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http://www.genome.jp/tools/blast/

BLAST

Search

KEGG2

Compute H Clear ]

[tmk eco | BLAST FASTA
HDUVE
|_ZI’] u C_eCOJ Enter query sequence: (in one of the three forms)

ZI1E—&R—X

Sequence ID

Local file name

Sequence data

[ Favorite]
7 I1EIR

lect program and database:

(Example) mja:MJ_1041

© BLASTP (prot que
) BLASTX (nucl query vs prot d

[eco bsu hpy sau pael /

EATD

) KEGG GENES
$f§3 Favorite organism code or category

" KEGG MGENES

() KEGG VGENES

nr-aa (GenBank, UniProt, RefSeq, PRF and PDBSTR)
() swiss-Prot () UniProt () RefSeq (' PRF

() PDBSTR
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. Aguifex asclicus

. Sulfurihydrogenibium sp

. Sulfurihydrogenibium azorense

Hydrogencobacter thermophilus

. Hydrogencbaculum sp

Thermotoga maritima

Thermotoga petrophila

Bacillus_subtilis
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. Chlamydophila pneumoniae

10. Thermus thermophilus




EYEyiEinERE 17
REE
mARVIAZXTSAAS MIBSIEUSHT. BLAICTSAAS MaeiEdH LT TERR
IR ILFTIL T SA > A hEBEDHE
N SR(CETERIRE THDIEDD. BHEFED T SA A MCEUEIS—Z2EDF
< TERNHFERWLESD., BRIBNIRBE (IRENEECHENTIET I ENEL
m REEORERNIRTZILT U X A : ClustalW, T-Coffee 7 &

LT O

b c d e




EYEyIRinER 18

ClustalW https://www.genome.jp/tools-bin/clustalw

Multiple Sequence Alignment by CLUSTALW

ETE3 MAFFT CLUSTALW PRRN
[bacteria_16S.fas| 0 8B%Z .,
General Setting Parameters: :lto— &N—Z |\

Output Format: | CLUSTAL |
Pairwise Alignment: O] FAST/APPROXI

TE O SLOW/ACCURATE D NA%%?R

Enter your sequences (with labels) below (copy & paste): O PROTEIN

Support Formats: FASTA (Pea ), NBRF/PIR, EMBL/Swiss Prot, GDE, CLUSTAL, and GCG/MSF

rs
>hoguifex aeolicus © -
TTTCCOTGAAGAGT TTGATCCTLGCTCAGCGOGAACGCTGGOGLCGTGCCTAACACATIE

AAGTOGTGOGCAGGGTCGGCCCCTTTTGGGGECGLOCGETGAGDGLOAAACGLLTGAGTA
ACACGTGGGTAACCTACCCCCAGGAGGGGGATAACCCOGLLAALCOLLLLCTAATACDOD ¥
ATAATGOCACCCGCCACTAAGGLGOGLTLLOCAAAGLLLLOL T TGLCC T TCLLOCACLE .

Or give the file name containing your query

TP AIVEER | ERENTOERA
Execute Multiple AlignmeW

JU)w7)
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NIVFITILT SA A hOERBIRRSND

Thermotoga_maritima
Thermotoga_petrophila
Aquifex_aeolicus
Hydrogenobacter_thermophilus
Hydrogenobaculum_sp
Sulfurihydrogenibium_sp
Sulfurihydrogenibium_azorense
Escherichia_coli
Salmonella_enterica
Burkholderia_mallei
Hel1icobacter_pylori
Campylobacter_jejuni
Chlamydophila_pneumoniae
Bacillus _subtilis
Deinococcus_radiodurans
Thermus_thermophilus
Pyrococcus_horikoshii

clustalw.dnd

?qu ifex aeolicus:0.13657,

Hydrogenobacter thermophi lus:0.08722,
Hydrogenobaculum sp:0.10881)

:0.00697)

EO.OEOB?,

Sulfurihydrogenibium sp:0.01877,
Sulfur ihydrogenibium_azorense:0.01692)
:0.138372)

:0.03665,

Pyrococcus_hor ikoshii:0.30989)
:0.01044,

(
Thermotoga_maritima:0.02140,
Thermotoga_petrophila:-0.00793)
:0.18907)
:0.01334,
Bacillus_subtilis:0.13782)

L :0.00172,

@ Tree Filex5D>0O0—-RLT
TreeViewX THIT(E. Rz
RRCBBRZTEBETED

CCTAACACATGCAAGTCGAGCGGGGGAA-——————- ACTCCCTTCGGGGA
CCTAACACATGCAAGTCGAGCGGGGGAA-——————- ACTCCCTTCGGGGA
CCTAACACATGCAAGTCGTGCGCAGGGTCGG-—=-—-~- CCCCTTTTGGGGC
CCTAACACATGCAAGTCGTGCG--GGGT-GG-—=-—-- CTCT-——==—————-

CCTAACACATGCAAGTCGTACGGAGAGTGGGGCA--ACTCA-———————-
CCTAACACATGCAAGTCGTG-GGGCAGCAGGCTACTACCTTCGGGTAGTA
CCTAACACATGCAAGTCGTG-GGGCAGCAGGCTATTACCTTCGGGTAATA
CCTAACACATGCAAGTCGAACGGTAACAGGAAG-AAGCTTGCTTCTTT--
CCTAACACATGCAAGTCGAACGGTAACAGGAAG-CAGCTTGCTGCTTC--
CCTTACACATGCAAGTCGAACGGCAGCACGG——--- GCTT-CGGCCT---
CCTAATACATGCAAGTCGAACG--ATGAAGCTTCTAGCTTGCTAGAGT --
CCTAATACATGCAAGTCGAACG--ATGAAGCTTTTAGCTTGCTAGAA---
GATGAGGCATGCAAGTCGAACGGAATAATGACTTCGG-TTGTTAT———--
CCTAATACATGCAAGTCGAGCGGACAGGTGGG---AGCTTGCTCCCT—--
CTTAAGACATGCAAGTCGAACG-————=—————- CGGTCTTCGGAC----
CCTAAGACATGCAAGTCGTGCGGGCCGCGGGET----TTTACTCCGT---
ACTAAGCCATGCGAGTCAAGGGGGCGTC-—====—-- CCTTCTGGGAC--

