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Conservative Genes among 1,309 Species of Prokaryotes
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As a result of applying the COG (Cluster of Orthologous Groups of Protein) algorithm to 1,309
species to confirm the conserved genes of prokaryotes, ribosomal protein S11 (COG0100) was
identified. The numbers of conservative genes were 2, 5, 5, and 6 in 1,308, 1,307, 1,306, and 1,305
species, respectively. Twenty-nine genes were conserved in over 1,302 species, and they encoded
23 ribosomal proteins, 3 tRNA synthetases, 2 translation factors, and 1 RNA polymerase subunit.
Most of them were related to protein production, suggesting the importance of protein expression
in prokaryotes. The highest conservative COG was COGO0048 (ribosomal protein S12) among the
29 COGs. The 29 conserved genes usually have one protein for each prokaryote. COG0090 (ribosomal
protein L2) had not only the lowest conservation value but also the largest standard deviation of
phylogenetic distance value. As COG0090 is not only a member of the ribosome, but also a regulator
of replication and transcription, it could be inferred that prokaryotes have large variations in COG0090
to survive in various environments. This study could provide data necessary for basic science, tumor

control, and development of antibacterial agents.
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Table 1. The range of species in 1,309 prokaryotes and the
number of conservative COGs

Range of species # of COGs
1,300~1,309 39
1,200~1,299 105
1,100~1,199 224
1,000~1,099 156

900~999 168
800~899 150
700~799 188
600~699 177
500~599 239
400~499 259
300~399 375
200~299 548
100~199 1,015

0~99 1,234

Sum 4,877
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Table 2. Conserved COGs in more than 1,302 out of 1,309 species of prokaryotes

# of prokaryote COG ID COG name (Function) # of proteins
1,309 COGO0100 Ribosomal protein S11 1,312
1308 COG0049 Ribosomal protein S7 1,313
’ COGO0051 Ribosomal protein S10 1,342

COGO0088 Ribosomal protein L4 1,309
COG00%4 Ribosomal protein L5 1,310
1,307 COG0096 Ribosomal protein S8 1,307
COGO0098 Ribosomal protein S5 1,308
C0OG0197 Ribosomal protein L16/L10AE 1,308
COG0008 Glutamyl- or glutaminyl-tRNA synthetase 2,623
COG0080 Ribosomal protein L11 1,317
1,306 COG0090 Ribosomal protein L2 1,306
COG0093 Ribosomal protein L14 1,307
COGO186 Ribosomal protein S17 1,308
COG0048 Ribosomal protein S12 1,308
COG0087 Ribosomal protein L3 1,308
1305 C0OG0092 Ribosomal protein S3 1,305
’ COG0097 Ribosomal protein L6P/L9E 1,306
COG0099 Ribosomal protein S13 1,313
COGO185 Ribosomal protein S19 1,305
COGO0103 Ribosomal protein S9 1,309
COGO0172 Seryl-tRNA synthetase 1,374
COGO0180 Tryptophanyl-tRNA synthetase 1,422
1304 C0G0202 DNA-directed RNA polymerase, alpha subunit/40 kD subunit 1,367
’ COG0256 Ribosomal protein L18 1,304
COGO0361 Translation initiation factor IF-1 1,456
COG0480 Translation elongation factor EF-G, a GTPase 2,100
C0OG0522 Ribosomal protein S4 or related protein 1,362
1303 COG0081 Ribosomal protein L1 1,303
’ CO0G0244 Ribosomal protein L10 1,304

2 1,306% 0 BE3ATH o]AL2 COG A5 HAl &
go|Ed A FLT Fo] YA EL YT G I
Aol A COG0100°] §le AW EE] AAL A5 5

o7 AdH A

BEH RHEA 7S

Table 29 AFtd 1,309F2] dAAYE FolA 1,303

% ool Ay EANA FAE = 29712 COGsE2] 7]
T2 YERT 2071 oA EliE FA3o dAR
Z1o] 2370 2 H Sl tRNA synthetase 370, DAL} MY
A R MY g A-E CcoGrE 2 179 1,309F 9]
LAY E mFo] FEZHQ COGE COGO100 (Ribosomal
protein S11) 17011, 1,308 &< LA A= 271, 1,307
Zo AW E 57 5 8719 COGs= EF BHE F
doll #AAE COGsHTE 2 AdTEE BEH COGso
o A ribosomal subunitE T4 3= COGES = H]-&

o] E=SkTH13, 16].

