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Paper & 
Reference 

Mycoplasma 
species target 

Gene / genome 
region targeted 

Primer sequence 
(5′ – 3′) 

Probe sequence Type of assay 
Advantages & 
Disadvantages 

or Use 

Molecular 
detection and 
characterization of 
Mycoplasma 
gallisepticum and 
Mycoplasma 
synoviae strains in 
backyard poultry 
in Italy 
 
(Felice et al., 
2020) 

M. gallisepticum pvpA 

pvpA3F 
(GCCAMTCCAACTC

AACAAGCTGA) 
pvpA4R 

(GGACGTSGTCCTG
GCTGGTTAGC) 

N/A Conventional PCR 

Products used for 
sequencing and 

phylogenetic 
analysis. 

M. synoviae vlhA 

vlhA-F 
(GATGCGTAAAATAA

AAGGAT) 
vlhAR2 

(AGTAACCGATCCG
CTTAATGC) 
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Appendix A2: Summary of frequently used genes/genome regions 

Reference 
Mycoplasma 

species target 
Gene/genome region 

targeted 
Primer sequence (5′ – 3′) 

(Kiss et al., 1997a, Marois et al., 2002) MS 16S rRNA 
MGSO (TGCACCATCTGTCACTCTGTTAACCTC) 
GPO-3 (GGGAGCAAACAGGATTAGATACCCT) 

(Amer et al., 2019, Felice et al., 2020, 
Hong et al., 2004, Moscoso et al., 2004) 

MS 
vlhA (Felice only forward 

primer) 
F (GATGCGTAAAATAAAAGGAT) 
R (GCTTCTGTTGTAGTTGCTTC) 

(Kuo et al., 2017, Sprygin et al., 2010) MS vlhA 
vlhA-F (CCAGGAGGTGGTACAGTTGAC) 

vlhA-R (TTAATGCTTCTTTAACT(G/A)AATCTGA) 

(Felice et al., 2020, Hammond et al., 
2009) 

MS vlhA (only reverse primer) VlhAR2 (AGTAACCGATCCGCTTAATGC) 

(Fujisawa et al., 2019, Mardassi et al., 
2005) 

MS MS2/12 
MS1.2Fo: (AAACTACAAAACTTTGTAATGGCT) 
MS1.2Ro: (TTACAAGTACGGTGTTTAATCAAT) 

MG pMGA1.2 
pMGAFo: (GTGAAGAAAAAAAACATATTAAAGTTT) 

pMGARo: (CTAAGATGGATTTGAAACATTAGT) 

(Jarquin et al., 2009, Kahya Özge Yilmaz 
et al., 2015, Mekkes and Feberwee, 
2005) 

MG 
MG-16S rRNA 

gene 
F (GAGCTAATCTGTAAAGTTGGTC) 

R (GCTTCCTTGCGGTTAGCAAC) 

(Carli and Eyigor, 2003, Kahya Özge 
Yilmaz et al., 2015, Kahya et al., 2010) 

MG 
Region within the sequence 

of MG lipoprotein gene 
partial codons 

MG1 (GATTTCGAAGAATCAACTGT) 
MG2 (AAGGGATTAATATTCCCAAC) 

(Felice et al., 2020, Hashemi et al., 
2018) 

MG pvpA 
PvpA-F (GCCAMTCCAACTCAACAAGCTGA) 
PvpA-R (GGACGTSGTCCTGGCTGGTTAGC) 

(Buim et al., 2009, Nascimento et al., 
1991) MG 

fMG-2 (forward primers 
highly similar, reverse 
primers are reversed) 

Amp L (GGATCCCATCTCGACCACGAGAAAA) 
Amp R (AGTAGTCAATGAGTGACTAACTTTC) 

(Wang et al., 1997) 
MG 1 (GGATCCCATCTCGACCAGGAGAAAA) 
MG 2 (CTTTCAATCAGTGAGTAACTGATGA) 

(Adeyemi et al., 2018) M. gallinaceum MGC 
F (CGTGCCCCCTTGATTGGGATAACGCTG) 

R (TAGCTAATGTTACGCACCCCGATCCCCTTGT) 

Note: Kiss et al., (1997) used the 16S rRNA for MG, M. iowae and M. meleagridis as well. 
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Appendix B1: Completed alignment sequence comparison - M. gallisepticum 

Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Hypoxanthine-guanine phosphoribosyltransferase (EC 2.4.2.8) 545 0 Yes - - - 

FIG002540: Haloacid dehalogenase-like hydrolase 866 0 Yes - - - 

3'-to-5' oligoribonuclease A, Bacillus type 986 0 Yes - - - 

LSU ribosomal protein L3p (L3e) 710 0 Yes - - - 

L-lactate dehydrogenase (EC 1.1.1.27) 971 0 Yes - - - 

GTP-binding protein EngB 560 1 - Yes - - 

LSU ribosomal protein L4p (L1e) 629 1 - Yes - - 

Flavodoxin 1 512 2 - Yes - - 

Uracil phosphoribosyltransferase (EC 2.4.2.9) 632 2 - Yes - - 

Purine nucleoside phosphorylase (EC 2.4.2.1) 710 2 - Yes - - 

HMP-PP hydrolase (pyridoxal phosphatase) Cof, detected in a 
genetic screen for thiamin metabolic genes (PMID:15292217) 

869 2 - Yes - - 

Ribonucleotide reductase of class Ib (aerobic), alpha subunit (EC 
1.17.4.1) 

2168 2 - Yes - - 

Inorganic pyrophosphatase (EC 3.6.1.1) 557 3 - Yes - - 

HPr kinase/phosphorylase (EC 2.7.1.-) (EC 2.7.4.-) 932 3 - Yes - - 

Ribonucleotide reductase of class Ib (aerobic), beta subunit (EC 
1.17.4.1) 

1019 3 - Yes - - 

Putative periplasmic phosphate-binding protein PstS (Mycoplasma 
type) 

1157 3 - Yes - - 

LSU ribosomal protein L2p (L8e) 851 3 - Yes - - 

Translation elongation factor P 566 4 - Yes - - 

Phosphate transport system regulatory protein PhoU 686 4 - Yes - - 

ABC transporter, permease protein 2 (cluster 11, riboflavin/purine 
nucleoside/unknown) 

932 4 - Yes - - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

LSU ribosomal protein L5p (L11e) 557 5 - - Yes - 

ATPase component of general energizing module of ECF 
transporters 

839 5 - - Yes - 

ABC transporter, permease protein 977 5 - - Yes - 

5-formyltetrahydrofolate cyclo-ligase (EC 6.3.3.2) 554 6 - - Yes - 

SSU ribosomal protein S4p (S9e) @ SSU ribosomal protein S4p 
(S9e), zinc-independent 

623 6 - - Yes - 

SSU ribosomal protein S3p (S3e) 791 6 - - - - 

Thioredoxin reductase (EC 1.8.1.9) 986 6 - - Yes - 

Replication-associated recombination protein RarA 1241 6 - - - - 

NAD-dependent glyceraldehyde-3-phosphate dehydrogenase (EC 
1.2.1.12) 

1028 7 - - Yes - 

Prolipoprotein diacylglyceryl transferase 1109 7 - - Yes - 

ABC transporter, ATP-binding protein 1493 7 - - Yes - 

DNA polymerase III beta subunit (EC 2.7.7.7) 1196 8 - - Yes - 

Lysyl-tRNA synthetase (class II) (EC 6.1.1.6) 1478 8 - - Yes - 

ABC transporter, ATP-binding protein (cluster 11, riboflavin/purine 
nucleoside/unknown) / ABC transporter, ATP-binding protein (cluster 
11, riboflavin/purine nucleoside/unknown) 

1658 8 - - Yes - 

LSU ribosomal protein L6p (L9e) 551 9 - - Yes - 

FMN-dependent NADH-azoreductase (EC 1.7.1.6) 593 9 - - Yes - 

SSU ribosomal protein S2p (SAe) 971 9 - - Yes - 

Nicotinate-nucleotide adenylyltransferase (EC 2.7.7.18) 1094 9 - - Yes - 

Uridine monophosphate kinase (EC 2.7.4.22) 710 10 - - Yes - 

Inner membrane protein translocase and chaperone YidC, long form 1151 10 - - Yes - 

Excinuclease ABC subunit B 2033 10 - - Yes - 

Maltose phosphorylase (EC 2.4.1.8) / Trehalose phosphorylase (EC 
2.4.1.64) 

590 11 - - - Yes 

DegV family protein 869 11 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

(E)-4-hydroxy-3-methylbut-2-enyl-diphosphate synthase (flavodoxin) 
(EC 1.17.7.3) 

1079 11 - - - Yes 

ABC transporter, permease protein 1 (cluster 11, riboflavin/purine 
nucleoside/unknown) 

