Hands on
Use Clustalx and MEGA on Windows/MAC machines for sequence analysis

Part 1:
Clustal family tools include clustalw, a command line interface, clustalx, a graphical
interface and clustal omega, a recent addition. Clustal was one of the earliest

multiple alignment tool, published in 1988.
Higgins, D. G.; Sharp, P. M. (1988). "CLUSTAL: A package for performing multiple sequence alignment on a
microcomputer”. Gene 73 (1): 237—-244. doi:10.1016/0378-1119(88)90330-7.PMID 3243435

GO ( ngC clustal - “ Setto defat

Scholar About 85,700 results (0.06 sec # Wy Citations
Articles Clustal W and Clustal X version 2.0 [HTML] from oxfordjo

MA Larkin. G Blackshields. NP Brown. R Chenna... - ..., 2007 - Oxford Univ Press Google Scholar
Legal documents Summary: The Clustal W and Clustal X multiple sequence alignment programs have been

completely rewritten in C++. This will facilitate the further development of the alignment
algorithms in the future and has allowed proper porting of the programs to the latest ...

Any time Cited by 6563 Related articles BL Direct All 40 versions Cite

Since 2013 . . e . . I f

Since 2012 CLUSTAL W: improving the sensitivity of progressive multiple sequence alignment through poF] from nih.gov
Since 2009 sequence weighting. position-specific gap penalties and weight matrix ...

Custom range... JD Thompson, DG Higains, TJ Gibson - Nucleic acids research, 1994 - Oxford Univ Press

Abstract The sensitivity of the commonly used progressive multiple sequence alignment
method has been greatly improved for the alignment of divergent protein sequences. Firstly.
individual weights are assigned to each sequence in a partial alignment in order to ...

Cited by 42191 Related articles BL Direct All 122 versions Cite More~

Sort by relevance
Sort by date

Although clustalw is not a favored tool for multiple sequence alignment, clustalx
provides a nice graphical interface for visualizing sequence alignment. Here is how
to use it:

1. download clustalx from http://www.clustal.org/

Clustal: Multiple Sequence Alignment
) ple Seq g
Sfl Multiple alignment of nucleic acid and protein sequences

( N
\CLUSTAL J CLUSTAL

Clustal Omega ClustalW/ClustalX

« Latest version of Clustal - fast and scalable (can align hundreds of thousands of sequences in + "Classic Clustal"
hours), greater accuracy due to new HMM alignment engine + GUI (ClustalX), command line (ClustalW), web server versions available
«+ Command line/web server only (GUI public beta available soon)

2. click on the right side to get to the download page


http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1016%2F0378-1119%2888%2990330-7
http://en.wikipedia.org/wiki/PubMed_Identifier
http://www.ncbi.nlm.nih.gov/pubmed/3243435
http://www.clustal.org/

ClustalW / ClustalX

Multiple alignment of nucleic acid and protein sequences

CLUSTAL

Home Webservers Download Documentation Contact News

Webservers Download ClustalW/X

You don't necessarily have to go through Clustal 2 comes in two flavors: the command-line version ClustaW and the graphloal version
the hassle fo install Clustal on your ClustalX. Precompiled executables for Linux, Mac 0OS X and VW asiaws g
computer. Instead, you can run Clustal the most recent version (currently 2.1) along with the source cdiie are available for download
online on several servers on the web here. You can also browse for older versions (ClustalWw 1.81,

The current version of Clustal 2 is also mirrored on the EBI fip site .
« Bl web server

« Swiss Institute of Bioinformatics Clustal 2.1 i1s released under the GNU Lesser GPL.

3. connect to the download page

<« C' [ www.clustal.org/download/current/

Index of /download/current

Name Last modified Size Description
3 Parent Directory -
@ CHANGELOG 17-Nov-2010 11:59 9.0K
@ COPYING 17-Nov-2010 11:59 34K
@ COPYING.LESSER 17-Nov-2010 11:59 7.5K
@ Readme 17-Nov-2010 11:59 2.0K
ﬁ clustalw-2.1-linux-x86 64-libcppstatic.tar.gz 17-Nov-2010 11:59 2.4M
@ clustalw-2.1-macosx.dmg 17-Nov-2010 11:59 6.5M
@ clustalw-2.1-win.msi 17-Now-2010 11:59 1.9M
ﬁ clustalw-2.1.tar.gz 10-Dec-2010 07:40 343K
ﬁ clustalx-2.1-linux-1686-libeppstatic.tar.gz 17-Nov-2010 11:59 4.7M
E‘ clustalx-2.1-macosx.dmg 17-Nov-2010 11:59 12M

ﬁ clustalx-2.1-win.msi 13-Jan-2011 09:36 4.7M
W j clustalx-2.1.tar.gz 10-Dec-2010 07:40 334K

4. install on Windows



8] ClustalX2 Setup [

@ Welcome to ClustalX2 Setup
Wizard

The Setup Wizard will install ClustalX2 on your computer.
Click Mext to continue or Cancel to exit the Setup Wizard.

