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Phylogenetic Analysis

P — >

» Based on observable evidence to estimate or infer
their evolution relationship

» Phylogenetic tree can been used to represent the
historical relationships of groups of organisms,
not similarities

» a graphical representation of the evolution relations
among organisms or taxa. The taxa can be species,

populations, individuals or genes.



POWER: PhylOgenetic WEb Repeater - an

integrated and user-optimized framework for biomolecular phylogenetic

http.//oower.nhri.org.tw
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Create MSA PHYLIP Thank

Job Param. Param. You!

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



Phylogenetic Analysis Steps

S — >

» Sequences alignment

» Build substitution model

» Construct phylogenetic tree
» Evaluate phylogenetic tree



PhylOgenetic Web Repeater (POWER)
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Fasta files (DNA or Protein)
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Aligned files (¥.phy)
Without With
Segboot Segboot
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Add/ delete sequences to invoke new job




Schema of POWER
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Interactive Interface for Phylip

Nucleic acid sequence Maximum Likelihood method, wversion 3.6

Settings for this run:
Search for best tree? Yes
Transition/transversion ratio: 2.0000
Use empirical base frecquencies? Yes
One category of sites? Yes
Rate wvariation among sSites? constant rate
Sites weighted? No
Speedier but rougher analysis? Yes
Global rearrangements? No
Randomize input order of secquences? No. Use input order
Outgroup root? No, use as outgroup species 1
Analyze multiple data sets? No
Input sequences interleaved? Yes
Terminal type (IEM PC, ANSI, none)? ANSI
Print out the data at start of run No
Print indications of progress of run Yes
Print out tree Yes
Write out trees onto tree file? Yes
Reconstruct hypothetical secquences? No

b WD R OHEOOGOREHONS

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

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



Parameters Collection Result Display
Pages(WEB) Pages (WEB)

User Mode < > Repeat .

System Mode

v Clustalw
—— 1R ”
Job pool (DB) [ ],I » - > C' aln
—
Aligned Seq.l

o s [l —— [
POWERD 2
- 1 l SEQBOOT l

I DNAML - I
I M1 I
! DNAMLK !
I I
I I
! DNAPARS ;
s R DI R - NEIGHBOR |
| |
I I
I I
I I
I I
I I
I I

DNACOMP
PROTPARS ik s

DNADIST
M3 proTDIST - = [__/] = -

=

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

CONSENSE
* all files are named JobID_YYYYMMDD_HHMMSS . xxx

< > : web site - : program | |,| : database C‘ : output file



arameters Collection Result Display

D = Sequence Preprocessor « Tree Viewer

= Parameter Collector = Topology Adapter
= Pipeline Recorder « Sequences Pool Optimizer

User Mode

System Mode v
: ;
. O O = O
1 1
1
i Jobs Pool Parameters DB Sequences DB Trees DB ,
1 1

Raw Seq. I Aligned Seq.l
HB—C—Jl 00—

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

= Job Fetcher

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

: Web - : Program S : Database D : Output file

applications
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Phylogenetic Analysis Step 1

—_ v

» Sequences alignment

» ClustalW, Jalview

Division of Biostatistics and Bioinformatics,
7 |nstitute of Population Health Sciences

11



To get the sequence

» The resource of sequence database: NCBI, EMBL, DDB]J
» Data format

VO3

(-_
<3 NCBI ’q‘ S SNucleotide

PubMed NHucleo h de Protein Genome Structure FPMC Taxonomy

Search | Nucleotide ] for | Go| Clear |
Limits Preview/index History Clipboard Details
Display | FASTA ~| showl|5 =llSendto =]
GenBank
ngﬂ'1GEnBank(Full] to IE”d I” Reverse complemented strand Refresh

A

| ESEN—

1: - [ouse hepatitis v...[g:2641127]

>gi| 2694A5M 1 t458.1| Mouse hepatitis wirus strain MHV-ASO C12 mutant, complete genome
TATALGHYM TACGTACCCTCTCAACTCTALAACTCTTGTAGTTTARATC TAATCTALL

