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Sixty-two conserved orthologous groups (OGs) of proteins, in 63 prokaryotes and seven eukaryotes
were analyzed to identify essential proteins in the mitochondria of eukaryotes, and their counterparts
in prokaryotes. Twenty OGs were common in eukaryotic mitochondria, and all were translation
related. Encephalitozoon cuniculi, an obligate parasitic eukaryote, shares no common mitochondrial OGs
with the other 69 organisms. Seventeen conserved OGs were mitochondria related in the 69 organisms.
Mitochondria related- and nonrelated-OGs were divided into prokaryotic genomes (z<0.001, paired
ttest) unlike eukaryotic genomes in the distance value analysis. The most commonly conserved mi-
tochondria-related OG was COG0048-KOG1750 (ribosomal small subunit S12), whereas it was
COG0100-KOGO0407 (ribosomal small subunit S11) in nonrelated OGs. These results could be applied
in scientific research to determine phylogenetic relationships and in areas such as drug development.
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Table 1. Origin of studied 70 genomes. Abbreviations are shown in parenthesis of Eucarya

Phylogenetic Group

Organism

Aerqpyrum pernix, Archaeoglobus fulgidus, Halobacterium sp. NRC-1, Methanobacterium thermoautotrophicum,
Methanococcus jannaschii, Methanopyrus kandleri, Methanosarcina acetivorans C2A

Archaea

Pyrobaculum aergphilum, Pyrococcus abyssi, Pyrococcus horikoshii

Sulfolobus tokodati, Thermoplasma acidophilum, Thermoplasma volcanium acidophilum,
Thermoplasma volcanium, ~Methanosarcina acetivorans C2A

Agrobacterium tumerfaciens, Aquifex aeolicus, Bacillus halodurans, Bacillus subtilis, Borrelia burgdorferi,
Brucella melitensis, Buchnera sp. APS, Campylobacter jguni, Caulobacter crescentus, Chlamydia pneumoniae
Chlamydia trachomatis, Clostridium acetobutylicum, Corynebacterium glutamicum, Deinococcus radiodurans,
Escherichia coli K12, E. coli O157:H7 EDL933, E. coli O157:H7, Fusobacterium nucleatum,

Bacteria

Haemaophilus influenzae. Helfcobacter pylori 26695, Helicobacter pylori 199, Lactococcus lactis, Listeria innocua,

Mesorhizobium loti, Mycobacterium leprac M. tuberculosis CDC1551, Mycobacterium tuberculosis H37Rv,
Mycoplasma genitalium, M. pneumoniag M. pulmonis, Neisseria meningitidis MC58, N. meningitidis 72491,
Nostoc sp., Pasteurella nulfocids, Pseudomonas aeruginosa, Ralstonia solanacearum, Rickettsia prowazek,
Salmonella typhimurium, Sinorhizobium meliloti, Staphylococcus aureus, Streptococcus pneumoniag

St. pyogenes, Synechocystis sp., Thermotqga maritima, Treponema pallidum, Ureaplasma urealyticum,

Vibrio cholerag Xylella fastidiosa, Yersinia pestis

Arabidopsis thaliana (A), Caenorhabditis elegans (C), Drosophila melanogaster (D),

Eucarya
Schizosaccharomyces pombe (Sp)

Encephalitozoon cuniculi (E), Homo sapiens (H), Saccharomyces cerevisiae (Sc),
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Table 2. Comparison and functional category of conserved orthologs between prokaryotic COG and eukaryotic KOG. Mitochondrial
KOG was bolded. C and K in front of number is COG and KOG, respectively. Underlined KOGs are not distributed in

all seven

Functional category

Function : Match of (COG #, KOG #s)

Cell cycle control, mitosis

- ATPase for cell cycle control
and meiosis

(C0037, K2840)

tRNA synthetase
(Co016, K2783, K2784)
(C0143, K0436, K1247)
(C0495, K0435, K0437)
(C0018, K1195)
(C0441, K1637)

(C0008, K1147, K1148, K1149)

(C0180, K2145, K2713)
C0060, K0433, K0434)  (C0072, K2472, K2783)
C0162, K2144, K2623)  (C0442, K2324, K4163)
C0012, K1491) (C0013, K0188)

(

C0124, K1936) C0172, K2509)

Ribosomal large subunit
(C0088, K1475, K1624)
(C0094, K0397, K0398)
(C0197, K0857, K3422)
(C0081, K1569, K1570)

C0080, K0886, K3257)
C0090, K0438, K2309)
C0097, K3254, K3255)
C0200, K0846, K1742)

(

(

(

(

(C0525, K0432)
( (C0087, K0746, K3141)
( (C0091, K1711, K3353)
( (C0102, K320, K3204)
(

(C0244, K0815, K0816) C0089, K1751)

Translation (C0093, K0901) (C0198, K3401) (C0255, K3436) EC0256, K0875)
Ribosomal small subunit (C0048, K1749, K1750) (C0052, K0830, K0832)
(C0103, K1697, K1753) (C0184, K0400, K2815) (C0185, K0898, K0899)
(C0199, K1741, K3506)
(C0049, K3291) (C0092, K3181) (C0096, K1754)
(C0098, K0877, K2646) (C0099, K3311) (C0100, K0407)
(C0522, K3301, K4655)
Translation elongation factor (C0480, K0465, K0467, K0468, K0469)  (C0231, K3271)
Translation initiation factor (C0532, K1144, K1145) (C0361, K3403)
rRNA methylation (C0030, K0820)
Polypeptide chain release factor — (C2890, K2904, K3191)
Transcription RNA polymerase (C0085, K0214, K0215, K0216) (C0086, K0260, K0261, K0262)

Exonuclease

C0258, K2518, K2519, K2520)

Replication, recombination

and repair
DNA polymerase

(
Topoisomerase (C0550, K1956)
(C0592, K1636)

Posttranslational modification,
protein turnovers

Protease with possible chaperon activity

(C0533, K2707, K2708)

General function

. EMAP domain
prediction only

(C0073, K2241)

Intracellular trafficking Preprotein translocase

(C0201, K1373)

and secretion Signal recognition GTPase

(C0541, K0780) (C0552, K0781)
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Fig. 3. Distribution of 62 common OGs by distance value with
(A) orthologs and paralogs and (B) orthologs only.
Symbol <> and 4 represents mitochondria- related and
nonrelated OGs, respectively. See Fig 1 for distance
value.
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