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http://www.ncbi.nlm.nih.gov
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& NCBI

Resources ™ How To ™

National Center for Biotechnology Information

Resources

NCEI Home

_AllResources (A-Z)
Lterature
DNA & RNA

Proteins

Maps & Markers

_.Domains & Structures
Genetics & Medicine
Taxonomy
Data & Software

Variation

My NCBI | Si

Search | All Databases

v | for|

Welcome to NCBI

The National Center for Biotechnology Information advances
science and health by providing access to biomedical and
genomic information.

More about the NCBI | Mission | Organization | Research | RSS

Genome

1000 prokaryotic genomes are
now completed and available in
the Genome database.

It 1 234

How To...

Obtain the full text of an article

Retrieve all sequences for an organism or taxon
Find a homolog for a gene in another organism
Find genes associated with a phenotype or disease

»~ NCBI#&Z
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FubMed Central
Bookshelf
BLAST

Gene
Mucleotide
Protein

GEO

Conserved Domains
Structure
PubChem
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Cctober News

Featured: New Discovery-
oriented PubMed and NCBI
Homepage T...
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XEC3 .
SNucleotide

OMIM

Mucleatide Protein Genome Structure PMC Journals Books

Search Mucleotide V_if{:-r! [ G0 ] [ Clear ]

| Limits | Preview/index | History | Clipboard | Details |
Format: GenBank FASTA Graphics More FormatsW Download ¥ Save¥ Links¥

GenBank AF419832 1 GenBank

Rhododendron kaempferi ribulose-1,5-bisphosphate carboxylase/oxygg GenBank(Full)
large subunit (rbcL) gene, partial cds; chloroplast gene for chloroplast p| Fasta

Region Shown
ize View

This Sequence

ASH A
Features Sequence BST
AL
. Mers
LOCTS AF4198352 1389 bp DR linear PLN 09-0CT-2003
DEFINITION FRhododendron kaempferi ribulose-1,5-bisphosphate INSDSeq XML
carboxylase/oxygenase large subunit (rkcl) gene, partial cds; : activity
chloroplast gene for chloroplast product. TinySeq XML
ACCESSICH AF419E832 F Tabl
VERSION AF419832.1 GI:33312146 eature lable
MR o Fhododendron kaem
SOURCE chloroplast Bhododendron kaempferi E :
1,5-bisphosphate

CRGANISM PRhododendron keempferi
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophytar
Spermatophyta; Magnoliophvta; eudicotyledons; core eudicotyledons: (rbcl...

R F5(E R 5 F A Fastaf X

carboxylase/oxygen
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MNalTR SRERAMR.

n EfE: ClustaX, MUSCLE LLClustalX F351
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F %1 kX4 Clustal X

O 00 =] O O] e D O

Ane flaccida
Ane americana
Ane_transsilwa
Ane_acutiloba
Clem_patens
Del_grandiflor
Tro japonicus
Era_=tellata
Hep henrvi

Fan cantoniens
Act_a=iatica
Ado amurensis
A=zt _cawalerieil
Cal_palustris_
Berbthunhb

ruler

BT X2 5 A A B — MastaDC 1, ¥ EIAne>".
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I RE 80 A% T

B Output Format Options |:“E”g,|

i CLOSE |

1 - Output Files
v CLUSTAL format [ NBRF/PIR format

| GCG/MSF format| PHYLIP format
T GDE format [~ NEXUS format

GDE output case : Lower -

CLUSTALW sequence numbers :|OFF %

NN

Output order ALIGNED ~

Parameter output OFF -

n  PHYLIP#Z (PHYLIP, RAMXL,)
n  NEXUSHEX (PAUP*, MrBayes=)
n Do Complete Alignment
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36 3E IE I I I I I I I I N IEIENEFEENE 3 ¥ 3 I JEIEINEIEINE FHHEIFXE ¥ EENFEEE X

Era_stellat
Lot _asiatic
Ean cantoni
Berbthunh

&st_cavaler
Tro_japonic
Ado_amurens
Cal_palustr
Del_grandif
10 Hep_henryi

11 Clem_patens
12 Ane transsi
13 Ane acutilo
14 Lne america
15 sne flacecid

L0 I et I O T Y O T Y L Y

n FIZFEClustaX tbxf z 5
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o b3 H R 5 3T F TR

n XYRIDERE, =EXAZREF, FHt, wEAYIEme ik
KWiZzm=0EEH, MRLEIMEMIFR, R
Xt iR B F R IR -