YRES TS dNAEL PRE 74 B
ol9]e] 7l'ex Fst=H2] 1,309F 2] dMYE 5
ol 4 ¥ =] = ribosomal protein S112 topoisomerase 11
£ xR 3= HETY Y dABA &S st [1],
Holg] 9] FA7 7 3= Aol JUTH19]. 1,308
Fo] JAFENA TAE = COG0049 (Ribosomal pro-
tein §7)2 A HEHE p53e Eaf M T HEALS
F=goh4]. wekA coGel tig ATE S FA8A
Mt A Tl A7 FollE AHEE F AS Ao
k. COGO0172 (Seryl-tRNA synthetase)S T O 2 3=
G E 18] A seryl-tRNA synthetase= 23] A 3
o] 7ZHAIR] FAPHAE Aol JTH6]. COG0480- ribo-
some-interacting GTPase 2 ] B4 508 AT A 9] F+x
W slol] Hoste] R A g Ao A -
= o g20].



466 BB USBIX] 2022, Vol. 32. No. 6

0.35 A 0[190

0.30 Ao
54 0103 * 0361
g e
=z 0254 e T
£ =1 e Ty N
- e “
g0204 0190 4 0093 b
g wst T 5 i o .
% i s o 0480 g9 0256 0522 «%8% % Fig 1. Average and standard deviation of dis-
3 015 0048 _" o 4w o0gt } '
k= 0187 T 0080° o8 0096 e 0097 Lo : tance values obtained from phyloge-
T 010 - 01%5":20.93.0;‘@ o100 o 0197 | 30 o o 0088 : netic trees of 29 COGs distributed
@ 0020 P : R ;mﬂs.; “o00s ¢ 0244 5 among 1,309 prokaryotes. Inside the

0.05 - 010 00().,}:,9244 ) dotted line is the enlarged part of the

T e e s - cluster of dots and prefix COG prior
0.00 T T T T T to each number was omitted.
0 02 04 06 0.8 12
Average of distance

BEN FAXIAM FlE SRS HEY B Aol A mhebd 29709 BEZ COGse 1,309

A BE 98B $AEE= CO0G0100 o] AAMAEo] Thekg Ao Bxslriags, A EA4)
Clostridia 72| Caldanaerobacter subterraneus MB42} Sl YA E-9 /‘g‘:ﬂﬁﬂ/‘“ﬂ] ZEZROR HQ3 Ao
Carboxydocella thermautotrophica 41 “1#] 3L a-Proteobac- 2 AdHT dAje AEEY HEA FHAXES 94
teria 742 Croceicoccus marinus E4A90) A WF Tl 2] o] A A7 = eri]-(spematlon)OV] ARE A9 AY,
208 AR UA 130650 AAABAAE 2 AE B0l ulHlo] met $HAE b 5 AR
shubst EASHGTh 270 0] B doel gl W NG A A8HEUAY, COG FAL] obd TE FA
d2 H 49 distance valueE Hol& 3FLtEE M el g f-2AL2] 7] 5t A @ 3 (gene displacement)ol] 2] gk
REQES o3t Aoz EORUUHI3]. Ao REH FAAE AR

Fig. 1°] 1,303F o]d2] =l BEH] 2} COG AT B eA AP A Gl Bagt FAARE FFHU
o] THUSO|(Table 2) o}t HAR AFSFE A4 oh 2 d7E AAEe] A3k BAA nEd
g o A== distance valueE9] B EFHAE o] 279} 7% 5 7124 A8 AEH A JHF
Zk COGe| #EE YERHUT Fig. 104 HAHREL A W FF AT} FEMNIU(L, 4= EEE F AS
WHE SRS Fie Zolth e Hwe 24 COGE Aol
TASE GUASY ofrlimal AAE Aol fAHY
°of ¥t s, & Feda= ML FAE ol The Conflict of Interest Statement
@ AR w2 A0 §A £xdve ZleE g
FANA 2 AP EHT T o BErhoo] 1Y ¥ The authors declare that they have no conflicts of interest
Z Ho| &£yl g2AU £33 §AA g Alg R with the contents of this article.
AT = Aok BAUE 29709 COGs FollAl BE