Aquifex aeolicus
@genobader thermophil

Hydrogenabaculum sp

I: Sulfurihydrogenibium sp

12/

— Thermotoga maritima

IThermomga petrophila
Bacillus subtilis

Chlamydophila pneumoniae
Thermus thermophilus

Deinococcus radiodurans

Helicobacter pylori
Campylobacter jejuni

Burkhaolderia mallei
Escherichia coli

Salmonella enterica
0.1

88
89
92
80
78
88
97
93
83
62
92
93
86
92
80
90
81

us

Sulfurihydrogenibium azorense
Pyrococcus horikoshii
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ACDEFHR
ACDEYHR ACEEYHR File Analysis Help
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T71 ) &R<

» X_1— File > Open A File

> [bacteria_16S.fas] ZiE5

» How would you like to open this
fasta file? EEIHNDDT

> Align ZiEiR

P34 IR MRk

> Alignment ExplorerHh‘fd <

> X_”1— Alighment

> Align by Muscle

> Select all? EEINMNDDT

> OK Z=#f9

> MuscleDsEEDT > RIOME<

» Compute

> Vo512 A hOBRMFRREIND

B MX: Alignment Explorer (bacteria_alaS.fas)
Data Edit Search Alignment Web Sequencer Display Help

(=R EnErvb = DX x %+ 4

Protein Sequences

Species/ Abbrv |

1. Hydrogenobacter therrM F
2. Aquifex_ seclicus
3. Hydroganabaculumsp MG
'4;.'§ulﬁ)r'ihydroeeni5iﬁm_aéM :
|5 . Sulfurihydrogenibium_spi K
6.Persephonellamarina MK
7.The rmotoga pe tropl
|8 Thermotoga maritime MR
9. Escherichis_coli MES
10. Salmonella_enterica |
11.Campylobacter jejuni M
12. Helicobecter pylori MBI | |
13. Thermus_thermophilu:M | REHI
14. Deinoooocus radiodurM [l AP L

B MUSCLE Alignment Options X

GAP PENALTIES
Gap Open -2.90
Gap Extend 0.00
Hydrophobicity Multiplier 1.20
MEMORY/ITERATIONS
Max Memory in MB 2048
Max Iterations 16
ADVANCED OPTIONS
Cluster Method (Iterations 1,2) UPGMA
Cluster Method (Other Iterations) UPGMA
Min Diag Length (Lambda) 24

7 Help Reset X | Cancel
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B MX: Alignment Explorer (bacteria_16S.fas)

A ™ , : :
/I Data Edit Search Alignment Web Sequencer Display Help

(@B % EmEvb «0XTx O +@ar Q2
DNA Sequences lTransEated Proteln Sequences|

> A "1 — Data e

1. Aquifex_seclicus !
2. Sulfurihydrogenibium sfTCEGEAAGT CCCCEBEECTAACC - ---TECAAAGE - - - - -
3. Sulfurihydrogenibium a: T CEEAAGT CCCCEABC T AACLC - - - - CECAAGEE - - - - -

» Export Alignment =" =
» MEGA format %n;*:.:“"“ _____
> 77 = g
> Title : AL UK THERILRK ::::;Dmm == ==
> Protein-coding nucleotide data? EEIHNIBDT No ZiER

17.Salmonella enterica {s1 {: — - - -G - - - - -

A4 ROICIEI1TID

File Analysis

Help

> A1 — Data
. TA K} (I ) (&

» Phylogenetic analysis e’ Nl N NS NS\
ALIGN DATA MODELS DISTANCE DIVERSITY PHYLOGENY

> Protein-coding nucleotide data? &fE
MNBDDT No ZEIR
> X204 2 ROICRD
CNHRRENDELDICIRD
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%ﬁ*ﬁ'j E{’Fﬁﬁ Phylogeny Reconstruction |

ANALYSIS

> Phylogeny Scope - All Selected Taxa

Statistical Method — UPGMA

> Construct UPGMA Tree E—

Test of Phylogeny

> Eﬁﬁ@ﬁb\‘ﬁﬂ? é“% SUBSTITUTION MODEL

Substitutions Type -» Nucleotide

None

Model/Method - Kimura 2-parameter mode/
Substitutions to Include -» d: Transitions + Transversions
RATES AND PATTERNS
Rates among Sites —» Gamma Distributed (G)
Gamma Parameter -» 1.00
Pattern among Lineages —» Same (Homogeneous)
DATA SUBSET TO USE
Gaps/Missing Data Treatment — Complete deletion

« Test of Phylogeny : None z

SYSTEM RESOURCE USAGE

« Model/Method : Jukes-Cantor >

« Rates among Sites : Uniform rates DHelp || () cancel @ ok

e Gaps/Missing Data Treatment : Complete deletion

» Compute



EVmYIRITERE 28

« Gaps/Missing Data Treatment : Complete deletion

[ MX: Alignment Explorer (bacteria_16S.fas)
Data Edit Search Alignment Web Sequencer Display Help

(&% EmnE v b «0XT x| +#ar QQS
DNA Sequences |Translated Protein Sequencesl
Species/ Abbrv 00 2

1. Aquifesx seolicus

4. Hydrogenobacter ther c
ﬁ l-h,-clrmn-:l:-wulum_;p
6. Thermotogs maritims C e - - - -Be
7. Thermotogs.pe trophila € ' C i
8. Bacillu s_subtilis