1652 11 - - - Yes 

TsaC protein (YrdC domain) required for 
threonylcarbamoyladenosine t(6)A37 modification in tRNA 

548 12 - - - Yes 

Translation initiation factor 3 593 12 - - - Yes 

ATP synthase B chain (EC 3.6.3.14) 596 12 - - - Yes 

S-adenosylmethionine synthetase (EC 2.5.1.6) 1124 12 - - - Yes 

Chaperone protein DnaK 1781 12 - - - Yes 

Nonheme iron-containing ferritin 515 13 - - - Yes 

Trk system potassium uptake protein TrkA 671 13 - - - Yes 

oxidoreductase of aldo/keto reductase family, subgroup 1 839 13 - - - Yes 

Phosphate transport ATP-binding protein PstB (TC 3.A.1.7.1) 977 13 - - - Yes 

Enolase (EC 4.2.1.11) 1433 13 - - - Yes 

Spermidine/putrescine import ABC transporter ATP-binding protein 
PotA (TC 3.A.1.11.1) 

1505 13 - - - Yes 

Transketolase (EC 2.2.1.1) 1988 13 - - - Yes 

Glycerol uptake facilitator protein 731 14 - - - Yes 

ATP synthase F0 sector subunit a 824 14 - - - Yes 

Pyruvate dehydrogenase E1 component beta subunit (EC 1.2.4.1) 977 14 - - - Yes 

6-phosphofructokinase (EC 2.7.1.11) 998 14 - -  Yes 

Iron-sulfur cluster assembly ATPase protein SufC 806 15 - - - Yes 

WcaA 998 15 - - - Yes 

Heat-inducible transcription repressor HrcA 1049 15 - - - Yes 

Oligopeptide transport system permease protein OppB (TC 3.A.1.5.1) 1052 15 - - - Yes 

NADH oxidase (EC 1.6.99.3) 1418 15 - - - Yes 

Glutamyl-tRNA synthetase (EC 6.1.1.17) @ Glutamyl-tRNA(Gln) 
synthetase (EC 6.1.1.24) 

1496 15 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Uncharacterized amino acid permease, GabP family 1760 15 - - - - 

Thymidylate kinase (EC 2.7.4.9) 632 16 - - - Yes 

Probable transcriptional regulatory protein YebC 704 16 - - - Yes 

DNA recombination and repair protein RecO 725 16 - - - Yes 

predicted protease 815 16 - - - Yes 

Ribonuclease HIII (EC 3.1.26.4) 995 16 - - - Yes 

tRNA pseudouridine(38-40) synthase (EC 5.4.99.12) 740 17 - - - Yes 

SSU rRNA (adenine(1518)-N(6)/adenine(1519)-N(6))-
dimethyltransferase (EC 2.1.1.182) 

806 17 - - - Yes 

Methenyltetrahydrofolate cyclohydrolase (EC 3.5.4.9) / 
Methylenetetrahydrofolate dehydrogenase (NADP+) (EC 1.5.1.5) 

851 17 - - - Yes 

Translation elongation factor Ts 878 17 - - - Yes 

Pyruvate dehydrogenase E1 component alpha subunit (EC 1.2.4.1) 1082 17 - - - Yes 

Seryl-tRNA synthetase (EC 6.1.1.11) 1262 17 - - - Yes 

Phosphate transport system permease protein PstC (TC 3.A.1.7.1) 1958 17 - - - Yes 

Protein-N(5)-glutamine methyltransferase PrmC, methylates 
polypeptide chain release factors RF1 and RF2 

854 18 - - - Yes 

Thymidylate synthase (EC 2.1.1.45) 869 18 - - - Yes 

N-Acetyl-D-glucosamine ABC transport system, permease protein 989 18 - - - Yes 

DEAD-box ATP-dependent RNA helicase CshB (EC 3.6.4.13) 1370 18 - - - Yes 

DNA gyrase subunit B (EC 5.99.1.3) 1946 18 - - - Yes 

Lipoate-protein ligase A 995 18 - - - Yes 

Glycerol-3-phosphate dehydrogenase (EC 1.1.5.3) 1190 19 - - - Yes 

Protein translocase subunit SecA 2672 19 - - - Yes 

Caffeoyl-CoA O-methyltransferase (EC 2.1.1.104) 569 20 - - - Yes 

Ribose-phosphate pyrophosphokinase (EC 2.7.6.1) 1022 20 - - - Yes 

Transmembrane component of general energizing module of ECF 
transporters 

1169 20 - - - Yes 

Phosphoglycerate kinase (EC 2.7.2.3) 1241 20 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Cell division protein FtsH 2297 20 - - - Yes 

Methionine aminopeptidase (EC 3.4.11.18) 752 21 - - - Yes 

1-acyl-sn-glycerol-3-phosphate acyltransferase (EC 2.3.1.51) 797 21 - - - Yes 

GTP-binding protein Era 902 21 - - - Yes 

tRNA 4-thiouridine synthase (EC 2.8.1.4) 1190 21 - - - Yes 

Dihydrolipoamide dehydrogenase of pyruvate dehydrogenase 
complex (EC 1.8.1.4) 

1391 21 - - - Yes 

Valyl-tRNA synthetase (EC 6.1.1.9) 2582 21 - - - Yes 

Adenylate kinase (EC 2.7.4.3) 644 22 - - - Yes 

Cell division trigger factor (EC 5.2.1.8) 1331 22 - - - Yes 

ATP synthase alpha chain (EC 3.6.3.14) 1556 22 - - - Yes 

SSU ribosomal protein S5p (S2e) 680 23 - - - Yes 

DNA polymerase III delta prime subunit (EC 2.7.7.7) 782 23 - - - Yes 

Uncharacterized metal-dependent hydrolase YcfH 800 23 - - - Yes 

dNTP triphosphohydrolase, broad substrate specificity 1343 23 - - - Yes 

Cell division protein FtsZ 1385 23 - - - Yes 

ATP synthase beta chain (EC 3.6.3.14) 1415 23 - - - Yes 

D-Ribose 1,5-phosphomutase (EC 5.4.2.7) 1631 23 - - - Yes 

Translation elongation factor G 2081 23 - - - Yes 

Uncharacterized protein YmdB 854 24 - - - Yes 

dnaJ-like protein 968 24 - - - Yes 

Glycerol kinase (EC 2.7.1.30) 1526 24 - - - Yes 

Maltodextrin ABC transporter, ATP-binding protein MsmX 1733 24 - - - Yes 

tRNA (guanine(46)-N(7))-methyltransferase (EC 2.1.1.33) 641 25 - - - Yes 

Endonuclease IV (EC 3.1.21.2) 911 25 - - - Yes 

Cytosol aminopeptidase PepA (EC 3.4.11.1) 1337 25 - - - Yes 

N(6)-L-threonylcarbamoyladenine synthase (EC 2.3.1.234) 962 26 - - - Yes 

Phenylalanyl-tRNA synthetase alpha chain (EC 6.1.1.20) 1016 26 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Acetate kinase (EC 2.7.2.1) 1166 26 - - - Yes 

16S rRNA (cytidine(1402)-2'-O)-methyltransferase (EC 2.1.1.198) - 
rsmI 

821 28 - - - Yes 

Heterodimeric efflux ABC transporter, permease/ATP-binding subunit 
2 

1901 28 - - - Yes 

1-deoxy-D-xylulose 5-phosphate reductoisomerase (EC 1.1.1.267) 1106 29 - - - Yes 

GTP-binding protein Obg 1304 31 - - - Yes 

Glyceraldehyde-3-phosphate dehydrogenase (NADP(+)) (EC 1.2.1.9) 1487 32 - - - Yes 

Ribonuclease J1 (endonuclease and 5' exonuclease) 1700 32 - - - Yes 

RecA protein 1055 33 - - - Yes 

Phosphatidate cytidylyltransferase (EC 2.7.7.41) 1127 33 - - - Yes 

Protein translocase subunit SecY 1496 33 - - - Yes 

Methionyl-tRNA synthetase (EC 6.1.1.10) 1763 33    Yes 

3'-to-5' exoribonuclease RNase R 2174 33 - - - Yes 

dCMP deaminase (EC 3.5.4.12) 953 34 - - - Yes 

Arginine deiminase (EC 3.5.3.6) 1211 34 - - - Yes 

Protease2 1229 34 - - - Yes 

4-diphosphocytidyl-2-C-methyl-D-erythritol kinase (EC 2.7.1.148) 725 35 - - - Yes 

