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[IpyHLUOBI KAaAUCTUKHU: XeHHUT (1966)
«DPusoreHeTuyeckKkass CUCTEMAaTHUKaA»
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1. Knagorpammbl (dunoreHeTUYeCKME CXemMbl) CTPOSTCA MO AUXOTOMUYECKOMY NPUHLUNY.
2. TaKCOHbI BbIAENAOTCA TO/IbKO NO BEPTUKAZIbHOMY NPUHLMNY.

3. PaHr TakcoHoB onpeaendaerca nocnenoBaTte/ibHOCTbO UX OTBETBZIEHNA HA KN1a40rpaMmme,
NMOHWNXKaACb OT OCHOBAHUWA KNadorpamMmmsbl K BEPLLUHUHE; TAKUM o6pa30M, CTeneHb poacTBa TaKCOHOB
COOTBETCTBYET BpEMEHUN NX Pa3deNeHNA.

4. Bce Npu3HaKK, XapaKTepusyloLmMe TaKCOH, NoApasaenaTca Ha naesnomopdHsbie
(yHacnepoBaHHble, NPUMUTMBHbIE) U anomopdHble (NPon3BoAHbIE, MPOrPECCUBHbIE).

5. TaKCOHbI BbIAENAOTCA TO/IbKO NO anoMOPPHbIM NPU3HAKaM.

6. Kputepuem poacrtsa aBaseTca cMHanomopdua; COOTBETCTBEHHO NOCN1eA0BaTeNIbHOCTb
060c06/1eHNA Pa3NMYHbBIX TAKCOHOB HA KNagorpamme onpeaenaeTca nyTem CoOnocTaBAeHUa ux
anoMop®dHbIX MPU3HAKOB.

7. Mapbl TAKCOHOB, UCXOAALLME HA KNagorpamme U3 o4HOM TOYKK, 0Bpa3yoT «CeCTPUHCKME
rpynnbl», CBAA3aHHbIE APYT C APYFOM MaKCUMabHbIM POACTBOM U XapaKTepusytowmneca Hanbonee
NONHOM CMHaNnomMmopdmen.

8. N3 napbl CECTPUHCKUX Fpynn ogHa 0ObI4HO COXPAHAET 3HAUMTENBbHO Bonbluee cXxoaCTBO C
NpeaKoBbIM TAaKCOHOM, YeM Apyrana (npaBmao gesnaummn); o6omm ceCTPUHCKMM TaKCOHAM
NpPUAAeTcA TeM He MeHee OAMHAKOBbIN PaHT.

9. MpeaKoBbI TAKCOH, AaBas Havyano ABYM CECTPMHCKUM, UCYE3aET, YTO onpeaenserca
TpeboBaHMAMM AUXOTOMMYECKOTO MPUHLIMMNA MOCTPOEHUA KNaaorpamMm.
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Tpu ocHOBHBIX MeTOAa PEKOHCTPYKIUU
GUJIOTEHUU:

» Mapcumonnsa (Parsimony) (PAUP, MEGA, Phylip)

» MakcmmanbHoro npasaonogobua (maximum likelihood) -
(PAUP, Phylip)

» ObpaTtHoM BepoATHOCTH, banesunaH (bayesian) — (MrBayes)


http://evolution.genetics.washington.edu/phylip/software.pars.html
http://evolution.genetics.washington.edu/phylip/software.pars.html
http://evolution.genetics.washington.edu/phylip/software.pars.html
http://evolution.genetics.washington.edu/phylip/software.etc1.html

[IlpaBgonopo6ue (Likelihood)

»B mogenun, ncnonbayoLwencs ans aHanmsa HyKneoTUaHbIX
nocnenoBaTenbHOCTEN METOAOM npaBaonoaodus,
onpenenseTrcsl BEPOATHOCTb Nepexoda 3a onpenerieHHoe BpemMs
OT OHOW NocneaoBaTenbHOCTU K APYron B pesynesrate MyTauui.

[MporpamMmmbl ANst aHanmM3a NapCUMOHUM:

Phylip http://evolution.genetics.washington.edu/phylip.html
PAUP http://paup.csit.fsu.edu/
PhyML http://atgc.lirmm.fr/phyml/



Pabora c nporpammou PAUP
(Phylogenetic Analysis Using Parsimony )

Co3gatb .nex dann (save as.. In MegAlign)

AyTrpynna gosi»kHa 6biTb nepson (MM 3a4aTb KaK
outgroup=7/,8
YbpaTb BCe TUPE B HA3BAHUAX

BbibpaTb KpuTtepui aHanmsa (set criterion = likelihood,
set criterion = parsimony)

Bootstrap nreps=1000
Savetree from=1 to=1| treefile=NNNN.tre



» JC69 model (Jukes and Cantor, 1969)