9. U'llumfdophlla.pneurn
10. Thermus_thermophil
11.Deinococcus radiody
12.Helicobacter pyori G0
13. Campylobacter jejuni ©
14 . Burkh olde ria_mallei
15.Escherichiacoli
16, Pyrococcus horikosh
17.Salmonells enterica

CEEE. FrvITEeg0YA MEERLUTCRFRIZE/FER T D
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DS R =51 cluster analysis
2D EDOXSRZ, TNSDEDFEUE D DWIFIFEBINEZFHND(CLT
Br=EDZED, WDHhDIIL—T (USR5 —) (CHFEIDHE

(a) %%Ef‘i |OTU € operational taxonomic unit

I T e
12|
/f‘ ///*/ffrlf’?—*}’:/
o . 401 57 147
AR 71

k%53

)

FRBsy 7 A
N/, — F (M- F)
(b) (© (d)
4 X
A H FAF I xﬁ:?\ﬂ-“we." 6
o B b
kb p e b -||:%‘ff*"f‘”—
2 o
4 re i LR | Sy
A i e L O
U s ' 1) “
kN FIrI-%r —hyHNL AT r—F bescsnsnacnn, 13 le I\g)l/_j

B ERERTORREIIEE. RREM®RIEONDIN.,. EDOXDITEL LU TEZOMNIHMNSIRL)
B ORI —TEUTARZNMRZDE. RISEBOECHNCHDC EFHEEROT,. BIRIE

TRIZENTED
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4 OTU DIBE(CED S B 3 DR R
A B/ C/

2 4 3 4 4 3

10 OTUDIZE(E. BRX DD I N TCOERRMME (L 2,027,0258DFET D

R ZANERR T DIZHD IS RE YU IEIC(E

® UPGMA .

® TliES) 0 RU 1
® SILE -,
o N1k ;

1RE RRRIQTTEN DD
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UPGMA (F1JIEREE. JENIEREEE) Sokal & Michener (1985)
Unweighted Pair Group Method with Arithmetic mean
n EEREDBMTIID/NS/IREDNSH/ET DI EICIDESNDIER ZIEN. ERER
RRED—1E
n ECGERED—EENMRESND D, BIRRFEENAIESND
n —HEELRGECHEEEZ CTHAIN, EILERE—FEDRENMVETHDICSH, 1E
{LREHNRFB TRIRD ES(FERE O TTHEEZITULRT L.

SRR EDETEH
(1) (2] ©
2 %3 2 3 3
12|18 .|’ 8 (1,4 | 14 16 ((1,4), 2 20
24 |16 2 24

16 3 - S

4
3 i ] . 4
¥ 1 & 4 4 ~ 2
4 1 2 L, 3
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ECRE N RIFHE TRILDH)

O UvrAD T = ALYz AUV Z R

| M. mobile
_Il_‘ M. pulmonis
0.05 M. synoviae _
r M. hyopneumoniae 7448

hLM. hyopneumoniae 232
M. hyopneumoniae J
| Mesoplasma florum
' M. mycoides
M. penetrans
Ureaplasma parvum
‘L M. gallisepticum
—|:M. genitalium
M. pneumoniae

Ca. Phytoplasma asteris OY

Bacillus subitilis

€@ EnolaseD7” =/ EAERS % L V= it

| M. hyopneumoniae 232

{' M. hyopneumoniae 7448
J M. hyopneumoniae J o N
Ll M. pulmonis fDflE E LB U T Ureaplasma parvum @
e BERECF CEBVEBIREE TERNEE
J —— M. mycoides LTS

I
‘ Mesoplasma florum

Ureaplasma parvum 9
M. penetrans
M. gallisepticum

M. genitalium
- - .
M. pneumoniae

Ca. Phytoplasma asteris OY

Bacillus subtilis (Oshima & Nishida, J. Mol. Evol., 2008)
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— Salmonella enterica

y-20F7ANIFI7

_ Escherichia coli

Burkholderia mallei

Bacillus subtilis

C lobacter jejuni o — 2 I —
| Nttt e-7OFANIFYF

T Helicobacter pylori

Deinococcus radiodurans

Chlamydophila pneumoniae

r Thermotoga petrophila

| . Thermales-
fhermotoga mantie ThermotogalesH #iE (2]

Thermus thermophilus

—— Sulfurihydrogenibium azorense

_ o —— Sulfurihydrogenibium sp
Hydrogenobaculum sp AquificalesB HiE 9
] Hydrogenobacter thermophilus
Aquifex aeolicus
Pyrococcus horikoshir HilE

0.20 015 010 0.05 0.00 \ IONITIL—T

B EGOERCED EHEAVDE. EQNTFYUTDITIL—TIROM?
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[RigfEap(IBUKPTEFRNE ? T .
5 LR 65 °C

SAP ATV 65
B—<R 75°C

REIEA A OHSEHHER 60°C
HY—Er—7 80°C
FoAT7TvIA 85°C
AILT740/0A 80°C

O 4271724 105°C
H—FEO579R 88°C
H—EIJvhA 88°C

AZ SINOFUD L 70°C
A&/ AwhR 88°C
H—ETSZAY 60°C
SEFIRE 55°C
A& )L 40°C

X5/ ZAEVU)LL 37°C

HiITE
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iy

| L

£—¥F—d
G
e

1
B

&—KFx—AL—T

------
"2
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\

HER

07
IR
e 55°C

O E91 2EMRODTRER O
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- ‘:ﬂ

E I AEDEIRE
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MX: Analysis Preferences

EREIRAIC K SRR Z R _"”""’ge""' Reconstruction |

ANALYSIS
> Phylogeny Statistical Method - Maximum Parsimony
. . PHYLOGENY TEST
» Construct Maximum parsimony Test of Phylogeny > None
— RS Y — : %
> EQE@EtP%Zﬁé“% SUBSTITUTION MODEL