Segregation and condensation protein B 875 35 - - - Yes 

Prolipoprotein 2375 35 - - - Yes 

Isoleucyl-tRNA synthetase (EC 6.1.1.5) 2693 35 - - - Yes 

tRNA-5-carboxymethylaminomethyl-2-thiouridine(34) synthesis 
protein MnmE 

1346 36    Yes 

Ribonuclease J2 (endoribonuclease in RNA processing) 1730 37 - - - Yes 

Glycyl-tRNA synthetase (EC 6.1.1.14) 1391 39 - - - Yes 

DNA polymerase IV (EC 2.7.7.7) 1196 40 - - - Yes 

KtrCD potassium uptake system, integral membrane component KtrD 1766 40 - - - Yes 

Oligopeptide transport ATP-binding protein OppD (TC 3.A.1.5.1) 1331 41 - - - Yes 

Pyruvate kinase (EC 2.7.1.40) 1526 42 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Acyl-phosphate:glycerol-3-phosphate O-acyltransferase PlsY (EC 
2.3.1.n3) 

728 43 - - - Yes 

16S rRNA (cytosine(1402)-N(4))-methyltransferase (EC 2.1.1.199) 938 43 - - - Yes 

2,3-bisphosphoglycerate-independent phosphoglycerate mutase (EC 
5.4.2.12) 

1511 43 - - - Yes 

Heat shock protein 60 family chaperone GroEL 1604 44 - - - Yes 

1-deoxy-D-xylulose 5-phosphate synthase (EC 2.2.1.7) 1745 45 - - - Yes 

Arginyl-tRNA synthetase (EC 6.1.1.19) 1649 46 - - - Yes 

ClpB protein 2153 46 - - - Yes 

Aldehyde dehydrogenase ALDH (EC 1.2.1.3) 1418 48 - - - Yes 

Phosphoenolpyruvate-protein phosphotransferase of PTS system 
(EC 2.7.3.9) 

1736 48 - - - Yes 

Methionyl-tRNA formyltransferase (EC 2.1.2.9) 947 49 - - - Yes 

Glycerol-3-phosphate dehydrogenase [NAD(P)+] (EC 1.1.1.94) 989 49 - - - Yes 

Excinuclease ABC subunit C 1778 49 - - - Yes 

Aminopeptidase C (EC 3.4.22.40) 1640 50 - - - Yes 

Translation initiation factor 2 1847 50 - - - Yes 

Dihydrolipoamide acetyltransferase component of pyruvate 
dehydrogenase complex (EC 2.3.1.12) 

1331 53 - - - Yes 

Topoisomerase IV subunit A (EC 5.99.1.-) 2390 54 - - - Yes 

DNA primase (EC 2.7.7.-) 1988 58 - - - Yes 

DNA gyrase subunit A (EC 5.99.1.3) 2540 58 - - - Yes 

Transcription termination protein NusA 1874 59 - - - Yes 

predicted integral membrane protein 2030 59 - - - Yes 

ATP-dependent protease La (EC 3.4.21.53) Type I 2438 60 - - - Yes 

RNA polymerase sigma factor RpoD 1910 62 - - - Yes 

ATP-dependent DNA helicase UvrD/PcrA (EC 3.6.4.12) 2255 62 - - - Yes 

4-hydroxybutyrate:acetyl-CoA CoA transferase (EC 2.3.1.-) 1316 63 - - - Yes 

Ribonuclease III (EC 3.1.26.3) 2132 64 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Excinuclease ABC subunit A 2858 65 - - - Yes 

DNA ligase (NAD(+)) (EC 6.5.1.2)67 2147 67 - - - Yes 

Chaperone protein DnaJ 1133 70 - - - Yes 

Siderophore-mediated iron transport protein 2027 73 - - - Yes 

Oligopeptide transport ATP-binding protein OppF (TC 3.A.1.5.1) 2495 79 - - - Yes 

Leucyl-tRNA synthetase (EC 6.1.1.4) 2417 79 - - - Yes 

Alanyl-tRNA synthetase (EC 6.1.1.7) 2708 82 - - - Yes 

Putative tRNA-m1A22 methylase 680 87 - - - Yes 

Deoxyribose-phosphate aldolase (EC 4.1.2.4) 671 89 - - - Yes 

tRNA-specific 2-thiouridylase MnmA (EC 2.8.1.13) 1973 89 - - - Yes 

Phosphate:acyl-ACP acyltransferase PlsX (EC 2.3.1.n2) 962 107 - - - Yes 

proline rich protein 2 1157 344 - - - Yes 

Lipid A export ATP-binding/permease protein MsbA 1787 200+ - - - Yes 

Oligopeptide transport system permease protein OppC (TC 3.A.1.5.1) 1076 400+ - - - Yes 

Deoxyadenosine kinase (EC 2.7.1.76) / Deoxyguanosine kinase (EC 
2.7.1.113) 

626 Incomplete data, possible sequencing error 

PTS system, mannitol-specific IIB component / PTS system, 
mannitol-specific IIC component 

764 
Incomplete data, possible sequencing error 

protease1 953 Incomplete data, possible sequencing error 

Mobile element protein 1271 Incomplete data, possible sequencing error 

Heterodimeric efflux ABC transporter, permease/ATP-binding subunit 
1 

1760 
Incomplete data, possible sequencing error 
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Appendix B2: Completed alignment and sequence comparison - M. synoviae 

Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Inorganic pyrophosphatase (EC 3.6.1.1) 545  Yes - - - 

Guanylate kinase (EC 2.7.4.8) 596 0 Yes - - - 

Phenylalanyl-tRNA synthetase domain protein (Bsu YtpR) 599 0 Yes - - - 

ATP synthase F0 sector subunit a (EC 3.6.3.14) 803 0 Yes - - - 

3'-to-5' oligoribonuclease A, Bacillus type 968 0 Yes - - - 

NAD-dependent glyceraldehyde-3-phosphate dehydrogenase (EC 
1.2.1.12) 

1004 0 Yes - - - 

Cell division protein FtsZ 1700 0 Yes - - - 

Adenine phosphoribosyltransferase (EC 2.4.2.7) 509 1 - Yes - - 

ATP synthase delta chain (EC 3.6.3.14) 551 1 - Yes - - 

Hypoxanthine-guanine phosphoribosyltransferase (EC 2.4.2.8) 554 1 - Yes - - 

Ribosome recycling factor 554 1 - Yes - - 

Single-stranded DNA-binding protein 566 1 - Yes - - 

Transcription antitermination protein NusG 608 1 - Yes - - 

Uracil phosphoribosyltransferase (EC 2.4.2.9) 620 1 - Yes - - 

Thymidylate kinase (EC 2.7.4.9) 644 1 - Yes - - 

Cytidylate kinase (EC 2.7.4.25) 656 1 - Yes - - 

SSU ribosomal protein S3p (S3e) 680 1 - Yes - - 

ABC transporter ATP-binding protein, associated with thiamin 
(pyrophosphate?) binding lipoprotein p37 

770 1 - Yes - - 

Methenyltetrahydrofolate cyclohydrolase (EC 3.5.4.9) / 
Methylenetetrahydrofolate dehydrogenase (NADP+) (EC 1.5.1.5) 

836 1 - Yes - - 

DegV family protein 893 1 - Yes - - 

dCMP deaminase (EC 3.5.4.12) 506 2 - Yes - - 

tRNA (cytidine(34)-2'-O)-methyltransferase (EC 2.1.1.207) 536 2 - Yes - - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Translation elongation factor P 560 2 - Yes - - 

Deoxyadenosine kinase (EC 2.7.1.76) @ Deoxyguanosine kinase 
(EC 2.7.1.113) 

674 2 - Yes - - 

16S rRNA (guanine(527)-N(7))-methyltransferase (EC 2.1.1.170) 677 2 - Yes - - 

tRNA (guanine(37)-N(1))-methyltransferase (EC 2.1.1.228) 683 2 - Yes - - 

LSU ribosomal protein L1p (L10Ae) 695 2 - Yes - - 

SMF family protein, DNA processing chain A (DprA) 740 2 - Yes - - 

tRNA(1)(Val) (adenine(37)-N(6))-methyltransferase (EC 2.1.1.223) 791 2 - Yes - - 

ATPase component of general energizing module of ECF 
transporters 

800 2 - Yes - - 

Acetyltransferase, GNAT family 821 2 - Yes - - 

Dihydrolipoamide acetyltransferase component of pyruvate 
dehydrogenase complex (EC 2.3.1.12) 

