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Authors previously reported the results of analyses of COGs (Clusters of Orthologous Groups of pro-
teins) in 711 prokaryotes. The data of COGs were significantly updated for 2020 using 1,309 prokary-
otic genomes. Here, we report the results of analyses of 3,455,853 proteins comprising 4,877 updated
COGs in terms of COGs and prokaryotes. The numbers of COGs in each prokaryote ranged from 97
to 2,281, with an average of 1,430.0 and a standard deviation of 414.2. Mean numbers of COGs at
the phylum level were minimal 497.86 for Mollicutes and maximal 1,642.90 for Cyanobacteria. The top
10 species with the highest COG retention numbers were all Proteobacteria, and 9 out of the bottom
10 were those that could not be cultured in vitro. The numbers of proteins belonging to each COG
ranged from 2 to 22,048, with over 12,000 proteins up to the top 11. Five of the top 11 were COGs
that bind to DNA and were involved in the gene expression, indicating the importance of regulating
gene expression in prokaryotes in a changing environment. COG data are expected to be widely uti-
lized as they can be used for the identification of genes included in the genome and the selection

of genes for the strain improvement.
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Table 1. Numbers of studied species and numbers of COGs derived from the COGs database

CcoG # of COGs

Phylum # (?f proteins / Standard o )

Class species kinds Average Deviation Minimum Maximum Sum

Archaebacteria
Crenarchaeota 25 1.45 947.08 414.21 783 1,119 23,677
Euryarchaeota 79 1.66 1,169.47 170.00 557 1,521 92,388
Thaumarchaeota 12 143 902.08 78.43 811 1,026 10,825
Other Archaea 6 1.32 661.33 511.98 332 1,289 3,968
Eubacteria

Acidobacteria 7 218 1,638.86 267.11 1,403 1,908 11,472
Actinobacteria 155 2.02 1,399.35 290.20 586 1,979 216,899
Aquificae 9 1.31 1,119.89 128.41 1,042 1,229 10,079
Bacteroidetes 107 1.84 1,322.07 303.17 172 1,772 141,462
Chlamydiae 6 1.33 893.17 248.56 594 1,100 5,359
Chlorobi 5 1.53 1,300.40 50.40 1,188 1,378 6,502
Chloroflexi 14 2.02 1,385.57 318.39 864 1,807 19,398
Cyanobacteria 41 2.06 1,642.90 228.57 828 1,934 67,359
Deferribacteres 5 1.54 1,397.00 83.39 1,331 1,481 6,985
Deinococcus-Thermus 6 1.55 1,407.33 180.58 1,283 1,545 8,444
Firmicutes

Bacilli 73 1.64 1,487.14 303.26 818 2,007 108,561

Clostridia 79 1.68 1,413.38 191.08 804 1,888 111,657

Negativicutes 10 1.56 1,352.00 289.46 934 1,877 13,520

Tissierellia 9 1.45 1,116.89 221.96 893 1,472 10,052

Other Firmicutes 4 1.55 1,171.75 265.33 944 1,602 4,687
Fusobacteria 6 1.50 1,140.83 328.74 770 1,478 6,845
Mollicutes 14 1.32 497.86 344.62 296 1,014 6,970
Planctomycetes 14 211 1,515.93 177.69 1,105 1,775 21,223
Proteobacteria

Alpha-Proteobacteria 158 1.88 1,639.23 403.75 123 2,215 258,998

Beta-Proteobacteria 102 1.79 1,608.88 431.22 97 2,220 164,106

Delta-Proteobacteria 39 2.20 1,635.62 269.28 941 2,103 63,789

Epsilon-Proteobacteria 12 1.44 1,213.92 119.22 918 1,510 14,567

Gamma-Proteobacteria 224 1.64 1,642.92 463.29 152 2,281 368,015

Other Proteobacteria 6 1.59 1,394.50 329.87 1,309 1,462 8,367
Spirochaetes 11 1.67 1,162.36 330.83 574 1,588 12,786
Synergistetes 5 1.50 1,252.00 99.95 1,162 1,378 6,260
Thermotogae 9 148 1,157.44 120.94 1,113 1,194 10,417
Verrucomicrobia 9 1.72 1,320.78 305.34 647 1,648 11,887
Other eubacteria 48 1.46 923.98 432.79 141 1,744 44,351
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Table 2. The top 10 and bottom 10 organisms by numbers of containing COGs

Top 10 Bottom 10

# of COGs Organism # of COGs Organism
2281 Metakosakonia MRY16-398 97 Candidatus Nasuia deltocephalinicola NAS-ALF
2270 Phytobacter ursingii CAV1151 123 Candidatus Hodgkinia cicadicola Dsem
2266 Pseudomonas aeruginosa PAO1 125 Candidatus Vidania fulgoroideae OLIH
2262 Citrobacter freundii CFNIH1 141 bacterium AB1
2262 Pluralibacter gergoviae FB2 152 Candidatus Carsonella ruddii DC
2250 Klebsiella variicola 342 163 Candidatus Tremblaya phenacola PAVE
2228 Escherichia coli O157 H7 Sakai 172 Candidatus Sulcia muelleri PUNC
2221 Enterobacter cloacae ATCC 13047 186 Candidatus Zinderia insecticola CARI
2220 Burkholderia cepacin ATCC 25416 215 Candidatus Uzinura diaspidicola ASNER
2215 Mesorhizobium japonicum MAFF 303099 234 Candidatus Walczuchella monophlebidarum