Substitutions Type -» Nucleotide
DATA SUBSET TO USE

Gaps/Missing Data Treatment Use all sites

N2

TREE INFERENCE OPTIONS
MP Search Method

No. of Initial Trees (random addition)

Subtree-Pruning-Regrafting (SPR)
10
MP Search level 1

100

N

Max No. of Trees to Retain
SYSTEM RESOURCE USAGE

N

7. Help X ) Cancel @OK

« Test of Phylogeny : None

« Gaps/Missing Data Treatment : Complete deletion

» Compute
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#E (BRRETFYE. Maximum parsimony)

0 EXSNDINTCORFEOINS, BREOELEDBEHLREIBRNWEDZIEIRT D
Fk
n ECSDREAIE CHBLRERODE R, MERBHDR/IDORBEHEIRAITD

(1 (2 (3
1:C 3:T 1:C 2:T 1:C 2:T
C—-T C—T
C—-T
C—-T C—T
2:T 4:C 3:T 4:C 4:C 3:T

n REFETE. BIUESIDOE UEMIC 2 B EDE#EMNEED & (SEEH) |
HEZRDIENDD
n REHPEICKDRFEHEE (L. BEVDEIIN LRI UZEDICREIARE
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BT EIAIC & SR BHHZ /EAN

» Phylogeny
» Construct Neighbor-Joining Tree
> SEHEHNRREND

« Test of Phylogeny : None
 Model/Method : Jukes-Cantor
 Rates among Sites : Gamma Distributed

e Gamma Parameter : 1

Phylogeny Reconstruction |

ANALYSIS

Scope

Statistical Method
PHYLOGENY TEST

Test of Phylogeny

No. of Bootstrap Replications
SUBSTITUTION MODEL
Substitutions Type
Model /Method
Substitutions to Include
RATES AND PATTERNS
Rates among Sites
Gamma Parameter
Pattern among Lineages
DATA SUBSET TO USE

Gaps/Missing Data Treatment

SYSTEM RESOURCE USAGE

All Selected Taxa
Neighbor-joining

Bootstrap method
500

Nucleotide
Kimura 2-parameter mode/

d: Transitions + Transversions
Gamma Distributed (G)
1.00

Same (Homogeneous)

Complete deletion

Number of Threads —= 3

7 Help

X ) Cancel

() ok

 Gaps/Missing Data Treatment : Complete deletion

» Compute




it = (neighbor-joining method. B& U TNIE)

Saitou N. and Nei M. (1987)
n Rz ERRERY (AR T D7)V U X LDT S R I REMTE
u VILTVUXLADEZERRT [2TORORESOSHIR/IN £R23LD RO —
NEFUWEWDEECEDNTULD
RIS CERRZER/INCTD MROS—MNESND EFRSRL (B Z2<DFEE.
REREDIIIERE (OEVWRFEN SN 2 EMD MO TLND)

o

©® =3 |1 |2 3 |4 1
1 0 - .
2 |02 4 \*”’
3 |01 |03 o \
4 |04 |04 05 3
N

v 9. BEPRORFEIEIRELEXT
v RICHEFEDESIN, RO T ORI DEEERERICH D EIREL T, Rt
ERCHBIIRORSZFTEUET
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(1] 3
A Besl 1 & 2 HNEEERICH D EIREL TULEITH,
( ﬁhﬁ CNTIIAEHI 1 & 3. BEdl 2 & 3 DRz ZE D X
g ' 4
e

KRIZENTEFEA

v ZTTTSEGEDS 2 & 4 MERRERICHDEAREL THDE. ETOIERER
BZESFELRITENTEFET

(<=

\¢ /103 4

0.3)

n SIEMESNSL. ELORFFEITE (RXERIE. BLE RXAXERE) TE
TERENN(CARAREIRFELEDAREDT —F T2y FTEIRD T ENAIRETH D

n UPGMALERRD . EBEESEEINTORFHREICRE TEILT D (DFFET
DARGER) CEZRERT [CERRFHZEFEDSZENTED
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Jukes-Cantor model 4 G ¢ T
Jukes&Cantorh'19694E(CigZ= Lz 4|~ ¢ ¢ ¢
. R (7 -
EFIL. COEEYMAGCTT z ] “ z
BRICDEERATEWCEILTDE 7|4 & o —
E LD,
ELTVS F5>SSasE
Kimura 2-parameter model 46 c 7 |PPXA=ZAx
. A o Al- a g 5 |EEBRCE JUSK(ASG)
Kimura 73\1980£E(L_TE§5L/7:_:E . ﬁ ﬁ WYEUST R (CeT)D Eifh
)L, H W= ) (DAL A THDEAL ( b2 32) &,
4 1 FEEDOE C|B B - a |ZNSO ETHDEMR ( hS
IRDEDIARE LTS, T g B o - SZ)\—==3Y) BB, —RRIC,
NS> 3>DFMME DRI,
Tamura 3-parameter model y G C T
Tamura’ 19924 (CK8OEF/LZ—MRL LTz - af pg pl-6)

a(l-6) - B6 pB-8)
Bl-6) p¢ - a(l-6)
jl-6) B8 wf -

7). IBESEE(GECOIEE)O=n+nZ
A3,

i B T O T
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Tamura-Nei model 4 ¢ ¢ 7
Al - #.@ Pr_ pr,

Tamura & Neiht19934F (T . g fre M
ZUeETIL. ASC,COTH i L

B33 % a, q, CERT S &
'f}ifEL/t(/\éo @=a T, +p0

'f.ﬁ':ﬁ:r-':ﬂ-r _JS

ar/a,=ng/N, Td 3 &Hasegawa, Kisino and Yanoh'1985F (CiREL
T )L (HKY) (ZZFULY,

—h%BFEI R Ern]8E €S )L (general time-reversible : GTR)