< Back [ Next > ] [ Cancel

5. find clustalx in the start->program->clustax

|3l Windows Media Player
#1 Windows Update
<4 XPS Viewer Computer
. Accessories
. EndNote Network
. Google Chrome
. Google Drive Control Panel
) Intel
. Maintenance Run...
. Microsoft Office
. SSH Secure Shell
. Startup
., Symantec Endpoint Protection

. Xming

.. easyMule
. RStudio
, ClustalX2
13 ClustalX2
.. Genome Workbench
. ImageMagick 6.7.5 Q16

6. this is what clustalx look like



Al 2.1

Hit Alignment Trees Colors  Quality Help

/| Mode: |Multiple Alignment Mode « | Font:

7.load multiple aligned sequences

] ClustalX 21

B

T Load Sequence File N . S |
@Oq| . % Local » Microsoft » Windows » Temporary Internet Files » ContentIE5 » EGDT235V - | 3 | | Search EGDT235V pel |
Organize v 0l @

-
X Favorites MName Date modified Type Size |
Bl Desktop E] adlistrequest[1] 1/31/201311:20 AM  JScript Script File TKB
4 Downloads adlistrequest[2] 1/31/2013 2:19 PM J5cript Script File SKB
& Google Drive || cesa-pr.fa[l].aln 2/24/20135:14 PM ALN File 18 KB
£l Recent Places || cesa-pr.fa[2].aln 2/24/20135:14 PM ALN File 18 KB
(58] »1] 2/2/2013 3:04 PM GIF image 1KB
4 Libraries (58] »[2] 2/2/2013 3:04 PM GIF image 1KB
B x[3] 2/2/2013 3:04 PM GIF image 1KB
o Computer
&, Local Disk (C)
ca Docs (E3)
' My Web Sites on ME
G"‘ Metwork
File name:  http://cys.bios.niu.edu/yyin/teach/PBB/ cesa-pr.fa.aln - [A“ Files () ']
I Open Ivl [ Cancel ] |




5 ClustalX 2.1

Eile Edit Alignment Trees Celors Quality Help

Mode: |Multiple Alignment Mode ~+ | Font:

AT2G21770.1|AT2
AT1G02730.1|AT1
as_42815110C_0s=
AT1G55850.1]ATL
AT4GZ23590.1|AT4
AT2E32520.11AT2
o=_252€8]10C_O=
ATSG22740.1|ATS

AT2G24€30.1|AT2

mn 3

8. you can also load in multiple unaligned sequences

A ClustalX 2.1

File Edit Alignment Trees Colors Quality Help

Mode: [Multiple Alignment Mode - | Font:

AT2E21770.1|AT2621770.1 o [AF

AT4G23980.1|AT4G22880 1] (SEIEFRYESIVEDYYT
B i)

AT5G22720.11ATS622720.11d TarLBaBosanf
-1 d 1B '
AT2GZ4630.11AT2624630.11 Eeqrrrzclirsirs "
AT1G02730.11AT1G02720.11d [AQTASEASTHVEE
AT1855850.1|AT1855850. 1 1o |BWRSAYINBERGAFL
)

SERSLIDVVS U

os_42915]10C_0=07g36610_1] JIJ.? B Vv

E

o3_252681L0C_Oa04g; -11d [rCREGE LTECRLT!

and do clustalw alignment




B ClustalX 2.1

File Edit | Alignment | Trees Colors  Quality Help

Do Complete Alignment Ctrl+L
Maode: |M
- E Do Guide Tree Only Ctrl+G

Do Alignment from Guide Tree

Realign Selected Sequences

T2E2177( _ _
o Realign Selected Residue Range
peEl Align Profile 2 to Profile 1

T2G24630

T1E0272( Align Profiles from Guide Trees
T1G5565( . i

razzacal Align Sequences to Profile 1
{42315 |Lg AL :

=813l Align Sequences to Profile 1 from Tree
252 €8 | L4

Alignment Parameters 2
Iteration 2
Output Format Options

Set All Parameters to default

you will be asked where you want to save the alignment results (an alignment and a
dendrogram)