» JC69 is the simplest .There are several
assumptions. It assumes equal base frequencies (
1
JTIZJTQZJT__LZEL;:;_—-L
» ) and equal .The only parameter of this

model is therefore [, the overall substitution rate.


http://en.wikipedia.org/wiki/Substitution_model
http://en.wikipedia.org/wiki/Mutation_rates

» K80 model (Kimura, 1980)

» The K80 model distinguishes between (A <->
G, i.e. from purine to purine, or C <->T,i.e. from
pyrimidine to pyrimidine) and (from purine

to pyrimidine or vice versa) (a/B).
» It also assumes equal base frequencies

1
T =T =TT4 = TTg = —_l


http://en.wikipedia.org/wiki/Transition
http://en.wikipedia.org/wiki/Transversion

F81 model (Felsenstein 1981)
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HKY85 model (Hasegawa, Kishino and Yano 1985)

The HKYBS model distinguishes between transitions and transversions {a/f).
It allows unegual base frequencies (T 7& o % TA ?é e ).
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Kl * M e
Ta T4 * R4
Ny Ny Kl *

Hate matrx Q =



T92 model (Tamura 1992)

Une frequency only mge

T — . — NGO
L e L 2
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* K(l —7ae)/2 (1—mge)/2 (1—7ge)/2
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Rate matrix () = [1 _ ?Tgr:)/'z (1 — ?TGC)/Q % ﬁ:(l — ?TGC‘)/E

?TGC,"I’Q ?TGGJJ'I’Q H?TGC“,‘IFE *
The evalutionary distance between two noncoding sequences according to this model is given by

1
d= —hIn(l — % - Q) = 5(1-h)In(1-20Q)

where b= 208(1 - ) where § € (I]_1 1) is the GC content.



TN93 model (Tamura and Nei 1993)

The TN93 model distinguishes between the two different types of
- 1.e. (A<-> Q) is allowed to have a different rate to (C<->T).
are all assumed to occur at the same rate, but that rate is
allowed to be different from both of the rates for transitions

THY3 also allows unequal base frequencies (T ?é o ?é A ?é Tl

* KT il & T
o T * m .
Fate matrix Q = e ¢ ¢
A A * R 4

(e (e Follg *


http://en.wikipedia.org/wiki/Transition
http://en.wikipedia.org/wiki/Transversion

GTR: Generalised time reversible
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MODELTEST: A tool to select the best-fit model of nucleotide substitution

modeltest icon

Current version is 3.7.

MODELTEST is program for the selection the model of nucleotide substitution that best fits the data. The program chooses among 56 models, and implements three different model selection frameworks:
hierarchical likelinood ratio tests (hLRTs), Akaike information criterion (AIC), and Bayesian information criterion (BIC). The program also implements the assesment of model uncertainty and tools for model
averaging and calculation of parameter importance, using the AIC or the BIC.

Operative systems
Executables are provided for macintosh and windows. Source code and a makefile are provided for compilation in any O3 with a © compiler.

Links
These are some useful links related to Modeltest:

/ nporpamMmma

o MTaui: a windows and linux interface for modeltest. By Paulo Muin.

e MrModeltest aversion of Modeltest modified for its use with ru1ranes.EW |_|O|_|Ja|'OBb|e N HCprKU'l/ll/l
L]

L]

Instructions for running Modeltest on Windows. By Bevan Weir
EindModel : web server to choose among 28 nucleotide models with the AIC at Los Alamos Mational Laboratory

ciaton ¥~ Modeltest online

Posada D and Crandall KA 1998, Modeltest: testing the model of DMA substitution. Bicinformatics 14 (9): 817-818.

See also: Posada D and Buckley TR. 2004. Model selection and model averaging in phylogenetics: advantages of the AIC and Bayesian approaches over likelinood ratio tests. Systematic Biology 53; 793-8(

Modeltest registration form

http://darwin.uvigo.es/software/modeltest.htmi



Modeltest tutorial

Modeltest guide
MrBayes guide
Using DOS

Downloads
Related Links
Modeltest website
Maximum likelihood
PAUP*

ClustalX

Ads by Google

Macrogen DNA
sequencing
$5/reaction, 900bp, free
shipping Worldwide,
Shotgun seq.

WWW. macrogen. comdenglish

Free Phylogeny
Software

Easy-to-use Bioinformatics
Tools Advanced and

Interactive Graphics
www.clchio.com

Eree Online Book
Future Human Evolution
Eugenics in the 21st
Century

www whatwemaybe org

DNA Based Diagnostic
Mark

The comprehensive market

el amin e -

The step by step guide to Modeltest

This guide focuses on using Modeltest to find the best parameters to construct a maximum likelihood phylogenetic tree. This is not a substitute for a
bioinformatics education, make sure you know what you are doing. [Updated 23rd July 2006]

MODELTEST is a computer program by David Posada and Keith A Crondall. One use of this program is to calculate the best model for DMNA evolution using Maximum
Likelihood (ML). For more information read their publication (pdf) or visit the Modeltest website. When | started to use this program | found there was little detailed information
about to help newbies use it, so | wrote this tutorial to remind me of the steps, and to help some graduate students in my lab.