CTTTATAGraph CGTGTCCATGCCCGCGGGCCTGGTCTTGTCATAGTGC TGACATTTGTAG

TTCCTTYG| List CCAGTGACGTGTCCATTCGGCGCCAGCAGCCCACCCATAGGTTGCATAL

TGGCALAABref GTCTCGGC TTCAAATGGGCCCCAGAATTTCCATGGATGCTTCCGAACGC

ATCGGAGSummary TGAGAGGTCAGAGGAGGATGGGTTTTGCCCCTCTGCTGCGCARAGARACCG

AAAGTTAAAGGAARAAC TTTGGTTAATCACGTGAGGGTGAATTGTAGCCGGCTTCCAGC TTTGGALTGCT
GTGTTCAGTCTGCCATAATCCGTGATATTTTTGTAGATGAGGATCCCCAGAAGGTGGAGGCCTCAACTAT
@GLT@GC ATTGCAGTTCGGTAGTGCCGTCTTGGTTAAGCCATCCAAGCGCTTGTCTATTCAGGCATGGACT
BATTTGGETGTGCTTCCC AR A AGE TROC ATGRGETTGTTC AAGCGCGTOTROOTETETALC ACC AGRS



Input file

» FASTA format: start with a symbol “ >

» The names of each sequence are not more than
10 characters.

M1: AF029248. Reports Mouse hepatitis v...[g1:2641127]
}Ei|254112?|Eh|AFG29248.1| House hEEatitiS virus strain MHV-AL9 C12 mutant, EDmElEtE genome
TATAAGAGTGATTGGCGTCCGTACGTACCCTC TCAAC TCTAAAAC TCTTGTAGTTTAAATC TAATCTALL
CTTTATAAACGGCACTTCCTGCGTGTCCATGCCCGCGGGCCTGGTCTTGTCATAGTGCTGACATTTGTAG
TTCCTTGAC TT TG T T T TGO CAGTGACGTGTCCATTCGGCGCCAGCAGCCCACCCATAGGTTGCATAL
TGGCAAAGATGGGCARATACGGTCTCGGC TTCAAATGGGCCCCAGAATTTCCATGGATGCTTCCGAACGC
ATCGGAGAAGTTGGGTALCCCTGAGAGGTCAGAGGAGGATGGGTTTTGCCCCTCTGCTGCGCAAGALCCG
BAAGTTAAAGGARA A R TTTGGTTAATC ACGTGAGGGTGAATTGTAGCCGGCTTCCAGCTTTGGAATGCT
GTGTTCAGTC TGC CATAATCCGTGATATTTTTGTAGATGAGGATCCCCAGAAGGTGGAGGCCTCAACTAT
GATGGCATTGCAGTTCGGTAGTGCCGTCTTGGTTAAGCCATCCAAGCGCTTGTCTATTCAGGCATGGACT
AATTTGGGTGTGC TTCCCAAAACAGCTGCCATGGGGTTGTTCAAGCGCGTCTGCCTGTGTAACACCAGGG
AGTGCTCTTGTGACGCCCACGTGGCCTTTCACCTTTTTACGGTCCAACCCGATGGTGTATGCCTGGGTAL
TGGCCGTTTTATAGGC TGGTTCGTTCCAGTCACAGCCATACCGGAGTATGCGRAAGCAGTGGTTGCALCCC
TGGTCCATCC TTC TTCGTAAGGGTGGTAACAAAGGGTCTGTGACATCCGGCCACTTCCGCCGCGCTGTTA
CCATGCCTGTGTATGAC TTTAATGTAGAGGATGC TTGTGAGGAGGTTCATC TTAACCCGAAGGGTALGTA
@ CTCCTGCAAGGCGTATGC TCTTCTTAAGGGC TATCGCGGTGTTAAGCCCATCCTGTTTGTGGACCAGTAT




Choose the sequences

—_ >

» DNA or protein sequence: far related can use
protein sequence

» Nucleotide

» Amino acid
»nature selection act on protein.