» Al FAMEGAZR 445 B BioEditA] W ZRiE Y&, HiH
1T9w4E

n AN, EEBMENMLSNIZACRE, 53 tkXtE MR

FEIBLE R IZ - R
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IR FIEESY O

n KANEXUSIC B PHY LIPS 14 £t

n WA EEE: S UPGMAKL, 4%, &bt
WEFLE/RKMAZE. NHENE. | KELEF.

n BABMRE BRI AL,

n J. Felsenstein 45 7 AEEFRRIFISR

n 2 http://evolution.genetics.washington.edu/phylip/software.htmi

n B2TULETEZFEFEZEATCCHHERRAX R, Al
R HRIRE
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Genetic distance
A

==

Time

n HEFIZEREEER? MRAREEEARBIBE, Wz
H—EAfE, SoEEXFREOEERIBEE, B, ©HEE
RAS =
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PRiE B (8] B9 2T 1,
n ACGTIIEEEIRINE (MA25%) , RIEE—
s, TERRIGETZI (t=087) WEAA

n t=10F, BNEHE—BARER({=1), ZAs
SR AABIELER A

Pag =(@- 3a)

(=28 B, =(1- 3a)R,, +afl- B,]
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PRiE B (8] B9 2T 1,

n S8 A t+16]
PA(t+1) = (1' 3a)PA(t) +a[1' PA(t)]

n M ESAEEERE, A

dPae _
e 4a P, ta
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PRiE B (8] B9 2T 1,

—+-

1 3

am Z+4e
n Hitpyd{r i8R 40K 2P, F81. HKYS85ZERE M
JC69$§F”7,€ RERE ., FEXZEZAEREEEE

MBNREAE, HINTEZHSEH.
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3 types of substitution GTR

(transversions, 2 classes of transition) @al base frequencies
TrN SYM
2 types of substitution 3 types of substitution
(transitions Vs transversions) (transitions, 2 classes of transversion)
HKY85 Equal base  K3ST
F84 frequencies
ei 2 types of substitution
Single substitution typ (transitions Vs transversions)
F81

EIM K2P
Equal base frequenQ‘ Agle substitution type
JC

an model assumed

p 170
n EEBER YL FR B N. Nikolaidis
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CEeE A e

n General Time Reversible model (GTR)

n ETERESRBEREESHEZE, el
HERVER ] LI B M GTRIE R gy 4545).,

n EPRAVRELLHIRAFR (BAZE) , R

EHBHREBRREZN, MHGXESHYE
ZLI A BIGTRIER f.
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A H'LL,.“L_'”f, K E,J%TI'

n BT RE—MLRIRALZEBRE] D, T
REHEMR, ATEEMRTISASBIH LIRS
BES, A5 T gammasn %

Pdf (r)=a?®r®*/exp(ar)3a)

El']# %
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n AEIFREMNMEEEZEERESTEANE

n REWSHE S HRMER

n 1 FEMNEINSHHITHIT, TESEREE

n 2583 %, HRANRER RESIEM

n AT AESEME ENE RBE ZBE, BlLEER
[5] By {L AR B 2

n BHRMTAE: hLRTSFRAIC
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(1) hLRTS

n hierarchica Likelihood Ratio Tests

n UARRE: LEANEEM, FHEPNKNSEO, #HiK
mHmFMER T, KK v 2/, SRIFSIEIAT AT REE,

L=P(D|M,q,t ,u)

n A EUXESE, FE%FII LI R mEK?
q,t’,U=maxL(q,t ,u)
q.t,u
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LRT (Likelihood Ration Test)

n BUHEL, EFKRME

| =InP(D|M,q,t",0)
~ Likelihood Ratio Test (LRT)

LRT =2(1, - 1)

n FAMERSHE, FMERSED, BEMRK
AR HEE )N (NMRFINRBZFE B
BUp4%5], mfLAFchisgtest) , FRBESEAYIE A0 70
HfEERERES M.
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T aMearr n T e T
of LUbopabapise By Ropd s Faspe