WS BT 39 1079 Lee [P BAE ANAZS vwalw
Candidatus Walczuchella monophlebidarum®}  bacterium
ABIZ} F7HE =, dAbe 429 AEldA g4S st
[15] $A4= &85 oo Awt &34 3o,
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it
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Agct. LysRe& AAHIAS] & FFolH LTTR (LysR type

transcriptional regulator family)< negative auto-regulation
o #osh= AAERAbo|TH11]. Table 2¢] 117 COG FollA
COG0583, COG1309, COG 0745, COG1595, COG2207 & 57H
9| COG7} DNA® Agsteo] #2A ddo #osh=d, Al
o] Matet= SR oA HEL Al st AuwshA FaA
TFHe zds)oF stRE ojo A 2HUAT} Holok &
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main)©| t}. Alpha-Proteobacteria 7 (class)®| Rickettsia prowa-

Table 3. The counts of COGs and range of numbers of proteins
according to ratio of the numbers of proteins in 1,309

bacteria
Ratio (R) Count of Range of numbers of
N/1309 COGs protein (N)
10<R 9 13,192~22,048
9<R<10 2 12,226~12,355
8§<R<9 1 10,835
7<R<8 8 9,235~10,449
6<R<7 6 7,974~9,032
5<R<6 10 6,860~7,839
4<R<5 15 5,257~6,444
3<R<4 46 3,978~5,214
2<R<3 118 2,623~3,864
1<R<2 485 1,309~2,606
0.75<R<1 438 982~1,308
0.5<R<0.75 437 655~981
0.25<R<0.5 795 328~654
0.20<R<0.25 279 262~327
0.15<R<0.20 347 197~261
0.10<R<0.15 475 131~196
0.05<R<0.10 738 66~130
0.00<R<0.05 667 2~65
Total 4,877
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Table 4. The top 11 and bottom 11 COGs by numbers of containing proteins and their distributions in 1,309 prokaryotes

Top 11 Bottom 11
COG ID # of proteins # of prokaryotes COG ID # of proteins # of prokaryotes
COG0583 22,048 1,068 COG5307 2 2
COG1028 20,857 1,248 COG5164 4 4
COG0642 19,080 1,184 COG5160 4 4
COG1309 19,004 1,157 COG5153 4 4
COG0745 17,928 1,195 COG5148 4 4
COG0438 16,517 1,243 COG5023 4 4
COG2202 16,257 967 COG4904 4 4
COG2814 16,105 1,229 COG5371 5 4
COG05% 13,192 1,186 COG5275 5 5
COG1595 12,355 1,036 COG5206 5 4
COG2207 12,226 951 COG5055 5 5

zekii Madrid E ¥ 59 gamma-Proteobacteria 7 (class)®]
Legionella pneumophila sub pneumophila Philadelphia 1 ¥
ol A ztzk 12 o) T do] EAe gt HFEY Arfo &
WAL GodY dFoz Axold], 4 grdd,
NERZ Fo dastn RN o 485 Fiste
ortholog7} Yell (yeast EFA6-like-1) & 4 o] T}4[3]. Kang &
[5] 2002\ 9l Saccharomyces cerevisiaeSt AW E 42F ol A
BEZHQ COGE Hastgint. COG HlolEul o] 27} 2014\
of dElolE HHA Y ES] COG WA =9 KOGE
w2 H . 20149 9] COGAAN D=0l 2ejd o 1, 271
o A= EAete 64719 COGE AA = ATH2]. Gard-
nerella vaginalis 157\ <3+, Buchnera aphidicola 147\ 5,
Rickettsia prowazekii 107] w5 5 3th9] & (species)ol o ]
w57k EAsE A& 2020 9] COG HlolE o] == s

Z At G AFAT12]. COGE 3% F o4
RBEF Fx3oF sf=d COGH07L 2% 9 Aldolwt &2

D 359 fulo]EqA M3} S AR AdHET
Table 49 4] COG5307, COG5164, COG5153 5& EF S.
cerevisiaee ATCC204508%1 A1 &<¢1¥ COGE°lth. COG5164+
AL A% (elongation) Q1 #4HQ] SPT5Q1H], Sptd-Spt5<] ©] o]
FA EFA S A A 0159 BE ©A O FojstH S cer-
evisine®] Spt4-Spts= RNA THEAI % 1T 7ol tfg A4
AAZ 7158kl AAtAle] 5 A3, 2&etol A & 3-TH A
g9} A#dH o TH13]. COG5160%! Ulple Ubiquitin-like-
specific protease 12 G A S. cerevisiae®l| A WA 3 M EF7]
9] G2¢t M A7 A T3 98-g 10].

COGE 7]% fr & Al ¥ (functional genomics)¥ B -7 )
8} (comparative genomics)® 22| AHEE I MEE AE9 A
d 24 o fFAAEY 75 Fel G A T12]. COG
T 71238A 715 o, o oEFe] FE AT &7
Fo 8 2ddo] Y] AdEle] ol AHEHEE 287}
A7 2ol & Aolh.
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