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Abstract

Conserved genes are importantly used to understand the major function in survival and replication of living
organism. This study was focused on identification of conserved genes in microbial species and measuring the degree
of conservation. For this purpose, in silico analysis was performed to search conserved genes based on the conservation
level within microbial species. The ortholog list of COGs (Clusters of Orthologous Groups of proteins) in NCBI was
used and whole genomes of 43 microbial species were included in that list. The distance value, derived from
CLUSTALW multiple alignment program, was used as a descriptor of the conservation level of orthologs. It was
revealed that 43 microbial genomes hold 72 conserved orthologs in common. The majority(72.2%) of the conserved
genes was related to "translation, ribosomal structure and biogenesis" functional category. A GTPase-translation
elogation factor(COG0050) was the best conserved gene from the distance value analysis. The 72 conserved genes,
found in this research, would be useful not only to study minimal function genes but also new drug target among
pathogens and to make a model of the virtual cell.
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Table 1 : Studied 43 genomes derived from COGs database.

Phylogenetic Group organism Abbreviation | number of ortholog
Crenarchaeota Aeropyrum pernix Ape 1,202
Archaeoglobus fulgidus Afu 1,958
Halobacterium sp. NRC-1 Hbs 1,818
Methanobacterzu?n Mth 1464

Archaea thermoautotrophicum

Euryarchaeota Methanococcus jannaschii Mja 1,407
Pyrococcus abyssi Pab 1,516
Pyrococcus horikoshii Pho 1,442
Thermoplasma_acidophilum Tac 1,258
Thermoplasma volcanium Tvo 1,268
Aquificales Aquifex aeolicus Aae 1,377
Cyanobacteria Synechocystis Syn 2,369
Bacillus halodurans Bha 3,032
Bacillus subtilis Bsu 3,030
Lactococcus lactis Lla 1,694
Mycobacterium leprae Mile 1,213
Firmicutes Mycobacterium tuberculosis Mtu 2,760
Mycoplasma_genitalium Mge 396
Mycoplasma_pneumoniae Mpn 441
Streptococcus pyogenes Spy 1,287
Uregplasma_urealyticum Uur 414
Plactomyces/Chlamydia Chlamydia pneumoniae Cpn 667
/Verrucommicrobium group Chlamydia trachomatis Ctr 649
Buchnera sp. APS Buc 583
Campylobacter jejuni Cje 1344
Caulobacter crescentus Cer 2,880
Bacteria Escherichia_coli K12 Eco 3,618
Escherichia coli 0157 EcZ 3,900
Haemophilus influenzae Hin 1,595
Helicobacter pylori 26695 Hpy 1,135
. Helicobacter pylori ][99 jHp 1,114
Proteobacteria Mesorhizobium loti Mio 5,390
Neisseria meningitidis MC58 Nme 1,555
Neisseria meningitidis 22491 NmA 1,540
Pasteurella multocida Pmu 1,838
Pseudomonas aeruginosa Pae 4,698
Rickettsia prowazekii Rpr 723
Vibrio cholerae Vch 2,998
Xylella fastidiosa Xfa 1,687
. Borrelia burgdorferi Bbu 714
Spirochaetales Treponema iullitgum Tpa 735
Thermotogales Thermotoga maritima Tma 1,577
Thermus/Deinococcus group | Deinococcus radiodurans Dra 2,332
Eukaryota Fungi Saccharomyces cerevisiae Sce 2,450
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Fig. 2. Distribution pattern of microbial genomes by distance

value.

X-axis represents average of distance (sum of distance
value for each COG was divided by 72) and Y-axis shows
the variance of distance value among 72 COGs of one
genome. Almost of species were grouped with their
phylogenetic relatives. Alphabet in the figure represents
archaea(p ~ V), Bacteria(a ~ G), and Eukaryota (H).
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Table 2. Conserved genes and their function.