884 2 - Yes - - 

Heat shock protein GrpE 890 2 - Yes - - 

Thioredoxin reductase (EC 1.8.1.9) 929 2 - Yes - - 

Predicted sialic acid transporter 1847 2 - Yes - - 

Dephospho-CoA kinase (EC 2.7.1.24) 506 3 - Yes - - 

LSU ribosomal protein L5p (L11e) 560 3 - Yes - - 

GTP-binding protein EngB 563 3 - Yes - - 

Segregation and condensation protein B 569 3 - Yes - - 

ATP synthase F0 sector subunit b (EC 3.6.3.14) 581 3 - Yes - - 

Holliday junction ATP-dependent DNA helicase RuvA (EC 3.6.4.12) 596 3 - Yes - - 

tRNA (guanine(46)-N(7))-methyltransferase (EC 2.1.1.33) 617 3 - Yes - - 

Adenylate kinase (EC 2.7.4.3) 635 3 - Yes - - 

LemA PROTEIN 653 3 - Yes - - 

Transcriptional regulator, GntR family 662 3 - Yes - - 

DNA recombination and repair protein RecO 686 3 - Yes - - 

KtrCD potassium uptake system, peripheral membrane component 
KtrC 

695 3 - Yes - - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

16S rRNA (cytidine(1402)-2'-O)-methyltransferase (EC 2.1.1.198) 698 3 - Yes - - 

23S rRNA (guanosine(2251)-2'-O)-methyltransferase (EC 2.1.1.185) 701 3 - Yes - - 

Peptide chain release factor N(5)-glutamine methyltransferase (EC 
2.1.1.297) 

725 3 - Yes - - 

Segregation and condensation protein A 743 3 - Yes - - 

Protein serine/threonine phosphatase PrpC, regulation of stationary 
phase 

746 3 - Yes - - 

Ribosome small subunit biogenesis RbfA-release protein RsgA 830 3 - Yes - - 

Endonuclease IV (EC 3.1.21.2) 833 3 - Yes - - 

FMN adenylyltransferase (EC 2.7.7.2) / Riboflavin kinase (EC 
2.7.1.26) 

836 3 - Yes - - 

Methionyl-tRNA formyltransferase (EC 2.1.2.9) 842 3 - Yes - - 

LSU ribosomal protein L2p (L8e) 845 3 - Yes - - 

Multiple sugar ABC transporter, membrane-spanning permease 
protein MsmG 

857 3 - Yes - - 

Fructose-bisphosphate aldolase class II (EC 4.1.2.13) 866 3 - Yes - - 

SSU ribosomal protein S2p (SAe) 890 3 - Yes - - 

Efflux ABC transporter, ATP-binding protein 938 3 - Yes - - 

Glycosyltransferase 1019 3 - Yes - - 

NADH oxidase (EC 1.6.99.3) 1376 3 - Yes - - 

Ribonuclease J1 (endonuclease and 5' exonuclease) 1889 3 - Yes - - 

Dimeric dUTPase (EC 3.6.1.23) 500 4 - Yes - - 

LSU ribosomal protein L6p (L9e) 542 4 - Yes - - 

Thymidine kinase (EC 2.7.1.21) 551 4 - Yes - - 

Uracil-DNA glycosylase, family 1 (EC 3.2.2.27) 674 4 - Yes - - 

LSU ribosomal protein L4p (L1e) 689 4 - Yes - - 

Ribosomal large subunit pseudouridine synthase B (EC 5.4.99.22) 707 4 - Yes - - 

Probable transcriptional regulatory protein YebC 722 4 - Yes - - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Acyl-CoA:1-acyl-sn-glycerol-3-phosphate acyltransferase (EC 
2.3.1.51) 

758 4 - Yes - - 

Transmembrane component of general energizing module of ECF 
transporters 

881 4 - Yes - - 

N-acetylneuraminate lyase (EC 4.1.3.3) 890 4 - Yes - - 

DNA polymerase III delta prime subunit (EC 2.7.7.7) 917 4 - Yes - - 

no hits 917 4 - Yes - - 

Phosphate acetyltransferase (EC 2.3.1.8) 959 4 - Yes - - 

Peptide chain release factor 1 1079 4 - Yes - - 

tRNA-specific 2-thiouridylase MnmA (EC 2.8.1.13) 1118 4 - Yes - - 

Oligopeptide transport system permease protein OppB (TC 3.A.1.5.1) 1124 4 - Yes - - 

Cysteinyl-tRNA synthetase (EC 6.1.1.16) 1220 4 - Yes - - 

Oligopeptide transport system permease protein OppC (TC 3.A.1.5.1) 1343 4 - Yes - - 

Glutamyl-tRNA synthetase (EC 6.1.1.17) @ Glutamyl-tRNA(Gln) 
synthetase (EC 6.1.1.24) 

1400 4 - Yes - - 

Arginyl-tRNA synthetase (EC 6.1.1.19) 1655 4 - Yes - - 

LSU ribosomal protein L11p (L12e) 581 5 - - Yes - 

Substrate-specific component PanT of predicted pantothenate ECF 
transporter 

584 5 - - Yes - 

Cysteinyl-tRNA synthetase related protein 647 5 - - Yes - 

Ribulose-phosphate 3-epimerase (EC 5.1.3.1) 671 5 - - Yes - 

Ribonuclease HIII (EC 3.1.26.4) 728 5 - - Yes - 

LSU ribosomal protein L3p (L3e) 806 5 - - Yes - 

tRNA pseudouridine(55) synthase (EC 5.4.99.25) 863 5 - - Yes - 

N-acetylmannosamine kinase (EC 2.7.1.60) 872 5 - - Yes - 

Uncharacterized lipoprotein MYPU_1930 905 5 - - Yes - 

Hydrolase, HAD superfamily 929 5 - - Yes - 

Serine/threonine protein kinase PrkC, regulator of stationary phase, 
short form 

998 5 - - Yes - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

DNA-directed RNA polymerase alpha subunit (EC 2.7.7.6) 1001 5 - - Yes - 

Heat-inducible transcription repressor HrcA 1022 5 - - Yes - 

DNA polymerase III beta subunit (EC 2.7.7.7) 1133 5 - - Yes - 

Translation elongation factor Tu 1184 5 - - Yes - 

Acetate kinase (EC 2.7.2.1) 1193 5 - - Yes - 

Asparaginyl-tRNA synthetase (EC 6.1.1.22) 1343 5 - - Yes - 

Putative Dihydrolipoamide dehydrogenase (EC 1.8.1.4); Mercuric ion 
reductase (EC 1.16.1.1); PF00070 family, FAD-dependent NAD(P)-
disulphide oxidoreductase 

1379 5 - - Yes - 

Cytosol aminopeptidase PepA (EC 3.4.11.1) 1382 5 - - Yes - 

ATP synthase beta chain-like protein (EC 3.6.3.14) 1412 5 - - Yes - 

Transcription accessory protein (S1 RNA-binding domain) 2117 5 - - Yes - 

Large-conductance mechanosensitive channel 521 6 - - Yes - 

Peptidyl-tRNA hydrolase (EC 3.1.1.29) 563 6 - - Yes - 

Recombination protein RecR 584 6 - - Yes - 

Lipoprotein signal peptidase (EC 3.4.23.36) 719 6 - - Yes - 

SSU ribosomal protein S5p (S2e) 746 6 - - Yes - 

Methionine aminopeptidase (EC 3.4.11.18) 746 6 - - Yes - 

Uncharacterized protein YmdB 818 6 - - Yes - 

Ribosomal large subunit pseudouridine synthase C (EC 5.4.99.24) 845 6 - - Yes - 

LSU ribosomal maturation GTPase RbgA (B. subtilis YlqF) 857 6 - - Yes - 

ATP synthase gamma chain (EC 3.6.3.14) 869 6 - - Yes - 

N(6)-L-threonylcarbamoyladenine synthase (EC 2.3.1.234) 923 6 - - Yes - 

6-phosphofructokinase (EC 2.7.1.11) 977 6 - - Yes - 

Glycerol-3-phosphate dehydrogenase [NAD(P)+] (EC 1.1.1.94) 992 6 - - Yes - 

Prolipoprotein diacylglyceryl transferase 1007 6 - - Yes - 

Aminopeptidase YpdF (MP-, MA-, MS-, AP-, NP- specific) 1070 6 - - Yes - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Nicotinate-nucleotide adenylyltransferase (EC 2.7.7.18) / Hydrolase 
(HAD superfamily), YqeK 

1085 6 - - Yes - 

GTP-binding and nucleic acid-binding protein YchF 1097 6 - - Yes - 

Phosphopentomutase (EC 5.4.2.7) 1163 6 - - Yes - 

2,3-bisphosphoglycerate-independent phosphoglycerate mutase (EC 
5.4.2.12) 

1505 6 - - Yes - 

ATP synthase alpha chain-like protein (EC 3.6.3.14) 1544 6 - - Yes - 

Phosphoenolpyruvate-protein phosphotransferase of PTS system 
(EC 2.7.3.9) 

1706 6 - - Yes - 

Transport system permease protein, associated with thiamin 
(pyrophosphate?) binding lipoprotein p37 

1706 6 - - Yes - 

ABC transporter, ATP-binding protein (cluster 11, riboflavin/purine 
nucleoside/unknown) / ABC transporter, ATP-binding protein (cluster 
11, riboflavin/purine nucleoside/unknown) 

