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Molecular phylogenetic analysis



Steps of Phylogenetic Analysis
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Elements in a Phylogenetic Tree

The tree is composed of nodes connected by branches.

> distance scale : lTI m; lﬁ‘-x.\i'l SCALE
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Trees Only Represent The Order Of Branching

* Same topology in a different style

e Both trees have identical topologies, with some of the
internal nodes rotated.

)
ey

( David A. Baum et al., Science 11 November 2005:Vol. 310. no. 5750, pp. 979 — 980)
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The Ways to Construct the tree

sequences
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Phylogeny Packages

http.//evolution.genetics.washington.edu/phylip/software.html
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Phylip

... by type of data

DIA sequence
Protein sequences
Eestriction sites
Distance matrices
igene frequencies
Cmantitative characters
Dhscrete characters

¢

DNA and RNA sequence data

B DNAPARS. Estimates phylegenies by the parsimony method using nucleic acid sequences. Allows use the full TUB ambiguity codes, and estimates
ancestral nucleotide states. Gaps treated as a fifth nucleotide state. It can also fo transversion parsinony. Can cope with multfircations, reconstruct ancestral
states, use 0/1 character weights, and infer branch lengths

B DNAMOVE. Interactive construction of phylogenies from nucleic acid sequences, with their evaluation by parsimony and compatibility and the display
of reconstructed ancestral bases. This can be used to find parsimony or compatibility estimates by hand.

B DNAPENNY. Finds all most parsimonious phylogemes for nucleic acid sequences by branch-and-bound search. This may not be practical (depending
on the data) for more than 10 or 11 species

B DNACOMP. Estimates phylogenies from nucleic acid sequence data using the compatibility criterion, which searches for the largest mumber of sites
which could have all states (nucleotides) uniquely evolved on the same tree. Compatbility 15 paricularly appropriate when sites vary greatly m their rates of
evolution, but we do not know in advance which are the less reliable ones

tree plothng, consensus trees, tree distances and tree mampulation

by type of algorithm

Heuristic tree search

Branch-and-tound tree search

Interactive tree marnipulation

Plotting trees, consenus trees, tree distances
Converting data, maling distances or bootstrap replicat

Heuristic search for best tree

PROTPARS. Estimates phylogemes from proten sequences (mput using the standard cne-letter code for ammeo acids) usmg the parsunony method, m
a vanant which counts only those nuclectide changes that change the ammo acid, on the assumphon that silent changes are more easily accomplshed.

B DNAPARS. Estimates phylogenies by the parsimony method using nucleic acid secuences. Allows use the full IUE ambiguity codes, and estimates
ancestral nucleotide states. Gaps treated as a fifth nucleotide state. It can also fo transversion parsimony. Can cope with multifircations, reconstruct ancestral
states, use 01 character weights, and infer branch lengths.

B DNACOMP. Estimates phylogenies from nucleic acid sequence data using the compatibility criterion, which searches for the largest number of sites
which could have all states (nucleotides) uniquely evolved on the same tree. Compatibility is particularly appropriate when sites vary greatly i their rates of
evolution, but we do not know in advance which are the less reliable ones

B DNAML. Estimates phylogenies from nucleotide sequences by mazimum likelihood. The model employed allows for unequal expected frequencies of
the four nucleotides, for unequal rates of transitions and transversions, and for different (prespecified) rates of change i different categories of sites, and also
use of a Hidden Markow model of rates, with the program inferring which sites have which rates. This also allows gamma-distribution and gamma-plus-

el b Bkt crem o Poriing erramnn e
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nteractive Interface for Phylip

Hucleic acid sequence Maximun Likelihood method, wersion 3.6

SJettings for this run:

LU} Jearch for khest tree? TYes

T Transition/transversion ratio: 2.0000

F Uszse empirical base frequencies? Yes

C One category of sites? Yes

E Fate wariation amohgy Sites? constant rate

1) Sitezs weighted? No

] Speedier but rougher analysis? Yes

&) slobal rearrangenments? HNo

J Fandomize input order of sequences? No. Use input order
o] Outgroup root? No, usSe as outgroup species 1
. Analyze multiple data sets? HNo

I Input sequences interleaved? Yes

o Terminal type (IEM PC, AN3I, none]? ANSI

1 Frint out the data at start of run HNo

2z Print indications of progress of run Yes

3 Frint out tree Yes

4 Write out trees onto tree file? TYes

5 Feconstruct hypothetical sequences? No

¥ to accept these or tLype the letter for one to change

At this stage they do not have a mouse-windows interface for PHYLIP



Phylogenetic Web Repeater
(POWER):

An integrated and user-optimized framework
for biomolecular phylogenetic analysis

Nucleic Acids Research, 2005
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Flowchart of Analysis
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POWER: PhylOgenetic WEb Repeater

Provide a seamless way to conduct the complex phylogenetic
analysis for Biologists

An integrated and user-optimized framework for biomolecular
phylogenetic analysis

POWER uses an open-source LAMP (Linux, Apache, MySQL,
PHP) structure and infers genetic distances and phylogenetic

relationships using well-established algorithms (Clustal W and
PHYLIP)

Through a user-friendly web interface, users can sketch a tree
effortlessly in multiple steps

Furthermore, iterative tree construction can be performed by
adding sequences to, or removing them from, a previously

submitted job
] @ﬁy[ Qgenetic W£5
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tegration of Phylip Pac

into Automatic Flow

Result Display
Pages (WEB)

Parameters Collection
Pages(WEB)

User Mode

| C> < Repeat <D <

System Mode |

POWERD

Job pool (DB)

e REW Seq.