Aol 7H4 E& COGE COG0048 (Ribosomal protein
S12) o, BEAHo] 7k ¥F& COGE COG0090
(Ribosomal protein L2) ©] %1t} Ribosomal protein L2+
gl Al DNA EA9} ALY 24A25 98-S 3
=[5, 17] B 3o EA5ts AW EANA =3
7I's< b, ZF g0l sHA| A-gE o] ofriAik A
zo)7F F AR Ee Hd ¥ BFEAUAE YEE
A BAZE & Aotk COG0244 (Ribosomal protein
L10)= 7}% @ FFUAE BT FFUAE FS
AL AEEY FAEOl AU Z2 Y stHA
distance Value7]- Aod oz AT X LR EA
T Zloltt

References

1. Awah, C. U., Chen, L., Bansal, M., Mahajan, A., Winter,
J., Lad, M., Warnke, L., Gonzalez-Buendia, E., Park, C.,
Zhang, D., Feldstein, E., Yu, D., Zannikou, M., Balyasni-
kova, I. V., Martuscello, R., Konerman, S., Gyérffy, B.,
Burdett, K. B., Scholtens, D. M., Stupp, R., Ahmed, A.,
Hsu, P. and Sonabend, A. M. 2020. Ribosomal protein S11
influences glioma response to TOP2 poisons. Oncogene
39, 5068-5081.

2. Ba, Q., Li, X., Huang, C., Li, J., Fu, Y., Chen, P., Duan,
J., Hao, M., Zhang, Y., Li, J., Sun, C., Ying, H., Song,
H., Zhang, R., Shen, Z. and Wang, H. 2017. BCCIPB mod-
ulates the ribosomal and extraribosomal function of S7
through a direct interaction. J. Mol. Cell Biol. 9, 209-219.



10.

11.

12.

Lee, J. H, Park, H. K. and Kim, C. M. 2002. Investigation
of conserved gene in microbial genomes using in silico
analysis. J. Life Sci. 5, 610-621.
Kimura, M. 1983. The neutral theory of molecular evolu-
tion. Cambridge University Press.