—_—— — — —— il
¥ Complete Alignment m

Qutput Guide Tree:
Windows,Temporary Internet Files /Content. IE5/TGE38305 /cesa-pr[1].dnd | Browse

COutput Alignment Files
Clustal: iternet Files/Content, IES/TGE 38305/ /cesa-pr[1].aln | Browse

finished 3
&1 Clustaix 2.1 —— = (o |

File Edit Alignment Trees Colors Quality Help

Mode: [Multiple Alignment Mode « | Font:

T1G02730.11AT1G02730.1e=s1D ‘
#2915|1OC_0s07g3€€10.1]eslF
£2621770.11472622770. 1 | cesa | NRGCRIENGERRN e Bvi o <8 55, B, -8
2Gaz .1]AT2G32 .1leslE
252€8 | 10C_¢ by .1|e=lH
r1655850.11AT1G55850.1 |cslE i

T4323990_1]AT4G23950 1|e=18
T5G22740.1]ATSGIZT40. 1 e=1R
T2B24630 1|ATIG24630 1|esll

9.you can save the alignment as a postscript format file



W] ClustalX 2.1

Eile]Ed'rt Alignment  Trees Colors  Quality

Load Sequences Ctrl+0C L
Append Sequences f
Save Sequences as... Ctrl+5

Load Profile 1 |
Load Profile 2 E

Save Profile 1 as...

Save Profile 2 as... —
|

Write Profile 1 as Postscript

Write Profile 2 as Postscript

Cuit Ctrl+Q)

you may choose different options

5| clustalx M

Write Sequences To:
|MicrosoftfWindows [Temparary Internet Files/Content.IES/TGEB38305/cesa-pr[1].ps i Browse I

PS Colors File:

|
Page Size ~ | Orientation [Landsmpe - ]
Print Header: ANt Quality Curve: [Yes - ]
Print Ruler: ANt Residue Mumbers: [Yes - ]

Resize to fit page:

Print from position 1249
LUse block length:
Ok

[ am gonna save it in the desktop folder




| B Save as ﬂ
@O. -VDeSktopi - — — — — _"’H SEGE}!—‘E&.‘ -
Organize ~ MNew folder - @
-0 Favorites Libraries [ | Computer
Bl Desktop System Folder em Folder =5 yl System Folder
Downloads .
i Google Drive @ Network MEGAS1 - Genome Workbench
- | Shertcut Shortcut
=] Recent Places % S lEmClder 997 bytes - 760 bytes
Google Drive
= Libraries Shortcut
149 KB
. Computer
£ Local Disk (C:)
—a Docs (B
W My Web Sites on M2
‘Ihj Metwork
File name: = cesa-clustalx -
Save as type: |All Files (7) b
“ Hide Folders [ Save ] [ Cancel

10. you may use acrobat pro to convert the ps file to a pdf file
CLUSTAL 2.1 MULTIPLE SEQUENCE ALIGNMENT
File: C:/Users/lvs/Desktop/cesa-clustalx

Page 1 of 3
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Part 2:
MEGAS: Molecular Evolutionary Genetics Analysis version 5

MEGA is an integrated tool for conducting sequence alignment, inferring phylogenetic trees, mining web-
based databases, estimating rates of molecular evolution, inferring ancestral sequences, and testing
evolutionary hypotheses. MEGA is used by biologists in a large number of laboratories for reconstructing the
evolutionary histories of species and inferring the extent and nature of selective forces shaping the evolution
of genes and species

Mega was developed as a software with GUI, but recently it released a command line
version to facilitate large scale analyses using terminals:
http://www.kumarlab.net/pdf new/KumarTamuralZ2a.pdf

Scholar # My Citations

Articles MEGA4: molecular evolutionary genetics analysis (MEGA) software version 4.0 [HTML] from 9med.net
K Tamura, J Dudley, M Nei, S Kumar - Melecular biclogy and evolution, 2007 - SMBE Google Scholar

Legal documents Abstract We announce the release of the fourth version of MEGA software, which expands

on the existing facilities for editing DNA sequence data from autosequencers, mining Web-
databases, performing automatic and manual sequence alignment, analyzing seguence ...