1811 6 - - Yes - 

Ribonucleotide reductase of class Ib (aerobic), alpha subunit (EC 
1.17.4.1) 

2174 6 - - Yes - 

Phospholipid-binding protein 539 7 - - Yes - 

16S rRNA (guanine(966)-N(2))-methyltransferase (EC 2.1.1.171) 542 7 - - Yes - 

Pantothenate kinase type III, CoaX-like (EC 2.7.1.33) 752 7 - - Yes - 

Similar to citrate lyase beta chain, 5 833 7 - - Yes - 

Sporulation transcription regulator WhiA 854 7 - - Yes - 

Multiple sugar ABC transporter, membrane-spanning permease 
protein MsmF 

854 7 - - Yes - 

Lipoate-protein ligase A 980 7 - - Yes - 

Tryptophanyl-tRNA synthetase (EC 6.1.1.2) 992 7 - - Yes - 

Phosphoglycerate kinase (EC 2.7.2.3) 1196 7 - - Yes - 

Chromosomal replication initiator protein DnaA 1370 7 - - Yes - 

Chaperone protein DnaK 1790 7 - - Yes - 

Oligoendopeptidase F (EC 3.4.24.-) 1835 7 - - Yes - 

Heterodimeric efflux ABC transporter, permease/ATP-binding subunit 
2 

1946 7 - - Yes - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

DNA ligase (NAD(+)) (EC 6.5.1.2) 2093 7 - - Yes - 

tRNA threonylcarbamoyladenosine biosynthesis protein TsaB 569 8 - - Yes - 

Peptide deformylase (EC 3.5.1.88) 572 8 - - Yes - 

Acyl-phosphate:glycerol-3-phosphate O-acyltransferase PlsY (EC 
2.3.1.n3) 

674 8 - - Yes - 

N-acetylmannosamine-6-phosphate 2-epimerase (EC 5.1.3.9) 695 8 - - Yes - 

COF family HAD hydrolase protein 818 8 - - Yes - 

Thymidylate synthase (EC 2.1.1.45) 869 8 - - Yes - 

GTP-binding protein Era 887 8 - - Yes - 

DNA polymerase III delta subunit (EC 2.7.7.7) 932 8 - - Yes - 

Ribose-phosphate pyrophosphokinase (EC 2.7.6.1) 1004 8 - - Yes - 

Chaperone protein DnaJ 1118 8 - - Yes - 

Serine hydroxymethyltransferase (EC 2.1.2.1) 1265 8 - - Yes - 

Aspartyl-tRNA synthetase (EC 6.1.1.12) 1700 8 - - Yes - 

DNA polymerase III subunits gamma and tau (EC 2.7.7.7) 1829 8 - - Yes - 

Cell division protein FtsH 1994 8 - - Yes - 

Ribosomal small subunit pseudouridine synthase A (EC 5.4.99.19) 710 9 - - Yes - 

Glycerophosphoryl diester phosphodiesterase (EC 3.1.4.46) 725 9 - - Yes - 

ABC transporter, permease protein 2 (cluster 11, riboflavin/purine 
nucleoside/unknown) 

953 9 - - Yes - 

RecA protein 977 9 - - Yes - 

S-adenosylmethionine synthetase (EC 2.5.1.6) 1148 9 - - Yes - 

Extracytoplasmic thiamin (pyrophosphate?) binding lipoprotein p37, 
specific for Mycoplasma 

1214 9 - - Yes - 

GTP-binding protein Obg 1274 9 - - Yes - 

ATP synthase beta chain (EC 3.6.3.14) 1394 9 - - Yes - 

ATP synthase alpha chain (EC 3.6.3.14) 1592 9 - - Yes - 

ABC transporter, permease component (Na+?) 1802 9 - - Yes - 

Transcription termination protein NusA 1817 9 - - Yes - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

ATP-dependent DNA helicase UvrD/PcrA (EC 3.6.4.12) 2204 9 - - Yes - 

16S rRNA (uracil(1498)-N(3))-methyltransferase (EC 2.1.1.193) 2294 9 - - Yes - 

Chromate transport protein 638 10 - - Yes - 

Thermonuclease family protein 719 10 - - Yes - 

Uncharacterized metal-dependent hydrolase YcfH 806 10 - - Yes - 

Signal recognition particle receptor FtsY 1052 10 - - Yes - 

Tyrosyl-tRNA synthetase (EC 6.1.1.1) 1235 10 - - Yes - 

Aspartyl-tRNA(Asn) amidotransferase subunit A (EC 6.3.5.6) @ 
Glutamyl-tRNA(Gln) amidotransferase subunit A (EC 6.3.5.7) 

1319 10 - - Yes - 

Protein translocase subunit SecY 1433 10 - - Yes - 

Pyruvate kinase (EC 2.7.1.40) 1433 10 - - Yes - 

Cyclic-di-AMP phosphodiesterase GdpP 2045 10 - - Yes - 

Phosphatidate cytidylyltransferase (EC 2.7.7.41) 1064 11 - - - Yes 

DNA recombination protein RmuC 1499 11 - - - Yes 

Ribonuclease J2 (endoribonuclease in RNA processing) 1673 11 - - - Yes 

DNA gyrase subunit B (EC 5.99.1.3) 1952 11 - - - Yes 

Translation elongation factor G 2090 11 - - - Yes 

Phenylalanyl-tRNA synthetase alpha chain (EC 6.1.1.20) 941 12 - - - Yes 

POTASSIUM CHANNEL PROTEIN 1073 12 - - - Yes 

tRNA-5-carboxymethylaminomethyl-2-thiouridine(34) synthesis 
protein MnmE 

1391 12 - - - Yes 

Aspartyl-tRNA(Asn) amidotransferase subunit B (EC 6.3.5.6) @ 
Glutamyl-tRNA(Gln) amidotransferase subunit B (EC 6.3.5.7) 

1421 12 - - - Yes 

Lysyl-tRNA synthetase (class II) (EC 6.1.1.6) 1475 12 - - - Yes 

KtrCD potassium uptake system, integral membrane component KtrD 1643 12 - - - Yes 

Threonyl-tRNA synthetase (EC 6.1.1.3) 1742 12 - - - Yes 

RecD-like DNA helicase YrrC 2222 12 - - - Yes 

Phosphopantothenoylcysteine decarboxylase (EC 4.1.1.36) / 
Phosphopantothenoylcysteine synthetase (EC 6.3.2.5) 

1154 13 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Enolase (EC 4.2.1.11) 1358 13 - - - Yes 

tRNA-5-carboxymethylaminomethyl-2-thiouridine(34) synthesis 
protein MnmG 

1838 13 - - - Yes 

Dihydrolipoamide dehydrogenase of pyruvate dehydrogenase 
complex (EC 1.8.1.4) 

1868 13 - - - Yes 

Replicative DNA helicase (DnaB) (EC 3.6.4.12) 1526 14 - - - Yes 

Excinuclease ABC subunit C 1748 14 - - - Yes 

Excinuclease ABC subunit B 2006 14 - - - Yes 

Cell division trigger factor (EC 5.2.1.8) 1388 15 - - - Yes 

Histidyl-tRNA synthetase (EC 6.1.1.21) 1496 15 - - - Yes 

Maltose phosphorylase (EC 2.4.1.8) / Trehalose phosphorylase (EC 
2.4.1.64) 

2372 15 - - - Yes 

Maltodextrin ABC transporter, ATP-binding protein MsmX 1742 17 - - - Yes 

Maltose maltodextrin transport ATP-binding protein malK 2075 17 - - - Yes 

Leucyl-tRNA synthetase (EC 6.1.1.4) 2297 17 - - - - 

Ribonucleotide reductase of class Ib (aerobic), beta subunit (EC 
1.17.4.1) 

1019 18 - - - Yes 

N-acetylglucosamine-6-phosphate deacetylase (EC 3.5.1.25) 1145 18 - - - Yes 

CRISPR-associated protein Cas1 887 19 - - - Yes 

Heterodimeric efflux ABC transporter, permease/ATP-binding subunit 
1 

1778 19 - - - Yes 

Phenylalanyl-tRNA synthetase beta chain (EC 6.1.1.20) 2180 19 - - - Yes 

Uncharacterized amino acid permease, GabP family 1718 20 - - - Yes 

Topoisomerase IV subunit B (EC 5.99.1.-) 1925 20 - - - Yes 

tRNA(Ile)-lysidine synthetase (EC 6.3.4.19) 875 23 - - - Yes 

Ribosomal large subunit pseudouridine synthase D (EC 5.4.99.23) 911 25 - - - Yes 

Triacylglycerol lipase (EC 3.1.1.3) 788 27 - - - Yes 

Oligopeptide transport ATP-binding protein OppD (TC 3.A.1.5.1) 1322 29 - - - Yes 

Beta-phosphoglucomutase (EC 5.4.2.6) 677 33 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Uridine monophosphate kinase (EC 2.7.4.22) 719 33 - - - Yes 

