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Abstract

Based on the COGs (Clusters of Orthologous Groups of proteins) of 2,296 prokaryotes, we searched for COGs that were
common or absent from archaea and bacteria at the kingdom and phylum level. There was a negative correlation
between the number of members of a phylum and the number of COGs that all members had in common (r=-0.508) or did
not have (r=-0.636). Of the 212 COGs found only in 193 archaea, more than 190 archaea possessed 18 COGs, including 10
ribosomal proteins (r-proteins). Of the 1,572 COGs found only in 2,103 bacteria, more than 2,060 bacteria possessed 19
COGs, including 10 r-proteins. The distribution of the averages and standard deviations obtained from the phylogenetic trees
of r-proteins and other COGs in archaea and bacteria was not statistically significant (p ) 0.05). There were 10 COGs that
were found in all members of each phylum and not in other phyla including COG4920 (Uncharacterized membrane protein,
DUF2208 domain) in the phylum Crenarchaeota, and 8 photosynthesis-related COGs and COG5784 (Uncharacterized
cyanobacterial/plant protein Pro1025) in the phylum Cyanobacteriota. There were 170 COGs in 18 phyla and 1 class that were
found in other taxa but not in their respective phyla or class, but there was no COG that was found in all members of other taxa
but not in all members of its respective taxa. The results of this study will provide basic data necessary for the development
of antibiotics or selective media specific to each prokaryote, as well as for understanding the structure of microbial
communities.
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Table 1. Taxonomic levels, number of members, and
number of COGs having all or none at the
taxonomic levels. Parentheses indicate the
kingdoms, classes or other taxonomic levels

Kingdom # of COGs all members
Phylum # of . .
Class members  Having  Not having
Archaea (193) ®3) (1.572)
Asgardarchaeota 8 330 3,090
Crenarchaeota 29 329 3,149
Euryarchaeota 103 84 1,912
Nitrososphaerota 13 411 3,278
Thermoplasmatota 17 320 3,009
Other Archaea (23) (78) (3,065)
Bacteria (2,103) )] (212)
Acidobacteriota 16 573 1,771
Actinomycetota 253 37 1,374
Aquificota 9 628 3,109
Bacillota 355 43 1,021
Bacilli (152) (170 (1,462)
Clostridia (159) (96) (1,297)
Erysipelotrichia 14 (432) (2,781)
Negativicutes 12) (630) (2,342)
Tissierellia 16) (392) (2,468)
Other Bacillota )] (1,1000 (2,970
Bacteroidota 192 42 1,520
Bdellovibrionata 7 607 2,654
Campylobacterota 20 505 2,438
Chlamydiota 12 442 3,399
Chlorobiota 5 917 3,156
Chloroflexota 19 303 1,885
Cyanobacteriota 75 394 1,858
Deferribacterota 7 862 2,997
Deinococcota 7 821 2,739
Fusobacteriota 9 451 2,678
Mycoplasmota 24 159 3,346
Myxococcota 17 789 1,688
Planctomycetota 44 397 1,553
Pseudomonadota 808 0 698
a-Proteobacteria (300) 4) (1,091)
B-Proteobacteria (166) (13) (1,101)
y-Proteobacteria (338) ) (852)
Other Proteobacteria @ (680) (2,596)
Spirochaetota 22 224 1,997
Synergistota 10 541 2,832
Thermodesulfobacteriota 56 352 1,449
Thermotogota 12 600 2,925
Verrucomicrobiota 24 81 1,978
Other Bacteria 100 15 1,148
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Table 2. High-ranking archaea and bacteria-specific COG IDs (functions) and number of prokaryotes among 193 archaea

and 2,103 bacteria, respectively

Kingdom Archaea

Kingdom Bacteria

# of

prokaryotes COG ID (Function)

prokaryotes

# of COG ID (Function)

1471 (Ribosomal protein S4e)
193 1500 (Ribosome maturation protein)
2007 (Ribosomal protein S8e)

2,089 0268 (Ribosomal protein S20)

2,088 0216 (Protein chain release factor RF1)
2,086 0222 (Ribosomal protein L7)

2,083 0305 (Replicative DNA helicase)

1093 (Translation initiation factor 2a)
1095 (DNA-directed RNA polymerase E')
1676 (tRNA splicing endonuclease)

192 1727 (Ribosomal protein L18e)
2125 (Ribosomal protein S6e)
2238 (Ribosomal protein S19e)
5257 (Translation initiation factor 2y)

2,082 0233 (Ribosome recycling factor)

0211 (Ribosomal protein 1L27)
2,081 0254 (Ribosomal protein L31)
0360 (Ribosomal protein S6)

0264 (Translation elongation factor EF-Ts)
2,080 0292 (Ribosomal protein 1L.20)
0691 (tmRNA-binding protein)

1644 (DNA-directed RNA polymerase N)

2,077 0629 (Single-strand DNA binding protein)