From . To A C G T
A - RateycFreqc RateygFreqs RateqrFreqr
C RateycFreqy - RatecgFreqe RatecrFreqr
G Ratey sFreqy RatecgFreqc - RategrFreqr
T RateyrFreqy RatectFreqc RategrFreqg -

RateXY (JERY W SIEEX NDOBITRE. FregX (HEEX DIEE
212U, RateXY = RateYX &9 3 (CNZz [BxERRIEE] [time-reversible] £EE3)

(Tavar e, 1986, Posada and Crandall, 1998)
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Bootstrap

n YRRk UTZ R EIDERIE 2 Ml I 5 757%
n RHAEOIERR(CRAVWZ Y = Bz AE(CHEE(VB>TUS D)L, ENEN
DYUB > TILT—FHWSHE SND RGN LT — 5 DRGiMEZ S5 I DiER%Z

Re&bB - -

datal :(MNDROAATDOALKOIEKOFG

O D55 data? |MRCCCEKKTEANPETYPDKP
data3 | MEENNQSHNONMNOILKIIKST

datad :MTAEKSKALARARLAQIFEKQF

datal :MbaIMKACDADGKROEJOAR

. data? MIETIMPKPSKCPPGEKEDAK

| . -

(2 I dat a3 :MDOKMISTESET INLISNKNS
data4d :MLSOMEKFAKAFLEACAKAK

o JTTDEHIT—FDEZLEBAUICIRDET. T—YDEINESH AIC
IREHUTER
o EUCHZMEES> TERUL
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=mB [Mx: Analysis Preferences ]
Phylogeny Reconstruction |

ANALYSIS

ITEEESEAC K DR THHZIER 2 cooe > A1 saces

Statistical Method - Neighbor-joining

o

PHYLOGENY TEST
Test of Phylogeny ~-» | Bootstrap method

P h YI Og e n y No. of Bootstrap Replications -» 500

SUBSTITUTION MODEL

H H M Substitutions Type —» MNucleotide
CO n St ru Ct N e I g h bO r J O I n I n g Tree Model/Method -»  Kimura 2-parameter model
Substitutions to Include -3 | d: Transitions + Transversions

Eﬁi@ﬁh\‘%/__‘—_\ é“% RATES AND PATTERNS

Rates among Sites —» Gamma Distributed (G)

YV V VY

Gamma Parameter - | 1.00

Pattern among Lineages —» Same (Homogeneous)

« Test of Phylogeny : Bootstrap S

Gaps/Missing Data Treatment -» | Complete deletion

« No of Bootstrap Replications : 1000 svsrem Resource usna

Number of Threads — | 3

e« Model/Method : Kimura 2-parameter model

« Substitutions to Include : Transitions + Transversions
 Rates among Sites : Gamma Distributed

« Gamma Parameter : 1

 Gaps/Missing Data Treatment : Complete deletion

» Compute
> File & Save Current Session — [kadaill EWD I 7 1)L & TIREF
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mAoz (Maximum likelihood estimation) KGEESrli MY RSV MDY

n BESINIES E(CFHFEDOINESND [RE] 723k, REALEDFLE
=9 d75%
n BRI DOERICEAT DIERETILZRELZ LT, KEZFTEITD
n HERUFEEENENCE - NIFERETERULYIEARGHE &, TNZRRE
L CZE U RFHEDOALEZETE L. LRI DI EZRDIRT
— FEEEZR (heuristic search)

* (2
LAERE 4 zoREEES

2 AEERR e
T

3. LEDOEWVEDH
BOMoe5

c

1

(D) = Y f(s:)P1(D)P,c(D)P,, (DIP, \(D,)P,+(D,)
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LEEE?
@

BEFILAELWVEARE LIERR CE T DT —INESN IR
B AT BEFIDUTEENDDREIEET

o

10 B3O > b R%Z1TDTERNL B BN EHZLEE

O E>)L1

[COOA>&ESTZOAA MRATIEIREEN 1 : 9 DLERTHD
ZEL, = (1/10) x (9/10)° = 0.0387

O tE7)L2
[COOAA>7ZESTZOAM > MATEREENFHETHSD]
LEL, = (1/2)1° = 0.000977

L1 > 12 THBZENMS. BIEDLNETEIRDARL (EE5ULWVWETIL)
EWVWSTEICRDFET
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BoBERET JLER s
> M Od e I S ANALYSIS
Treeto Use - Automatic (Neighbor-joining tree)
> Find BeSt DNA/PrOtein MOdeIS Statistical Method j Maximum Likelihood
> REBEDFRRSNSD S
 Tree to Use : Automatic el
« Gaps/Missing Data Treatment : Complete deletion Nomber of Trreade -3 3
?) Help X | Cancel
» Compute
Table. Maximum Likelihood fits of 24 different nucleotide substitution models
Model Parameters BIC AlCc InL (+) (#G) R AA) AT
TN93+G 37 22022299 21726.161 -10826.017 n/a 042 1.33 0.242 0.181
GTR+G 40 22023.441 21703.303 -10811.577 n/a 042 1.33 0242 0.181

TNO3+G+| 38 22030.159 21726.020 -10824.943 0.12 054 133 0242 0.181
OGTR+G+I 41 22031.038 21702900 -10810.372 0.12 055 1.33 0242 0.181
T92+G 34 22031.146 21759.009 -10845451 n/a 041 131 0211 0211
= AIC (FRMIBIREMRAEE) = -2 InL + 2k (k :BHE/(SA—FE)
L BRILE \ ’ N
8 y x © BIC (N1 XBEHEEE) = -2 InL + kIn(n) (n : ZARED)
© inL : WHRE FAEFILDOREZ MY B DdDISHE
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D S [ Anatysis Proferences ]
SRE(C &£ BRI R S -

ANALYSIS

Statistical Method —» Maximum Likelihood
PHYLOGENY TEST
Test of Phylogeny - None

> Phylogeny R ——

Substitutions Type -» Nucleotide
Model/Method - Tamura-Nei mode!