> different translation table: species, organelle

J"IIe (N)
AUA (Met (M)
AUG Met

14



Start with POWER

— >

Select Create MSH PHYLIP Thank

Pathway Jaob Param. Param. You!

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
¢ Phylogenetic Analysis Only{Input the PHYLIP format)
= DNA

Sequence Type
¢ Protein

=

——.

@ 15



Alignment program-ClustalX (for
Windows)

Il ClustalX (1.81) E =10] x|
File Edit Alignment Trees Colors Quality Help

Multiple Alignment Mode :l Font Eize:|1 0 'I

= JEE EX - EE XX HE R XN ©UEIWIME WM IR EIWIMHIE XN
1 Volpe e : . —
s Cane
3 Tomo
4 Scimpanzé
5 Gorilla
B Gibbone
7 QOrango
g MHacaco
9 Fipistrello
10 Maiale
11 Cavallo
12 Follo (& (5 1 L5
ruler o sl b Tl e RIS e A0l e aBII e 110
-
A >

CLUSTAL-Alignment file created []

http://bips.u-strasbgq.fr/fr/Documentation/ClustalX/



Jalview for Repeated Job (in POWER)

+ Jalview alignment editor - =10l x|
Edit Font View Colow Caleulaste (lion Help

Save alignment fo local file

Save postseript to local file CIGATACT,

Input alignment via text box ‘»E’l \

ol ok

Output aliznment via text box Ly ﬂ.{% ;

Madl alignment... ! LH :

Mail postseript...

Close

Quit
<| [ W
done Redraw time = 0 ms

=& Applet iREE

<« ¥
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Phylogenetic Analysis Step 2

— v

» Build substitution model

» Parameters determined

Division of Biostatistics and Bioinformatics,
7 |nstitute of Population Health Sciences

18



_

Substitution model

>

» Transition: purine to purine, pyrimidine to
pyrimidine

» Transversion: purine to pyrimidine (and
pyrimidine to purine)

» Base frequencies

» Among-site rate variation: Wobble hypothesis

» Invariable, Variable sites

» Outgrou

D. tO root a tree

A

T

>

== Transition
== Transvertion

G

C



Substitution model of Distance
methods

T—— >
Jukes-Cantor Substitution model | Jukes-Cantor |
Kimura 2 Substitution model | Kiraura 2 paramcter |
parameter Transitionftransversion ratio 2 (must be a positive real number)
Substitution model | Jin and Nei =
Jin and Nei Transitionfransversion ratio 2 (must be a positive real number)

Coefficient of variation of
substitution rate among site

] (must be a positive real number)

Substitution model | Maximurn Likelihood |

ML

Transitionftransversion ratio 2 (must be a positive real number)

# Yes ¢ No, entry base frequences for A, C, G,
ﬁ%} Use empirical base frequencies TAJ




Choose the suitable model : Model selection

— >
» Which method would be better for our data
matrix?

» Using a variety of method to analysis the data
matrix

> Software: Modeltest 3.7 .

» http://darwin.uvigo.es/software/modeltest.html

21



Modeiltest 3.0 hierarchy
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Parameter in the model

— v

» More parameters the model uses, more powertul
it does?

Bias: distance
between the average
estimate and truth

Bias?
Variance

Variance: spread of
the estimates around
the truth

L]
e e

e

Few Many
Number of parameters



Phylogenetic Analysis Step 3

T— >

» Construct phylogenetic tree

» Quantitatively determine the relationship between

Input sequences

Division of Biostatistics and Bioinformatics,
7 |nstitute of Population Health Sciences

25



Phylogenetic Analysis Step 3

_ >

» Construct phylogenetic tree

» Quantitatively determine the relationship between

Input sequences
26



Pylogenetic analysis for DNA

Character state methods

e Maximum parsimony{heuristic szearch) method

e Maximum parsimony{branch and bound search) method

o Compatibility method

Distance methods

» Neighbor-joining and UPGMA method

» Fitch-Margoliash and least squares method l

« Fitch-Margoliash and least squares method with molecular |

clock

Maximum likelihood methods

o Maximum likelihood method
e Maximum likelihood method with molecular clock

(Warning: these methods cost much memory. So, if the number of
bases of your sequences data exceeds 40000, the job may fail. 27