—— - > D *.aln

Aligned Seq.l /

*'pth e - — D*.seqboot
2
1

SEQBOOT

v Clustalw
m

DNAMLK

DNAPARS

DNAPENNY NEIGHBOR

FITCH
KITSCH

DNACOMP
PROTPARS * dist

DNADIST
PROTDIST - — B —* -

2ormM2

1 and not M2

=

*.consense.outfile *.outfile l *.consense *.treefile

CONSENSE

* All files are named JobID_YYYYMMDD_HHMMSS. xxx

D : web site - : program — : database D : output file

ages



 Inside of POWER

Parameters Collection Result Display
= Sequence Preprocessor = Tree Viewer
= Parameter Collector = Topology Adapter
= Pipeline Recorder — - Sequences Pool Optimizer |

System Mode v

i e e e R e e e
1 1
O O = O
1 |
. i
E Jobs Pool Parameters DB Sequences DB Trees DB :
1 1

1

Raw Seq. I Aligned Seq. l
- Eemd Eemd Eemd e

Clustalw *.phy PHYLIP * treefile
POWERD (POWER Daemon)

= Job Fetcher

- = Pipeline Controller
= Job Progress Reminder
* All files are named JobID_YYYYMMDD_HHMMSS. xxx

: Web - : Program 8 : Database I:' : Output file
applications




POWER: PhylOgenetic WEb Repeater

http://power.nhri.org.tw

Nucleic Acids
Research

POWER: PhylOgenetic WEb Repeater—an inteprated and user-optimized
framework for biomolecular phylogenetic analysis

Chung-Yen Lin", Fan-Kai Lin, Chich Hua Lin, Li-Wei Lai, Hsiu-Jun Hsu, Shu-Hwa Chen' and
Chao A. Hsiung

Nucl. Acids Res. 2005 33: W553-W556

?fiyf Ogenetic Wfﬁ
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|

Tips Home Demo He

Contact

Select Create MSa PHYLIF Thank

Pathway Job Param. Paramm. Youl

The PhylOgenetic Web Repeater (POWER) allows users performing phylogenetic analysis
with molecular data by most programs of PHYLIP package repeatedly. POWER provide two
pipelines to process the analysis. One of them includes multiple sequence alignment (MSA)
at the begining of the pipeline whereas the other begin phylogenetic analysis with aligned
sequence.

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

@MSA + Phylogenetic Analysis(Input the FASTA format)

Pipeline
oPhylogenetic Analysis Only(Input the PHYLIP format)
®DNA

Sequence Type
OProtein


http://nar.oxfordjournals.org/content/vol33/suppl_2/cover.dtl

PhylOgenetic Web Repeater (POWER)

Data Input

Your data type is DNA Sequences.

Please input your data and other related information.

. FS®  (string with character 0~9
dab |0 azA~Z_-)

Input sequences in FASTA
format*

Example

Note:

- Length of sequence ID
should be less then 10!

- Only ‘A~Z', 'a~Z, '0~9, "
* are valid for Sequence
D!

Or load it from disk
Job Note
-Mail
If you are submitting a long

’i::’;m":dw:;'::‘:ﬁ lobe o (please use"to separate multiple email
)

finishes, please enter your ~ addresses]
email address in the space
below

NEXT;

Your datatype is DNA sequences

Sal
Fothwar

MSA parameter selection

e Thank

reste
Sob | poram_ param. Yout

Please select the parameters for mutiple sequence alignment.

Use which algorithm for pairwise alignment

@ FastApproximete € Slow-Accurate
Pairwise aligment
Fast-Approximate algorithm

Ketugle (word)

Top diagonals

Windowsize.

Gappenality

Scorstype

Mutiple aligment

B (st be ntger betwesn 1 3nd )
F (nust o intoger between 1 ana50)
F~ (mustbo ntoger betwoan 1 and 50)

B (tnustbo intogor botweon 1 and 500)

e 5]

J5 (rmust be resl betwsen 0.0 and 100.0)
B (must be sl between 0.0 snd 10.0)
—

[ —
o (rmust be intsger betwaen 0 and 100)

NEXTg

Phylogeny inference

FHTLIP  Thank

Select ¢
Potimey  Job  Beram.  Parem.  You!

Your data type is DNA,

Please select the method for pylogenetic analysis.

Character state methods

« Maximum arch) method

* Maximum h and bound search) method

« Compatibility methed

Distance Methods
« Neighbor-joining and UPGMA method
« Fitch-Margoliash and least squares method

« Fiteh-Margoliash and least squares method with molecular clock

Maximum likelihood mothodes

« Maximun likelihood method
« Maximun likelihood method clock




PhylOgenetic Web Repeater (POWER)

Options of Selection of Selected mgthod for
bootstrapping substitution model phylogeny inference

Selact " Croate  MSA | PHYLIP  Thank
Fethwar  Job  Param. Param.  vour

Your data type i§ DNA Sequences

Would you like to perform the analysis with bootstrapping?

© No @ Yes

Your data type is DNA Sequences . Your data type is DNA Sequences
T T Please select the options for calculating the distance matrix or accept the default setting. Please select the options of Neighbor-joining and UPGMA method or accept the defualt setting.
Number of replicates (o] hetifuiion model [ T 5] Tree consirucling metho Neighbor-pining =
Resampling m Bootstrap - o . i '2—‘ i b ok R e i) Qutgroup root m}:;ﬁ;:&eaﬁ; being taken in the numencal order that they
Randomize input order of spacies © Yes & No

BACK  NEXT, BACK NEXT
"o - B



Online or as bookmark

sel Create | MSA | PHYLIP | Thank
Pethwsy  Job  Parem. Parar

Dear Sir,

We accepted your submission. The job will be done in a
few minutes to hours. After job finished, you will receive a
notice email. Or You can check the result from the link
below.

http://power.nhri.org.tw/power/result_page.php?

job_no=28598&job name=my job 0215 090002
Add oMy Facre

Thanks for using POWER. Any comment will be

appreciated.

