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Homo sapiens: human (old RefSeq)

Homo sapiens: human

Pan troglodytes: chimpanzee

Gorilla gorilla: Western Gorilla

Pongo abelii: Sumatran orangutan

Mus musculus musculus: eastern European house mouse
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http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=6072&lvI=3&p=genome&lin=f&keep=1&srchmode=1&unlock
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Browser

Entrez PubMed Nucleotide Protein Genome Structure PMC R T— Hooks H I C f H h | g
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. —\Y N

s __lessisonal o 3 Information (NCBI)D T —3~N—2X

[ Mucleotide [] Mucleotide EST [ Nucleotide G35 [] Protein [ structure Genome Sequences O

A Popset [ ¢ [ 20 Domains [ Domains [ GEO Datasets [ GEO Expressions [[] uniGene

[ unists [l PubMed Central [ Gene A [ ooma [ sra Experiments ] MapView

[V Linkout  [] BLAST [C) TRACE

Lineage (full): root; cellular organisms; Eukaryota; Fungi/Metazoa group; Metazoa

o Eumetazoa 2.593 ciick on organism name to get more information.

— ~ o N
o Bilateria 2,55 B F &4 Y _BELIEISER—ITY
o Acoelomata 33 >
e Platyhelminthes (flatworms) 33 "
o Coclomats 2461 Animals TREE OF LIFE web project
¢ Deuterostomia 1.972
* Protostomia 489
o Pseudocoelomata &1
¢ Acanthocephala (thorny-headed worms) 1
Cycliophora
Gastrotricha (gastrotrichs)
Kinorhyncha (mud dragons)
Loricifera (loriciferans)
Micrognathozoa (micrognathozoans)
Nematoda (roundworms) 57
Nematomorpha (horsehair worms)
e Rotifera (rotifers) 3
o Bilateria incertae sedis
e Gnathostomulida

=4
2

Metazoa

* & & 0 & @

o environmental samples Bilateria (most animals including vertebrates, arthropods, molluscs, etc.)
. . . P =z
= Bilateria environmental sample 7 Myxozoa
- - ) R - Cnidaria (jellyfish, sea anemones, corals, hydra, etc.)
o Cnidaria (cnidarians) 38 ) ) ’
Ctenophora (comb-jelies)

Placozoa http://tolweb.org/Animals/2374

Parifera (=ponges)
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http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=7742&IvI=3&p=genome&p=mapview&p=has_linkout&p=blast url&p=genome_blast&lin=f&keep=1&srchmode=1&unlock

0 Taxonom
€2 NCBI Browsery

Entrez PubMed Nucleotide Protein Genome 5 e Taxonomy Books

Search for as  complete name |~ | V] lock

3 levels using filtter: | none [~]

[C] Nucleotide [C] Mucleotide EST [ Nucleotide G35 [] Protein [T] structure Genome SequencesD

] Popset ] [ 30 Domains ] Domains (] [[] eeo Expressions [C] unicene
[T unists ] PubMed Central [] Gene ] ] oma [[] sRA Experiments MapView
LinkOut BLAST [C] TRACE

Lineage (full): root; cellular organisms; Eukaryota; Fungi/Metazoa group; Metazoa; Eumetazoa;
Bilateria; Coelomata; Deuterostomia; Chordata; Craniata

o Vertebrata (vertebrates) 1,911 Linkout Click on organism name to get more information.

o Gnathostomata (jawed vertebrates) 1,909 Linkout

o Chondrichthyes (cartilaginous fishes) 10 Linkout ﬁ*ﬁ y M

e Elasmobranchii (elasmobranchs) 9 Linkout
e Holocephali 1 Linkout
o Teleostomi 1,899
e Euteleostomi (bony vertebrates) 1,899
o Hyperoartia (fish) 2 Linkout
o Petromyzontiformes 2 Linkout
¢ Petromyzontidae (lampreys) 2 Linkout

Vertebrata

Animals with backbones

ZPhilippe Janvier

Hyperoartia (lampreys)

7w Euconodonta +
Pteraspidomorphi 4

7= Thelodorti +

7m Anaspida 4

Galeaspida 4

7m Pituriaspida 4

Osteostraci +

Gnathostomata (jawed vertebrates)
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http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=9347&IvI=3&p=genome&p=mapview&p=has_linkout&p=blast_url&p=genome_blast&lin=f

&keep=1&srchmode=1&unlock
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[Junists [ PubMed Central | cene O HomoloGene [ oMiA [ sRA Experimss MapView

LinkOut BLAST ) TRACE

Amniota; Mammalia; Theria

Euteleostomi; Sarcopteryqii; Tetrapodea
/.

<
o Eutheria (placentals) 682 Linkout Click on organism name to get more information.

o Afrotheria 14
o Chrysochloridae (Golden moles) 2 Linkout
o Amblysominae
e Chlorotalpa Linkout
e Chrysochlorinae 2
Hyracoidea (rock rabbits/dassies) 2 Linkout
+ Procaviidae (hyraxes) 2 LinkOut
¢ Macroscelidea (elephants shrews) 2 Linkout
¢ Macroscelididae 2 Linkout
Proboscidea (elephants) 4 Linkout
« Elephantidae (elephants) 4 Linkout

o Sirenia (manatees and dinnnns feearnows)) 7 1inkoor

o

o
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Placental Mammals

Edentata (anteaters, sloths, armadilos)
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s, hares, and pikas)

I's, porcupines, beavers, etc.)