ABC transporter, substrate-binding protein (cluster 11, 
riboflavin/purine nucleoside/unknown) 

1343 36 - - - Yes 

Signal recognition particle protein Ffh 1391 37 - - - Yes 

Endo-1,4-beta-glucanase 1082 46 - - - Yes 

Hemolysin C 1319 49 - - - Yes 

Oligopeptide transport ATP-binding protein OppF (TC 3.A.1.5.1) 1757 51 - - - Yes 

M. homonis p80-related protein 2201 52 - - - Yes 

Holliday junction ATP-dependent DNA helicase RuvB (EC 3.6.4.12) 992 55 - - - Yes 

DNA polymerase I 5'-3' exonuclease domain 872 58 - - - Yes 

Ribonuclease III (EC 3.1.26.3) 695 59 - - - Yes 

Glucosamine-6-phosphate deaminase (EC 3.5.99.6) 758 62 - - - Yes 

Dihydroxyacetone kinase-like protein, phosphatase domain / 
Dihydroxyacetone kinase-like protein, kinase domain 

1652 65 - - - Yes 

Mobile element protein 557 70 - - - Yes 

Phosphate:acyl-ACP acyltransferase PlsX (EC 2.3.1.n2) 977 70 - - - Yes 

Pyruvate dehydrogenase E1 component alpha subunit (EC 1.2.4.1) 1124 72 - - - Yes 

Translation initiation factor 2 1808 74 - - - Yes 

Trehalose-6-phosphate hydrolase (EC 3.2.1.93) 1643 92 - - - Yes 

FIG011178: rRNA methylase 719 100+ - - - Yes 

ABC transporter, permease protein 809 100+ - - - Yes 

Cysteine desulfurase (EC 2.8.1.7) > SufS 1163 100+ - - - Yes 

DNA polymerase IV (EC 2.7.7.7) 1241 100+ - - - Yes 

4-hydroxybutyrate:acetyl-CoA CoA transferase (EC 2.3.1.-) 1334 100+ - - - Yes 

23S rRNA (uracil(1939)-C(5))-methyltransferase (EC 2.1.1.190) 1340 100+ - - - Yes 

Aldehyde dehydrogenase 1442 100+ - - - Yes 

Cardiolipin synthetase (EC 2.7.8.-) 1514 100+ - - - Yes 

Methionyl-tRNA synthetase (EC 6.1.1.10) 1556 100+ - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

ABC transporter, permease protein 1 (cluster 11, riboflavin/purine 
nucleoside/unknown) 

1610 100+ - - - Yes 

predicted coding region 1646 100+ - - - Yes 

Type III restriction-modification system methylation subunit (EC 
2.1.1.72) 

1712 100+ - - - Yes 

DNA topoisomerase I (EC 5.99.1.2) 1877 100+ - - - Yes 

Transketolase (EC 2.2.1.1) 1940 100+ - - - Yes 

Inner membrane protein translocase and chaperone YidC, long form 1958 100+ - - - Yes 

Valyl-tRNA synthetase (EC 6.1.1.9) 2498 100+ - - - Yes 

SSU rRNA (adenine(1518)-N(6)/adenine(1519)-N(6))-
dimethyltransferase (EC 2.1.1.182) 

779 200+ - - - Yes 

Pyruvate dehydrogenase E1 component beta subunit (EC 1.2.4.1) 992 200+ - - - Yes 

ABC transporter, ATP-binding protein 1178 200+ - - - Yes 

GTP-binding protein EngA 1307 200+ - - - Yes 

3'-to-5' exoribonuclease RNase R 2207 200+ - - - Yes 

ABC transporter, ATP-binding and permease protein 2216 200+ - - - Yes 
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Appendix B3: Completed alignment and sequence comparison - M. gallinaceum 

Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Translation initiation factor 3 536  - Yes - - 

LSU ribosomal protein L11p (L12e) 584 15 - - - Yes 

16S rRNA (cytosine(1402)-N(4))-methyltransferase (EC 2.1.1.199) 902 18 - - - Yes 

tRNA (guanine(37)-N(1))-methyltransferase (EC 2.1.1.228) 683 22 - - - Yes 

DNA-directed RNA polymerase alpha subunit (EC 2.7.7.6) 1010 22 - - - Yes 

LSU ribosomal protein L1p (L10Ae) 695 23 - - - Yes 

Alcohol dehydrogenase (EC 1.1.1.1) 1049 26 - - - Yes 

Uracil phosphoribosyltransferase (EC 2.4.2.9) 644 27 - - - Yes 

Adenine phosphoribosyltransferase (EC 2.4.2.7) 512 31 - - - Yes 

Methionine aminopeptidase (EC 3.4.11.18) 749 31 - - - Yes 

KtrCD potassium uptake system, peripheral membrane component 
KtrC 

671 36 - - - Yes 

Oligopeptide transport system permease protein OppB (TC 3.A.1.5.1) 1055 38 - - - Yes 

Nicotinamidase (EC 3.5.1.19) 539 40 - - - Yes 

Glycyl-tRNA synthetase (EC 6.1.1.14) 1355 40 - - - Yes 

N-acetylmuramic acid 6-phosphate etherase (EC 4.2.1.126) 875 41 - - - Yes 

Spermidine/putrescine import ABC transporter permease protein 
PotC (TC 3.A.1.11.1) 

791 42 - - - Yes 

Spermidine/putrescine import ABC transporter permease protein 
PotB (TC 3.A.1.11.1) 

833 43 - - - Yes 

Thymidine kinase (EC 2.7.1.21) 551 44 - - - Yes 

Ribonuclease HIII (EC 3.1.26.4) 698 44 - - - Yes 

16S rRNA (uracil(1498)-N(3))-methyltransferase (EC 2.1.1.193) 683 45 - - - Yes 

Ribosomal large subunit pseudouridine synthase B (EC 5.4.99.22) 734 45 - - - Yes 

Fructose-bisphosphate aldolase class II (EC 4.1.2.13) 866 47 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Oligopeptide transport system permease protein OppC (TC 3.A.1.5.1) 1061 48 - - - Yes 

Oligopeptide transport ATP-binding protein OppD (TC 3.A.1.5.1) 1307 48 - - - Yes 

Tryptophanyl-tRNA synthetase (EC 6.1.1.2) 2459 48 - - - Yes 

3'-to-5' oligoribonuclease A, Bacillus type1 971 50 - - - Yes 

Peptide chain release factor 1 1064 50 - - - Yes 

Spermidine/putrescine import ABC transporter ATP-binding protein 
PotA (TC 3.A.1.11.1) 

1391 50 - - - Yes 

PTS system, cellobiose-specific IIC component 1472 52 - - - Yes 

tRNA(1)(Val) (adenine(37)-N(6))-methyltransferase (EC 2.1.1.223) 773 53 - - - Yes 

Formamidopyrimidine-DNA glycosylase (EC 3.2.2.23) 854 53 - - - Yes 

Hydrolase, HAD superfamily 905 54 - - - Yes 

LSU ribosomal maturation GTPase RbgA (B. subtilis YlqF) 857 56 - - - Yes 

Bis-ABC ATPase YbiT 1616 56 - - - Yes 

FIG011178: rRNA methylase 725 57 - - - Yes 

Transcriptional regulator 872 57 - - - Yes 

Aspartate--ammonia ligase (EC 6.3.1.1) 977 57 - - - Yes 

Outer surface protein of unknown function, cellobiose operon 1088 59 - - - Yes 

tRNA 4-thiouridine synthase (EC 2.8.1.4) 1142 60 - - - Yes 

Peptide chain release factor N(5)-glutamine methyltransferase (EC 
2.1.1.297) 

719 62 - - - Yes 

Endo-1,4-beta-glucanase 1079 65 - - - Yes 

Nicotinate-nucleotide adenylyltransferase (EC 2.7.7.18) 1100 65 - - - Yes 

S-adenosylmethionine synthetase (EC 2.5.1.6) 1136 66 - - - Yes 

Chaperone protein DnaK 1793 66 - - - Yes 

Replicative DNA helicase (DnaB) (EC 3.6.4.12) 1466 73 - - - Yes 

Anhydro-N-acetylmuramic acid kinase (EC 2.7.1.170) 1139 76 - - - Yes 

Phosphoglycerate kinase (EC 2.7.2.3) 1184 77 - - - Yes 

Translation initiation factor 2 1799 83 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