Base frequencies TT T AMcTaTT n
Sumgimgionrues P p b

[Equal transition rates and
Eqnai“tmns? ersion rates (d;

JICIC+1 JC+TIC+1+ 17 KBO KRB0+ KB0+T KBO=T+I7 SYM SYM+1 SYM+T SYM+1+T F81F81+1 FRI+T FR1+1+T HKY HKY+1 HKY+I HEY+l T GTR GTR+1 GTR+I GTR«1+ T

n Hierachical likelihood ratio testsin Model Test
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(2)A1C Akaike Information Criterion

n TFHBERE

AlIC =-21 + 2K
n BAERDVHIEME, ZEIHBUERIAIC

n Corrected AIC

2K(K +1)
= +
AIC, = AIC K1
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*E:l:kk vir E,] ZLA'fI'-I:

n ModelTest (FHFPAUP*EH4)
n MrModelTest% (FHFMrBayes)
n ModelTest AJIAZEDOSIME NIB1T

n f5l4n

n cd c:\nodeltest\

n hodeltest3.7 -n896 -t 18 < nydat a. scores
> nydat a. nodel t est
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AR ML 223

_ (@n-3)! A
%_zmﬂnxaffaca )

NI E], L BRI EH

2010-1-29 MDNAJF 51 21| 73 A sk ] 34



XXXy

n R EREY I EIE AL B A.Stamatakis 2007
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PHYLIP BEE %, RAKMAIRIEE

PAUP* mXEZE. IMKIIRE. BEEEF
MrBayes D1 It Hfi%

PHYML RAIAARZE (KHEEXRS)

RAMXL AR ZE (REFEEXRE)

MEGA BREEZX. IRAIURESE
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FH LTI R T :Newickig
Tvto alba

n Newickig&z, FFRAMXL, PHYLIP, PhyloComZ%E

owls(((Strix_aluco:4.2,Asio_otus:4.2):3.1,Athene_noctua:7.3)
:6.3,Tyto_alba:13.5);
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NEXUSHE =\,

n

2010-1-29

NEXUS fEnewicki& XY EAL L8N T —£E R,
NEXUSHZ R Bl FPAUP*, Mesquite, MacClade

Begi n trees;

tree W nteraceae =

oW s(((Strix aluco: 4.2, Asi o_otus
:4.2):3.1, Athene noctua: 7.3):6.3
, Tyto_al ba: 13.5);

End;
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BB

n KIBHLERE, BEAETERZFIARMENIES
n XFAUPGMAZ(WPGMA %, #HITEENZE. EEX

KA ZFERRERS. Bﬁ%?ﬁ%%ﬁ’ﬂ_bﬂ’%ﬂj, 2
RESMARMNEZEZRDERT .

n SRATRMEREHRITTEA:
n IRKRUARZE, BARELEFMNHETEE.
n AUAEEEZPESERNEUTRNGE:
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B IR RS,

g /DA S AR AE

n B/D#EE (Minimum Evolution ME) i E S FE5
L BB SRR R E & /)N

n T Al BEAY I (L BT BE A P Fh ARV S An T I HE N BV IE K,
REeBEIFmiE R E.

n SBfLsE (Neighbour Joining) B LAZRIB S & Vi ixIE
FIERIEEZE—BHER.

2010-1-29

MDNAJF 51 21| 73 A sk ] 41



| 4.2 IRRAAIAIR



MARIAZEAE 1T SIRKIAPATE

n C“HERUEFRAIZRIKT, SXELEARRE TiEiRib
BEMBIEZINER, sXRUAZTHEREM. ”

iz (EREMEEF)

|
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T 24 R AR (Maxim likelihood) ?

n [BE—, BHAWEE—B(E LS INEEIED
2, REmMmFEHL00k, H21x AIE®E, Kix
& 4 BUHEEER.

Pl = =(2)a@- ay

Jlnl

Pr[H =21 = ( )(—)21(1 —)100 2
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n BREZ, FEMBAREA—(E~E D IMBIEEA
%) , H/EME1000%, HP2Uk AIEH, X
MEMERDIMSMZRAZ D RE A ger~4% L
R 25 R ?