Rodertia (mice, rats, souirr
Macroscelidea pl
Primates (inc
Scancertia [
Chiroptera |
Dermoptera
Insectivora (shrews, moles, hedgehoc
Creodorta +

Carnivera (dogs, cats, bears, ral
Condylarthra +

Artiodactyla (pi
Cetacea (whales
Tubulidertata (=al
Perissodactyla (ho
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or flying lemurs)
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http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=9604&IvI=3&p=genome&p=mapview&p=has_linkout&p=blast_url&p=genome_blast&lin=f&keep=1&srchmode=1&unlock

S NCBI

PubMed

A7 Taxonomy
bkt Browser

otein Genome Structure

Entrez Nucleotide Taxonomy Books

Search for as | complete name [~/ lock

3 levels using filter  none [+]

[Tl Nucleotide [C] Nucleotide EST [C] Nuclectide €55 [ Protein 7] structure Genome Sequences [

] Popset [ snp [] 30 Domains | Domains [ GEO Datasets [ GEO Expressions [[] uniGene
[[1 unists  [C] pubMed Central [C] Gene 1 HomoloGene ] oMIA [ SRA Experiments MapView
LinkOut BLAST [C] TRACE

Lineage (full): root; cellular organisms; Eukaryota; Fungi/Metazoa group; Metazoa; Eumetazoa;

Bilateria; Coelomata; Deuterostomia; Chordata; Craniata; Vertebrata; Gnathostomata; Teleostomi;
Euteleostomi; Sarcopteryqii; Tetrapoda; Amniota; Mammalia; Theria; Eutheria; Euarchontoglires;
Primates; Haplorrhini; Simiiformes; Catarrhini; Hominoidea

o Hominidae (great apes)/

132 LinkOut Click on organism name to get more informatior.

e LE#E

Hominidae

o Homininae 106 Linkout Humans, great apes, and their extinct relatives

o Gorilla 2 Linkout
¢ Gorilla beringei (Eastern Gorilla)  Linkout \\I —_
# Gorilla gorilla (Western Gorilla) 2 Linkout : J 7

o Homo 76 Linkout
& Homo sapiens (human) 75 MapView LinkOut BLAST page t I\
= Homo sp. Altai (Denisova hominin) 1

o Pan (Chimpan?_ees) 28 LinkOut- N of A
= Pan paniscus (pygmy chimpanzee) 1 Linkout a—' 4 / \_/ y_
« Pan troglodytes (chimpanzee) 27 MapView LinkOut BLAST page
= Pan sp. W02007026120

o Ponginae 26 Linkout —_ N

o Pongo 26 Linkout 1—7/'-7_9/
= Pongo abelii (Sumatran orangutan) 25 LinkOut BLAST page
= Pongo abelii x maeus  LinkOut
¢ Pongo pygmaeus (Bornean crangutan) 1 LinkOut

u Pongo sP. LinkOut Pongo (orangutan)
Pan (¢

mpanzees and bo
Ardipithecus +
Australopithecus +

Homo (humans)
Gorilla
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Homo sapiens (E )

Taxonomy
Browser

Structure

Publed Nucleotide

Protein Genome

as complete name|z| lock
levels using filter: none [=]

Taxonomy Books

Search for
3
Homo sapiens

Entrez records

Database name Subtree links || Direct links
16,985,984(116,985,959

8,301,515 8,301,515

Taxonomy ID: 9606

Genbank common name: human
Inherited blast name: primates
Rank: species

Nucleotide
Nucleotide EST

Nucleotide GSS 1,293,831| 1,292,505
Genetic code: Translation table 1 (Standard) -
Mitochondrial genetic code: Translation table 2 (Vertebrate Protein 231.420 331,324
Mitochondrial) Structure 15,730 15,730

Other names: Genome Sequences

common name: man

authority: Homo sapiens Linnaeus, 1758

Popset
Lineage( full )
cellular organisms; Eukaryota; Fungi/Metazoa group; 3D Domains 61,175 61,175
Metazoa; Eumetazoa; Bilateria; Coelomata; Deuterostomia; [pomains

Chordata; Craniata; Vertebrata; Gnathostomata;
Teleostomi; Euteleostomi; Sarcopterygii; Tetrapoda;
Amniota; Mammalia; Theria; Eutheria; Euarchontoglires;

GEO Expressions  ||17,689,684|17,689,684

Primates; Haplorrhini; Simiiformes; Catarrhini; Hominoidea; |UniGene 123,200 123,200
Hominidae; Homininae; Homo UnisTs 327.522 327.527
PubMed Central 7,918 7,915
Gene 42,645 42,608
SRA Experiments 8,821 8,821]
Taxonomy 2 1

Genome Information

See the NCBI Genome homepage
Go to NCBI genomic BLAST page for Homo sapiens

Genome view: 24 chromosomes
Names|1[2[3][4]s]e][7|s]e] 1012 [12] 1314 |15 |16 27 18 10 ] 20 [ 22 [ 22 x]¥
See the Mitochondrion Genome
See the TRACE Assembly

Trace records (raw single-pass reads of DNA sequence)

Sequencing Center Name

Record counts per type

ErTJ LOERR—D

My NCBI
Sign In] [Register]

uire ez
-"M_“ M SGenome

PubMed

<3 NCBI
All Databases

Search Genome

Nucleotide Protein

B8 51809606 Crganism:exp

( Limits T Preview/Index T History T Clipboard T Details ]

[+] show 20 [+| Sendto [+]

Genome Structure OMIM PMC Journals

[ Go | [Clear | Save Search

Display | Summary

=)
All: 75
Items 1 - 20 of 75 1 f 4 Next
° = Recent activity =
F1:NC 012920 Links Tumn Off Clear

Homo sapiens mitochondrion, complete genome
dsDNA; circular; Length: 16,569 nt
Organelle: mitochondrion

Created: 2009/07/08

B IGKV10RY-1immunoglobulin
kappa variable 1/0RY-1

R 7z 2R

B NC_011137 Homo sapiens
neanderthalensis mitochondrion,

— \

—

a3y
[[2:AC 000156

Homo sapiens chromosome Y, alternate assembly HuRef, whole
genome shotgun sequence

DNA; linear; Length: 19,317,006 nt

Replicon Type: chromosome

Replicon Name: Y

Created: 2007/09/27

» See more...