GTP-binding and nucleic acid-binding protein YchF 1100 84 - - - Yes 

Adenylate kinase (EC 2.7.4.3) 698 88 - - - Yes 

Methionyl-tRNA synthetase (EC 6.1.1.10) 1556 88 - - - Yes 

Ribonuclease J1 (endonuclease and 5' exonuclease) 1931 88 - - - Yes 

2,3-bisphosphoglycerate-independent phosphoglycerate mutase (EC 
5.4.2.12) 

1517 89 - - - Yes 

Cyclic-di-AMP phosphodiesterase GdpP 2000 89 - - - Yes 

Protein translocase subunit SecY 1418 91 - - - Yes 

Transcription termination protein NusA 1679 97 - - - Yes 

Cation-transporting ATPase, E1-E2 family 2744 131 - - - Yes 

Transcription antitermination protein NusG 599 100+ - - - Yes 

tRNA (cytidine(34)-2'-O)-methyltransferase (EC 2.1.1.207) 650 100+ - - - Yes 

Cysteinyl-tRNA synthetase (EC 6.1.1.16) 1217 100+ - - - Yes 

Arginyl-tRNA synthetase (EC 6.1.1.19) 1658 100+ - - - Yes 

Efflux ABC transporter, permease/ATP-binding protein YfiC 1841 100+ - - - Yes 

tRNA-5-carboxymethylaminomethyl-2-thiouridine(34) synthesis 
protein MnmG 

1841 100+ - - - Yes 

Oligoendopeptidase F (EC 3.4.24.-) 1862 100+ - - - Yes 

Transketolase (EC 2.2.1.1) 1946 100+ - - - Yes 

DNA gyrase subunit B (EC 5.99.1.3) 1967 100+ - - - Yes 

DNA ligase (NAD(+)) (EC 6.5.1.2) 1979 100+ - - - Yes 

3'-to-5' exoribonuclease RNase R 2234 100+ - - - Yes 

Leucyl-tRNA synthetase (EC 6.1.1.4) 2330 100+ - - - Yes 

Protein translocase subunit SecA 2558 100+ - - - Yes 

ATP-dependent protease La (EC 3.4.21.53) Type I 2741 100+ - - - Yes 

Chromate transport protein 659 200+ - - - Yes 

amino acid permease 1502 200+ - - - Yes 

Type I restriction-modification system, DNA-methyltransferase 
subunit M (EC 2.1.1.72) 

1562 200+ - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

DNA polymerase IV (EC 2.7.7.7) 1655 200+ - - - Yes 

Heterodimeric efflux ABC transporter, permease/ATP-binding subunit 
1 

1808 200+ - - - Yes 

PTS system, cellobiose-specific IIA component 872 300+ - - - Yes 

Cysteine desulfurase (EC 2.8.1.7) > SufS 1160 300+ - - - Yes 

Hemolysin C 1235 300+ - - - Yes 

Oligopeptide transport ATP-binding protein OppF (TC 3.A.1.5.1) 1361 300+ - - - Yes 

Probable spermidine/putrescine substrate binding protein in 
Mollicutes 

1976 300+ - - - Yes 

 

  

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

120 

Appendix B4: Completed alignment and sequence comparison - M. pullorum 

Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

2-dehydro-3-deoxy-D-gluconate 5-dehydrogenase (EC 1.1.1.127) @ 
2-deoxy-D-gluconate 3-dehydrogenase (EC 1.1.1.125) 

764  Yes - - - 

Deoxyadenosine kinase (EC 2.7.1.76) @ Deoxyguanosine kinase 
(EC 2.7.1.113) 

659 0 Yes - - - 

DNA polymerase III delta prime subunit (EC 2.7.7.7) 935 0 Yes - - - 

putative TYPE II DNA MODIFICATION ENZYME 
(METHYLTRANSFERASE) 

899 0 Yes - - - 

rRNA small subunit 7-methylguanosine (m7G) methyltransferase 
GidB 

692 0 Yes - - - 

Single-stranded DNA-binding protein 662 0 Yes - - - 

SSU ribosomal protein S4p (S9e) @ SSU ribosomal protein S4p 
(S9e), zinc-independent 

599 0 Yes - - - 

Translation elongation factor Tu 1187 0 Yes - - - 

CDP-diacylglycerol--glycerol-3-phosphate 3-phosphatidyltransferase 
(EC 2.7.8.5) 

722 1 - Yes - - 

Inorganic pyrophosphatase (EC 3.6.1.1) 551 1 - Yes - - 

phosphosugar-binding transcriptional regulator, RpiR family 872 1 - Yes - - 

RNA methyltransferase, TrmH family 728 1 - Yes - - 

Thymidine kinase (EC 2.7.1.21) 575 1 - Yes - - 

LSU ribosomal protein L4p (L1e) 632 2 - Yes  - 

N(6)-L-threonylcarbamoyladenine synthase (EC 2.3.1.234) 935 2 - Yes - - 

Nicotinamidase (EC 3.5.1.19) 542 2 - Yes - - 

SSU ribosomal protein S3p (S3e) 650 2 - - - - 

tRNA (cytidine(34)-2'-O)-methyltransferase (EC 2.1.1.207) 536 2 - Yes - - 

tRNA 4-thiouridine synthase (EC 2.8.1.4) 1139 2 - Yes - - 

Formamidopyrimidine-DNA glycosylase (EC 3.2.2.23) 851 3 - Yes - - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Phosphoenolpyruvate-dihydroxyacetone phosphotransferase (EC 
2.7.1.121), ADP-binding subunit DhaL 

587 3 - Yes - - 

Ribonuclease III (EC 3.1.26.3) 710 3 - Yes - - 

4-deoxy-L-threo-5-hexosulose-uronate ketol-isomerase (EC 5.3.1.17) 830 4 - Yes - - 

LSU ribosomal protein L6p (L9e) 539 4 - Yes - - 

Peptide deformylase (EC 3.5.1.88) 548 4 - Yes - - 

PTS system, N-acetylglucosamine-specific IIA component (EC 
2.7.1.69) / PTS system, N-acetylglucosamine-specific IIB component 
(EC 2.7.1.69) / PTS system, N-acetylglucosamine-specific IIC 
component (EC 2.7.1.69) 

524 4 - Yes - - 

RNA polymerase sigma factor RpoD 1490 4 - Yes - - 

Serine/threonine protein kinase PrkC, regulator of stationary phase 998 4 - Yes - - 

Transcriptional regulator, GntR family 662 4 - Yes - - 

23S rRNA (guanosine(2251)-2'-O)-methyltransferase (EC 2.1.1.185) 704 5 - - Yes - 

Adenylate kinase (EC 2.7.4.3) 647 5 - - Yes - 

GTP-binding protein EngB 578 5 - - Yes - 

LSU ribosomal protein L2p (L8e) 845 5 - - Yes - 

LSU ribosomal protein L3p (L3e) 824 5 - - Yes - 

Prolyl-tRNA synthetase (EC 6.1.1.15), archaeal/eukaryal type 1436 5 - - Yes - 

Ribonuclease HII (EC 3.1.26.4) 617 5 - Yes - - 

SSU ribosomal protein S5p (S2e) 632 5 - - Yes - 

Thiol peroxidase, Tpx-type (EC 1.11.1.15) 500 5 - - Yes - 

Translation initiation factor 3 1841 5 - - Yes - 

Triosephosphate isomerase (EC 5.3.1.1) 734 5 - - Yes - 

tRNA (guanine(46)-N(7))-methyltransferase (EC 2.1.1.33) 611 5 - - - - 

tRNA threonylcarbamoyladenosine biosynthesis protein TsaB 560 5 - - Yes - 

Uracil phosphoribosyltransferase (EC 2.4.2.9) 626 5 -  Yes - 

Alcohol dehydrogenase (EC 1.1.1.1) 1046 6 - - Yes - 

D-lactate dehydrogenase (EC 1.1.1.28) 1037 6 - - Yes - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Guanylate kinase (EC 2.7.4.8) 599 6 - - Yes - 

LemA protein 665 6 - - Yes - 

LSU ribosomal protein L1p (L10Ae) 695 6 - - Yes - 

Thymidylate kinase (EC 2.7.4.9) 656 6 - - Yes - 

Asparaginyl-tRNA synthetase (EC 6.1.1.22) 1352 7 - - Yes - 

Chromosomal replication initiator protein DnaA 1484 7 - - Yes - 

Endo-1,4-beta-glucanase 1085 7 - - Yes - 

NAD-dependent glyceraldehyde-3-phosphate dehydrogenase (EC 
1.2.1.12) 

1001 7 - - Yes - 

Protein QmcA (possibly involved in integral membrane quality 
control) 

920 7 - - Yes - 

Ribosome small subunit biogenesis RbfA-release protein RsgA 839 7 - - Yes - 

4-Hydroxy-2-oxoglutarate aldolase (EC 4.1.3.16) @ 2-dehydro-3-
deoxyphosphogluconate aldolase (EC 4.1.2.14) 