Pylogenetic analysis for Protein

. |

Character state methods

o Maximum parsimony(heuristic search) method

Distance methods

» Neighbor-joining and UPGMA method

» Fitch-Margoliash and least squares method

« Fitch-Margoliash and least squares method with
molecular clock

28



Phylogenetic Analysis Step 4

—_ v

» Evaluate phylogenetic tree

Division of Biostatistics and Bioinformatics,
7 |nstitute of Population Health Sciences

29



Evaluate reliability of tree

P — >

» Sequences resampling

» Bootstrap

» Delete-half jackknife

» Permute species for each character

» Get the same results with different methods

30



Bootstrapping

» Generate pseudo-sequence alignment randomly

» Compare with original result to get bootstrap value

123456 7 8 9101112131415161718 19 20 21 222324 25262728 29 30

GTATAGGGGATATACTGAGAGCTATTTACA
GTATTGGCGATATTCCGAGACCTATTTACT
GTATTGGCCATATTCCGAGACCTATTTACT
GTATAGGCGATATACCGAGACCTATTTACT

Tt £ 2 B | j

| : | N i o o TS T j

| : - N e —.;.:,____.::.'__'_'_1..._‘_7_'.:—-.—.'__... =
: |.. -_-_.!..__T___:.:_:.:___'__ -_:;.:IE_T_._.:_- ! |

----------------- | : 1
S8 2E X

v Vl\lfi-v\'rv¢\'f1|r ¥

123456 7 8 9101112131415162 9 2920 5 25141121 816 7 3018

GTATAGGGGATATACTTGCAACATGCTGAA
GTATTGGCGATATTCCTGCATCTTCCCGTA
GTATTGGCCATATTCCTCCATCTTCCCGTA
R%;} GTATAGGCGATATACCTGCAACATCCCGTA




Construct trees with Bootstraping

>

Reliability measurement: The probability that the nodes
of a given clade are always nodes of that clade

HCa'-NLBE3

PRCo¥

63 HCoV-229E

1l HCoV-NL63 44 MHY

100

[ | S— 98

l m HCo%-0C43
TGEY

S TGEV
—l PRCoV 73

SARS
10

L ————{ll HCOV—229F —

—a — The result of TreeView

- I_. HCoV-0C43
The result of POWER L —a 5o 32




Branch lengths

Bootstrap value

3 0 Nicotiana

1| *L2_ Arabidopsis

2] L9 cycas
3 3 Huperzia
g 2 Isoetes
4 Asplenium

O Phaeoceros
410 Notothylas

2 1 Anthoceros

5 9 Sphagnum
66 LO_ Takakia
5 2 Marchantia

94 0 Haplomitrium

Chara

Mesostigma

VP

Hw

Lv

Chaetosphaeridium Ch

P

(Yin-Long Qiua et al. 2006 PNAS)

33



Consensus trees

C D E

L

Tree 1

Tree 2 Tree 3

A B C D E

| L

Strict Majority-rule
consensus free consensus tree

34



PhylOgenetic Web Repeater (POWER)
———————Result and Logs

Online or as bookmark

We accepted your submission. The job will be done in a

few minutes to hours. After job finished, you will receive a

notice email. Cr You can check the result from the link
slow.

Dear Sir,

Your data type is DNA Sequences.

http: //power . nhri.org.tw/power fresull_page. php?
598job name=my job 0215 0900

ank £ ment will |—|
Thanks for using POWER. Any comment will be Inpid sequences in FASTA

appreciated. HEaY-0CAT s
Your faithfully BCaY )

POWER Administrator,

Please input your data and other related information

ok string with character 0-8

— 8

- Only =,
are vakd for Sequence

[TREE PARAMETER] [+
% factor W ¥ facton
. e Or load it from disk o

Fikaw T

Or E-mail notification — ' sms -]

il

[Job Paramatars) E-Mail
i | —

m
informed by email when it (please use ' to separate multiple emal
finishes, please enter your  0dresses)
email address in the space
bekow

Subject POWERS ‘tonanmnusl7X) Frished at 20040720 182635

Daae S e Madam

Re-perform the
process
by items added or
deleted

May the POWER wih you




The Result of POWER

Color of line indicates how many times the group which consists of the species to the
right of the fork occurred.