[[3:AC 000155 Links
Homo sapiens chromosome X, alternate assembly HuRef, whole
genome shotgun sequence
DNA; linear; Length: 143,733,266 nt
Replicon Type: chromosome
Replicon Name: X
Created: 2007/09/27

C4:AC 000154 Links
Homo sapiens chromosome 22, alternate assembly HuRef, whole
genome shotgun sequence
DNA; linear; Length: 34,107,095 nt
Replicon Type: chromosome
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=genome&Cmd=ShowDetailView&TermToSearch=24730
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All Databases
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Protein Structure _OMIM

Control reglon
Euarchontoglires; Primates; Haplorrhini; Simiiformes; Catarrhini; Hominoidea; Hominidae; Homininae; Homo; Homo sapiens or "ddoop"
'
125 rI‘RNA \ Cytochrome b
Genome _|BLasT L i )
P Features: ||l e | ket Review Info: NADH
Refse: . Genome i Dehydrogenase
nC_012920 || Genes: 3L Project Publications: [2] subunits
f;‘”ﬁz"k E;:“:‘; 7 Refseq Status: PROVISIONAL
53,"%3.“ ;}Qfﬁ‘“z TaxPlot SeqStatus: Completed
Ge Pseudo Sequencing center: Center for Molecular and Mitochondnal Medicine
Content: || genes and Genefics (MAMMAG) University of California. University of
% None Calfornia. Ivine. Mitomap.org. USA_Inine B 22 tRNA g
- 1 t -encoding genes
oo goding: | Otners: Completed: 2009/07/08 '»_
e [ NADH N | 13 protelnencoding reglons ol (Wikipedia)
circular | None Dehydrogenase
M Other genomes subunits
olecule o
for species:
\ NADH
Gene Classification based on COG functional categories Search gene, GenelD or locus_tag =] Dehydrogenase
o suburits
<4 Zoom [ oot 4
n s5nm T~
> —TE— — - T
R -~
> —E— Qytochrome Oxidase
“ subunkcs
Click here for Sequence Viewer presentation (base sequence and aligned amino acids) of selected region L ATP Sith
I yrthase
Display |0 how (20 [<] Send t Cytochrome Oxldase subunits
venew =] Ellsendto [=] rame O
1: 16,569 (16,569 bases shown, positive strand) a|[x
. v | A2sequence | Ak FlipStrands | @ S, ATe né % Tools = = @ Markers | Details v <, Options
1K 1,500 2K 2500 3k 3,500 4k L0 5K 5,500 6K 6,500 7K 7,500 g K 8,500 EL 500 10K 10500 11K 11500 12K 128500 13K 13800 14K 14500 15K 15500 16,56
Lo B i L L LA B B B L B B AL B
- Bequence NC_0123201: Homo sapiens mitochondrion, complete genarme - Sequence NC_012920.1: Homao sapiens mitochondrion, complete genome
- Ge - Genes
z r——rr—— D T | T | RS —r— I T T T —rr—
L} I BT [ e | _Coxs § EEEEEVTEEEEDT | v | Cuvis
[ | |-rRAA B wP_0O030240271 @ WP _003024025 1 WF_0030 P _003024 [ | WF_003024035.1 WF_003024056.1: MADH debhy WF_003024055.1
| FhiR ] e B [l | L] 0 | = L] | Hbs ] L]
31 FiMA VP_D03024026.1 0 | | | | B | ¥P_0030.. [ > | | | WE_OD... | |
e T —— —— T
B Ll B = L] B
] I | |} L} = |} | > | | ] L}
L} [} | = " [}

. BIZFDLKHEI: ND1, ND2, COX1, COX2, ...
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] How To (]

My NCBI Sign In

Nucleot|de Search: Mucleotide Limits Advanced search Help S d
Alphabet of Life i
Cle
Display Seftings: [~ GenBank Zend ot @ CUmplEtE RE Cﬂrd
Homo sapiens mitochondrion, complete genome B Coding Sequences
MNCBI Reference Sequence: NC_012920.1
Comment Features Seguence Ani 'CIIDDEE DEEtIﬂﬂtlDll
Locus NG_012920 16369 hp DHi circular PRI 30-AFR-2010 Rur . .
DEFINITION Homo sapiens mitochondrion, complete genome. Pict [~ FllE Cllptl[lard
ACCEBSION  NG_012820 AC_000021 - -
VERSION NG_012820.1  GI:251831108 :
DELINK  Pralect :30353 Collections
KEWORDS anPR-
SOURCE witochondrion Homo sapiens (human) Full
ORGANIEM Homo sapiens Ger
Eukaryota; Metazoa; Chordata; Graniata; Vertebrata; Euteleostomi; 5
Mammalia; Eutheria; Evarchantoglires; Primates; Haplorrhinis Ger Download 1 tems.
Catarrhini; Haminidae; Homa. \der
REFERENCE 1 (hases 1 to 1B569)
BUTHORS  Andrews,R.M., Kubacka,l., Chinnery,P.F., Lizhtowlers,R.N., oM Format
Turnbull,0.M. and Howell,N. Proc
TITLE Reanalysis and revision of the Cambridge refersnce sequence for Pro GEHEE”"‘:
human mitochondrial DNA
JOURNAL ~ Mat. Genel. 23 (2), 147 (1839) Put
PUBMED 10508508 Put .
REFERENCE 2 (bases 324 to 743) ! Create File
BUTHORS  Andrews,R-M., Kubacka,l., Chinnery,P.F., Lightowlers,R.N., Sec
Turnbull,0.M. and Haowell,N. Tax
TITLE Reanalysis and revision of the Cambridee reference seaquence for um:tl:”
human mitochondrial DNA -
JOURNAL ~ Nat. Genet. 23 (2}, 147 (1393)
PUBMED 10508508
REFERENCE 3 (bases 1 to 16569) Recent activity =
AUTHORS  Anderson,S., Bankier,&.T., Barrell,B.G., de Bruiin,H.H., Turn OF Clear
Goulson,A.R., Drouin,J., Eperon,I.G., Nierlich,D.P., Roe,B.A., - T
Sanger,F., Schreier,P.H., 8mith,&.J., Staden,R. and Young,I.G. E Homo sapiens mitochondrion, complete
TITLE Sequence and organization of the human mitochondrial genome genome "
JOURNAL ~ Nature 290 (5806, 457-465 (1981) |GKVAORY-1 immunaglabulin kappa
PUBMED 7219534 variable 1/0RY-1 pseudogene [Homo e
REFERENCE 4 (bases 15888 to 15354) y )
BUTHORS  Anderson,G., Bankier,.T., Barrell,B.G., de Bruiin.M.H., B NC_012920 Homo sapiens mitochon drion,
Coulson,b.R., Drouin,J., Eperon,1.C., Nierlich,0.P., Roe,B.4., complets genome meneme
Sanger,F., Schreier,P.H., Smith,4.J., Staden,R. and Young,l.G. B 0il17981852|reflNC_001807 4|
TITLE Sequence and arganization of the human mitochondrial zenone