PriH =hi = (E)q“(l- )"

- BN E%An, hinfalsk q
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{AIREREE X

n EXIAAEEA
@) =PiH =h=(T)a"@- )"

LB

n FIERIA PR R LRI 2,  LAfE 3K S

og[L(@)] = log( |+ hloga + (n- h)log(1- a)
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n BRARKIERS, {UPRREIRT 6 BYFE A0

)[[¢ 1-
L% = D i, AR MBS K.
" BAFR ci D30 0 s naait
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LR BOAR A LA 3

n REFIIRMN—FmEHLMEK (HFHEHED)

n ME—ERHNURER, TANHRINGS, T
ATERIFIK, HAHML%EW%Q?ET%#
4 HERRFIIEEERT

n FRARIAIAfh T
L ,q) =Pr(Datal|t ,q)
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B EF 5B KA A 1T

n dA

n Exa RBAYER, BESREEHIC69, MEXFT
AR

n

2010-1-29
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ML AB RS Ry HRBA DX
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% 5k FF SN RI IR KA 7R 1t

n ARG HNRE., #HUMBIEH, BIBKLER

BEZRDHEYTHERX. XESHEHE: 8MLR

i IRED (GTR) S8, 81T S BIRAK.
n ia L AbIE:
n 1 BES ML EIRA —EaY i iRE
n 28 ML S RHLERERE A v
n ATAIERN, SIA o (EAHRHNKERET
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% SRR AR A Ak A it

n MEEBFE NS S RTE RS FHAEEER
Pr[D; [t ,M,r;],] =1,...,]
n TBALE SR BB EHAEE
L& ,M,r |[D)° Pr[D|t,M r]—OPr[D [t,M,r ]
n SNSREGTE F LB <¢E?I\?*$’Jifﬂ1‘i'zk> 4G TE AL
=B, AU E SRR E RS IR E.
n WRBTELHATHIREZTIREE, MG EH LR
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it BBy

n TRV R TR AT =R T B K.

n MUEMTEREER, TEES—RRBIUAE.

n BB TARERFEMNARY, MK,
n Ak, AMIxREBANERINFEILHE

IR 2 EW it fE 5 K B AL
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BRARINER

n HTF#HENMBIEEXRE, BLOE—#HITIHE, AtE
ZE AW B IE T 1w 2 TR AR

n WIMERLS RN (stepwise addition ) PHYLIP

n 2RO fEE  (star decomposition) MOLPHY

Yo7y

n 4BfirsE (neighborjoining )
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R&INIERE-ZRT iR

n FMF

n ENTHIFR R BB PRESH, ZEILIRAKIASAR
RAIN-3FR AR FEALBRIE—, BENLINR E—

Mg T RzE, HhEFRPUAESRSE. Y
B9 X IR AFEND L (insertion branch) .

n TR, §—TENTE2K-31MR, &R EiTERYEH
UWBIEEAD |

é (2i- 5)=(n- 2)’

n BEARES H‘Hﬂ R AR B BEAL T BYIR R 74 4

it R AMEL, MERNE R ALK IITE
He, LRSS

2010-1-29

iy

REBIRE.
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&
|

B RTEHE (Branch Swapping)

A

n AR —ERANER, EHR T E SRR AU A
B, HEREBMURESKE, 4EEH, BIRALHE
KEMEALE. LERHZEIRER A EE =R (locally
optimal tree)

n BEEEMMEXRFERAMEZESZ ZEEURTEHIEAS.

n NNI (Nearest neighbour interchange)

n SPR (sub-tree pruning and regrafting)

n TBR ( Tree Bisection and Reconection)
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| TBR Tree-bisection reconnection

3 4 1 2 6 4
— L
2 6 3/ \5 1
1 3 4 5 /
b h of
> L] < separate the subtrees o.a branch of the other
2 6 \
Break a branch 3 4 5 1 >0 4
1
T
2 6 2 5 2

n ZFEETETNNIFISPR B Nel and Kumar 2000
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F i E R LR

n AT FREREMLN, FEANZANENFYIFIE, 3#
TEXBRAAEZRE, BXBARNERSEMEMNEIEED
XY R

n EREEMIMAPILERAUARA ERSE, MAMERIER
B KA BE A I £ B/ a i
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REXHE+PHY ML

apefz F BT LABRBIPHY MLER 4, 32 3L AR KA ZA 1Y

phym test(seqfile, format = "interl eaved",
Itree = NULL, exclude = NULL, execnane,
pat h2exec = NULL)