Your faithfully.
POWER Administrator.

Or E-mail notification

Subject [POWERob ‘comanavinus0720° Finished st 2004-07-20 18.06:35
Dear Sir or Madam

The job ‘camonavirus720 you sent at 2004-07-20 18.00:37 has finished!
The whole process that started at 2004-07-20 18:06:13 and finished at 2004-07.20 18:05.35 cost 000022
You can check the result from the fink belaw.

Thank you for using POWER.

Your aithéully
POWER Administrator

Job ID:comanavirus720
Job Note:
Dgy

eu/resull_gage php?jol Syob_name

POWER  version 10
PHYUP package version 35
ClustalW version 1.62

May the POWER with you

enetic Web Repeater

Result and Logs

Sytem will CLEAN job data regularly!

We recommend you to SAVE the phylogenetic tree image youself.

(SAVE NOW)

[CREATE NEW JOB]

For creating a NEW job, click ieaf node to PICK OFF unnecessary sequences(You can
click again if you regret).

Also, You can ADD new sequences to the NEW job after click 'Create New Job' button.

M Click and reverse order of subtree that rooted by this node.
B Sequences which will be reserved for creating new job. Click and pick off it
1 Sequences which not be used tn creating new job. Cl'c and get it back.

[_‘—I PRGoV
e L icov-220¢

I——l HCoV-NL63

] (il 50RS

[ Heov-0c43
L —m 6o
— TGEV

[TREE PARAMETER]
X factor [m5=] Y factor (=]
> JOB INFORMATION
[Job Parameters]
Jon 1D comonavirus0720 Sequence Type DNA
Job Not » L smostration
[ClustalW Parameters]
ktuple 2 topdiags 4
window="e 4 rairgap 5
scorety e PRTEN o 'gapopen 15
pwgapext 6.66 gapopen 15
gapext 6.66 maxdiv 30
quicktree Y pwdnamatrix e
dnamatrix e transweight 0.5
[SEQBOOT Parameters]
method_type bootstrap no_of_replicates 100
randorn_seed 777
[DNADIST Parameters]
method_type NEIGHBOR distance kimura
coefficient 0 transversion_ratio 2

base_frequencies

[NEIGHBOR Parameters]

method_type Neighbor-joining outgroup_root 0
random_seed 0

: T IXLT
CLUSTA ™, AN ~en~ avirus( 720 0720 17001730
CLUSTALW DND comonavirus0720 0720 170017.dnd

CLUSTALW PHY comonavirus0720 0720 170017 ph
DNADIST QUTFILE rnonavirus0? 7. 70017, dnadi
FINAL QUTFILE cormonavirus0720 0720 170017 outfile

Your data type is DNA Sequences

Please input your data and other related information.

223 (string with character 0~9
azA~Z_-)

Job ID*

Input sequences in FASTA
format*

Example

Note:
- Length of sequence ID
should be less then 10!

- Only ‘A~Z', 'a~2, '0~9',"_"
* are valid for Sequence
D!

Or load it from disk

Job Note

If you are submitting a long
job and would like to be - .
informed by email when it (please use ', to separate multiple email

finishes, please enter your ~ addresses)

email address in the space
below
=

Re-perform the
process
by items added or
deleted
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Add/ delete sequences to invoke new job




Publication in POWER

The Chloroplast Genome of Phalaenopsis aphrodite (Orchidaceae): Comparative
Analysis of Evolutionary Rate with that of Grasses and Its Phylogenetic

Implications Mol. Biol. Evol. 23(2):279-291. 2006

Ching-Chun Chang,*" Hsien-Chia Lin,*' I-Pin Lin,}¥ Teh-Yuan.C _"':::'.‘.’,‘_:22

Hong-Hwa Chen,* Wen-Huei Chen,§ Chia-Hsiung Cheng,”” Chung-Yen Lin,||

Shu-Mei Liu,7 Chien-Chang Chang,Y and Shu-Miaw Chaw¥

*Institute of Biotechnology, National Cheng Kung University, Tainan, Taiwan; Department of Superintendent, Tainan Municipal
Hospital, Tainan, Taiwan; {Institute of Plant and Microbial Biology, Academia Sinica, Taipel, Taiwan; § Department of Life Sciences,

National University of Kachsiung, Kachsiung, Taiwan; ||Institute of Information Science, Academia Sinica, Taipei, Taiwan: and
TResearch Center for Biodiversity, Academia Sinica, Taipei, Taiwan

A1l

BEVESEN

BEVEIEN

Phalaenopsis
Pinus koraiensis
e thunhergii
Psilotum

1900



Service Usage of POWER from 2005 july.
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Select Create M PHYLIP Thank
Pathuay Job Pararn. Pararn. Tou!

The PhylQgenetic Web Repeater (POWER) allows users performing phylogenetic analysis with
molecular data by most programs of PHYLIP package repeatedly. POWER provide two pipelines =
to process the analysis. One of them includes multiple sequence alignment (MSa) at the
begining of the pipeline whereas the other begin phylogenetic analysis with aligned sequence.