Gene name Product Functional category
COGO008 Glutamyl- and glutaminyltRNA synthetases
COGO016 Phenylalanyl-tRNA synthetase alpha subunit
COGO018 Arginyl-tRNA synthetase
COG0024 Methionine aminopeptidase
COGO030 Dimethyladenosine transferase (rRNA methylation)
COG0048 Ribosomal protein 512
COG0049 Ribosomal protein S7
COGO051 Ribosomal protein S10
COG0052 Ribosomal protein S2
COGO060 Isoleucyl-tRNA synthetase
COG0072 Phenylalanyl-tRNA synthetase beta subunit
COG0080 Ribosomal protein L11
COGO081 Ribosomal protein L1
COGO087 Ribosomal protein L3
COG0088 Ribosomal protein L[4
COGO089 Ribosomal protein L23
COG009%0 Ribosomal protein L2
COG0091 Ribosomal protein 122
COG0092 Ribosomal protein S3
COG0093 Ribosomal protein 114

"~ COG0094 Ribosomal protein L5
COG0096 Ribosomal protein S8 Translation, ribosomal structure
COG0097 Ribosomal protein L6 and biogenesis
COG0098 Ribosomal protein S5
COGO099 Ribosomal protein S13
COG0100 Ribosomal protein 511
COG0102 Ribosomal protein 113
COG0103 Ribosomal protein S9
COG0124 Histidyl-tRNA synthetase
COG0143 Methionyl-tRNA synthetase
COGO162 Tyrosyl-tRNA synthetase
COG0172 Seryl-tRNA synthetase
COG0180 Tryptophanyl-tRNA synthetase
COGU184 Ribosomal protein S15P/S13E
COGO185 Ribosomal protein S19
COGO186 Ribosomal protein S17
COG0197 Ribosomal protein L16/L10E
COG0198 Ribosomal protein 124
COG0199 Ribosomal protein 514
COG0200 Ribosomal protein L15
COGu231 Translation elongation factor P/translation initiation
factor elF-5A
COG0244 Ribosomal protein 110
COG0255 r Ribosomal protein 1.29
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Table 2. (continued)
Gene name Product Functional category
Translation, ribosomal structure and
COG0050 GTPases - translation elongation factors biogenesis /Amino acid transport and
metabolism
C 85 DNA-.dlrectéd RNA. polmerase beta subunit/140 kD
subunit (split gene in Mjan, Mthe, Aful)
DNA-directed RNA polymerase beta’ subunit/160 kD
COG0086 . . . .
subunit (split gene in archaea and Syn) Transcription
OG0 DNA-'dlrected RNA polymerase alpha subunit/40 kD
subumnit
COG0250 Transcription antiterminator
COG0550 Topoisomerase 1A
COG0258 5-3 exonuclease (including N-terminal domain of Poll) | DNA replication, recombination and
idi i repair
COGU592 DNA polymerase sliding clamp subunit (PCNA P
homolog)
o 57 Predicted ATPase of the PP-loop superfamily implicated | Cell division and chromosome
in cell cycle control partitioning
COG0492 Thioredoxin reductase .
Metal demend o e ch Posttranslational modification, protein
COGO533 c?té -dependent proteases with possible chaperone turnover, chaperones
activity
Posttranslational modification, protein
COG0526 Thiol-disulfide isomerase and thioredoxins turnover, chaperones/Energy
production and conversion
COG0201 Preprotein translocase subunit SecY
COGO541 Signal recognition particle GTPase Cell motility and secretion
COGO552 Signal recognition particle GTPase
FOF1-type ATP synthase ¢ . .
c 6 subunit/ Archaeal/vacuolar-type H+-ATPase subunit K Energy production and conversion
COG1109 Phosphomannomutase Carboh}fdrate transport and
metabolism
COG0125 Thymidylate kinase Nucleotide transport and metabolism
COG0012 Predicted GTPase . .
- General function prediction only
COG0073 EMAP domain
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Table 3. Ranking of conserved genes by conservation score (Sum of distance value in each genome). The lesser value of
conservation score represents that their orthologs were more conserved among microorganisms studied.