Any time Cited by 17875 Related articles BL Direct All 15 versions Gite

Since 2013

Since 2012 MEGAS: molecular evolutionary genetics analysis using maximum likelihcod. evolutionary [HTML] from oxfordjourr
Since 2009 distance. and maximum parsimeny methods Google Scholar

Custom range K Tamura, D Peterson, N Peterson, G Stecher... - Molecular biology and ..., 2011 - SMBE

... Here, we announce the release of Molecular Evolutionary Genetics Analysis version 5 (MEGAS).
which is a user ... ancestral states and sequences (along with probabilities). and estimating
evolutionary rates site-by ... This version of MEGA is intended for the Windows platiorm. and it ...
Cited by 4162 Related articles All 14 versions Cite

sort by relevance
Sort by date

 include patents  MEGA: a biologist-centric software for evolutionary analysis of DNA and protein sequences [HTmL] from oxfordjourr
 include citations S Kumar, M Nei, J Dudley, K Tamura - Briefings in bioinformatics, 2008 - Oxford Univ Press Google Scholar

... Itwas made available over the Internet (hitp-//www megasoftware net) and was downloaded by ...

In MEGA 4, we expanded the transparency of choices and assumptions by adding a new Caption ...
Create alert MEGA4: Molecular Evolutionary Genetics Analysis (MEGA) software version 40 ...

Cited by 1431 Related articles  BL Direct All 27 versions Cite More=

1. find MEGA at http://www.megasoftware.net/

[} www.megasoftware.net Q7

2
\A MOLECULAR EVOLUTIONARY 4
«" ‘/‘ E G GENETICS ANALYSIS MEGA 5

_SAuthors: Koichiro Tamura, Daniel Peterson, Nicholas Peterson, Glen Stecher, M, shi Nei and Sudhir Kumar

Version 5.10 W Follow @iluvmega

Computational Core| | Older Versions | Alignments & Data

Data Types

Web Data Acquisition

Manual & Automated Alignments
Major Analyses

Models and Parameters

Windows

Downlo;d v5

Upda’;i:c 51211219%2012 Updaée;fd Ewezc;zx;, Updatﬁﬁs I‘;laayﬁ531 2012 Infer Phylogenies
J J J Compute Distances
Tests of Selection
m About MEGA Ancestral Sequences

Download v5. Download v5.1

; : : 3 : ; 2 Clocks and Rates
MEGA is an integrated tool for conducting sequence alignment, inferring phylogenetic trees, mining

web-based databases, estimating rates of molecular evolution, inferring ancestral sequences, and Substitution Models
testing evolutionary hypotheses. MEGA is used by biologists in a large number of laboratories for

reconstructing the evolutionary histories of species and inferring the extent and nature of selective DNA/RNA
forces shaping the evolution of genes and species ¥ - Download PDF Codon
Protein

m About MEGA Computational Core (MEGA-CC) Rates & Composition

2. it's free, but you need to fill out an on-line form to download


http://www.kumarlab.net/pdf_new/KumarTamura12a.pdf

[ also put a recently downloaded file at
http://cys.bios.niu.edu/yyin/teach/MEGA5.10 Setup.exe

C' [ www.megasoftware.net/mega.php

,J EG /\ MOLECULAR EVOLUTIONARY
Ad #~\ GENETICS ANALYSIS

Authors: Koichiro Tamura, Daniel Peterson, Nicholas Peterson, Glen Stecher, Masatoshi Nei and Sudhir Kumar

Version 5.10

MEGA 5.10 (Windows)

MEGA 5 is provided FREE for use in research and education (see terms below).

To download MEGA 5 | please fill in the following information. This will enable us to provide information about future upgr
it will allow us to assess the impact of this software.

Important Notice: By downloading MEGA 5, you are agreeing not to redistribute the MEGA 5 software and associated me

This version is for Windows only. It is NOT intended to be used on Mac or LINUX systems, as it has not been optimized for t
Last Name™
First Name*

E-mail Address*

“Please make sure that you provide valid information.
We will send you a download link by the e-mail address provided.(\Why?)

| Submit Request | | Reset |

3. follow the instructions to install

i5) Setup - MEGAS.1 = e

Welcome to the MEGAS.1 Setup
Wizard

Thiz will install MEGAS. 1 on your computer.

Itis recommended that you dose all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

Mext > [ Cancel

4. this is what MEGA looks like


http://cys.bios.niu.edu/yyin/teach/MEGA5.10_Setup.exe

M MEGA 5.10 (5121019)

=apey x|

I:E Open A File/Session .. B T

. -
e Distance

&

Divversity T Phylogeny 7 UserTree * Ancestars

T . =
[(E] ?\' 5H - ﬁ
Selection Rates

O | C.