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

& MSA + Phylagenetic Analysis{Input the FASTA format)

Pipeline
~ Phylogenetic Analysis Only(Input the PHYLIP format)
& DNA
Sequence Type
c Protein
Ll s LI
=W

, in the page



http://power.nhri.org.tw/
http://power.nhri.org.tw/power/tutorial1.htm

Conduct Distance Method in POWER

Available online at www.sciencedirect.com
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. P AY745859 | Alpha Protecbacteria

"=, ScienceDirect Aquaculture g

RA3E*1
Agquaculture 269 (2007) 98 - 106 —— sz e
www.elsevier.com/locate/aqua-online :

Vibriop. AYE6943 ;
Poeadoaliermonas 5p. 1551143 Proteobacteria
RAT 14T
Psealteromonas sp. DQ492808
RAS-22

RAS52
1A5-1*12
IAS S

g : : . ————— (g
Vibrionaceae dominates the microflora antagonistic towards e Jun—

r icoba i
—RAS8*10 >
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& . RA6-2'6 Proteobacteria
Atlantic cod (Gadus morhua L.) larvae e

sp. AMDA 271

Bacilhs Cereus AF155952

01

Anders Jon Fjellheim ®, Karina Jane Playfoot ®, Jorunn Skjermo °*, Olav Vadstein

* Bratiora Research Cenier, Deparimeni of Biology, Norwegian University of Science and Technology (NTNU), 7491 Trondheim, Norway
® SINTEF Fisheries and Aquaculture, Depariment of Marine Resources Technology, 74635 Trondheim, Norway
 Depariment of Biotechnology, Norwegian University of Science and Technology (NTNUY), 7491 Trondheim, Norway

Received 2 November 2006; received in revised form 16 April 2007, accepted 17 April 2007

The DNA sequences were aligned to known sequences in the GenBank database using BLAST
(Altschul et al., 1990). Phylogenetic relationships were inferred using the neighbour joining

method (NJ), based on the Kimura two-parameter model (K2P), in the PhylOgenetic WEb
Repeater (POWER) (Lin et al., 2005).



http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4NJWNM8-2&_user=4885316&_coverDate=09/14/2007&_alid=1091386161&_rdoc=1&_fmt=high&_orig=search&_cdi=4972&_docanchor=&view=c&_ct=3&_acct=C000053459&_version=1&_urlVersion=0&_userid=4885316&md5=87fdb1b9d2ef49033b844fbdd728e786
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4NJWNM8-2&_user=4885316&_coverDate=09/14/2007&_alid=1091386161&_rdoc=1&_fmt=high&_orig=search&_cdi=4972&_docanchor=&view=c&_ct=3&_acct=C000053459&_version=1&_urlVersion=0&_userid=4885316&md5=87fdb1b9d2ef49033b844fbdd728e786
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4NJWNM8-2&_user=4885316&_coverDate=09/14/2007&_alid=1091386161&_rdoc=1&_fmt=high&_orig=search&_cdi=4972&_docanchor=&view=c&_ct=3&_acct=C000053459&_version=1&_urlVersion=0&_userid=4885316&md5=87fdb1b9d2ef49033b844fbdd728e786
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4NJWNM8-2&_user=4885316&_coverDate=09/14/2007&_alid=1091386161&_rdoc=1&_fmt=high&_orig=search&_cdi=4972&_docanchor=&view=c&_ct=3&_acct=C000053459&_version=1&_urlVersion=0&_userid=4885316&md5=87fdb1b9d2ef49033b844fbdd728e786
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4NJWNM8-2&_user=4885316&_coverDate=09/14/2007&_alid=1091386161&_rdoc=1&_fmt=high&_orig=search&_cdi=4972&_docanchor=&view=c&_ct=3&_acct=C000053459&_version=1&_urlVersion=0&_userid=4885316&md5=87fdb1b9d2ef49033b844fbdd728e786
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4NJWNM8-2&_user=4885316&_coverDate=09/14/2007&_alid=1091386161&_rdoc=1&_fmt=high&_orig=search&_cdi=4972&_docanchor=&view=c&_ct=3&_acct=C000053459&_version=1&_urlVersion=0&_userid=4885316&md5=87fdb1b9d2ef49033b844fbdd728e786
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4NJWNM8-2&_user=4885316&_coverDate=09/14/2007&_alid=1091386161&_rdoc=1&_fmt=high&_orig=search&_cdi=4972&_docanchor=&view=c&_ct=3&_acct=C000053459&_version=1&_urlVersion=0&_userid=4885316&md5=87fdb1b9d2ef49033b844fbdd728e786
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4NJWNM8-2&_user=4885316&_coverDate=09/14/2007&_alid=1091386161&_rdoc=1&_fmt=high&_orig=search&_cdi=4972&_docanchor=&view=c&_ct=3&_acct=C000053459&_version=1&_urlVersion=0&_userid=4885316&md5=87fdb1b9d2ef49033b844fbdd728e786
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4D-4NJWNM8-2&_user=4885316&_coverDate=09/14/2007&_alid=1091386161&_rdoc=1&_fmt=high&_orig=search&_cdi=4972&_docanchor=&view=c&_ct=3&_acct=C000053459&_version=1&_urlVersion=0&_userid=4885316&md5=87fdb1b9d2ef49033b844fbdd728e786

NJ with 1000 Replicates in POWER

The Journal of
Experimental

The Joumnal of Experimental Biology 212, 1202-1211 *
Pubiished by The Company of Biologists 2009 lo Ogy

doi-10.1242eb.025239

Increased gene expression of a facilitated diffusion urea transporter in the skin of the
African lungfish (Protopterus annectens) during massively elevated
post-terrestrialization urea excretion