The latest version of Modeltest is 3.7 released on July 29, 2005

To use the Modeltest program you need the application itself (available from the authors website), and the phlyogenetics package PAUP* (this is not free unfortunately,
hopefully your university or company has a license). | will be referring to the windows command line version in this document, but these files will work on all versions. Finally
you will need a fast computer, | use a 2.4 GHz Pentium 4 laptop, on this it takes about an hour to work through 50 taxa of 1300 bp. You also need two files:
modelblockPAUPb10.txt and ML-search txt which you can download from my website. modelblockPAUPb10.txt was written by David Posada and is a copy of the file found
in the paupblock folder that is included in the download. ML-search was written by me, modify this for you own use.

| also assume that at this point you have a sequence alignment in the NEXUS format (this is critical). The easiest way to do this is use the "save as” command in ClustalX

Open up this file in a text editor and replace the "-" (gap) symbol with the missing data symbol "?" where appropriate. It is getting out of the scope of this document to
explain this, but typically this is at the ends of the alignment when you don't have full sequence for all taxa. One handy hint don't use the "-" symbal in taxa names. use "_"
instead.

| use my own file-naming scheme to keep track of things. | suggest replacing the word "test” below with the name of your gene, i.e.: "p53.ML.search_nex”

Finally I highly recommend you read the documentation file: modeltest3.6.pdf found in the doc folder of the download

Step by step MODELTEST for the windows version

1. Start with a nexus file of your alignment in this document it will be called "test.aln.nex"

2. Add the PAUP*-block to the end of this file. The sample block is called "modelblockPAUPD10.txt" This has changed from previous versions, by adding the command
"default Iscores longfmt=yes:" this is due to a bug in PAUP* 4.10b. If you use the PAUP-block that comes with earlier versions of Modeltest it won't work!

3. Save this file as "test.model.nex" (keeping the original). Drag this new file on to the paupstar.exe executable. Or if you have a version with a graphical user interface
(GUI), execute the file using the menu system.

4. All going well a DOS-like window will open up and PAUP* will begin to test your data against 56 different models of DNA evolution.

http://www.rhizobia.co.nz/phylogenetics/modeltest.html
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Testing models of evolution - Modeltest 3.7

Confidence level = 0.01

Equal base frequencies
Null model = JC
Alternative model = F81
2(InL1-InLO) = 117.1221
P-value = <0.000001

Ti=Tv
Null model = F81
Alternative model = HKY
2(InL1-InLO) = 222.1309
P-value = <0.000001

Equal Ti rates

-InLO = 4917.6050
-InL1 = 4859.0439
df =3

-InLO = 4859.0439
-InL1 = 4747.9785
df = |
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Null model = HKY
Alternative model =TrN
2(InL1-InLO) = 13.7734
P-value = 0.000206

Equal Tv rates
Null model =TrN
Alternative model =TIM
2(InL1-InLO) = 6.0518
P-value = 0.013892

Equal rates among sites
Null model =TrN
Alternative model =TrN+G
2(InL1-InLO) = 754.8105
Using mixed chi-square distribution
P-value = <0.000001

No Invariable sites

-InLO = 4747.9785
-InL1 =4741.0918
df = |

-InLO = 4741.0918
-InL1 = 4738.0659
df = |

-InLO = 4741.0918
-InL1 = 4363.6865
df = |



Null model =TrN+G -InLO = 4363.6865
Alternative model = TrN+I+G -InL1 = 4359.4595
2(InL1-InLO) = 8.4541 df = |
Using mixed chi-square distribution
P-value = 0.001821
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Model selected: TrN+I+G

-InL = 4359.4595

K = 7

Base frequencies:
freqA = 0.2899
freqC = 0.2059
freqG = 0.1375
freqT = 0.3667

Substitution model:
Rate matrix
R(a) [A-C] = 1.0000
R(b) [A-G] = 3.7327
R(c) [A-T] = 1.0000
R(d) [C-G] = 1.0000
R(e) [C-T]= 4.2004
R(f) [G-T]=  1.0000

Among-site rate variation

Proportion of invariable sites (I) =

Variable sites (G)

0.4317

Gamma distribution shape parameter =

1.2196



PAUP* Commands Block: If you want to implement the previous estimates as
likelihod settings in PAUP*, attach the next block of commands after the data in
your PAUP file:

[!
Likelihood settings from best-fit model (TrN+I+G) selected by hLRT in Modeltest
3.7 onTue Sep 18 02:41:29 2007

]

BEGIN PAUP;

Lset Base=(0.2899 0.2059 0.1375) Nst=6 Rmat=(1.0000 3.7327 1.0000 1.0000
4.2004) Rates=gamma Shape=1.2196 Pinvar=0.4317;

END;



HCV sequence database

Housekeeping Retrieving data Analysis Tools _

Please read an important announcement about the future of the HCV database here.