Clocks | Links

Edit a Text File
uéc, Convert File Format to MEGA...

Printer Setup...

Exit MEGA Alt+X

@ | T | & | =

| . . .
First time User? Tutarial Examples

=

Citation Report aBug

| &

Updates? | Customize ToolBar -~

MEGA release #5121019

5.let's load an aligned sequence file

ﬁ Open a File

e
[ — e . .

5l

~| = E® e E
Date modified

2/8/201312:43 PM
1/28/2013 8:13 PM
1/15/2013 11:55 AM
2/11/2013 4:24 PP
2/8/2013 12:40 PM
2/24/2013 2:05 PM

i1 |

Lool in: I @ Documents
=) Marne
) Mulel 0
ent Places w easyil
i . EndMote
- . EndMote
Desktop R
- - Thunder Metwork
v |_| .Rhistory
Libraries
A
Computer
Networe ¢ |
File name:
Files of type:

=vs bios niu.edusvyindeach/FBB/cesaprfaaln «

Type

File folder
File folder
File folder
File folder
File folder
RHISTORY

k
Cancel |

Help

6. a new window called sequence editor will appear

11



P M5: Text File Editor and Format Converter IE‘M

File Edit Search Display Utilities

=|a| 5| blel@| ]| plelt] &

cesapr.falllaln

LUSTAL format alignment by MAFFT L-INS5S-1 (v6.250k)

[m] »

BT2G21770.1|AT2 M————————————————— NIGGRLIAGSHNENEFVLI
BT1G02730.1|AT1 MVESARSQSPSPVIITVIPCEGSGDRELGLTSPIPRASVITHQNSPLSSEATRRTSISEG
os_42915|LOC_ 08 MA———————————————mm LSPARLGRTG-———
BTIGS55850. 1 ATl MiVH——— e e e e e
BT4G23990. 1 AT MY Q- ——— e e e e
AT2G32530.1|AT2 MA————————mmmm e -
05 _25268|LOC_ 08 MA—————————m e
ATSG22740. 1 AT M——————mm e -

AT2G24630.1|AT2 MAPRFDFSDLWAKETRRGTEVVVEM-—— === === m e e e e
-

BT2G21T770. L AT Hom——mm e
ATIG02730.1|AT1 NRRSNGDEGRYCSMSVEDLTAETTHNSECVLSYIVHIFFTPFDHQTVFASQESEEDEMLEGHN
08 42815 | LOC 08 ———————
BTIGS5850 . L ATl —— e
BT4G23990 ., 1| AT ———— e -

1:1 |modified |Insert Y

7. convert the aln format to meg format

M35: Select File and Format ﬁ

Drata file to comvert:
IE:'xLIsershl_l,ls"-.ﬂ.ppData'xLDcal'xMicrnsnft'xWindDws'aT emparary lnternet Fileﬂ

DataFarmat: |.aln  [CLUSTAL) -l

X Cancel | ? Help

8. save it as a meg file

12



Woer o — —

Savein: I- Desktop j & chi v
1_ = = .
o A e e
Recent Places ysLem rolder ystem Folder
-J 1 ,| Computer MNetwork
Desktop s Systemn Folder Ir Systemn Folder
Ug Google Drive
Ul Shortcut
Libraries 149 KB
LY
Computer
Metwarl
File name: Icesa.meg j Sawve
Save as type: I LI Cancel |
— A
"MEGA 5.1 - ‘-*_ r ’ .

File conversion complete. Please note that a data file may not be in the exact format that MEGA expects for imperting. Therefore, you must check the converted results carefully on
the screen before proceeding further.

9. what meg format look like:

13



M M3: Text File Editor and Format Converter | l' ==l

File Edit S5Search Display LUtilities
@|a|e| =l s=(@] || ALl &

ceza-prfa[llalh  cesameg | x

#Hega
ITitle cesa-pr.fa[l].aln;

m >

FAT2G21770.1|AT2

———————————————————————— RDDTARIRSAEELSGOTC--KICRDEIELIDNGEFF
LACHECAFFITCRPCYEYERREGNQACPQUGTRYRRIKGSPRVEGDEEDDDIDDLEHEFYG
MODPEHVTEAALYYMRLNTGRGTDEVSHLY SASPGSEVPLLTYCDEDSDMYSDRHALIVEP
STGLGNRVHHVPFIDSFASI-—————— HIRPMVPOEDLIVYGYGSVAW-KDRMEVWEEQQ
IERKLOVVENERVNDGDGDGFIVDELDDPGLFMMDEG-RQP————— LSRELPIRSSRINFY
| FMLIFCRLAILGLFFHYRILHPFVNDAF - ——-GLWLTSVICEIWNFAVSWILDQFPEWYFPIE
RETYLDRL-————————-— SLRYEFKEG-—--—- FPSELAPVDV-FVSIVDPLEEFPLITANT
VLSILAVDYP--VEEVACYVSDDGAAMLTFEALSYTAEFARKWVE-FCEKFSIEFRAPEW
NESQEMD-YLEHEVDPAFVHERRAMERDYEEFEVEINALVSVSQK ————————-———————