Carrie Y. C. Hung', Fernando Galvez?, Yuen K. Ip® and Chris M. Wood'*
'Department of Biology, McMaster University, Hamilton, ON, Canada, L8S 4K1, 2Department of Biological Sciences, Louisiana State
University, Baton Rouge, LA 70803, USA and *Department of Biological Sciences, National University of Singapore, 10 Kent Ridge
Road, Singapore 117543, Republic of Singapore

Phylogenetic tree of urea transporters across
taxa. The protein sequences were aligned
using ClustalW software, followed by

neighbour-joining (NJ]) matrix for tree
reconstruction and evaluated by means of a
bootstrap of 1000 replicates at

http://power.nhri.org.tw

Eel UT-C (BADG6672)
Fugu rubripes UT-G (NP_001033079)

—

Yersinia frederiksenii Yut (AAR15107)
Actinobacillus pleuropneumoniae Utp (AAD49729)

Human UT-B (AAH50538)
—E.E: Mouse UT-B (Q8VHL0)
Callle (AAWS1203)

Red-eared slider (BAF76798)

Norway rat UT-A2 (NP_B0B877)

Short-tailed opossum (XP_001370953)

Norway rat UT-Ad (AD23089)
Mouse UT-AZ (NP_001103743)

Sheep (AAQ74154)

Rabbit (NP_001075809)

Rhesus monkey (XP_001084040)
Human UT-A2 (CAA65657)
Human UT-A1 (AAM00357)

Norway rat UT-A3 (AAD23098)

Mouse UT-A2 (AAM21206)

Mouse UT-A3 (NP_001103743)
Mouse UT-A1 (AF366052)

Sei whale (BAF46916)
Minke whale (BAF46914)
Sperm whale (BAF46918)
Edible frog (CAA73322)

Giant toad (BAE16706)

Lungfish (EU716115)

Eel (BAC53976)

Zebrafish (AAX16119)

Gulf toadfish (AF165893)

Lake Magadi tilapia (AAG49891)
Fugu rubripes UT-2 (NP_001027896)
Atlantic stingray UT-2 (AAQ23382)
Atlantic stingray UT-1 (AAM46683)
Little skate (AAO22137)

Winter skate (AAL12243)

Spiny dogfish (AAFE6072)

Banded houndshark (BAC75980)



http://power.nhri.org.tw/

Perform ML in POWER

1. Rice Carboxylate oxidase (XP_470470)
Asp: (P46665)
3 Al (NP_173173}

& 4. Ambidopsis ACS10 {CSLO10)
"
—+_n‘_t: 5. Rice ACS (BAABAT90)
oL B. Arabkdopsls ACS12 (CEGY YD)

=

a4 [ 7.Pine PAACS1
_ﬁapnmmsu
o

Awvailable online at www.sciencedirect.com

2% ScienceDirect GENE
10. Chickweed ACS (AACA9822)

11. Rice ACS [XP_473608) Gene 413 (2008) 18-31
12 Banana ACS (AAU0GST2) www elsevier.com/locate/gene
13. Arabidopsis ACS2 [NP_171655)

14. Arabidopsis ACSS (NP_192067)
— 15. Avecado ACS (AAM21682)

9. Chickwood ACS (AACAG23)

oo | 16. Avecads ACS (AAM21683) ~ : : : . .
e Group Characterization of a 1-aminocyclopropane-1-carboxylate synthase gene
P78 1K Jumati Gt iAneomn from loblolly pine (Pinus taeda L.)
18, Tomato ACS4 {CAAG1857) A
20. Peach ACS (AAXS9382)
21. Lupine ACS1 (AAF22100) J.R. Bamnes !, W.W. Lorenz °, J.F.D. Dean ™*
22 Apple ACS (BAAGZ351)
r=—a 23 Bean ACS (CAATTESS) * Department of Biochemistry and Molecular Biology, University of Georgia, Athens, GA 30602, US4
o 24. Poa ACS (AAD0DM199) " Warnell School of Forestry and Natural Resources, University af Geargia, Athens, GA 30602 USA

26 Tomato ACST (AAB17278) _ o _ ~ ) B

e 26, Tomato ACSE (AAK72433) Received 28 September 2006; ruxwed.m R:\'I:itﬂ.l form 11 December 2007; accepted 27 December 2007

0% 27 Aikce ACS1 (AAAIIEST) Available online 24 January 2008
- 28. Tomalo ACSS (AAKT2430)

29. Arabidopeis ACS11 (NP_567330)

e 30. Arsbidapsis ACSS (NP_201381)

= — 31, Arabidopsis ACS4 (NP_1796856)

el 32, Arabidopss ACSE (NP_198491) . . .
o fin mremeicmyanan Mo Phylogenetic tree depicting the relatedness of
=L 35, Tomato ACS3 (AABABS4E)

s rs s s B ACC synthase and aminotransferase protein

37, Pear ACS (BAATE389)

i o sequences in GenBank.The phylogenetic tree was
(-a 40, Pea ACS (AAD04188) o
£ S AT generated using the POWER server
L 42 Bean ACS (BAA33853)
43, Rice ACS (NP_914575)
5 s e
446, Lupihe ACSS (AAF22112)
47. Lupine ACS4 (AAF22108) Group
48, Apple ACS3c |BAESS652)

(http://power.nhri.org.tw/) with default
_ parameters for the maximum likelihood method
e s st c (ML) and molecular clock, but without

50. Pear ACS (BAATE338)
51, Appka ACS (AABE7569)
“la, 2. Apgle ACS3a (BAESM690)

bootstrapping or random input of sequences.