FindModel

Purpose: Findmodel analyzes your alignment to see which phylogenetic model best describes your data; this model can then
be used to generate a better tree.

Cormlamatimms Cimdemadal seme Amvimlamad femem a aembk fmnlamambatam ~F dhe bbadaldnct rmdnd aodbdoam ko Dmdd Marads amd Fadeh

MOTE: There is a downloadable interface for the original Modeltest code. It is available from Genedrift.org. Thanks to Stuart
Ray for this information.

Input

Paste your input here &
[SAMPLE INPUT]

urmhadyml’ﬂe| |[0530P... ]

Options
use all the 28 models ||
construct the initial tree @ Weighbor
using: (7 payp:
) MrBayes

Submit | Reset |

This program is computationally intensive and may take a while to run; please don't resubmit your request!

http://hcv.lanl.gov/content/ncv-db/findmodel/f

indmodel.html



Pabora c nporpammou PAUP
(Phylogenetic Analysis Using Parsimony )

» Co3paTb .nex ¢ain (save as.. In MegAlign)

» AyTrpynna AoKHa 6biTb nepBomn (Man 3a4aThb Kak
outgroup=7,8

» Y6paTb BCe TUPE B HAa3BaHUAX

» BbibpaTb Kputepuit aHanunsa (set criterion = likelihood,
set criterion = parsimony)

» Bootstrap nreps=1000
» Savetree from=1 to=1 treefile=NINNN.tre



PhyML B uHTEepHETE

PHYML Online execution

Sequences | _Browse. .| File © & Example file
Data Type DNA © ¢ Amino-Acids
Sequence file interleaved © (" sequential
Number of data sets |l [~ Perform bootstrap

Number of pseudo data sets |

Substitution model | HKY ¥

Transition / transversion ratio &

(DNA models) F fixed  estimated
Proportion of invariable sites ﬁ.o fixed © estimated
Number of substitution [—'

rate categories :

Gamma distribution parameter l-— - .

(> 1 substitution rate category) foxed | * astimated
Starting tree(s) [ Browse... | File © & BIONJ
Optimise topology yes® ( no
Optimise branch lengths & rate parameters yes® ( no

Your name

Country where you are

Your email | I” Subscribe PHYML mailing list

Your file format C UNIX ¢ Windows ¢ Mac

Execute & email results |

PykoBoacTtBo nones3osartens : http://atgc.lirmm.fr/phyml/usersguide.html



[Iporpamma fJ1s1 paboThI C iIepEBbSIMU-
TreeView (http://taxonomy.zoology.gla.ac.uk/rod/treeview.html)

Taxonomy and Systematics at Glasgow

¥ TreeView

Tree drawing software for Apple Macintosh and Windows

(and now Linux and Unix)
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TreeView is a simple program for displaying phylogenies on Apple Macintosh and Windows PCs. It has the following features:
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Changes Waiting list Other lists Old programs Mot listed 797

Here are 362 phylogeny packages and 50 free servers, all that | know about. It is an attempt to be completely comprehensive. | have not made any attempt to exclude programs that
do not meet some standard of quality or importance. Updates to these pages are made roughly weekly. Here is a "waiting list" of new programs waiting to have their full entries
constructed. Many of the programs in these pages are available on the web, and some of the older ones are also available from fip server machines.

The programs listed below include both free and non-free ones; in some cases | do not know whether a program is free. | have listed as free those that | knew were free; for the
others you have to ask their distributor. Usually when | say that a program is downloadable from a web site, this means that it is available free.

Email addresses in these pages have had the @ symbol replaced by (2c) and also surrounded by invisible confusing tags and blank characters in hopes of foiling spambots that
harvest email addresses.

If you discover any inaccuracies, or feel that | have left any important programs or facts out, or if links do not work properly, please e-mail me at: (joe (at) gs.washington.edu) YOU
can also use the submission form here to submit new entries.

Owing to past NSF support of these pages, | am required to note that any opinions, findings, and conclusions or recommendations expressed
in this material are those of the author and do not necessarily reflect the views of the National Science Foundation (NSF supported these

pages from 1995-2003).

List of packages arranged ...

- by mefhods avalable http://evolution.genetics.washington.edu/phylip/software.html

.. by computer systems on which they work

.. cross-referenced by method and by computer system.

.. by ones which analyze particular kinds of data. =