JOURNAL  Nature 290 (5308), 457-485 (1881)
PUBMED 7219554
REFERENCE & (bases 1 to 1GGBA)
CONSRTM  NCBI Genome Project
TITLE Direct Submission
JOURNAL  Submitted (DB-JUL-2003) National Center for Biotechnology
Information, NIH, Bethesda, MD 20834, US4
REFERENCE B (bases 1 to 1B5B9)
AUTHORE  Kogzelnik.A.M. and Lott,M.T.
TITLE Direct Submission
JOURNAL  Submitted (24-AUG-2008) Mitomap.ore, Center for Molecular and
Mitochondrial Medicine and Genetics (MAMMAG) University of
California, University of Galifornia, Irvine, Irvine, GA
H92697-3840, US4
REMARK Sequence update by submitter
REFERENCE 7 (hases 1 to 16589)
AUTHORS  Kogelnik,A.M. and Lott M.T.
TITLE Direct Submission
JOURNAL  Submitted (18-APR-1887) Center for Molscular Medicine, Emory
University School of Medicine, 1462 Clifton Road, Suite 420,
At lanta, G& 30322, USA
REMARK sequence updated
ROMMFNT PRAYTRTAMAI BFFRFA: Thie recard hac nat wet hesn euhiact tn final

Q bid9606[Crganism:exp] (75)

See more

S SE

om t

Genome project

NC_012920.txt
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NC_001807:
NC_012920:
NC_001643:
NC_001645:
NC_002083:
NC_010339:

Homo sapiens: human ERA (T RefSeq)

Homo sapiens: human ERB (BR7EDRefSeq)

Pan troglodytes: chimpanzee F/\1i—

Gorilla gorilla: Western Gorilla 31)35

Pongo abelii: Sumatran orangutan 45> —4> work-conc-nuc.txt

Mus musculus musculus: eastern European house mouse <™ X

16000 bp FEEH AN, FD S5 10839 bpZEF|FHT 5.
BinFa—T42T)—a E FES.

12{E MD1E{EF ND1 ND2 COX1 COX2 ATP8 ATP6 COX3 ND3 ND4L ND4 ND5 CYTB

CONSENSUS
NC_001807
NC_012920
NC_001643
NC_001645
NC_002083
NC_010339

CONSENSUS
NC_001807
NC_012920
NC_001643
NC_001645
NC_002083
NC_010339

ATACCCATG. CCAACCTCCT ACTCCTCATT GTACCCAT.C TAATCGC.AT AGCATTCCTA
......... | N €
......... | N €
C....... A L e e C. ....... A.. ...
T..... G .T..... T.. ittt c. T..C. ....... C.. ... ... ...
.G AA T......... ... A..T C. ....... C.. ...... T
G.GTT.T.TA TT..TA.... .ACA...C.C C..T..T. ....... T.. ...C......
10 20 30 40 50 60
ATGCTAACCG AACGAAAAAT TCTAGGCTAT ATACAACTAC GCAAAGGCCC CAAC.TTGTA
..... T .G.....
..... T .G.....
............................. C ... ... LW T AL L.
.................... | .G.C
.................... cC......C.C .C........ .......G A G
CA GTA C..... CT G... ... ... ... A........ T A.....



CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMEN'I

File: D: mpmam7bnuc.ps Date: Wed Sep 25 11:12:44 2002
Page 1 of 18

180

C 180

180

C 1580

C 180

[+ 150

180

200

300

300

00

300

300

200

opoasum 4540

mouse 4E0

racbit 450

mman 450

chimpanzes 450

22al 480

L= 480
ruler

TR - T T T T T S S WoRh RE R b AR AR AR AR R R R Rk kh ARk ok kh kk ke ok ok ek R b Rd ke

opossum o] ca &00

mouse CC C {s]a] [+ 600

rabbit [ C CC C &00

Iuman Lot T L+ 600

chimpanzes i, [a] 1 600

a=al Cl C CC! [4] &00

cow ! CR L+] 00
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{Wikipedia)

/—
iﬁ%HEﬁ'J d) ﬁfF |:|J|_,/

H TTT mmm) T )LF7S5=Y (F E£71=[& Phe) fl:% ﬁ

GAA mmm) S ILAIVEE (EE1=IXGlu)
B TTTGAACCTGGGGAT... mmmm)  FEPGD... B

Il

work-conc-nuc.txt work-conc-ptn.txt
= % S IL—F e s T3/EE207E
E(34ER QU N—7) ﬂ:ﬂ = TmE2 (ﬁ*ﬁﬂ%:h:‘/wm
"N, " TTT F Phe TCT S Ser TAT Y Tyr TGT C Cys e
— — N, TIC F Phe TCC S Ser TAC Y Tyr TGC G Cys < /% i
TT=2(A) Q;,«:N’) ﬁ TTA L Leu TCA S Ser TAA * Ter TGA W Trp wid i
H o) TTG L Leu TGG S Ser TAG * Ter TGG W Trp
5 , CTTLLew  CCTPPro  CATHHis  CGTR Arg TIVAZUER
I NH > CTC L Leu CCC P Pro CAC H His CGC R Arg
7=~ Q) § | CTA L Leu CCA P Pro CAA Q GlIn CGA R Arg .
NHa CTG L Leu CCG P Pro CAG 0 GlIn CGG R Arg ’ /\{
o ATT I Ile i ACT T Thr AAT N Asn AGT S Ser
. , ATC [ Ile i  ACC T Thr AGC N Asn AGC S Ser H,N
FIUM YW ATA M Met i ACA T Thr AMA K Lys AGA * Ter A
N ATG M Met i ACG T Thr MG K Lys AGG * Ter
H
GTT V Val GCT A Ala GAT D Asp GGT G Gly
NH,