Execute MP in POWER

CGeneral and Comparative Endocrinology 160 {2009) 47-58

Contents lists available at ScienceDirect

ENDOCRINOLOGY

General and Comparative Endocrinology

journal homepage: www.elsevier.com/locate/ygcen

ELSEVIER

Molecular characterization and quantification of the gonadotropin receptors
FSH-R and LH-R from Atlantic cod (Gadus morhua)

D. Consten®!, T. Hirai ¢, B. Senthilkumaran ¢,

C. Mittelholzer **, E. Andersson °, G.L. Taranger®,
Y. Nagahama®, B. Norberg?

*Institute of Marine Research Austevoll, N-5392 Storeba, Norway

® Institute of Marine Research, N-5817 Bergen, Norway

< Department of Biosciences, Teikyo University of Science and Technology, Uenohara, Yamanashi 409-0193, Japan
4 Deparrment of Animal Sciences, School of Life Sciences, University of Hyderabad, Hyderabad 500 046, India

= Laboratory of Reproductive Biology, National Institute for Basic Biology, 444-8585 Okazaki, Japan

Phylogenetic comparison of fish full-length FSH-R and LH-R
amino acid sequences analysed by POWER using maximum
parsimony (MP) and default settings. A rooted consensus
phylogenetic tree generated by means of the Neighbor-Joining

algorithm, using the LGR sequence of the fruit fly (Drosophila

melanogaster) and sea lamprey (Petromyzon marinus) as
outgroups was drawn with njplot. Bootstrap values from 1000
replicates are indicated for each tree node.

AABO7030 (D. melanagaster)

884 |

AAWBO0E18 (P. marinus)

gos [ ACB13177 (H. hippoglossus)
M AAVA8628 (D. labrax)
FSH-Rs ool

AATO1413 (5. aurata)
EEE] BAF48336 (F. heteroclitus)
BAB16106 (0. niloticus)
CAF91017 (T. nigroviridis)
CAD98923 (8. salar)
BAABBB98 (0. rhodurus)
587 AAQD4551 (O. mykiss)

AAUB001T (A, japonica)
988 75 AAP33512 (D. rerio)
1000 CABS51907 (C. gariepinus)
1000

AAK16067 (/. punctatus)
BAB13501 (C. pyrrhogaster)

747

AAK1606E (/. punctatus)
CAGO9466 ( T. nigroviridis)
ACB13176 (H. hippoglossus)
35 Tooo BAB16107 (0. niloticus)
AAUS0018 (A. japonica)
1000 AANTST752 (C. gariepinus)
EABM?SGBS (C. idella)

1000 AAV31154 (D. rerio)
CAE30288 (5. salar)
~BAAB4638 (0. rhodurus)
TT3=AAQO4550 (O. mykiss)
BAF48337 (F. heteroclitus)

AAV48629 (D. labrax)
1000 |—

AATO1412 (8. aurata)

893

853

1000

LH-Rs



POWER Listed in

PHYLIP Programs maintained by Joe Felsenstein

Recent listings:

POWER server (26 August 2007) to align sequences and infer phylogenies,
http://evolution.genetics.washington.edu/phylip/software.serv.html

BloToolKlt by CSHL press (BioSupplynet.com)

/ EVOLUTIONARY AND COMPARATIVE
BIOLOGY (80)

Bioinformatics Links Directory
— DNA : Phylogeny Reconstruction

ONLINE ANALYSIS TOOLS ( )
ExPASy (Phylogenetics and taxonomy databases &

r S r S ) Phylogenetics and taxonomy databases & rescurces
» COG - Phylo g classification of proteins encoded in complete genomes
+ EG C) E kary Gene Orthologs
» InParanoid - E k c ortholog groups
» Metazome - Phylo g momlcaﬂa\»aws of metaz e famil
« OMA - Orthologs H % Project (OHA)
» TreeBASE - Relati \db of phylo g infol rmal\cﬂ
. T F am - T f \ 5 dat: b fphl genetic trees of animal genes
J - The PhyiOgen Jeb Repeater (POWER) - perform phylogenetic analysis 1

« NEWT - UniProt Taxonomy Browser

s CluSTr - Automatic classification of UniProtkB proteins into groups of related proteins
+ Protalet - Classification of the proteins into hierarchical clusters


http://www.biosupplynet.com/btk07/index.cfm
http://www.biosupplynet.com/btk07/subcategory.cfm?cat_id=9
http://molbiol-tools.ca/
http://molbiol-tools.ca/
http://molbiol-tools.ca/
http://www.expasy.org/

Distance Method, MP and ML

Which method should we choose?

The main disadvantage of distance-matrix methods is
their inability to efficiently use information about local

high-variation regions that appear across multiple
subtrees.

ML is broadly similar to the maximum-parsimony (MP)
method, but maximum likelihood allows additional
statistical flexibility by permitting varying rates of
evolution across both lineages and sites.