Z I, E. Paradis 2006

Analysis of Phylogenetics and Evolution with R
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EET S ES

H

n ME—HRFETIOONERSAZARM, {EHME
B Pk kA bk 151 2

n FRIRIE (LD £EWHEK, EF—T (2) REHIIHEY

n RIXBRBIELERAp, WEMHNRZE, FElath

fablp)=p'- pP(25")

n Probability mass function
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R %

n WIRpEH, M iZRHATLAHE L EEHHIMBIEE.
n SRIpARF, AR TIEIH?

n BRRBGE: M, RKSpHISHm, BREpEET—1EE
BAIL,
n ELLRIEEE probability density function

n BEIRYELIE probability mass function
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Posterior probability distribution

n RITHT 2 f (a b
a-1
f(plab) = (p)f(;b)\p)

f(ab)=Qf(pf(ablp
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1.0
£ Prior distribution
T 05
e
o
L I [ ] -
l Data (observations)l
1.0-“
z e
3 . Posterior distribution
o
o
0.0 = =l

n ENIERBIBIERE, BAREEENMBIA S EEER, 1§
MAE FIEBAFLIFEESEARNNHE AKX T HESERM B A] &8
%, B HEAE. (B Ronquist F. et al. 2008)
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63



Posterior Probability

topology A topology B topology C

n ZNREHBINER I E=ZXE

n BRI ER RIS RN, (B Ronquist F. et al.
2008)
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Topologies Joint probabilities

T T T

A B C/
VA | o010 007 012 | 029

0.05 0.22 0.06 0.33

VS | oo5 o019 014 | 038

Branch length vectors
<
o

0.20 0.48 0.32

/

Marginal probabilities
n B (marginal probabilities) B & #EZE (Joint probabilities)

n (B Ronquist F. et al. 2008)
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L R H S 2RI R
1 REa%H
Prizt e, 220 1)
2 SN (AIHHED) 3likelihood (FTi+E)
_ [PrEEEAE R, 220 |Pr(Fe SREAH 2 20)
Pr(Fr41)
4 3FER B LGB A K FA

2010-1-29
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Maximum likelihood

Spl  Sp2 Sp3 Sp4

Probability of?

to
; ACGT
| Given + a[-abec _
from €|a - de
Glbd - £
Tlce £ -
Bayesian inference Probability of?
Spl Sp2 Sp3 Sp4 to
iy | . 2E= 2
. retaar_& ] =+ Al-abe
Given [resimmyicatrarertacecracactony: - c‘a ~de
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MCMCMC (MC3)
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M ETEIERT: MrBayeskk 14

begi n nr bayes;

set aut ocl ose=yes nowar n=yes;
execut e primates. nex;

| set nst=6 rates=gammm,;

ncnt nruns=1 ngen=1000000 sanpl ef req=1000
file=prinmtes. nexl;

ncnc fil e=primtes. nex2,;
ncntc fil e=primtes. nex3;

end:;

2010-1-29 MDNAJF 51 21| 73 A sk ]

75



| 4.4 55 K& 297%



&1 2447 #fr-Parsimony

n BHY: FHRBRISEN, XERE e EHLEEE
B, BEZEED.

n BFRE: ERERRMIIKRE, WRKMHEMEIFRD
Bl BIAAXMIHERT 2SR,

n IEL‘E;\E%:

n (D HEEEN—RNA, A SHELARBIMER
(FEBIZL) BIEF0.

n (2 [UPATB AT RERVIFELART, iE s/ ML,

2010-1-29 MDNAJFF1| 2] 5341 ] 77



BET T E

n AR EREZIEN, HYERRANEHIFEZ.

n MFAEMMI =X o8P, SEntRimT R, n-21
AT R, 2031 EET R Z BB 3.

