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Phylogenetic analysis of procaryote by uridylate kinase
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Abstract

The 165 rRNA gene is the most common gene in the phylogenetic analysis of procaryotes. However very high

conservative of 165 rRNA has limitation in the discrimination of highly related organisms, hence other molecule was
applied in this study and the result was compared with that of 165 rRNA. Three COGs (Clusters of Orthologous of
protein) were only detected in 42 procaryotes ; transcription elongation factor (COG0195), bacterial DNA primase
(COGO0358) and uridylate kinase (COGO0528). Uridylate kinase gene was selected because of the similarity and one
single copy number in each genome. Bacteria, belong to same genus, and Archaebacteria were same position with

high bootstrap value in phylogenetic tree like the tree of 165 rRNA. However, alpha and epsilon Proteobcteria

showed different position and Spirochaetales of Eubacteria was grouped together with Archaebacteria unlike the

result of 165 rRNA. Uridylate kinase may compensate the problem of very high conservative of 165 rRNA gene and

it would help to access more accurate discrimination and phylogenetic analysis of bacteria.
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Table 1. Organisms and nucleotide length of conserved COGs in all procaryotes tested. Multiple numbers represent the
number of paralogs in each organism

Organisms Abbreviation COGO0195 COG0358 COG0528
Aeropyrum pernix Ape 435 1281 741
Archaeoglobus fulgidus Afu 420 1200 660
Halobacterium sp. NRC-1 Hbs 420 1353 726
Methanobacterium thermoautotrophicum Mth 432, 552 1146 675
Ar  Methanococcus jannaschii Mja 552 1275 723
Pyrococcus abyssi Pab 189, 438, 513 1344 678
Pyrococcus horikoshii Pho 189, 438, 513 1344 681
Thermoplasma acidophilum Tac 429 1305 690
Thermoplasma volcanium Tvo 429 1293 684
Aquifex aeolicus Aae 1014 1497 723
Synechocystis Syn 1377 1908 783
Bacillus halodurans Bha 1149 1800 720
Bacillus subtilis Bsu 1116 1812 723
Lactococcus lactis Lla 1149 1914 717
Mycobacterium leprae Mle 1044 1929 840
Mycobacterium tuberculosis Mtu 1044 1920 786
Mycoplasma genitalium Mge 1596 657, 1824 732
Mycoplasma pneumoniae Mpn 1623 639, 1863 708
Streptococcus pyogenes Spy 1158 1815 729
Ureaplasma wrealyticum Uur 1377 1926 708
Chlamydia pneumoniae Cpn 1305 1773 747
Chlamydia trachomatis Ctr 1305 1788 738
Buchnera sp. APS Buc 1491 1734 729
Campylobacter jejuni Cje 1089 1818 720
Caulobacter crescentus Cer 1647 1932 741
Eu  Escherichia coli K12 Eco 1488 1746 726
Escherichia coli 0157 EcZ 1602 1746 726
Haemophilus influenzae Hin 1488 1782 714
Helicobacter pylori 26695 Hpy 1188 1680 723
Helicobacter pylori 99 jHp 1188 1680 723
Mesorhizobium loti Mlo 1596 1959 744
Neisseria meningitidis MC58 Nme 1503 1773 720
Neisseria meningitidis 722491 NmA 1518 1773 720
Pasteurella multocida Pmu 1485 1749 729
Pseudomonas aeruginosa Pae 1482 1995 738
Rickettsia prowazekii Rpr 1512 1851 729
Vibrio cholerae Vch 1488 1764 732
Xylella fastidiosa Xfa 1512 1053, 1053, 1734 744
Borrelia burgdorferi Bbu 1449 1572 690
Treponema pallidum Tpa 1458 1818 756
Thermotoga maritima Tma 1035 1698 696
Deinococcus radiodurans Dra 1206 1716 738

Ar = Archaebacteria, Eu = Eubacteria.
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2 H ¥ K (transcription)®} L (DNA replication, recombi-
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[12], 9 Eo] AW AYEE transcription} translation
dlM Aolg Hole A #717 YAtk AR FH A
Uridylate kinase= COG sited] 715 %74 F (Nucleotide
©2 ATPS} UMP
£ ol&3te] ADPe} UDPS THEolule 542 pyrimidine
ribonucleotide®] de novo biosynthesise] e} cytosol

MO |

transport and metabolism)ol] 43= 7

Z Aol FEE F e #olrt lojok st Heg ¢
#A gtth. COG0195, COG0358, COG0528-2 vl
Ay go) BE EASE FUAZ 24 COGA Bolt 3
A3} obuiabe) FAREE Table 20 VeRigict HA 4
22 ¥ 49 FARED ofreid FAE ES
AL 4 glon, Holw 2 B 1A (Archaebacteria)
o] A COG01957F AA AT (Eubacteria)oll A= COG0358
° 3405 ofoledt REGA 2 AL 2 4 AT A
= FAZE ABAT FAZLEE A2 DA T
H COG01957} o} Qe A F-H {éxﬂa}oq 2o "ozt ¢
£ A0Z $5% 4 Y4
Mycobacterium leprae (Mle)®} Mycobacterium tuberculosis
(Mtu) 28] Escherichia coli K12 (Eco)$} Escherichia coli
0157 (EcZ)9] A% 22 &(genus)o] &3l=d COG0195

I membrane ZHo} E ¥ ZAoz @A Yo+ o] FAYES By ZzF ML15582}F Rv2841 18] 1L nusA
[17,18]. 9} ZnusA $AHAE B4t $AIE WA BE 7
Table 2. Similarities (%) in nucleotide and amino acid of three conserved COGs in 42 procaryotes
COGO,B? COG0358 COGO0528
(Transcription

elongation factor)

(Bacterial DNA primase) (Uridylate kinase)

range 8.72-82.88 42.65 - 80.68 37.86 - 73.60
Ar average 31.52 5452 48.67
stdev. 10.62 7.92 7.23
NT range 32.86 -99.28 23.69 - 100.00 27.69 - 99.84
Eu average 47.04 43.93 50.65
stdev. 8.71 9.00 8.84
range 0.00 - 100.00 76.00 - 100.00 76.67 - 97.30
Ar average 78.05 87.14 88.79
stdev. 29.37 578 5.53
AA
range 62.50 - 100.00 30.00 - 100.00 60.00 - 100.00
Eu average 80.76 77.31 80.12
stdev. 7.46 12.53 8.02

NT = sequences of nucleic acids, AA =sequences of amino acids, Ar=9 Archaebacteria, Eu=33 eubacteria, stdev.= standard

deviation.
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Fig. 1. Comparison of the phylogenetic trees of 42 procaryotes obtained from neighbor-joining analysis of either 165
rRNA gene sequence (A) and COG0528 gene sequence (B).
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rRNA gene owing to the their short length. Terminal Branches have been extended for clarity and their length is therefore
not meaningful.
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