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Abstract

To figure out the conserved genes and newly added genes at each phylogenetic level of Archaes, COG (clusters of
orthologous groups of proteins) algorithm was applied. The number of conserved genes within 9 species of Archaea
was 340 and that of 8 species of Euryarchaeota was 388. Many of conserved 265 COGs, which are specific to Archaea
and absent in Bacteria and S. cerevisine, were concerned with ‘information storage and processing’ (94 COG, 35.5%) and
"metabolism’ (82 COG, 30.9%). COGs related to these functions were assumed as highly conserved and permit peculiar
life form to Archaes. It seemed that there was some difference in "nucleotide transport and metabolism’ and there was
little difference in ‘information storage and processing’ between Euryarchaeota and Crenarchaeota. Marine-origin
Euryarchaeota showed different conserved COGs with terrestrial Euryarchaeota. Conserved COGs, related to
carbohydrate transport and metabolism and others, were different between marine- and terrestrial-origin Euryarchaeota.
Hence it was assumed that their physiology might be different. This study may help to understand the origin and
conserved genes at each phylogenetic level of marine-origin Euryarchaeota and may help in the mining of useful genes
in marine Archaea as Manco et al. (Arch. Biochem. Biophy. 373, 182 (2000)).
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% Firmicutes7} 9%, Proteobacteria7} 163, 7)€} 8% o|ith E Az A" 248 dolguoAE ARG
[1518]. Table 1& 2 AFolA BE4§ 929 nAFd o  [15). 283 COGs elo|Elo]2e] FMHIASE (fp) A
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TFolgt & 4 vk zElxr Methanobacterium  therm- He COGES ancestral gened| A fejd 2&EH fH14
oautotrophicum& 4 &2 2| M[38], Theroplasma acid- 2 71339 15].
ophilum& &t #7719 M[1], Thermoplasma volcamium-2- Yol w=A S-a el 1AL 422 0] Y Y E[18]7
A9 SR A2AAMB0] A4 feE AeE & 9% uAF 23 8FY Euryarchaeota°ﬂ st 2§
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A e 3 1519 BHE o &tk d2 4 g} 9 E9f
@A FolA CLUSTAL Z23yg o) &3 tExdun
£ E3§) distance valueZ A4F3IG1[16,24], A8 4 ATt (Bacteria)ol] &she WAl (Proteobacteria)] &
7} Aol perl language (Practical Extraction and Re- 5 dAdE FrlEe COGE dvlag Bart JATH18].
port Language)E Al&3} T B HuoME Aol obd nAldd £8te G E

Fig. 1& £ dFolAM AHSE aAE A &4 7 ¢l Euryarchaeota®] %xdi 24& 27 9AEE COGE
A EAZolth NCBI| 371 dolE o] 22 RE HA ojg3ted nwatgh. Mo g e AEs 43F9
AAF FNE 5% vAE AEE 5£335149(3,628], ° nAE, 2% 9L ( prokaryote 9% ATt (Archaca),

Table 1. Studied genomes derived from COGs database, number and percentage of conserved genes for 9 species of

Archaen.
. . Number of ~ Number of Number of ~ *  Percentage of
Phylogenetic Group Organism . 1 0
protein orthologous’  conserved genes conserved gene (%)
Crenarchaeota Aeropyrum pernix 1841 1,178 3407 28.86
Archaeoglobus fulgidus 2420 1,872 20.73
Halobacterium sp. NRC-1 2605 1,701 22.81
Methanobacterium 1873 1,388 2795
thermoautotrophicum
Euryarchaeota Methanococcus jannaschii 1786 1,330 386 2917
. Pyrococcus abyssi 1768 1,456 29.65
Pyrococciis horikoshit 1800 1,378 28.16
Thermoplasma acidophilum 1482 1,230 3154
Thermoplasma volcanium 1499 1,243 3121