5 GTC V Val GCC A Ala GAC D Asp GGC G Gly (wikipediadkl))
N A : GTA V Val GCA A Ala GAA E Glu GGA G Gly
vk (C) 1 GTG V Val i  GCG A Ala GAG E Glu GGG G Gly P
o
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CLUSTAL X (1.81) MULTIPLE ¢ GNMENT

File: D: mpmam7bptn.ps Date: Wed Sep 25 11:13:46 2002
Page 1 of 6

- I I L PR LT L T T . iz L] PP L _._.......u......:....
opoasum L IPILL!.V.!F IHTPLP]PHR.L LELLFILA LIGA LATIL
mouge ILTLLVPILIAMAE. LIVPLPZIPEPL LSILFI. SLFGA V IIL

rabbit LLLILFVLLAMAF. LPIP]PYPL HEILFI. LFGA V. LATIILLCTI
Iaman LLLLI‘E‘PILIAH!FLH IALLLWTPLFHPHPL LGLLFI. LIGA V. LAIIL
chimpanzee LLLLIVEILIAMAFLH. IALI LKTPLFHFHEL LSLLFI: LIGA Vi LAIIL:
22al ITZLITPILLAVAFLTL FIH.!PILRLFL PLFMPYPL LEVLFMLA V. LAETTIL
Vi I..BIIL

ILHLIIPILLLFBF L FILEPIHR.LH IFPLFHFYFL
1]

- N P
opossum M TT.FL*PLSSHIPY
mouse L LLLPARFHAMHWE TIIFLGFLEYIHL
rabbit L ILLPARPLAMHEE ILEL SHTH.
mman LLMS LWLLLFSWPLAMHREE TTIEL
chimpanzee LLMS LWLITPTWPLAMHWEF TIFLGA
a=al LLMH LWLIFPAWPLAMHWE TLLEFGEA
cowW LLMS L OMWLITFAWPLAMHWEE T

ruler

aeal HWEPFILITIM LLMM3TT
WHFITIFIIIL LLMMAVI
o

apossum IPI']:-LP TELM, LT llm INTLATIPLMTEFEH IILFSAL
mouse LPIFTAGVPFYHMEE hoy's Il?uapv RLMLMWVELEFSLLATT FMLINEEN IILLATY ar_smm
racbit PIH IF B ILMMAIT LINP
Tuman PLAQFY Il? LAFTFVL ILLMAIL a
chimpanz=e P PLAQPL. ILLMAIL
T3ET

GWHAIIIMI mmIIIlLlL
GWHLATL TPAMLTMISLML
EWHAATIT PtlvslIL

LTW

LTH

LFL

opoasum np LLGEEWEGE
mouge IAP IFMGE~REGE
rabbit LAP THVEEWEG!
Imman LAP THMAGSHEE
chimpanzee LAP. TMAGSHEE:
22al TAF. LIGEWEGE

cow LA VLETILIGEWESE.

HHHHHH

7ROBEIEOINIVR) 7 - T /BEEEH O —E
REEPOHILEORKBTIE, COTI/BEELS T —2%&ERALT-

180
1E0
180
180
180
180
180

300
300
00
300
00
200
300

480
450
4580
450
450
450
450

600
&00
&00
&00
&00
600
&00
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DNAEZFID{ES: 10839

NC_ 001807 NC_012920 NC_ 001643 NC 001645 NC_ 002083

NC_012920 18

@ " NC_001643 1063 1061

= #EInc 001645 1296 1294 1251

d NC_002083 1698 1703 1763 1780
ENC_010339 3148 3147 3134 3158 3180

5sTH




@ 7FiEit: DNABIIAZEIL. XFDEZTMA (ER)GTL.
. .ATGLCATG. . .
GHAIZEHE

. .ATACCATG. ..

@ DNALARNJILTHI=EILDOKEDIZBERZBRICIPIIH]  (RFE S 1968)

® HTHE: HFLNLTHEE, EIGEENIFE—

BEERBENOEFIZHS T, BAREEHMUINIZLES, BEEDEFERIINIC
B N* (1./N) =1THAENOLE L EE INITIRTFLZLY.

(REREL ANILTIFRRY AL =70, A ES—FHU R, )



77 FHFaT

100 F ETCONAD 1A EE T HERET S

2005 FE CDNAD 2% MNZEE
10005 EE CDNADIU%NETE
1{EE TDNADSSH N EE

time dif

0] 0% AAAAAARAAAA .. .o eeeea
0.01 1% AAAATAAAAA . ¢ @ i i v v o o™
0.1 9% AAAATAAAAA . .. . e e..
0.2 18% AAGATAAAAA . .. o oo
0.3 25% AAGAAARAAAA . ¢ v o v o oo o

1.0 55% AAGTTAACAA . . ¢ c v e o o o«

3.0 74% TACTCGACTT. ¢ v v e o e o o

AAAAAAAAAA
AAAAAAARADAA
AAAAACAAAA
AATAACAAAA

AATAACAAAG

AATAGCATGC

CTATAGCAGC
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735 Bf ] OD

4 = = = = ~ =)

HE 7E

e DNAIXSUHF LIZZE{E
« EERETILO—TE
e 75%FTLMEHLLLY

difference




< /L7838

o IEEBH (A, T,G,C D 4EH)

A A A A
G G G G
T T T T
C C C C

JCETIIL HKY 7L

(b2 arveENT U RN=U30, M)

o VX /HEW (2 01&EEE)
DavhoffE7 /L, JonesET /L7 E
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S e R R

e Probability of future state-b/ given current state-a after
time-t
Pba,(t)

note: a,b € {A, T,G,C} for nucleotide sequences.

i

note: @ = 4 x 4 matrix for nucleotide sequences, and

P(4|G) P(G|G) P(C|G) P(T|G)
P(4|C) P(G|C) P(C|C) P(T|C)

P(A14) P(G|A) P(C[A4) P(T|A)
0=
P(A|T) P(G|T) P(CIT) P(T|T)

e Transition probability matrix
+k

P(t) = exp(tQ) = Y- Q"

k>0 I

() = 20 x 20 matrix for those of amino-acid.