ML, a better choice?
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Maximum Likelihood

Conditional probability of the data (Aligned sequences)
given a hypothesis (a model of substitution with a set
of parameter o, and the tree 1, including topology and
branch lengths)

L(t, e )=Prob(Data| 1, e )
Or
Prob(Aligned Sequences| tree, model of evolution)
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elationships among some standard
models of nucleotide evolution

Human
A
c Chimp
Base frequency G Gorilla Allow for bias
parameters A towards transition
allowed to differ T Wil = a1 d 7 | mutation
(yellow) | | | (red)
A C G T
Human Human
A
Chimp c Chimp.
Gorilla G Gorilla
Ik, = -284267 T Infap = ~2748.41

| Base frequency

Allow for bias |

towards transition | | parameters
mutation | A Human | allowed to ditfer
(red) [ lvellow)
\‘ c Chimp ‘/
G Gorilla
T ~
Inkg =-2665.42
All base exchangeability
parameters vary (blug)
Human
A
G Chimp
G Gorilla
T Infaey = —2656.22
A C G T
Allow for rate heterogeneity
across sites
REV s T
Human
A 0% 5 08 =028
clo Chimp & 03
g0
G Gorilla i
o 13 5
T : Inlpey,r = —2619.32 Rate
Trends in Genetics Ao oG T

TRENDS in Genalics

Volume 17, Issue 5, 1 May 2001, Pages 262-272



lllustration of DNA Substitution Model

—(r1+ 72+ 73) Ty T T3
mr mr
Q- o — (2 + 1y + x5) Ty T
= mTlIXn Taxrd _(?TLE‘E _|_ Tord _|_ T ) T
f i
:’r?;:-i‘g ?r?gri':, i :’rgl‘;ra _[:’ril‘g _|_ Tolwy _|_ ?I'E.I'ﬁ)
T4 T4 T4 T4 T4 T4

4

Base frequencies O O3 O O
C G T

Substitution rates c |:||:|

GTR (for four characters, as is often the case in
phylogenetics) requires 6 substitution rate
parameters (x1~x6), as well as 4 equilibrium base
frequency parameters.
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Illustration of Models for DNA




Models of Amino Acid Replacement
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Trends in Genetics
Volume 17, Issue 5, 1 May 2001, Pages 262-272
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Phylogenetic Reconstruction by
Automatic Likelihood Model
Selector (PALM) :

A Framework for Phylogenetic Analysis with the Best

Substitution Model
PR ZE
sophia@iis.sinica.edu.tw

2 PALM

PLoS ONE, 2009

: Phylogenetic reconstruction by Automatic Likelihood Model selector

TEY

Home Demo Help  Contact

accelerating the publication of peer-reviewed science



—
Background for PALM !

Likelihood methods in phylogenetics relaxes the parameter'g for
varying rates of evolution across both lineages and sites, which is
robust in dealing with various extend of input sequence
similarity.

Model fitting has been suggested for many years, but many
researchers select models arbitrarily. They often feel confusing
either in making choice among models, or in dealing with the
conflict on the results concluded by different models.

The computing of likelihood method is intensive. Thus the ML-
based model selecting procedure is hard to implement.

Here we present the way to identify the best-fit model based on
liklihood measurement. Consequently, model fitting is possible
to be a routine practice integrated in a phylogenetic analysis.



e —— -
Motivation |

Provide a seamless way to conduct the complicated
phylogenetic analysis for biologists and biomedical
researchers.

An integrated and user-friendly framework for conducting
molecular phylogenetic analysis

PALM is constructed on an open-source LAPP (Llnux
Apache, PostgreSqgl, PHP) structure ;

PALM infers genetic distances and phylogenenc ,
relationships using well-established algorithms éq\iusta‘lf\/\/
PhyML, ProtTest, Modeltest) in an automatlc plpehrie

)

-
£
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Motivation ]

Fitness of model can be measured and selected by following
criteria: likelihood ratio tests (hLRTs), Akaike information
criterion (AIC), and Bayesian information criterion (BIC)

PALM helps user to construct the phylogenetic relationship by
ML-based method with bootstrap using the best-fit substltutlon
model. g

<A

Through the friendly web interface, users can sketch &Y Lyt

phylogenetic tree effortlessly !

Furthermore, iteration on phylogenetic recoﬁsfrucuo 1’
possible by adding sequences to, or removing them f 4‘ |

previously result. N
l}‘
3

a2
=R i



Component

»PhyML 3.0

» ModelTest 3.7
» ProtTest 2.0

» ClustalW 2.0.3
> ReadSeq

rograms of PALM

PALM

& Phylogenetic reconstruction by Automatic Likelihood Model selector
1
Home  Demo Help  Contact

Input Sequences

O Sequence in FASTA format

Input type
PUETYR O Aligned sequence in PHYLIP format
Sequence type CDMNA CProtein
Sequences*
| = Clexample file
g;gzgsf bootstrap [ Print hoatstrap infarmatian
Job Mote ‘ ‘

Enter your email* | |

Mumber of substitution rate categories
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Models Used in PALM

For DNA (56 models)

e JC69, K80, F81, HKY, TrN, TrNeft, K3P, K3Puf, TIM,
TIMeft, TVM, TVMef, SYM, GTR

e Options of +I, +G

For Protein (112 models), Time consuming

e LG, DCMut, JTT, MtREV, MtMam, MtArt, Dayhoff, WAG,

RtREV, CpREYV, Blosumé62, VT, HIVb, HIVw
L4
1 4

e Options of +I, +G, +F




Flowchart of PAL

> Seql
AAAATTTC...

>Seq2
AATTCGGAC..