UNumber of orthologous was determined after compared 43 genomes of Archaea, Bacteria and S. cerevisige.
Conserved genes in the phylogenetic level of Archaea.
IConserved genes in the phylogenetic level of Euryarchaeota.
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Fig. 1. Flow chart to determine conserved genes within
marine Euryarchaeota using microbial genomes.
Forty-three microbes cover 1 Saccaromyces cere-
visize, 9 archaebacteria, 16 proteobacteria, and 17
other eubacteria (see reference 11 and 14).
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(18].
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16.26% (Bacillus halodurans)$} 41.27% (Mycobacterium leprae)
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AEE - Y - oo - o)A 3}

Information storage and processing

J 52 5 3 J © Translation, ribosomal structure and biogenesis
4 1 20 1 K : Transcription
L 3 1 1 5 L : DNA replication, recombination and repair

MO PR AR EA
Cellular processes

NO 1 D : Cell division and chromosome partitioning
T 4 O : Posttranslational modification, protein turnover, chaperones
M 4 M : Cell envelope biogenesis, outer membrane
P 4 2 N : Cell motility and secretion
D 1 1 1 P : Inorganic ion transport and metabolism
0 2 1 3 T : Signal transduction mechanisms
N 3 L]
MO PR AR EA
FE 1 Metabolism
| 5 C . Energy production and conversion
Q 2 G : Carbohydrate transport and metabolism
E 14 E : Amino acid transport and metabolism
H 23 F : Nucleotide transport and metabolism
C 1 14 H : Coenzyme metabolism
F 1 1 15 1 I: Lipid metabolism
G 1 8 Q : Secondary metabolites biosynthesis, transport and catabolism
MO PR AR EA
S 13 7 Poorly characterized
R m 38 R General function prediction only
MO PR AR EA S : Function unknown
MG (1]
EJ 1 Mixed function and Others
EM 1
GEPR 1
Mi 1
MJ 1
FGR 1
FR 1
KR 1
QR 1
JE 1
oC 1

MO PR AR EA

Fig. 2. Conserved functions and the number of new COGs added at each phylogenetic group. Definition of functions
were followed as COGs (http://www.ncbinlm.nih.gov/COG/). Abbreviations in horizontal form represent
phylogenetic group (MO; 42 prokaryotes and 1 eukaryote, PR; 42 prokaryotes, AR; 9 Archaea, EA; 8
Euryarchaeota).
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LK] 1 Information storage and processing
J 8 114 6 J ' Translation, ribosomal structure and biogenesis
K 6 26 6 K : Transcription
L 7 24 4 L : DNA replication, recombination and repair

TA EA MA

Cellular processes

NO 1 D : Celt division and chromosome partitioning
T 4 2 O : Posttranslational modification, protein turnover, chaperones
N 7 4 M : Cell envelope biogenesis, outer membrane
M 3 4 N : Cell motility and secretion
D 2 3 P : Inorganic ion transport and metabolism
P 8 6 6 T : Signal transduction mechanisms
0 5 16 2

TA EA MA
1Q 1 Metabolism
HC 1 C : Energy production and conversion
EH 4 G : Carbohydrate transport and metabolism
EF 1 E : Amino acid transport and metabolism
G 6 4 F : Nucdeotide transport and metabolism
I 4 5 1 H : Coenzyme metabolism
Q 1 2 1 1: Lipid metabolism
G 6 9 4 Q : Secondary metabolites biosynthesis, transport and catabolism
E 19 14 3
H 23 24 1
C 17 19 2
F 5 27 1

TA EA MA
S 26 20 9 Poorly characterized
R 24 48 11 R @ General function prediction only

TA EA MA S : Function unknown

Mixed function and Others

CP 1
HJ 1
PH 2
TQ 1
MG 1
HER 1
GER 1
EHR 1
LR 1
LO 1
HR 2
ER 1

TA EA MA

Fig. 3. Conserved functions and the number of new COGs added at Euryarchaeota, marine Euryarchaeota, and terrestrial
Euryarchaeota. Definition of functions were followed as COGs (http://www.ncbi.nlm.nih.gov/COG/). Abbre-
viations in horizontal form represent 8 Euryarchaeota (EA), 5 marine Euryarchaeota (MA), and 3 terrestrial
Euryarchaeota (TA). COGs of mixed function and others added at microorganism and Archaea level were omitted.
They are EJ, EM, FGR, FR, GEPR, JE, KR, MI, MG, M], OC, and QR (see Fig. 2).
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