DNABE¥AD I ZaL— 3

http://www.openprocessing.org/visuals/?visuallD=10609

OpenProcessmg

R aaaaaaaaaa brousing all sketches

iR

R AmmSTReTeate meca s
= T 0: EfZ0IZT 5.

: 1: BEE1RTYTEDD

] 2: ETDAY, A2

c: BEEHMOAY, 7

PN |(TIL): — 2V RE=10001ZFEF
B séq1 s2q2

time

“ dnal: DNA substitution simulsﬁa}icﬁ;n'“ S— R !irjwse OpenP . 9
o I‘ java® A RAR—IL IWE (2L ET
g g
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EEHHILE

DNABZF|MDKS: 10839
iR

;]:ﬁ%lé

%%& NC_001807 NC_012920 NC_001643 NC_001645 NC_002083
(EE EII{E) .NC 012920 18
% NC_001643 1063 1061
» NC_001645 1296 1294 1251
1763 1780
3134 3158 3180

” NC 002083 1698 1703
_I_ LNC 010339 3148 3147
ol

NC_ 001807 NC_012920 NC_001643 NC_ 001645 NC_002083

NC_012920 18
52 b & NC_001643 1188 1185
'—.’:%ﬂ NC_001645 1481 1479

(#EEE) NC_002083 1994 2001

NC_010339 4069 4068

AR AEOBBRETRT-HICHBEEHIRIELTHS. EEICITEE
BELZMLI-DTIIGL, DNARSINSRLEZTEMBEHEL. R
EEWMape/\wr—|ZTdist.dna(dat,“TN93” )& E1T. L?f)‘l,{ﬁ'CJukes-
CantorET JL(IC")EHLI-ECA, FERIFT“TNII EIFEAERLIEoT-.
ICELIFEERZEML CERREZEEITETES.

1420
2090 2116
4052 4102 4127

NC_001807:
NC_012920:
NC_001643:
NC_001645:
NC_002083:
NC_010339:

Homo sapiens: human

Homo sapiens: human

Pan troglodytes: chimpanzee

Gorilla gorilla: Western Gorilla

Pongo abelii: Sumatran orangutan

Mus musculus musculus: eastern European house mouse
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0 500 1000 1500 2000 2500 3000
DNAERSIDFE: 10839 R

28



B R D Rt E

NC_001807 NC_012920 NC_001643 NC_001645 NC_002083

5 NC_012920 18
%[1:@;& NC_001643 1188 1185

NC 001645 1481 1479 1420
(*E;E" ﬂE) NC_002083 1994 2001 2090 2116
NC_010339 4069 4068 4052 4102 4127

QAR BHDHEZZD (RVALS)

- NC 010339 4 7 I_j Z
B s

NC 001645 |

NC 002083

{ U3

NC 012920 )
e,
1188 NCO g 2920 NC 001807 N\ 4“
. 4@- "
L] O >
. 5 . NC 001643 @ 9")/ \\/:/_

HESNI=RIE (RRRRE) HESNI=RIE (FRRHE)
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T —TJ CRITEE T

2010/06/27

Rt TE

ERIEKRY TEEF htp//www.is.titech.ac.jp/~shimo/

BT—T (RTHEW), [FEH, 2OEL, DY, Ry, £OF—Ti0E

YouTubelZHLEEFELT-

http://www.youtube.com/watch?v=jqqJODQytzk

BEBRBORIIRT—TE#5

® (G
| (— = A-—p w ) = = o~

- SN
(1 G
By e 4o
- 14 Eom [EET
ﬂ 45> | 200] 2090 2116
‘ 200 mm 209 mm 242 oy
Gal =7 |4068 4052 402 427
| qo7mm  Fo5am 4O - F 3 mm

B%E: BRBIRLETHEL:

FRFRANEA(Cr, F U TU—, TUT, FSUI—R)ETIAD
SOV FY7ZDNARFIENCBIO T4 A SIEE.

. EX10839DERFIERD.

REEDepes Ly JICTDNARIIA LRAETERMENETEL:.
dist.dna(dat, “TN93" )& R{THk, #RZ10839f5L TEMITANH . BMAE
RHERIFERG DAY [Ldist.dna(dat, “rew”) THETES.
SHETHENHT-Dlukes-Cantor IO ETF ILE DM > TLIFIEF L EREMHAEL
NEzDT, INSEFLLYBRNEBLEICET LETEIZEI~E o
ERMCTRHETHL. SEOTATEEREAHFUREAVLOT,
BR#0OYCEREEAD TLEALARMEAEN B
S(THLEVT) REEFTROZ1CE, BREDTIHENERISZAE,
RS EORBRMEHBOND. root| TREREETS.

ZoTlkERBI OEE1ImmIZLY:

1EVFMNENEZLMO0FETT
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AAUDRICIEAESR ODHERTE

IR TE

(e _ e m_Lm )
A4 UEITFOEER 500EKYMAT F*=1, E=0&LEL
EERHFEER(n=500) 00111111100011001011011000....
BIEDaAAFRIFEXEECE x=0,x,=0,0=Lx,=Lx=1...,x,=0

Ki‘%(:ﬁof:lﬁl%ﬂzmzw@ C=x+-+x, C=219 )

HERBR

4 N
N ~ C 219

ONHEEMEIIRICET-HEE 9=;=ﬂ=0.438

. Y,
FEAEBBRIZRZAN, ESLTIDHEE=TILIOMN?




