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Tree of Life

Encephalitozoon cuniculi
Plasmodium yoelii

Plasmodium falciparum

Schizosaccharomyces pombe

Neurospora crassa
Oryza sativa

Thermoplasma acidophilum
Halobacterium sp
Methanosarcina mazei

Methanosarcina acetivorans
Methanobacterium thermoautotr
Methanopyrus kandleri
Pyrococcus abyssi
Pyrococcus horikoshii
Pyrococcus furiosus

Methanococcus jannaschii
Archaeoglobus fulgidus
Pyrobaculum aerophilum

Sulfolobus solfataricus
Aeropyrum pernix

Synechocystis sp
Anabaena variabilis

Chlamydophila caviae
Chlamydia muridarum
Chlamydia trachomatis
Chlamydophila pneumoniae

Chlamydia pneumoniae
Borrelia burgdorferi

Treponema pallidum
Leptospira interrogans
Fusobacterium nucleatum

Clostridium tetani
Clostridium perfringens

Clostridium acetobutylicum
Streptococcus mutans

Streptococcus pyogenes
Streptococcus agalactiae

Lactococcus lactis
Lactobacillus plantarum

Listeria monocytogenes
Listeria innocua
Enterococcus faecalis
Staphylococcus epidermidis
Staphylococcus aureus

Bacillus subtilis
Bacillus cereus

Bacillus anthracis
Helicobacter pylori

Helicobacter hepaticus
Campylobacter jejuni

Mycoplasma pulmonis
Ureaplasma urealyticum
Mycoplasma penetrans

Mycoplasma pneumoniae

Mycoplasma gallisepticum
Chlorobium tepidum

Bacteroides thetaiotaomicron
Rickettsia prowazekii
Rickettsia conorii

Caulobacter crescentus
Bradyrhizobium japonicum

Sinorhizobium meliloti
Mesorhizobium loti
Brucella melitensis
Agrobacterium tumefaciens

Ralstonia solanacearum
Nitrosomonas europaea
Neisseria meningitidis

Xylella fastidiosa
Xanthomonas campestris
Xanthomonas axonopodis

Pseudomonas syringae
Pseudomonas putida

Pseudomonas aeruginosa
Coxiella burnetii

Shewanella oneidensis
Vibrio vulnificus

Glossina brevipalpis
Yersinia pestis

Wigglesworthia glossinidia
Buchnera aphidicola

Pasteurella multocida
Deinococcus radiodurans

Streptomyces coelicolor
Streptomyces avermitilis

Mycobacterium leprae
Mycobacterium tuberculosis

Mycobacterium bovis
Corynebacterium glutamicum

Bifidobacterium longum
Thermotoga maritima

E

A

B

Arabidopsis thaliana←−

Caenorhabditis elegans←−

Streptococcus pneumoniae←−

Drosophila melanogaster←−

Escherichia coli←−

Haemophilus influenzae←−

Homo sapiens←−
Mus musculus←−

Mycoplasma genitalium←−

Saccharomyces cerevisiae←−

Vibrio cholerae←−
Vibrio parahaemolyticus←−

Salmonella typhi←−
Salmonella typhimurium←−
Shigella flexneri←−
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Extended Central Dogma

DNA RNA Protein

Selection

Selection

Transcription

Rev. Transcription

Translation

Replication
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3-Dimensional DNA Sequence Space

A C

G

T
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6-Dimensional DNA Sequence Space

AA

CA

GA

TA

AC

CC

GC

TC

AG

CG

GG
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9-Dimensional DNA Sequence Space

AAA CAAGAATAA
ACA CCAGCATCA

AGA CGAGGATGA ATA CTAGTATTA
AAC CACGACTAC
ACC CCCGCCTCC

AGC CGCGGCTGC ATC CTCGTCTTC
AAG CAGGAGTAG
ACG CCGGCGTCG

AGG CGGGGGTGG ATG CTGGTGTTG
AAT CATGATTAT
ACT CCTGCTTCT

AGT CGTGGTTGT ATT CTTGTTTTT
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Condition for Evolution by Natural Selection

df ≥ 1

d = (|A| − 1)l : dimensionality of sequence space
|A|: size of Alphabet (4 for nucleotide, 20 for protein)
l: length of sequence

f : fraction of functional one-mutation neighbors
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