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The purpose of this study was to identify conserved metabolic pathways and conserved genes in
122 archaeal species. Using the Clusters of Orthologous Groups of Proteins (COG) database of con-
served genes, we analyzed whether 122 species had 63 COG metabolic pathways, the 822 COGs
that compose them, and a total of 4,877 COGs. Archaeal ribosomal proteins were the most conserved
in metabolic pathways. 46 COGs in seven COG pathways among 63 COG pathways and 20 COGs
in others were conserved in 122 species. Some genes involved in cell wall and extracellular matrix
synthesis, replication, transcription, translation, and protein metabolism were common to all 122
species. When the distance value of the phylogenetic tree was analyzed at the phylum level or class
level, the average was the lowest at the class Halobacteria of the phylum Euryarchaeota. Standard
deviation was high for the class Nitosospharia of the phylum Thaumarchaeota, the unclassified members
of phylum Thaumarchaeota, the class Halobacteria of the phylum Euryarchaeota, the class Thermoprotei
of the phylum Crenarchaeota, and other archaea. Furthermore, the phylogenetic tree analysis revealed
six commonalities. The results of this study, along with data on conserved genes, could be used
for drug development and gene selection for strain improvement.

Key words : Archaca, COG (cluster of orthologous groups of proteins), conserved gene, conserved

metabolic pathways

M E

Aske] ARz Thepd YA So] Xl EAHH, A
BAE Aol FATALS M4 Fo| @ 74 FE Aol

ATk HPAE Aolol X FEH 5S¢ FHshE wu
o) Aok fHAte] WM Lol FetE FEH FHAE

J g & F o FERYY e TR
(speciation)Z o8] A4 FEo B3 YT 7S
HeEt =, ol¥ fFHA59] IS orthologetil shal

5L orthologoll A el 31 3%F(species) ©]/doll &3}
= @ d el H3E COG (Cluster of Orthologous Groups
of proteins)2tal 3™, 2023 @A 4,87771¢] COG7} B
HATH13]. ol BEH Akl tha A< Aol
3t 72 ARE AAND B oy} 58 SHA &
o MAe 98l delste Ak Ao &k ofof
F NEE] Sl 82 5 e FE8AEE Ut

*Corresponding author

Tel : +82-51-999-5624, Fax : +82-51-999-5628

E-mail : slee@silla.ac.kr
This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Lee9} Lee [11]E QAAYE 71170 HEHQ FAAES
B 13} HA] ribosomal large subunit®! COG0080°] 71171 2]
HAYEof FFZHolgtal BT Leed} Lee [12]=
168712 A 25 14702 REF FH1A7F AL o]
=°] tRNA synthetase, ribosome, phe-tRNAS] A H H7]
Ql wybutosine &4 &4, (RNA &3 Ado] Aok B
TERA T spe] Foll 10719 57} AMEEE T FY
T 168710 A& 225§, COG H ol B M| o] &
202019 JHOIE Hof 150l 17]9] #F2 s 1,309
T =S 25t Atk Leed} Lee [13]= 1,309%
o] YARYE] HHF3 COGES HA3FH AL, Lee 5[14]
L 1,309F9] YFE tF COG A5ANA A A= &
AhALS 63719 COG pathwaysol thall BT}

AP =S o3, 4, 712# o] SHNA Fagh
AFogeltt o5 7 Aol et AHAYES =4
st A 72 A2 A oA HeE FaEka T14]. A
2 AT HxE EJT APAR LA o] o=
Al-Eol Wt olall= A2 ABAE olsfist=d =
o] & Ao}, B AT A= 2023 d EA2] COG A=
TFAskE 12259 aAlFl tiste 63712 COG path-
ways9} o] A2ES A5 822719 COGS S T3}
o IAMHFH A g olalE EoluA 3HH T

|

il n{o }ﬂ EN



M2 o e

=M=

COG Hlo|EjH| o] ~E Lee$} Lee [12]9] Rl 3o d
o|Ex o] 2023 d @A7MA] FA =& dHolElHo]~E o]
B3H[13] 1,309F 2] HAVE FAAA TAFS F 122
ZFola HA COGE 4,877/NA. DAl &3H= 122
T A5 E At B0 o] &3kt AU A
7ol 7FAE= COG Hlo|gH| o] ~5 AJd& %, COG path-
ways [6]° 41 A& 63711 9] tHALE 29} 63719 tHAME 2 S
T3t 822719 COG FTFES st on, HA
4,877712] COG EHlolElHlo] 2~olA Z uA|Fo] 7HA =
COG E< 23t4th Table 1. AAE BA43 122F 9]
AN FE Z(class) TEONA 2 FS T35k F(species)
o] M55 YR k. E(phylum)S It QA7 7
S ¢ 4 gl L Euryarchaeota &9l 17](EU-Ot), Thau-
marchaeota =l 57](TH-Ot)$ T} Crenarchaeota =] 257}
Z2 E5 Thermoprotei 74l 43}5 tH(Table 1).