&LEQA)

L(6)
T—REBATIER(LE) L ﬂ

LO)=0°1-0)"¢
(n=500, C=219)

1e-148

HBRZREKRICTHNTA—REZTES

5e-150

max L(0) == g girigER

~ C
EAEEZHZKICTDH0lE 0=—

n

[]0]
— &__
—_

0.0 02 04 06 08 1.0

A

0 =0.438



LEDNFMH (1Y)
1R DM RITOEREIS X, THAHIHEEIL

0
0 =6"(1-6)" =4
f(x:0)=0"(1-0) {1_9, o

F— By, %) E BB BREE (L) 12

= H)q (1 . Q)l—xl . an (1 . Q)l—xn
— 9x1+..-+xn (1_9)(1_x1)+...(1_xn) _ QC (]_Q)”‘C

log L(@)=Clog@+(n—-C)log(1-0) #*WHd 5

dlogl(@) _C n-C_C-nb dlog L(0)

~ 73 - C
0 0 1.0 oa_g FDT — =0 ZfE<E 9==

n




& L% (Jukes-CantorETJL)

A UEITERILECS

BENELGLHEREFHE DR K

... A
...A
...0

[ CAl
I A ||
010010

=C

EEMNBHDIEE-1, ALEE-0 a—%\ ﬂ

G...
G...
0...

DNAEESID TS =n

BENERGHHER=0

\ L(O)=0°(1-0)"° / \ BB =T /

/ /
rd
//

B \
e
e

0=

3

4
l—exp| ——T
4( p( 3

LJC(T) ZL(_

1o 41) !
4 p‘ 3

BEBOERIH

m ERKICTEHT = f’z—%log(l—ﬂgj

DNAERFIRI D BB DHETNE: nT

3n

(cz 0.75n 725 T =oo)
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human G( Cil'rACCTCCTAC‘r(':é"?CATIGrACCCA'ITCTE‘ l\TGGCMTGG
chimp A 'c1| lLACCI'CCI'ACI'( ‘CI'CATTGTACCCATCC! 'm‘ \TCGCAATAG
seal AlTTAATATCATCTCECTAATTATCCCAATTCTC LTGGCC!(ETAG

Ccow Al T;li| CATCTTAATZ C'AATTATTCCCATCC] 'AJ‘ : CGTAG
rabbit A7 '1'{ r.ATACAC'I.‘CC'I'J T "AATCCTACCTGTAC] "IT "TAGCCATAG
mouse ATTAATATCCTAACECICCTCGTCCCCATTCIAI kTCGCCATAG

opossum ATTAACTTATTAATATATATTATCCCTATCCICHTAGCTGTAG

TG

X3= X16 = X33 =

(RaHQnQ0)
GELEEREED

(CT=I=I=T=

L(BHE, Bik) = f (x 882, B=) -+ f(x, s BHE, BR)

I%%X r%%x LETE, i &) o) (%ﬁ\?,@) RLHTES
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Table[{n,

D =] oy 0o Lo

11
12
13
14
15
1lé
17
18
19
20

ERN v R A

(2n-35)!

12 3}. {n, 3, 20}] // TableForm
(n=-3) 1! 2%

1

. EWR=nDEE, WRRH ORI ORI
105

945 2n—195)!
10395 1)(3)(5)(7)(”')((2”_5): ( )’1_3
135135 (n'-3)!2
2027025

34459425

654729075

13749310575

316234143225

7905853580 625

213458046676875

6190283353 629375

191898 783 962510 625

6332659870 762 850 625

221 643095476699 771875
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= T3 . IVidl N\UV Clidlll IVIUIILTC Udl UL

EHREFZHIEIT 2B IORE: ST LRRAFEDTITIALETOT I35

HHER Y HEEER X

E{R1E T -

N

P(Y]X) P(X)

NAXBRERZTHE P(X|Y)= NARX
P(Y) (1702-1761)
50x50=2500E Yt /L RRT DEBRDE =220 =3 x 1072

MCMCE(XFTR-HT5—)
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R OMERETIL

TA b~ hITHT BEH/NZ Y 2, DFESR

f(x,; 8%, 1K) =
o Y P(vle8: t1) P(v2[v8; 12) P(v3|v9; £3)
v2,v8,v9,v10
X P(v4|v10; t4) P(v5|v10; t5) P(v6|v2; t6)
v10 x P(v7|v2;t7)P(v8|v9; t8) P(v9|v10; t9) P(v10)

BRTORIVO7BRE(DF Vi) I3z é WS RE

o IEEE® (A, T,G,CD47HEH)

) =>4 L
2§ Z%E P(t) =exp(tQ) = %Qk

JCETFIL HKY EFIL L>O
(bZv>2oavilEbIRN=U 30, M) -

H @ WP

N

o 7= /BEM (2 0FE)
DayhoffE7 /L, JonesET /LG L
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ELEED

DNAD I EIZEILRENERLS
) SN HOEERFEERBRB(FH=1)TETIVEL

\
I
umbi
1]

f(ﬁ;a) 2.5

QR
I
6]

=0IN—=0O
o h

S (ELEE)

S oy %, B22) = [ f (o %, Kl 2) f (s @) d A

42



AR D LE
L(107%) = max L(#, Feit)

SEICIEAHAEEEESIEMNSZL
log L(1E) = max log L(#¥, £ &)

N7

[m@xL(*W) =) i  BriTs }

‘ ELLTEATHLRILZE

[ max max L(#HE, Bz) w4 ﬁﬁfi:’%)]
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§ REBELEDIECLEAZ

€

1=human, 2=(seal, cow), 3=rabbit, 4=mouse, 5=0possum

e

1 273 4% 5 1 73 47 2 5 1 4 3 2 5 1 2 4 3 5§

) 17.6 20.6 26.3 317
B DELHETE
W V 1 4 2 3 5 1 3 4 2 5 1 3 2 4 5
27 18.9 222 289 347
1 3 24 5 1 2 3 ¢4 5 1 2 43 5 1 4 2 3 5 1oz 43 95
\%/ \v/ \ / 7 \\/W// \N\//
7.4 20.1 254 31.6 36.2
HEIIHBAEEDE log LK) —log L(#E)
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BLED—RRIE  [FER=RREE
Akaike Information Criterion

AIC =-2log L(f)+2dimé

F1IH: WNBALE = HEROXNEH = TorOE—IZHEY
E2IH: IN\NTAIY = HEERETILDEHS

20064 R#E HBEFIF / HEEHFE
7rith BAR (Hirotugu Akaike)

HEHSUEHRT AR

BRHEOEBHIIE I ERAMEARMOmAZRLHEA-. Hit
ETFTILEIRDTF=5HDIREE Akaike Information Criterion (AIC) DIZIEIZ&LY .