———————————————— VPEDGWIMQDGTPWPG———————-HNVRDHPGMIOVEFLGHSGVC

oMDGNE-——————————————— LEPRLVYVSREERPGFDHHEEAGAMNSL.IRVELAVLSHNAPY

LLNVDCDHY INNSKAIREAMCFMMDEPQ-SGEEICYVQFPORFDGIDRH--DRYSHRNVVE

FDINMEGLDGIQGEI--YVEIGCVERRQALYGFDAPKEEQPPGRTCHCWFEWCCLCCGHMR S0
1:1 | modified Insert 4

10. now let’s open the saved meg file

M Open a File . u

Loal in: I Bl Desktop -
L =,
,.i'..} Libraries lys
Recent Places || System Folder & Systemn Folder
- . | Com puter ;. Metwork
| Desktop ] I System Folder | System Folder

= cesa.meq Google Drive
= MEG File Shortcut
Libraries 13.0 KB 148 KB

File name: |EESEI j IOp_EHI
Fles of hype: [MEGAfie (- meg) - ﬂl

Help

14



11. you will be asked for the data type
M3: Input Data

Data Type |

|| Protein Seguences |
P

Mizzing Data I-_:-_

Alignment Gap I—_
| Identizal Syrmbal I-_

X Cancel

? Help

12. the data is loaded; we can build the tree now

You may choose from a list of different building algorithms

Basically, maximum likelihood is the most accurate but also the slowest
Neighbor-joining and maximum parsimony are also very popular and faster if you
have over 50 sequences or longer sequences

- . L= (O s
7 MEGA 5.10 - I . » . _ ° l
Eile Analysis Help
= | H3 e = b | o 155 F w {3 O | @
Align M Data Models | Distance Diversity T Phylageny T UserTree | Ancestors | Selection T Fates Clocks Links
ﬂ Construct/Test Maximum Likelihood Tree...
%3 Construct/Test Neighbor-Joining Tree...
E Construct/Test Minimum-Evolution Tree...
| & Construct/Test UPGMA Tree...
Construct/Test Maximum Parsimony Tree(s)
Open Tree Session
|
@ T & = = & -
Firzt time Uzer? | Tutarial | E xamples | Citation Feport a Bug | Updates? | Custonzslicobal | RelloraeEs T
MEGA release #5121019 cesa.meg o:

Msalthonr tive file? . X

@ Would you like to use the currently active data (cesa.meg)?
= -

[~ Remember to reuse currently active data.

Mo |

15



13. you may choose parameters for tree building, but let’s try default first (the
default ones are the fastest but less accurate)

E M5: Analysis Preferences

E=NECN X

Optionz Summary

Optian

| Selection |

Analyszis

Statistical Method
Phylogeny Test
Test of Phylogeny

Substitution Model
Substitutions Type

M odel/tethod

Rates and Patterns

Ratez among Sites

Data Subset to Use
GapsMizzing Data Treatment

Tree Inference Options
kL Heuristic Method
Initial Tree for ML

Branch Swap Filter
System Resource Usage

Alramnar of Thvaacte

Phyplageny Beconzstruction

b airium Likelibood

Mone

Amino acid

Jones-Taylor-Thomton [ITT] model

Urifarm rates

Complete deletion

Mearest-Meighbor-Interchange [MMHI]

M ake initial tree automatically [Default - HJBiokJ]

Yem Stong

e}
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M5: ng ress ‘ e —

Progresz

Detailz I

Statuz / Optionz |

Run Status

I| | Start time
Statuz Optimizing final tree
Log Likelihood -8141.3604

Analyziz Optiohs

Analysis
Analysis ----———————"—"———————— Phylogeny Beconsatruction
Statistical Method —————————- Maximim Likelihood
Phylogeny Test
Test of Phylegeny —————————————- Hone
Substitution Model
Substitutions Type —————————————- Mming acid
Model /Methed - Jones-Taylor-Thornton (J1