» Construct Maximum Likelihood Tree B

Rates among Sites -> Uniform Rates

> BEBEEARREND

Gaps/Missing Data Treatment -»  Complete deletion
=>
TREE INFERENCE OPTIONS
ML Heuristic Method —» Nearest-Neighbor-Interchange (NNI)
Initial Tree for ML —> | Make initial tree automatically (Default - Ni/BioNJ)
-
Branch Swap Filter - None

« Test of Phylogeny : None

Number of Threads — 3

» Model/Method : General Time Reversible model

« Rates among Sites : Gamma Distributed with Invariant sites (G+1)

* No of Discrete Gamma Parameter : 5

« Gaps/Missing Data Treatment : Complete deletion

ML Heuristic Method : Nearest-Neighbor-interchange (NNI)
« Initial Tree for ML : Make initial tree automatically

 Branch Swap Filter : Very Strong
» Compute
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Rates among Sites : Gamma Distributed with Invariant sites

n BEACH. 7= JEEESOPR T BIENEES (SR ISBVEBANEEALET
HD. BIENEFRT DEBASESNTUD

N ECC. BBz [HROMICEDWEHTTIV] (CHFEITB3EST/L(Yang,
1994) NELFAH=ND

—

COLIRBETIVEERT DHE. + G LRELND

m HFTJUEELTIE Eamﬂﬁ SECED (BEEFSDOLBWNIHRELTH
<ERLY)

Rates among Sites : Gamma Distributed with Invariant sites

n BEEOREERVVEAI(invariable site) EERNHC = BE2 i (variable site) @
2 DICHFTTURITITBIETIL(+ 1 &FKER)
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BRAE(C & SR 100 [~ Escherichia coli
100 B | y-JOFANOFUT
Salmonella enterica
82 | Burkholderia mallei
44 ——— Helicobacter py/c?ri. | e-TOFANIFYT
62 100 ———— Campylobacter jejuni
93 Chlamydophila pneumoniae
84 Bacillus subtilis
Deinococcus radioduran:. :
98 Thermus thermophilus Then e
100 — Sulfurihydrogenibium sp
— Sulfurihydrogenibium azorense
100 Hydrogenobaculum sp AquificalesB #iE
100 [ Aquifex aeolicus
97 —— Hydrogenobacter thermophilus
0 { Thermotoga maritima
100 - Thermotoga petrophila ThermotogalesH #iE

Pyrococcus horikoshii o

FanDRRICEROIVHIEEEND ?
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BDTTE TR LIS RIFAIE LEANT LS
UPGMA m=EI#)E

r Salmonella enterica

- Escherichia coli 100 — Helicobacter pylori
ri Burkholderia mallei 10 | [ campylobacter jejuni
( Bacillus subtilis 19 F Chlamydophila pneumoniae
{L Campylobacter jejuni L Burkholderia mallei
{ ———— Helicobacter pylori 33 94 — Escherichia coli
i Deinococcus radiodurans 92 100 - salmonella enterica
Chlamydophila pneumoniae 43 Bacillus subtilis
: Thermotoga petrophila J Deinococcus radiodurans
I Thermotoga maritima 16 Thermus thermophilus

— Thermotoga maritima

Thermus thermophilus
100 - Thermotoga petrophila
r Sulfurihydrogenibium azorense Z ga petrop

1 _ B = 100 — Sulfurihydrogenibium sp Z
_ Sulfurihydrogenibium sp = c
V) —— Sulfurihydrogenibium azorense gh
Hydrogenobaculum sp - ] _ V]
| 100 Aquifex aeolicus M
| —— Hydrogenobacter thermophilus =« L . (nn]]
93 Lﬁ Hydrogenobacter thermophilus -~
——— Aquifex aeolicus 29 =
Hydrogenobaculum sp B

Pyrococcus horikoshii Pyrococcus horikoshii
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alanyl-tRNA synthetase® 7= /BEHCHZ AU RGiEIZ/ERR T 5

» AX_—1— File > Open A File & s 'EA'.:W_':j 7* IptiG0s _—
> [bacteria_alaS.fas] Z&5 N
> How would you like to open this e

fasta file? &EEINNDDT I e
> Align Z%58iR S

Cluster Method (Iterations 1,2) UPGMA

PIA A NEA K ™ ity il 5
> Alignment ExplorerH'fa < Do | Resst | (x) Cance
» A”1— Alighment
> Align by Muscle A4 ROICIRATI S
> Select all? EEIHNNBDT » X—1— Data
> OK %iRd » Phylogenetic analysis
> MusCledIREI 1 > RryHEE < » Protein-coding nucleotide data? &[H
> Compute MNDDT No ZiER
> TSI A NORERAEREND > ALV FOLRD
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BIE (P/BAEDSI) (3T s

Statistical Method - Maximum Likefihood

L NY TEST

Test of Phylogeny = | None

» Phylogeny

Substitutions Type - Amino acid

Model/Method -3 Jones-Taylor-Thornton (JTT) model

» Construct Maximum Likelihood Tree i ery a3 Chms o kS St 543

No of Discrete Gamma Categories = 5

= r—— AN — DATA SUBSET TO USE
> EQJ E ﬁI—I E h\ %/] \ é; | L 5 Gaps/Missing Data Treatment = Complete deletion

TREE INFERENCE OPTIONS
ML Heuristic Method - MNearest-Neighbor-Interchange (NNI)

Initial Tree for ML = Make initial tree automatically (Default - Ni/BioNJ)

Branch Swap Filter = \Very Strong

« Test of Phylogeny : None
€ - Model/Method : WAG model

 Rates among Sites : Gamma Distributed with Invariant sites (G+1)