T—ADHREETILOHREFESDITIHLLVASA A LEFITHIAT. 1F
W EADS K EMEL-

45



R DT —F ATy THER

1=kk, 2=(7HIL, D), 3=9H X, 4=T9 X, 5=AFRvY

1 2 3 4 5

- - ——

[
\
\

|
|
l
|
|
I
|
|
l
[
|

|

1

23 4.5

0.01

2.3 4.5

0.04

RDEERE

1 /3 4 2 5

0.02

1 4 2 3 5

0.00

1 2 43 5

0.00

1

1

4 3 2 5
0.00
3 4 2 5
0.00
4 2 3 5
0.00

\¢
Va4

L\

=
N
IN
w
ul

0.00

[y

3 2 4 5
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TUF LA ADEITE
Measuring the Randomness

f IS =
(2 | ===
‘ Ejpc!
(—RZIZEH#HZYTEOIT) ‘
’ HAOZEDLGULMEFEL TRV ?

(S5 LAR 1 ZRIEL =L

FUELRADLDSL: HETFOTHERIE (p-E) I F=(FEREE )

SNWVTENRFSGVDEETHEN WD (EEI7EHKIE A7)
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J— RSV TEDEZA

BEH X

X, X, ..

J—kR+SYT
X*l

BEREFEIIFECKEND
A

- ~ f()

i i mm) f(X)
N
ZzZV— N 2z l f()()
XZERBEROE—T 5
A
a N

= N 5 — Q f(X*l)
X *2 ‘ f(X*Z)

49



oo

T—br RSV TE=T—2h 5D E T (resampling with replacement)

n=>5
>

4?‘T 4 3 3 5 1

ZH—KMN1000FD2HBEE->THELY

SUS LICIRYET o
O
> O

10000[H]




J—RrANSYTEDIGHISE

« AT
o RIFEBOT—F ATV THESR
« RIBIDRRIBEHT DT —FRAMYTHEER

« RXYNT—OHTFIZHITHAEDT—FRASY
TR (] EinFHIFHR VT —HETE)

» BMWFEED/N\XUT (. FESXFEH)
» ZEfRfRET (B BRTERI D \7Fﬁ )




\'w\'—Ch/m\’

2
X
=

it S8 S

[ 1EB
110000000000111000100010100111...
m==) 6§ =0418
\_ )
(2EE A
100100010000101111101010100101...
=) O =0.458
. Yy
[
o
[
(10000 @ B A
001011011011100011101011000111...
=) 0" =0.420
\_ .

Cff =0.418,0.458,...,0.420
7w KELHLABIEIZY—F
INSWVADNSENZ T2.5%E97.5% D
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1=human

4=mouse

3=rabbit
(o7 7 st
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Efron (1979) Ann. Stat.  Felsenstein (1985) Evolution
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(false positives)

Mathematical reason: Hypothesis region is convex and the curvature is positive ,



Shimodaira-Hasegawa & %€
(Z ELLESED —1E)

N ~— Shimodaira (1998) AISM Shimodaira and Hasegawa (1999) Mol.Biol.Evol.
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Mathematical reason: Multiple comparisons method evaluates
the worst-case scenario and is conservative &7
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Shimodaira and Hasegawa (2001) Bioinformatics
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AU : 7)b%1’7—)b-7“—|~7<|~5‘y7°5£

Table 2. p-values for the ﬁflen constrained candidate tree topologies.

model A¢ PP1 PP2 BP AU KH SH WSH tree topology

14 0.0 0.28 0.61 0.23 0.69 0.55 0.97 0.95 ((C11.C2) (G3,G4),
15 1.5 0.49 0.14 0.28 0.60 0.46 0.83 0.86 ((G1,(G2,G3)),G4,
13 1.7 0.15 0.12 0.16 0.47 0.41 0.84 0.84 ((/C:1.0:2).G3),G4,
T4 1.9 0.06 0.09 0.13 0.45 0.33 0.84 0.81 (G1,(G2,(G3,G4)),
15 2.6 0.01 0.04 0.09 0.37 0.27 0.80 0.73 ((G1,(G3,G4)),G2,
16 6.2 0.00 0.00 0.02 0.16 0.15 0.64 0.54 (((C:1.012).G4),G3,
77 6.8 0.00 0.00 0.03 0.25 0.28 0.58 0.61 ((G1,G4) (G2 G3),
1% 8.3 0.00 0.00 0.01 0.08 0.23 0.51 0.40 (G1,((G2, GS) 64)
Ty 8.7 0.00 0.00 0.04 0.25 0.21 0.50 0.66 (((G1,G4),G2),G

Tio 9.9 0.00 0.00 0.02 0.14 0.18 0.43 0.59 (((G1,G4),G3),G

Ty 12.7 0.00 0.00 0.00 0.00 0.10 0.29 0.20 (((G1,G3),G2),G

Ti2 15.9 0.00 0.00 0.00 0.01 0.05 0.17 0.27 ((G1,(G2,G4)),G

Tiz 18.6 0.00 0.00 0.00 0.00 0.03 0.09 0.13 (G1,((G2,G4), (13)
Th4 18.8 0.00 0.00 0.00 0.00 0.02 0.09 0.09 (((G1,G3),G4),G2,
Ths 21.5 0.00 0.00 0.00 0.00 0.01 0.04 0.10 ((G1,G3),(G2,G4),

ot

— @ N ?$|n.*}M.V4 ceaf
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Note: Only the fifteen candidate tree topologies are considered; the sub-
tree topologies for G1, ..., G5 are specified in Fig. 1. Af denotes the log-
likelihood difference from the ML topology. The trees are numbered by
increasing order of A¢. PP1 denotes the PP calculated by the MCMCMC
using MrBayes with clade constraints, and PP2 denotes the PP calculated
by the BIC approximation. p-values > 0.05 are in boldface.
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Fig.2. Hierarchical dustering of individuwal ESC line expression profiles. (2) Heat map of clustering results (blue, no or very low expression; white, low expression;
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