Datacs =wnd Dattarne

14. the tree graph is shown as rectangular view by default
ﬁ M3: TreeExplorer (ChUsershlys\Desktophcesa.meg)

e

=

||t
—— AT2G217T0_1|AT2

AT1G0273011ATH

0.5

MR G|

File Irmage Subtree §&§ pute Ancestors Caption Help
E%Mﬁé&ﬂ £ £ Be| om B

s

C—[E AT1G55850 11ATY

ATAG23990.1]AT4
AT2G32530.1]AT2
os 25268|LOC Os

os 42915|LOC Os
ATEG22740.1|ATS
AT2G24630.1|AT2

l|LogL =-8141.90
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15. how do we have statistical values on the internal nodes?

This time we want to go back to choose neighbor-joining algorithm because it is
much faster than maximum likelihood. Here we also want to choose bootstrap
method to test the phylogeny, then we will have statistical values for each node.

E M5: Analysis Preferences I-ilﬂlﬂ

Cptions Summary l

Optiar Selection |
Analyszis Phwlogeny Reconstruction

Scope All Selected Taxa

Statiztical Method Meighbor-joining

Phylogeny Test

Test of Phylogeny Bootztrap method j
Ao of Soodeian Fanfosirr

Substitution Model

Substitutions Type Amino acid
todel/Method Poigzon model

Rates and Patterns

Rates among Sites [dnifarm rates

Pattern among Lineages Same [Homageneaus]

Data Subset to Use

Gapz/Mizzing Data Treatment Complete deletion

\/ Compuite x Eancel| ? Help |

16. now we have the bootstrapped neighbor-joining tree.
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M3: TreeExplorer (C\Users\lys\Desktop\cesameg) —

to give 1000 trees

N

Ls

(c) Step 3 67% seqh
Tabulate results —I:E seqB
seqgC

(strict consensus tree)

Bootstrap consensus tree

File Irmage Subtree View Compute Caption Help
H&®: 8§ & &EE
[y Originaltree lElnntstrap cnnsensustree]
3l
°E @I AT1GE5850 1|AT1
Ol 63 s ATAG23990 1]AT4
= AT2G325301|AT2
g
a3 os 25268|LOC Os
os 42915|LOC Os
(E'é-—- 100 AT2G21770.1]AT2
%= 57 AT1G02730.1|AT1
% ATEG22T40 1]ATS
jEE 100 AT2G24630.1|AT2
& S
| 0.2
|
SBL = 4.73903007
How are bootstrap tests performed?
Dataset
0123456789
segqAh  ACCGTTCGGT
seqB  ATGGTTCAGA
seqC  ATCGATCGGA
v | \
Replicate 1 Replicate 2 Replicate 3
'a) Step 1 1562314951 5234924418 5607718907
Assemble pseudo- seqh  CTCCGCTTTC seghA  TCGTTCTTCG segqh  TCAGGCGTAG
datasets, repeat segqB  TTCGGTTATT segB  TGGTAGTTTG segB  TCAAATGAAA etc
1000 times seqC  TTCCGTAATT seqC  TCGRACAATG seqC  TCAGGTGAAG
(b) Step 2 Tree 1 seqh Tree 2 segA Tree 3 seqh
Build trees for each seqB _|:|: seqC seqgB ete
pseudo-dataset seqC egB seqgC

TRENDS in Genetics
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17. if we want to have more accurate tree, we can tune more parameters to use
sophisticated statistical models to estimate the tree

@ M3: Analysis Preferences — i [
Options Summary |
Option I Selection |
Analyziz Phulagery Reconstruction
Scope Al Selected Taxa
Statigtical Method M eighbar-jaining

Phylogeny Test

Test af Phylogeny Bootztrap method
Ao of Foofeiae Aanfesdone BO0

Substitution Model

Substitutions Type N

b odel/t ethod Jones-T aylor-Thornton [T T] model |I

Rates and Patterns

Rates among Sites amma Distributed [G] |
g S 4 |

Fattern among Lineages Same [Homogeneous] |

Data Subszet to Usze

Gapz/Mizzing Data Treatment Fainwize deletion j

¢ Compute x Eancell ? Help |

Note the tree topology and bootstrap supports changed?