CHAIH 29} CHAIEZE COG 2t 048 mot

Perl Z2 33 A4 =2 7L o] &35l COGH A
AN 3= 637019 COG pathways [6], 6371 COG pathways
o Zt QIAA RS FAEE 822719 COGeF A A 487770
o] COGE 7t IAH Fol Bfst=AE T3ttt

Journal of Life Science 2023, Vol. 33. No. 11 945

CHAIEE orthologsE 0|88 REA 24

HAEE D YAAHE dd BEF {1 59 &2
ASTE AAAsEh JE= e BEAOY AMTE

MegaX ZZ2I1A[10]2E THFH IR E 53

3k & Maximum-Likelihood®} Neighbor-joining W o2
Presence-Absence phylogenetic treeS A Z3FHTE oo
bootstrap method (n=1,000)5 ©] &3} 31 distance values
93 A= nwk Y- AAJ3HATE. Distance value Den-
droscpe ZZ 1% (ver 0.8)2.F A [7], distance value
of B4l dd Z2Ide o] &3t E coli K12
MG16557 5% outgroup 2.2 AA3IAT.

N
il

ud 4
o

A1 o1&

COG pathways?| 2t 74 COGY
Lee 5{14]2 €3 shte] A 27} B {38k COG
o MFE BERE 3 7 AldFo] BAshs sl tA
AZ29 COGY NTFE EAZ 3te HAHEZE 7489
MAE AAEEA 63718 COG pathway [7]9] T3l 1,309
Zo| AYAYE 7} LA ho] 0~26715r0] AT “thALA
2 FAHAES BolH, 63719 COG pathways E5ol 23
o] A= ;A Eo] 53Folgta HustHA AP =S
T3h= COG7E ¢AsHA] ot= A} o] Foix| &= 7}
TS B9ttt =ik HAME 2 g BRE T
UAE MetaCycol A= shto] thALE ZelA w3l a45

Table 1. Phylogenetic groups, numbers of studied species, and average (range) among 63 COG pathways, 822 COGs in 63

COG pathways, and all 4,877 COGs

Phylogenetic Group

Average (range) among

Phylum Abbre- # of 63 COG 822 COGs of 63
.. . S0
viations species 114
Class P pathways COG pathways all 4,877 COGs
Crenarchaeota
Thermoprotei CR 25 11.1(3~18) 364.9 (273~428) 947.1(783~1119)
Euryarchaeota
Archaeoglobi EU-A 3 14.3(13~15) 405.7(399~411) 1232.0(1176~1266)
Halobacteria EU-H 31 20.3(16~25) 424.4(339~450) 1253.6(860~1413)
Methanobacteria EU-Mb 5 13.0(11~15) 385.0(372~405) 1071.4(960~1212)
Methanococci EU-Mc 4 12.8(11~14) 392.5(386~399) 1115.8(1068~1150)
Methanomicrobia EU-Mm 18 15.6(11~19) 401.4(373~443) 1257.2(1084~1521)
Methanopyri EU-Mp 11 381 1044
Thermococci EU-Tc 4 11.8(10~15) 368.8(352~395) 1097.3(1077~1108)
Thermoplasmata EU-Tp 10 12.9(11~16) 371.4(354~396) 916.2(861~966)
Candidatus Nanohaloarchaea EU-Cn 1 2 326 918
Other EU-Ot 1 8 202 557
Candidatus Thermoplasmatota EU-CT 1 9 431 1309
Thaumarchaeota
Nitrososphaeria TH-Ns 7 14.0(13~15) 368.3(342~386) 927.9(811~1026)
Others TH-Ot 12.5(12~13) 360.6(346~370) 862.3(827~895)
Other Archaea OA 6 11.7(3~23) 240.7(126~433) 661.3(332~1289)
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Table 2. Common COGs and their metabolic pathways in all 122 archaebacteria (Numbers in parenthesis are total numbers
of conserved genes in that pathway and prefix COG was omitted in COGs columns)

Pathways COGs
P53 Ribosome 30S subunit (21) 0092, 0522, 0098, 0049, 0096, 0103, 0051, 0100, 0099, 0186, 0185
P05 Archaeal ribosomal proteins (33) 1358, 2058, 1727, 2147, 1997, 1631, 1890, 1471, 2007, 2238
P54 Ribosome 50S subunit (33) 0081, 0087, 0088, 0244, 0080, 0093, 0089, 1841
P04 Aminoacyl-tRNA synthetases (26) 0017, 0124, 0180, 0423, 0495
P61 Translation factors (21) 0532, 1093, 1503, 5256, 5257
P51 RNA polymerase (16) 0086, 1095, 1761
P63 tRNA modification (59) 3642, 2520
Others 0012, 0024, 0201, 0250, 0258, 0358, 0417, 0438, 0459, 0464, 0638, 1047,

1094, 1405, 1899,

1936, 1990, 2101, 2511, 2890,
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Fig. 1. The ML (Maximum Likelihood) phylogenetic tree of 122 species of archaebacteria in the sense of presence or absence
of the union 822 COGs consisting 63 COG pathways (A), and all 4,877 COGs (B).
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