Gene name conservation score Product
COG0050 983905 | GTPases - translation elongation factors
COGO093 11.04697 | Ribosomal protein L14
COGO048 11.05022 Ribosomal protein 512
COG0185 11.91402 Ribosomal protein S19
COGO100 1216104 Ribosomal protein 511
COG0080 1216935 Ribosomal protein L11
COG0480 12.24023 Translation elongation and release factors (GIPases)
COGO051 1227034 Ribosomal protein 510
COG0099 12.47138 Ribosomal protein 513
COGO090 12.81681 Ribosomal protein 1.2
COG00%4 12.82743 Ribosomal protein L5
COG0049 12.96233 Ribosomal protein 57
COGO361 13.33831 Translation initiation factor IF-1
COGO103 13.35715 Ribosomal protein S9
COG0186 13.36017 Ribosomal protein 517
COG0012 1338658 | Predicted GTPase
COGD541 13.60601 Signal recognition particle GTPase
COGO0102 13.84370 Ribosomal protein L13
COG0197 13.89479 Ribosomal protein L16/L10E
COGO081 13.96644 Ribosomal protein L1
COGO086 1403151 DNA-.directed RNA polymerase beta’ subunit/160 kD subunit (split
gene in archaea and Syn)
COGO184 14.05673 Ribosomal protein S15P/S13E
COG0092 14.09749 Ribosomal protein S3
DNA-directed RNA polymerase beta subunit/140 kD subunit (split
COGO08S 6 | Vo, Mihe ifu? / P
COG0552 1416934 Signal recognition particle GTPase
o|4E Bof chdt RAAM FE2| 24 Z+s @71 A8 AAENeH, FaA @9 BEGe]l A
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walol} w2} global alignment$} local alignment® 31,
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Hl@ele 3A-E 7t} Global alignment= 7 %7]
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618 / 43587

BLAST) [1,18]. HZd mAE A gg 5238 Az
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Table 4 : Comparison of minimal function genes with various approach.
Conserved gene sets deduced by various approaches.

Estimated number of Probable cause of
Numbers of genome ) .. .. Year/Ref.
genes/proteins underestimation or overestimation
Extensive elimination of paralogs in small
) genome of Mycoplasma parastic lifestyle resulting
(Haemophilus/ 256 in multiple auxotrophies m both spec'les; @- 1996/[13]
Mycaplasma) known number of gene displacements in addi-
yeep tion to several detected cases. (Bacteria-specific
solutions for some functions)
21 60 No consideration of non-ortholog displacement 1999/[14]
Superkingdom-specific pathways, such as DNA
7 30 replication, repair, lipid bllosynthesm.(Unknown 1997/120]
number of parallel solutions for the same
biochemical function)
(B sulbtilis) 300-560 Extensive paralogy in large bacterial genome 1995/(8]
1 ~1000 Large number of essential genes involved in 1999/[22]
(S.cerevisiae) eukaryote-specific housekeeping
3 7 Not s@cnent consideration of non- orthologous 2002/ This study
gene displacement

YGL211w Sce APE15844 Ape
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AF1535 Atu PABOASS Pa
Pho ToOd44 Tac
PAB2023 Peb TVRIOS! Tvo
Tal119 Tac _:TPD!B? Tpa
TYNOMS Tvo 660476 Bbu
BS yacA Bsy 2005 Ase
BHO0B3 Bhe TW(502 Tma
01887 Ase — 2n
0573 Tmg. b= (POO0TA ()
1278 Sm YOR18Tw Scz
DRI1207 1 D18 WLS22 e
TP0373 Tpa MG451 Moe
WPNGES Men
03227 Cer BS tut Bsw
Rv3625¢ My BH132 Bhe
MLO213 Me L0371 Lis
NMAS350 N SPYOBY Spy
VC242Veh (470 Ce
mesJ Eco —E Bt
Ines) &L H1205 oy
BU110Bu SHO Sy
HO404 Hn RPBE1 Ry
PNO263 P w0253 Mo
PA63B Pae CC40 Cor
XFOBS8 Xfa e ORO303Dra
BB0788 Bou [~ Rv06B5Mu
T840 Qe — ML1B77 M
CPn0S37 Cpn X228 Xfa
RPO42 Ror PA425 Poe
G453 Ce VCI%62Veh
1o0685 jHp BUS26 Bue
OB ey Wi Eco

(A) COG0037 (B) COGO050

Fig. 3. Phylogenetic tree of 43 microorganisms studied in the respect of COG0037 (A) and COGO050 (B). Gene name, ahead
of each abbreviation of microorganism, represents the gene name in that microorganism.
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