<=20 =>208& <=40 =—>40 & «<=60 =260 & <«=80 =-:>80

—ll HCoV-NL 63

L _.I o This node can flip
L—m v | its two child

|
l PRCoV
HCo¥—229E
Branch | =—1 ——l MHY
length I *

HCoV-0C43

I—l BCoV

@ 36



The files can downloaded

_ >

» Original fasta file

» phy (generated by clustalw)

» Tree Image

» outfile(generated by phylip programs)

» Consensus file if bootstrap had be made

> treefile

37



Reconstruct tree completely??

S— >

» Species evolution is a history, which can’t be
reconstructed ftully

38



Tyrannosaurus

4 “ui [
____”_"r/;//l”

25 gy ﬂ‘m Nm
”g,h (5 :



Reconstruct tree completely??

S — >

» All models are questionable but some are useful

» Narrow down difference between gene tree and
species tree

40



HKT1
TOKTS
ENG72

PC73
MCT5
ENG75

93 ]“-’ICTE
2 :|— ACT " §ooomt
VIC‘?& . >Antigenic distance=9.24

g5 y : 2
’—@%‘:ﬁwg =Antigenic distance=9.24
MISE5

PHI&2
LENBE
Sica7
syYpaz
VIS(;&;&? >Antigenic distance=5.66
SElBS
— SCO142
SHAD3
— HK90
BEIs2
HK92
— WADT3

GuUags

FU 00
Vol. 24 no. 4 2008, pages 505-512
OR ' G’NAL P AP ER doi:10.1093/bioinformatics/btm638 — HK02
h FUJO2
KUMOZ
. KORC2
Sequence analysis - OKLos
Cou0s
Bioinformatics models for predicting antigenic variants . [ E’Eﬂ%‘;a
Antigenic distance<4 96 | PHIOA
of influenza A/H3N2 virus L vicos
. . 1,1 . . Gt . 1 . 1.% Antigenic distance<4 [ TAIO3
Yu-Chieh Liao™", Min-Shi Lee=', Chin-Yu Ko" and Chao A. Hsiung™ el
'Division of Biostatistics and Bioinformatics and ?Vaccine R&D Center, National Health Research Institutes, U "“";S?;M
Zhunan 350, Taiwan Antigenic distance<d [- 1 -.5:;3‘:

Fig. 3. Neighbor-joining phylogenetic tree of the 62 influenza H3IN2
viruses (HA1 protein with 329 amino acid residues). The full names of
Division of Biostatistics and Bioinformatics, viruses are in the Supplementary Data. Numbers at branch nodes refer

: ; : to the percentage of 1000 bootstrap repetitions, and only those
Institute of Populatron Health Sciences occurring at a percentage =>70% are shown.



N]J with 1000 Replicates in POWER

The Journal of
@c%qgmental
iology

The Joumnal of Experimental Biclogy 212, 1202-1211
Published by The Company of Biologists 2000
doi:10.1242feb.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 (BADGG6T2)
Fugu rubripes UT-C (NP_001033079)

—i

Yersinia frederikseni Yut (AAR15107)
Actinobacillus pleuropneumoniae Utp (AADAGT29)

Human UT-B (AAH50539)
_E.: Mouse UT-B (Q8VHLO)
Cattle (AAWS1203)

Red-eared slider (BAFTE798)

— MNorway rat UT-A2 (NP_BOBBTT)

Shon-tailed opossum (XP_001370953)
4*:;:: Norway rat UT-Ad (AD23099)
Mouse UT-AZ (NP_001103743)
—a Sheep (AAQT4154)