191 . .
2092 (Translation elongation factor) 2,072 0706 (Membrane protein insertase)
0291 (Ribosomal protein 135)
1632 (Ribosomal protein L15¢) 2,066 ) )
1717 (Ribosomal protein L32¢) 0335 (Ribosomal protein L19)
190 1761 (DNA-directed RNA polymerase L) 2,063 0275 (16S rRNA C1402 N4-methylase)

1890 (Ribosomal protein S3ae)
2139 (Ribosomal protein L21e)
2147 (Ribosomal protein L19e)

2,061 0193 (Peptidyl-tRNA hydrolase)

0261 (Ribosomal protein 1L21)

2,000 0359 (Ribosomal protein L9)

The prefix COG is omitted from the COG ID
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Fig. 1. Average and standard deviation of root distances for COGs of archaea- and bacteria-specific. (A) r-protein groups
except r-protein group bL7 (average 8.681, standard deviation 0.410). L and S represent large and small subunit,
respectively, and used instead of COG ID (Table 2). The prefix b indicates bacteria and suffix e indicate archaea,
respectively. The dashed box represents the range of archaea-specific r-protein groups and the order of the legends
inside the ellipse corresponds to the order of the dots. (B) non r-protein groups. The legends inside the large dashed
box corresponds to the order of dots in the small dashed box. The prefix a and b indicates archaea and bacteria,
respectively, and COG was omitted prior to numbers.
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COG5781 (Cytochrome b6 maturation protein
CCB2), COG5783 (Chloroplast senescence-
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Table 3. COGs that are not present in all members of each phylum and other taxonomic levels. Prefix COG was omitted

Taxon COGs only absent in each taxonomic level: # of prokaryotes having (COG ID)
Archaea
Asgardarchaeota 1,926 (2265), 1,915 (0108), 1,860 (0039), 1,719 (1642), 1,651 (0168), 1,631 (0591)
2,231 (0484), 2,222 (0443), 2,216 (0576), 2,170 (0210), 2,134 (0322), 2,125 (0556), 2,122 (0745),
Crenarchacota 2,098 (0036), 2,086 (0042), 2,040 (0192), 2,027 (0236), 1,992 (0317), 1,984 (0652), 1,924 (0394),
renar 1,895 (0133), 1,871 (1278), 1,834 (0229), 1,787 (5979), 1,674 (2204), 1,646 (0784), 1,531 (2203),
1,284 (1321), 1,256 (5975), 1,217 (3177),
Nitrososphaerota 2,188 (0563), 2,162 (0101), 2,159 (1132), 1,957 (0345), 1,927 (0332), 1,834 (1045), 1,677 (1902),
P 1,575 (1473), 1,559 (0554), 1,488 (1894), 1,437 (1905), 1,276 (2956), 1,098 (1943)
Thermonlasmatota 1,993 (1968), 1,932 (0212), 1,861 (2097), 1,839 (0486), 1,763 (0511), 1,587 (1409), 1,354 (0381),
P 1,312 (0058), 1,894 (0318), 1,835 (0824), 1,092 (4106)
Other Archaea 2,054 (0735), 1,833 (1087), 1,575 (0602), 1,020 (3547)
Bacteria
Aquifi 1,902 (0389), 1679 (2,267), 1,672 (0110), 1,654 (2271), 1,470 (3153), 1,426 (1961), 1,370 (0599),
quificota
1,283 (1704)
Bdellovibrionata 1,785 (0493), 1,251 (1254)
2,070 (0152), 2,066 (0041), 2,060 (0034), 2,058 (0150), 2,054 (0330), 2,053 (0151), 2,051 (0078),
2,049 (0047), 2,043 (0046), 2,028 (0079), 2,017 (0498), 1,996 (0460), 1,935 (0299), 1,921 (0107),
Chlamydiota 1,912 (0226), 1,903 (0118), 1,848 (1117), 1,828 (0581), 1,806 (0704), 1,800 (2608), 1,787 (1522),
vl 1,726 (0573), 1,625 (0286), 1,624 (0005), 1,584 (0235), 1,529 (2025), 1,523 (2086), 1,507 (1014),
1,501 (0846), 1,431 (0392), 1,396 (0655), 1,388 (0038), 1,349 (0543), 1,330 (0370), 1,305 (0075),
1,193 (1193), 1,160 (0863), 1,155 (3620), 1,128 (1180), 1,125 (4231), 1,121 (0798)
Chlorobiot 2,041 (0624), 1,817 (1502), 1,716 (0183), 1,716 (1960), 1,671 (2220), 1,636 (1488), 1,625 (0402),
a 1,575 (0515), 1,505 (0010). 1,494 (1199), 1,263 (3448), 1,082 (0785)
Deferribacterota 1,837 (0508), 1,772 (0665), 1,748 (0719), 1,743 (0396), 1,715 (0695), 1,498 (0367), 1,476 (1240),
rribacter 1,446 (1071), 1,445 (0022)
Deinococcota 1,443 (1454)
Erysipelotrichia 1,676 (0156), 1,659 (0616), 1,456 (3063), 1,365 (1230), 1,213 (0651), 850 (1814)
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