....... Sequence | Sequence

Sequences in Fasta

Input

FASTA Aligned

Aligned sequences

rotein

PhyML/ PhyML/
Modeltest/ Prottest/

PALMmonitor PALMmonitor
Add/ delete (56 Models) (112 Models)

re-submit i

Best Model selected by
AIC/ AlCc/ BIC/ LnL

bootstrapping

Bootstrap Result & Tree 1 PhyML-MPICHZ2/

Reconstruction by PALMtree PALM Parallel Job controller
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~ Distribution Computing by PalmMonitor
for the Likelihood Estimation of Models

56 for DNA/ 112 for Protein




P
Input and Output of PALM

o > Seql
Input format (Protein and DNA) BT
AATTCGGAC...
— FASTA format =
% % Cow ATGGCATATOCCATAC A AT AG S -
— Phylip format: Aligned Sequences Corp  ATOGCACACCCAACOCAAC TG 0

— User tree (if a valid tree is submitted)

Output
— Tree topology \I/
— Tree file in Newick format |
— Aligned sequence in phylip format ey
— The best model selected by PALM ‘\

— Likelihoods of all available models



- Result of PALM

: Phylogenetic reconstruction by Automatic Likelihood Model selector

A 3 )
O e G 8
Home Demo Help  Contact

PALM Result
Number of Substitution Rate
Wob ID 20080821060606361 Category 4
Wob Note test for speed inprotein  [Model Selection Criterion LnL
'Sequence Type Protein |Optimization of Tree Topology Yes
Number of Bootstrap 1000 |Optimization of Branch Length Yes
Starting Tree BIONJ
0.713885
!—(} HCoV-NL63
0.178275
O 674

| 0.451337
0603355 < HCoV-229E
o ses
| 0.305413
0435635 L & PROOV
]J 0.910019
o

000001
o HCo¥-0C43
0.412675

< TGEV

ju
0025736
1.522830 > BC

J TJ_ .
0,058522

Lo10415

‘TJ P QD MHY

1,958014

¢ SARS

Mid-PointMade | [ detive Mode | [ Lengih Valoe | [ Bootstap Valoe | [ Deawing Beotstap | Resuhmit

_——
Best Model Selected UTT+H+G+F )
Model Selection Criterion LnL
IAIC 2336.50
-inL 1134.25
Model deltaAlC IAIC -InL* AICw
WTT++G+F 2.00 2336.50 L1134 25 0.12
JTT+G+F 0.00 2334 50 1134 .25 0.33
WAG+H+G+F 2.78 2337 28 1134 64 0.08
WAG+G+F 0.78 233528 -1134 64 0.23
WAGH+F 517 2339 67 F1136.83 0.03
WAG+F 3.50 2338.00 -1137.00 0.06
Original File 200580821060606361
Phylip File 200560821060606361 phy
Phylogenetic Tree (Newick) tree20080821060606361 ixt
ProtTest Information ProtTest 20080821060606361 txt
Bootstrap Tree 20080821060606361 phyml boot_trees txt
Bootstrap Statistic data 20080821060606361 phyml boot stafs.txt

The job is computed approximately in 47 minute(s).




PALMtree

AIBY

MHY

229E

o—@ PEDV

@ TGE

Convertto Uniooted Mads | [ ActiveMode | [ Length Value | | Bootstrap Value: | | Drawing Bootstap

&) SARSCoY

SARSCoVY

Unroot Tree

Convect to Mid-poimt Made: | [ Active Mode | [ Length Value | [ Bootstrap Value | [ Drawing Boststuap

Original Tree

Conyertto Origial Mol | | Active Mode | [ Lengh Value | [ Bootstap Vaue | [ Drawing Boosstap

- AIBV
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Demo Flash of PALM
PALM

Phjlogenetic reconstruction b_y Automatic Likelihood Model selector

Home Demo Heip Contt

Demo ( Please click the following vedio clip)

English P ¢

1. Create a Job o

Users can paste their specific and interesting sequences in the below area, or select
the Example File with related options.

http://palm.iis.sinica.edu.tw/demo.html|



Some Suggestions

* Please be patient and make a reasonable choice of the
Input sequence set

* Only well aligned sequences lead to meaningful
phylogenetic result.

* RNA editing may introduce bias during analysis. Avoid
those regions that may have such conditions.
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Bootstrap (BS) Analysis

Bootstrap analysis is the most
popular method for statistical
evaluation of phylogenies.

In general:

e BS >95%: Often close to 100%
confidence in that branch

e BS>75%: Often close to 95%
confidence in that branch

e BS<75% : Maybe a correct clade,
while the original bias cannot
be corrected by the re-sampling
process.

PRCoV

100

TGEV

HCoV-229E

— MHV

100

|HCOV—OC43
BCoV

SARS

HCoV-NL6E3




Input Sequences Make the Tree Different

(a) Complete Genome (b) Polyprotein

HIV

(c)5'UTR (d) Okamoto region of NS58

/

& °' ’1\\ \/
v > <

Hraber et al. Virology Journal 2006
31103 doi:10.1186/1743-422X-3-103




Future Plans for PALM

* Gateway to integrate users-defined substitution models
* Stand-a-lone version of PALM

* Improve and optimize the performance of whole
pipeline by applying parallel computing/cloud
computing

* Implement of advanced,
sophisticated phylogenetic
inference methods such as
MrBayes.
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ioinformatics Core for Genomic
Medicine and Biotechnology Development

' Comparative Genomics and
B e é Interactomes

Devision of Bioinformatics and Biostatistics,

- = = ‘:“'\Eﬁ
National Health Research Institutes -
AN e
%%

Unit 4 Unit 5

The long-term objective of the Unit is to provide the
state-of-the-art bicinformatics services to investigators
in the area of genetics, genomics and proteomics
research. Our effort is concentrated on comparative
genomics and inferactomes. Unit 3 provides in-house
developed databases and analytical tools of genomics

and proteomics.

http://www.tbi.org.tw e 0 TSt e s