Rabbit (NP_001075809)
Rhesus monkey (XP_001084040)

Human UT-A2 (CAABSE57)
Human UT-A1 {AAMOO35T7)

Norway rat UT-A3 (AADZ3098)

Mouse UT-A2 (AAM21206)

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

Sei whale (BAF46916)
Minke whale (BAF46914)
Sperm whale (BAF46918)
Edibéa frog (CAAT3I322)

Giant toad (BAE16706)

Lungfish (EU716115)

Eel (BACS3976)
_: Zobrafish (AAX16119)
Gull toadfish (AF165893)
{f:: Lake Magadi tiapia (AAG43891)
Fugu rubripes UT-2 (NP_001027896)
Atlantic stingray UT-2 (AAQ23382)
Atlantic stingray UT-1 (AAM46683)
Litthe skate (AADZ2137)
Winter skate (AAL12243)

Spiny doglish (AAF66072)
_: Banded houndshark (BACTS980)




Perform ML in POWER

| N

LZ e 1. Rice Carboxylate oxidase (XF_4T0470)

2 A

|

wee [ 7.Pine PLRACS1
. 8. Pine PtaACS1s

450 a3 (P46G6S)

s 3 Ambidopsis Ala-aminoiransierass NP_173173)

H 4. Armbidopais ACS10 (QSLOD)
"
_+_"._": 5. Rice ACS (BAABATOO)
s 6. Arabidopels ATS12 (CEGYYD)

o

9. Chickweed ACS (AACASE21)

L——a 10. Chickweed ACS [AACA£G22)
— 11. Rice ACS [XP_473608)
12 Banana ACS [AALUDSGTZ)
13 Arabidopsis ACS2 (NP _171655)

14. Arabidopsis ACSS (NP_182867)
= 16. Avocado ACS (AAM21682)
16. Avocado ACS (AAM21683)

17. Arabidopsi ACS1 (NP_191710) Group
e 18, Toenato ACS2 (AAPOEITE)
18. Tomat AGS4 (CAAGTBST) A
20. Peach ACS (AAXDOGEZ)
21. Luping ACS1 [AAF22108)
22 Apple ACS [BAABZES1)
#3. Baan ACS (CAATTESE)
- 24, Poa ACS (AADD4199)

25, Tomats ACS1 (AAB17278)

26. Tomas ACSE (AAK72433)

i

-z 27. Alka ACS1 (AAAIISET)
- 20, Tomalo ACSS (AAKT2430)
2. Arabidopsis ACS11 (NP_567330)
= 30. Arsbidapsis ACSS (NP_201381)
— a1, Arabidopsis ACS4 (NP_179856)
32, Arabicopsis ACSE (NP_1558491)

"« 33 Tomalo ACST (AAKT2432)
" w34 Tomalo ACSE (AAK72£31) Group
35, Tomato ACS3 (AAB4894E)
36. Apple ACS (1B0E3324) B

il

37, Pear ACS (BAATEI09)
38, Appla ACS (P37821)
30, Luping ACS3 (AAF2Z111)
— 40, Pea ACS (AAD04136)
= 41, Bean ACS (AAD41083)
— 42, Bean ACS (BAAZ358)
43, Rica ACS (NP_914575)
44, Aice ACS (XP_476090)
45, Arabidopsia ACS7 (NP_195491)
e 45, Luping AGSS (AAF22112)
47, Lupine AGS4 (AAF22108) Group
48, Apple ACS30 (BAES4GSZ)
49, Apple ACS3b (BAES4631) C
50. Pear ACS (BAATE338)
51, Appla ACS |AABETOED)
e 52 Apple ACS3a (BAES4690)
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Phylogenetic tree depicting the relatedness of
ACC synthase and aminotransferase protein
sequences in GenBank.The phylogenetic tree was
generated using the POWER server
(http://power.nhri.org.tw/) with default
parameters for the maximum likelihood method
(ML) and molecular clock, but without
bootstrapping or random input of sequences.
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