* No of Discrete Gamma Categories : 5

 Gaps/Missing Data Treatment : Complete deletion

* ML Heuristic Method : Nearest-Neighbor-Interchange (NNI)
« Initial Tree for ML : Make initial tree automatically

 Branch Swap Filter : Very Strong

» Compute
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E(LETILDER

n IEEEREITH(E4x4 DITHITUN,. 7= BEEETTHIE20%x20 D
175 78D Tzsb. RateXY &EFregX D#FUIRFREIRERE]EEES /L TE190 + 20
=210 &LXDKRTT

L EZTC. BUHCRHBEMBRDD M D TODDFERFEDRFHECHNT. KEDT—
7B TH S UHHETE =N TzRateXYFregX OiExE AW T E TP = J B4
BRETILELUTRVET

n NS, EROT—IMSERENE [#ERENIR] EDIXMDT. empirical
model EIF(INFET

From ™. To A C G T
A - RateycFreqc RateygFreqs RatesrFreqr
C RateycFreqy - RatecgFreqe RatecrFreqr
G RateygFreqqy RatecgFreqc - RategrFreqr
T RateyrFreqy RatecrFreqe RategrFreqg -



EMEIEHRERE 54

ELETILDER

N BRARETIVERESNTWVET
= RateXY (IEEfFDempirical model DfiEZBV. 77 = E3EEFregX (37 —4
MNSEFEITDEFTILE+ F EFTILEREINTA<SAULWSNTNET

« Dayhoff : # (Dayhoff et al., 1978)

« JTT : # (Jones et al., 1992)

« WAG :#% (Whelan and Goldman, 2001)

« mMtREV24 := 1> RUJ7(Adachi and Hasegawa, 1996)
« rtREV :L- O+ )L A(Dimmic et al., 2002)

« CpREV :EfF{K(Adachi et al., 2000)

Table. Maximum Likelihood fits of 48 different amino acid substitution models

Model Parameters  BIC AICc L (D) (+6) fIA) R) AN) fD) AC) AQ) SfE) AG) fH) ) AL) AK) M) AF) AP) A8)

WAGHGHI 27 20915.356 29718.300 -14832.081 0.14 1.98 0.087 0.044 0.039 0.057 0.019 0.037 0.058 0.083 0.024 0.048 0.086 0.062 0.020 0.038 0.046 0.070
rtREV+GHI+F 46 29920.010 29584.446 -14746.025 0.13 1.47 0.072 0.063 0.033 0.056 0.007 0.029 0.100 0.081 0.023 0.058 0.093 0.072 0.021 0.052 0.030 0.050
WAGHGHIHF 46 29931.832 29596.268 -14751.936 0.14 1.82 0.072 0.063 0.033 0.056 0.007 0.029 0.100 0.081 0.023 0.058 0.093 0.072 0.021 0.052 0.030 0.050
rtREV+G+F 45 29937.535 29609.258 -14759.440 n/a 0.84 0.072 0.063 0.033 0.056 0.007 0.029 0.100 0.081 0.023 0.058 0.093 0.072 0.021 0.052 0.030 0.050

WAGHG 26 29946.621 29756.859 -14852.365 n/a 1.01 0.087 0.044 0.039 0.057 0.019 0.037 0.058 0.083 0.024 0.048 0.086 0.062 0.020 0.038 0.046 0.070
WAGHGHF 45 29957.705 29629.428 -14769.524 n/a 0.96 0.072 0.063 0.033 0.056 0.007 0.029 0.100 0.081 0.023 0.058 0.093 0.072 0.021 0.052 0.030 0.050
rtREV+GHI 27 30066.203 29869.148 -14907.505 0.13 1.55 0.065 0.045 0.038 0.042 0.011 0.061 0.061 0.064 0.027 0.068 0.102 0.075 0.015 0.029 0.068 0.049

cpREV+GHI 27 30082.145 29885.089 -14915.475 0.14 1.84 0.076 0.062 0.041 0.037 0.009 0.038 0.050 0.084 0.025 0.081 0.101 0.050 0.022 0.051 0.043 0.062
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=  [bacteria_pgk.fas] (Cl&. 145D/ U5 U J7HEDphosphoglycerate kinase
D7 = J BRI A D TND
= alanyl-tRNA synthetase® 77 =/ BEfcH) = AL D ERERIC. BT DEEEZRALY
TRIUEDRGHEZ/ERU. T71)L% Tkadai2l &EUTHRE

« Test of Phylogeny : None

« Model/Method : WAG model

« Rates among Sites : Gamma Distributed with Invariant sites (G+1)
* No of Discrete Gamma Categories : 5

e Gaps/Missing Data Treatment : Complete deletion

* ML Heuristic Method : Nearest-Neighbor-Interchange (NNI)

« Initial Tree for ML : Make initial tree automatically

e Branch Swap Filter : Very Strong

m AlaS. Pgkd 2 DORFEZLEE LT, MROZ—DEWVWCDVWTERLUIRELY

Please describe the topological difference between phylogenetic trees of AlaS and Pgk.
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mERR UTERiEa I 7 1)L (kadail.mtsx & kadai2.mtsx) 7.
A—)UICHRAT U TIRRE LT JE&L

W IXA{F5ElE kenro[at]hosei.ac.jp T9 ( [at] Z@(CE#R)
n X—=)LDAEIE TRFEERE] (CLTIZE0)

U A—ILAX(C, UFDOLDIC TRAL [FAE] [F4EiES
[ REHDFEZRDORBME] Z&H L TIZS)
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FE 1 x X X xXBI A A A AHARE
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100 1 Escherichia coli FOFANGF
-JarAN9FIY
AIaS’&FH b":’.’. 99 o '~ Salmonella enterica Y

x =K BN — Campylobacter jejuni = 1CA=1 [

FiE (RALE) — e o ETTFAIIFYT

100 Hydrogenobacter thermophilus
99 Aquifex aeolicus
Hydrogenobaculum sp

100 — Persephonella marina AquificalesH il

100 — Sulfurihydrogenibium azorense
100— Sulfurihydrogenibium sp
[ Thermus thermophilus
100! Deinococcus radiodurans Thermales-
o1 _ Thermotoga petrophila ThermotogalesH &
) 100" Thermotoga maritima

