I_-r




TCS

i TCS v1.18:2 (Java Yersion: 1.4.2_08 from Sun Microsystems Inc.) -- Windows XP 5.1

nlimit:  percentage 90-95%
number of mutation steps

Gaps = missing v
Zelect Modes & Branches |_r




£ TCS w1.18:2 (Java Yersion: 1.4.2_08 from Sun Microsystems Inc.) - Windows XP 5.1

I tree TCS EditGraph Properties

< éelect REXLISIPHYLIF Segquence ﬂIE>

Select MEXKLISIPHYLIP Distance file

Dpen Graph (GML)
Save Graph (GhL)
Save Graph As (GML)

Save network as PostScript

Save network as PICT

Exit This Window

Scale: 1

Yiesning Offset

Center |

Scale £1.25 | Scale =1 | Scale *1.25 |

STATUS: Waiting

frLN

TCS

=10l x|

& TCS ¥1.18:2 (Java Yersion: 1.4.2_08 from Sun Microsystems Inc.}
File Tree TS5 EditGraph Propeties

select NEXUS/PHYLIP Sequence file ed 4

Laoak in: I =9 nexus

| = ® ex E-

| marit_trnL.nex.graph
marit_trnL.nex.graph
marit_brnLSTARY

= netwaork_trril

2 nebwork_trmLF

trnl_nexus

trnL+LF . nesx.graph
trnL+LF.ne><.graph
trnlF_nexus
trnlF_nexus.nex.graph
trnLF_nexus.nex.graph

File narme: ItmL+LF

Open I

Files af type: I.-ﬁ.ll Files [*.7]

j Cancel

-

s




TCS

2. TCS v1.18:2 (Java ¥Yersion: 1.4.2_08 from Sun Microsystems

—

£ TCS v1.18 D:\HEIDELBERG'clanky'maritima'aianmentsinexus'trnl +LF.nex.graph =18 x|

x 850 v -148.0 2 0.0

.
[oape = merg =]
[Sotc oses & ancrs =]
‘n‘ 0 M12glaucaBARA J493glaucaSal
)
)
!
L i

resedDAE2 ’

resedd4VELT ey

-a\pMOLEI =}




| 180 v 30 200 Node 17 w840 v 890 200 w1620 K300 o 200 = HoBE17 w240 w890 200 wIB20 h:200 4 200

Mode 16 x 11735 4108 200 wEQ hBD 10




Saving haplotype network as - *.gml file TCS
as - *.ai file

@marit_tmL.nex.graph rnL+LF.nex.graph
miatit_krmLSTARY trnL+LF.nex.graph
ebwark_trnl rnLF_nexus
niebwork_trnlF rnLF _nexus. nex.graph
trnl _nexus @trnLF_ﬂexus.nex.graph

’_ __
ANl Files (%) -]




log file: TCS

J PSPad - [D:HEIDELBERG', clanky" maritima® alignments',nexus . trnL +LF.nex.graph.log] - |5’|5|
D File Projects Edit Search Wiew Formak Tools HTML  Settings  \Wwindow Help -|5’|5|

D-2-H-F B #nBaeRE - w i Be=1DEEa " -ua5m |

trnl +LF.nex.graph.log |

Tos-wl. 187 B
Wed-Mar-29-11:54: 05-CEST- 20067
Datafile-=-D:“HEIDELEERG.clankyimaritima'alignmentshnexusitrnL+LE. nex’
Current- 08-=-windows]
Data-in-NEXUS- formati
Number-of-sequences: - 637
Length-of-sequences: - 89389

q L
I
I
PARSIMONY - PROBABILITY]
For:l-stepis), » B(303)-=-0,823865705728252799
For:Z-step(g), » P(902) -=-0.99547145161725559
For:3-step(g), » P(802) -=-0.99679588577313539649
For-d-step(s), » P(902) -=- 0. 9945736040451 1159
For:S5-step(s), » B(902) -=-0.991808015258060319
For:-6-step(s), » P(902) -=- 0. 5968646885688 35259889
For:7-step(s), » B(902) -=- 0. 95462597495505 449
For:8:-step(s), » B(903) -=-0.38022554753262389
For:9:-step(s), » B(03) -=-0.97529350141130669
For:10:-step(s), »BP(30%) -=-0. 369836541901 73029
For:1l-step(s),»BP(30%) -=-0.26386363264277119
For:12:-step(s),»BP(80%) -=-0.85738301103953069
For:13:step(s), »BP(203) -=-0.85040409693772489
For:ld:-stepi(s), »BP(203) -=-0,.942937535858424329
For:15:-stepi(s), »B(203) -=-0,. 83499455291 056059
For:lé:step(s), »B(90%) -=- 0. 8265671015548 1079
For:17:-stepis), »P(80%) -=- 0. 2177275864708 762589
For:18:stepis), »P(802) -=- 0. 20584302049559159549
For:-19-step(s), »B(902) -=-0.596708136658580699
I
I
RUN- SETTINGET
Calculated-maximum- connection-steps-at-90%-=- 1589
Gaps-treated-as-missing-dataf
I
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