Journal of Life Science 2022, Vol. 32. No. 6 467

. Bar-On, Y. M., Phillips, R. and Milo, R. 2018. The bio- 13. Lee, D. G. and Lee, S. H. 2015. Investigation of con-
mass distribution on earth. PNAS. 115, 6506-6511. servative genes in 711 prokaryotes. J. Life Sci. 9, 1007-
. Chen, D., Zhang, Z., Li, M., Wang, W., Li, Y., Rayburn, 1013.
E. R, Hill, D. L., Wang, H. and Zhang, R. 2007. 14. Lee, D. G. and Lee, S. H. 2019. Conserved genes and
Ribosomal protein S7 as a novel modulator of p53-MDM?2 metabolic pathways in prokaryotes of the same genus. J.
interaction: binding to MDM2, stabilization of p53 protein, Life Sci. 1, 123-128.
and activation of p53 function. Oncogene 26, 5029-5037. 15. Lee, D. G. and Lee, S. H. 2021. Investigation of COGs
. Chodavarapu, S., Felczak, M. M. and Kaguni, J. M. 2011. (Clusters of Orthologous Groups of proteins) in 1,309 spe-
Two forms of ribosomal protein L2 of Escherichia coli cies of prokaryotes. J. Life Sci. 9, 834-839.
that inhibit DnaA in DNA replication. Nucleic Acids Res. 16. Lee, D. G, Lee, J. H,, Lee, S. H,, Ha, B. J,, Kim, C. M.,
39, 4180-4191. Shim, D. H., Park, E. K., Kim, J. W., Li, H. Y., Nam,
. Dai, W., Zhao, F., Liu, J. and Liu, H. 2020. Seryl-tRNA C. S., Kim, N. Y., Lee, E. J,, Back, J. W. and Ha, J. M.
synthetase is involved in methionine stimulation of B-ca- 2005. Investigation of conserved genes in microorganism.
sein synthesis in bovine mammary epithelial cells. Br. J. J. Life Sci. 15, 261-266.
Nutr. 123, 489-498. 17. Rippa, V., Cirulli, C., Di Palo, B., Doti, N., Amoresano
. Galperin, M. Y., Kristensen, D. M., Makarova, K. S., Wolf, A. and Duilio, A. 2010. The ribosomal protein L2 interacts
Y. L. and Koonin, E. V. 2019. Microbial genome analysis: with the RNA polymerase alpha subunit and acts as a tran-
the COG approach. Brief Bioinform. 20, 1063-1070. scription modulator in Escherichia coli. J. Bacteriol. 192,
. Galperin, M. Y., Wolf, Y. I, Makarova, K. S., Alvarez, 1882-1889.
R. V., Landsman, D. and Koonin, E. V. 2020. COG data- 18. Saha, A., Dutta, S. and Nandi, N. 2020. Inhibition of seryl
base update: focus on microbial diversity, model organ- tRNA synthetase by seryl nucleoside moiety (SB-217452)
isms, and widespread pathogens. Nucleic Acids Res. 49, of albomycin antibiotic. J. Biomol. Struct. Dyn. 38, 2440-
D274-D238]1. 2454,
. https://ftp.ncbi.nih.gov/pub/COG/COG2020/data/ 19. Wang, R., Du, Z., Bai, Z. and Liang, Z. 2017. The inter-
Huson, D. H. and Scornavacca, C. 2012. Dendroscope 3 action between endogenous 30S ribosomal subunit protein
: An interactive viewer for rooted phylogenetic trees and S11 and Cucumber mosaic virus LS2b protein affects viral
networks. Syst. Biol. 61, 1061-1067. replication, infection and gene silencing suppressor activ-
Kang, H. Y., Shin, C. J., Kang, B. C., Park, J. H., Shin, ity. PLoS One 12, ¢0182459.
D. H., Choi, J. H., Cho, H. G., Cha, J. H., Lee, D. G., 20. Zhang, X., Yan, K., Zhang, Y., Li, N., Ma, C,, Li, Z.,

Zhang, Y., Feng, B., Liu, J., Sun, Y., Xu, Y., Lei, J. and
Gao, N. 2014. Structural insights into the function of a
unique tandem GTPase EngA in bacterial ribosome assem-
bly. Nucleic Acids Res. 42, 13430-13439.

=E : {IsiME 11,3095 EEN [FAX}
olsz*
(Nettisn AlokEeth)

AW E 1,309% (species) ] EEZ Q1 72 AH(ortholog) S Iet317] A3l 1,309FS WS Z COG
(Cluster of Orthologous Groups of proteins) 7]1'H< 483%™, 7 A3} ribosome protein S11 (COG0100)
< glatdTh 1,308, 1,307, 1,306 2 1,305F 4] BEH orthologd] = 27t 2, 5,5 2 671 ATH 1,303
F ol REFH FAAE 20/F L, o] 5L 23719 BHEE @A 3712] (RNA A E2, 2719
H Q1A gl 1709 RNA SF &4 &89 AT tii2o] Bod g Aas o] A=
A g o] Ttk Ao R ATET 29719 COG F ol Al ribosome protein S12 (COG0048)7}+
HEA o] 7H Eskth 29709 BEH COGE th/l shte] dM A Eof shite] whuldo] Faxstqrt.
COG00902 HEA o] 713 Y3k o W phylogenetic distance value?] EE=HA= 7 Z1th. COG0090-2
gBEo ALY 75 2ol BAlel MAre] A AES s, 2t AP Eo] Tt oA A&
st7] 98l Wolrt & AR FEHII. o] AFE Vx #E T 2H 9 A g e

dolg & Alsd o+ UES Aot