747 Hydrogenobacter thermophilus

Pg k’&Fﬁ (l\’:'.'. 100 ———— Hydrogenobaculum sp
Rt (RAE) = Aquifex aeolicus AquificalesS HliE

Persephonella marina

73 100 Sulfurihydrogenibium azorense
9 { Sulfurihydrogenibium sp

Campy/obacte/.' Jjejuni . e-TOFANIFY 7

55 Helicobacter pylori
[ Salmonella enterica

100" Escherichia coli

1007 Thermotoga petrophila

y-JOFANIFY7

| Thermotoga maritima Thermales-
100%‘ Thermu.s thermophi/qs ThermotogalesB #liE
0.1 96 Deinococcus radiodurans

Lf(c_\ AquificalesB #iE &e-TOFA/\OF U7 DT, KRR
B FOKEBEFMNEUCEAIGEENZZI SN TS
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100[ Escherichia coli

99 ' Salmonella enterica Y-P roteo ba cteria
ML tree based ——— Campylobacter jejuni e-proteobacteria
on Al a S 100! Helicobacter pylori P
100 Hydrogenobacter thermophilus
99 Aquifex aeolicus
Hydrogenobaculum sp -
100 — Persephonella marina AC| u Iflca les
100 Sulfurihydrogenibium azorense
TJO'jSulfurihydrogenibium sp
\ Thermus thermophilus
100' Deinococcus radiodurans Thermales-
—t Th t trophil
0.1 [ [nermotoga petropnia Thermotogales
100" Thermotoga maritima

741 Hydrogenobacter thermophilus
ML tree based 100 - Hydrogenobaculum sp
on Pg k 100 Aquifex aeolicus AC| u Ifl ca Ies
— Persephonella marina
73 100 [ Sulfurihydrogenibium azorense
100 Sulfurihydrogenibium sp
Campylobacter jejuni N :
? Helicobacter pylori = p roteo ba cteria
r Salmonella enterica .
100" Escherichia coli Y-P roteobacteria
100 Thermotoga petrophila
| Thermotoga maritima Therm a Ies—
100 Thermus thermophilus Th t |
0.1 96 Deinococcus radiodurans €rmo Oga €s

m Several proteins phylogenetically close to the e-proteobacteria are encoded in the
genomes of the Aquificales.

B These results raised the possibility that a large horizontal gene transfer had been
occurred between the Aquificales and e-proteobacteria.
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1 DOBICFDRGEENTZ T TIHECDREERZARDDICATRIIIGZEN DD
RIZDECFZRWTRHERIZER LTRSS, MROZS—H—HRURWT ENHD

CNUCIE, B FOKFERE, DIRFROEE,

MBEREDEVVRE, BRAIIRRNEZSND
DT, EMOENEFENTT DIZHICE, &5 LBINZRANDIRE, BRINKELDERER

FAWBDONEFZUWLWEEZSNTULD

DnaE (DNA polymerase 11I)

| M. hyopneumoniae J
| M. hyopneumoniae 232

- I
0.1 J M. hyopneumoniae 7448
\Tl M. pulmonls_ Mhy
o M. synoviae group
M. mobile

Mesoplasma florum Mmy

M. mycoides group
— M. genitalium

M. pneumoniae Mpn

M. gallisepticum group

— Ureaplasma parvum
M. penetrans

Ca. Phytoplasma asteris
Bacillus subtilis

188 - 7= BEROEM, B4 OE8EFCH

GyrB (DNA gyrase)

—
0.05

M. hyopneumoniae J
[ M. hyopneumoniae 232

l M. hyopneumoniae 7448

M. synoviae

1

AE

i Mhy
M. pulmonis group
M. mobile
| M. penetrans
Ureaplasma parvum

M. gallisepticum Mpn
— M. genitalium group

~ L— M. pneumoniae
—— M. mycoides Mmy
100 —— Mesoplasma florum group

Ca. Phytoplasma asteris
Bacillus subtilis

(Oshima & Nishida, J. Mol. Evol., 2007)
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Phylogenetic analysis of a single gene provides only a limited understanding of
an evolutionary history

® Phylogenetic trees derived from comparisons of different genes do not always concur each other.
M This is probably due to lateral gene transfer, saturation for amino acid substitutions, or highly

variable rates of evolution of individual genes.

M Therefore, it is believed that comparative studies based on the complete sequences of bacterial
genomes would contribute to the basis for phylogeny and, ultimately, taxonomy.

DnaE (DNA polymerase 11I)

—
0.1

77

| M. hyopneumoniae J
| M. hyopneumoniae 232

J | M. hyopneumoniae 7448
L' M. pulmonis Mhy
M. SynOViae group
M. mobile

Mesoplasma florum Mmy

M. mycoides group
— M. genitalium

M. pneumoniae Mpn

M. gallisepticum group

—— Ureaplasma parvum
M. penetrans

Ca. Phytoplasma asteris
Bacillus subtilis

GyrB (DNA gyrase)

0.05

i M. hyopneumoniae J
[ m. hyopneumoniae 232

M. hyopneumoniae 7448

M. synoviae

1

AE

: Mhy
M. pulmonis group
M. mobile
| M. penetrans

Ureaplasma parvum
M. gallisepticum Mpn
— M. genitalium group

M. pneumoniae

———— M. mycoides Mmy
100 —— Mesoplasma florum group

Ca. Phytoplasma asteris

Bacillus subtilis

(Oshima & Nishida, J. Mol. Evol., 2007)
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