n RE T AFEKBTRYZEE, NHTRIIE A
N
o)
Lt)=8 |,
j=1

o NARLES, | RISMKE, BHZESERE L E

2010-1-29 MDNAJF 51 21| 73 A sk ]

78



fR 5

SEHTHRITE

Ca

2010-1-29

n —ERMAME T RNEHEH

2N3

a Ca(k),b(k)
k=1

(K),b(k) 7= KL IR TS B IR S bAT 2K

MDNAJTF1 2] 53 A1 [

79



T EN AN SLIR ?

n B
n TTESINMMLETE A ERY LTS S AR T L 2]
n X FDNAFY], EE1TERIFHLRRIEIE A

:4T-2

TAFSEE, 4R8O HEE

2010-1-29 MDNAJF 51 21| 73 A sk ]



CAGGAT
CACGCT
TAAGGT
Z.....IGCACGAC

n BMOMLR, EYLATEARERS, THHESR

%E‘ ) }l-I\IJ i?(1ﬁl§\y‘] 1%1%\11‘11%; o

X
O > B

2010-1-29 MDNAJF 51 21| 73 A sk ]



i8] 2954 =451

n| ZEFEEANML A
n W (G) X (C))Y (A, Z (C)
n MIXHEBFFEREAEERT AN ARFERRFLME?

n FEE: TEFAAIRERIANK, FiGH SaitEtaIER
B AR AR, FITEETL.

n AR EEEMENME A ST &IME?
no @ HE (W,Y)(X,2) BOALSRET LB H/ME?

—

2010-1-29 MDNAJF 51 21| 73 A sk ] 82



O o O O 0O O O O
~N S /T\ /T\ N
| | | |
S SN SN T
Q) < ) < (O < (O <
O o ©O O O O O O

NS N N N

AN \/ \/ \/

O < O O O

/\ /\ /\ /\
O @ _h._u ﬁﬂ
I |

N \/ \/ \/

® < O
/\ /\ /\ /\
[ I

PPN e N\ AN
<L ) << (O <

O < O

B D HY

n HEEFH(W,Y)(X,2)AE ML S AN 5048 £ BT B 7] g8
OB ELERR WG, X:.C, Y:A, Z:C, HxT{k

83

MDNAJF 51 21| 73 A sk ]

2010-1-29



ERTD IR

—

TR, ERZERERBLSULAAITM, m
XA ESAERERZERN.

n RABZNEEMBTE:

n (1) FHPTA A seRYHE e

n (2 HEETERMENMMIT I, &EFxiA
I VA ISR =TI L 50

n (3 BRI E LR IRT LS F e/ a9, BD
B K &) 214

n V

2010-1-29 MDNAJF 51 21| 73 A sk ]

84



A 2T 1 B9 ZE F Cost matrix

A C G T A C G
O 1 1 1y 0 4 1
a8 0 3 1) g -8 0
& 1 1 Of ¢ 1 4

n FEEIRIBRATERAR, MEEREMequal A
Unegual

2010-1-29 MDNAJF 51 21| 73 A sk ]

85



NS R 37

n KEEMEZEASTEONZ HERT LRI EE, M2
T —RINE X

n Sankoff 7&: {RIFELERERE -2 ZBIMHEIKR, 1TE
270, E&s/IME

n Fitchi: : BRIZEEMEIREEZEN T VIR, BUH
IRBIFERNET K KE AN,

Ny
L}

2010-1-29 MDNAJF 51 21| 73 A sk ] 86



BRARNER

1 Exact Methods : branch and bound method
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B K 8 24755351 PAUP 3044

begi n paup;

| og start replace=yes file=nbdel | og.txt;

set autocl ose=yes criterion=parsi nony

r oot =out group storebrlens=yes | ncrease=aut o;

out group SP4Ranuncul us;

hsear ch addseg=r andom nreps=1000 swap=t br hol d=1,;
savetrees file=nodeltrees.tre fornmat=altnex

br| ens=yes;

| og st op;

END;
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fixage WET =B LET(E]
constrai n PRET = BI5 1LBT(E]
di vtime MEAETEIEE
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chronogran(phy, scale = 1, expo = 2,
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age. max = NULL, node = "root", S = 1,
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