B s el c\rbpekeness N ) e HES

File Image Subtree View Compute Caption Help

H&SB 8 §|[E =& €
[3 Originaltree |Elnntstrap cnnsensustree'

3l

°E - AT1G55850.1/AT1
. - ATAG23990.1]AT4
€. AT2G32530 1|AT2
ph 100 os 25268|LOC Os
- AT2G21770.1]AT2
o= - — AT1G02730.1ATH
5 100 0s 42915|LOC Os
" AT5G22740 1ATS
B 100 AT2G24630.1]AT2
& [
0.5
SBL = 8.74407397 ]

18. If we want to start from unaligned sequences and use built-in clustalw or

MUSCLE to perform sequence alignment:
M MEGA 5.10 (51210191 . .- e o ——— =) g

e e
ﬂ Open A File/Session ... 1 " e e = ST o i3 o) >
Ty o Mhtance Diversity M | Phylogery T UserTree  Ancestors | Selection ~ Rates  Clacks Links
Edit a Text File
ugc, Convert File Fermat to MEGA...
Printer Setup...
Exit MEGA Alt+X
|
| - | ? | =) 2 = | @ | Customize ToolBar -
First time Uzer? Tutorial Examples Citation Feport a Bug Updatesz?
MEGA release #5121013
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A MEGA 5.10 (5121019) =@ =/

File Analysis Help
= T4 8 Y = o 15 & = {3 @ | @

Align v| Data ~  Models | Distance Diversity T Phylogeny T UserTree ~ Ancestors | Selecion ©  Rates  Clocks Lirkz

B Analyze or Align File? l—'—“’_J

\‘5_) Hows would pou like to open thiz fasta file?

@
Firzt time Llzer? |
MEGA release #5121019

&5 | = = | &

. S Customize ToolBar - Pref o
Tutorial | Examples Citation Feport a Bug Updates? | siomize T oalsar reisIEnEes

The alignment editor:
M M3: Alignment Explorer (cesa-pr[2].fa) Ll_u:' =l

Data Edit Search Alignment Web Sequencer Display Help
DS EHY [ S@H WY 0l [[BseX* @ anr [ Has

Protein Sequences |

Species/ibbriv >

1. AT2C21770.1|AT2G21770.1|cesh rvLINz

2. ATS5G22740.1|AT5E22740.1csld E:HE

3. AT2E32530_1|ATZE32530.1|cslB ErilvvBiBicBrorBocElzz ol

4. RT?E24630.1|ATZEZ4630.1|eslC
5. AT1G02730.1|AT1E02730.11cs1D
6. AT1G55850.1|AT1G55850.1 cslE
7. AT4C23990.1|AT4C22990.1 es1lC
8. os 4291G|LOC 0s07g236610.1 cslF MAL
9. os 25268 |LOC Os04g35020.1lcslH MAvvAARAAM

4 3

Site#|1 3: @« with T wio Gaps

coni 31 A V5
- E =

- _____

Nothing selected for alignment. Select all?

Cancel |

Select MUSCLE alignment
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T M5: MUSCLE - AppLink = | B |t
Option | Selection |
[[] Presets Mane
Gap Penaties |

Gap Open -2.9 =
Gap Bdend ]
Hydrophobicity Multiplier 12
Memoryratons I
Max Memary in MEB 308 i
Max terations 8 =
More Advanced Opins e

Min Diag Length (Jambda)

Alignment Info

Clustering Method (teration 1,2)
Clustering Method (Cther terations)

[[1/Genetic Code {when using cDNA)

UPGME

UPGMBE

24

Standard

MUSCLE Citation: Edgar, Robert C. (2004), MUSCLE:
multiple sequence alignmert with high accuracy and

high throughput, Mucleic Acids Research 32(8), 1792-1797.

Restore Defaults

& Compute ‘ x Cancel ‘

? Help

E M3: Alignment Explorer (cesa-pr[2].fa)

=RRER ]

Data Edit Search Alignment Web

O =3

Protein Sequences ]

= @ i

Sequencer Display Help
W

| o By % x dh {4 d #

Species/ibbry

- RTIG02730.1|ATICO02730.

lleslD

. BAT1GE55850_1 |AT1GES55850.

1l|cslE

- BTZGZ1770_1|ATZGZ1770.

1l|cesid

Lo L

- RT2GZ24830.1|AT3CZ4630.

lleslC

. ATZGE32530.1|ATZE32530.

llcslB

. RAT4GZ3590.1 |AT4GZ3530.

1l|lcslE

=1 | |

. BTSGZ22740.1|ATSGEZ22740.

1leslh

- o3

5268 |LOC 0g04g350320.1 |cslH

w o

25
. o3 425915|LOC 0s307g366l10.1|calF

4

Site # (1129 ﬂ:  with © wio Gaps
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