629 8 - - Yes - 

Aminopeptidase YpdF (MP-, MA-, MS-, AP-, NP- specific) 1046 8 - - Yes - 

Dihydroxyacetone kinase-like protein, phosphatase domain / 
Dihydroxyacetone kinase-like protein, kinase domain 

1634 8 - - Yes - 

Fructose-bisphosphate aldolase class II (EC 4.1.2.13) 872 8 - - Yes - 

Histidinol-phosphatase (EC 3.1.3.15) 833 8 - - Yes - 

Recombination protein RecR 587 8 - - Yes - 

Ribosomal large subunit pseudouridine synthase B (EC 5.4.99.22) 725 8 - - Yes - 

16S rRNA (cytosine(1402)-N(4))-methyltransferase (EC 2.1.1.199) 905 9 - - Yes - 

Cysteinyl-tRNA synthetase (EC 6.1.1.16) 1220 9 - - Yes - 

Glycerol-3-phosphate dehydrogenase (EC 1.1.5.3) 1151 9 - - Yes - 

GLYCOSYLTRANSFERASE 1019 9 - - Yes - 

LSU ribosomal protein L5p (L11e) 554 9 - - Yes - 

NADH oxidase (EC 1.6.99.3) 1373 9 - - Yes - 

Phosphate acetyltransferase (EC 2.3.1.8) 962 9 - - Yes - 

Protein translocase subunit SecY 1409 9 - - Yes - 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Segregation and condensation protein A 731 9 - - Yes - 

tRNA-specific 2-thiouridylase MnmA (EC 2.8.1.13) 1118 9 - - Yes - 

ABC transporter, ATP-binding protein (cluster 11, riboflavin/purine 
nucleoside/unknown) / ABC transporter, ATP-binding protein (cluster 
11, riboflavin/purine nucleoside/unknown) 

1817 10 - - - Yes 

DNA-directed RNA polymerase alpha subunit (EC 2.7.7.6) 1004 10 - - Yes - 

Mannose-6-phosphate isomerase (EC 5.3.1.8) 851 10 - - Yes - 

Methenyltetrahydrofolate cyclohydrolase (EC 3.5.4.9) / 
Methylenetetrahydrofolate dehydrogenase (NADP+) (EC 1.5.1.5) 

836 10 - - Yes - 

Methionine aminopeptidase (EC 3.4.11.18) 776 10 - - - Yes 

Phosphoenolpyruvate-dihydroxyacetone phosphotransferase (EC 
2.7.1.121), dihydroxyacetone binding subunit DhaK 

977 10 - - Yes - 

Probable transcriptional regulatory protein YebC 731 10 - - Yes - 

PTS system, hyaluronate-oligosaccharide-specific IID component 869 10 - - Yes - 

Ribonuclease J2 (endoribonuclease in RNA processing) 1649 10 - - Yes - 

Uncharacterized amino acid permease, GabP family 1661 10 - - Yes - 

Cysteine desulfurase (EC 2.8.1.7) > SufS 1154 11 - - - Yes 

Glycerol-3-phosphate dehydrogenase [NAD(P)+] (EC 1.1.1.94) 1004 11 - - - Yes 

LSU ribosomal protein L11p (L12e) 587 11 - - - Yes 

Pyruvate dehydrogenase E1 component alpha subunit (EC 1.2.4.1) 1127 11 - - - Yes 

Pyruvate dehydrogenase E1 component beta subunit (EC 1.2.4.1) 1001 11 - - - Yes 

Signal recognition particle receptor FtsY 998 11 - - - Yes 

Transmembrane component of general energizing module of ECF 
transporters 

866 11 - - - Yes 

Aspartate aminotransferase (EC 2.6.1.1) 851 12 - - - Yes 

GTP cyclohydrolase 1 type 2 homolog YbgI 773 12 - - - Yes 

GTP-binding protein Era 872 12 - - - Yes 

Hemolysins and related proteins containing CBS domains 1232 12 - - - Yes 

Segregation and condensation protein B 587 12 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Spermidine/putrescine import ABC transporter ATP-binding protein 
PotA (TC 3.A.1.11.1) 

1373 12 - - - Yes 

Transcription antitermination protein NusG 599 12 - - - Yes 

Acetate kinase (EC 2.7.2.1) 1187 13 - - - Yes 

       

Argininosuccinate synthase (EC 6.3.4.5) 1238 13 - - - Yes 

Cell division protein FtsZ 1271 13 - - - - 

chromate ion transporter (CHR) family, putative 674 13 - - - Yes 

Inner membrane protein translocase and chaperone YidC, long form 1997 13 - - - Yes 

RecA protein 992 13 - - - Yes 

S-adenosylmethionine synthetase (EC 2.5.1.6) 1127 13 - - - Yes 

Spermidine/putrescine import ABC transporter permease protein 
PotC (TC 3.A.1.11.1) 

1706 13 - - - Yes 

Translation elongation factor LepA 1799 13 - - - Yes 

DNA recombination and repair protein RecO 680 14 - - - Yes 

Maltose/maltodextrin ABC transporter, permease protein MalG 959 14 - - - Yes 

Pyruvate kinase (EC 2.7.1.40) 1433 14 - - - Yes 

Transport protein SgaT, putative 1547 14 - - - Yes 

16S rRNA (cytidine(1402)-2'-O)-methyltransferase (EC 2.1.1.198) 698 15 - - - Yes 

16S rRNA (guanine(966)-N(2))-methyltransferase (EC 2.1.1.171) 557 15 - - - Yes 

3'-to-5' oligoribonuclease A, Bacillus type 971 15 - - - Yes 

Beta-phosphoglucomutase (EC 5.4.2.6) 677 15 - - - Yes 

FMN-dependent NADH-azoreductase (EC 1.7.1.6) 599 15 - - - Yes 

Glycerol kinase (EC 2.7.1.30) 1529 15 - - - Yes 

Phenylalanyl-tRNA synthetase alpha chain (EC 6.1.1.20) 2174 15 - - - Yes 

tRNA pseudouridine(55) synthase (EC 5.4.99.25) 845 15 - - - Yes 

ABC transporter ATP-binding-Pr1 1541 16 - - - Yes 

ABC transporter, ATP-binding protein 704 16 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Aspartate--ammonia ligase (EC 6.3.1.1) 980 16 - - - Yes 

ATP-dependent DNA helicase UvrD/PcrA (EC 3.6.4.12) 2147 16 - - - Yes 

Cell division trigger factor (EC 5.2.1.8) 1295 16 - - - Yes 

Cytidylate kinase (EC 2.7.4.25) 674 16 - - - Yes 

Cytosol aminopeptidase PepA (EC 3.4.11.1) 1409 16 - - - Yes 

Heterodimeric efflux ABC transporter, permease/ATP-binding subunit 
1 

1790 16 - - - Yes 

Histidyl-tRNA synthetase (EC 6.1.1.21) 1391 16 - - - Yes 

Unsaturated chondroitin disaccharide hydrolase (EC 3.2.1.180) 1211 16 - - - Yes 

Dihydrolipoamide acetyltransferase component of pyruvate 
dehydrogenase complex (EC 2.3.1.12) 

920 17 - - - Yes 

DNA polymerase I (EC 2.7.7.7) 863 17 - - - Yes 

DNA primase (EC 2.7.7.-) 2075 17 - - - Yes 

Phosphate:acyl-ACP acyltransferase PlsX (EC 2.3.1.n2) 995 17 - - - Yes 

predicted MutT-like hydrolases 560 17 - - - Yes 

Seryl-tRNA synthetase (EC 6.1.1.11) 1268 17 - - - Yes 

ATPase component of general energizing module of ECF 
transporters 

797 18 - - - Yes 

GTP-binding protein Obg 1265 18 - - - Yes 

tRNA(1)(Val) (adenine(37)-N(6))-methyltransferase (EC 2.1.1.223) 782 18 - - - Yes 

Cardiolipin synthetase (EC 2.7.8.-) 1514 19 - - - Yes 

Putative Dihydrolipoamide dehydrogenase (EC 1.8.1.4); Mercuric ion 
reductase (EC 1.16.1.1); PF00070 family, FAD-dependent NAD(P)-
disulphide oxidoreductase 

1373 19 - - - Yes 

Signal recognition particle protein Ffh 1352 19 - - - Yes 

Threonine dehydrogenase and related Zn-dependent 
dehydrogenases 

1070 19 - - - Yes 

Aspartyl-tRNA synthetase (EC 6.1.1.12) 1712 20 - - - Yes 

DNA polymerase III subunits gamma and tau (EC 2.7.7.7) 2132 20 - - - Yes 

NAD synthetase (EC 6.3.1.5) 800 20 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

Peptide chain release factor 1 1070 20 - - - Yes 

Phosphopentomutase (EC 5.4.2.7) 1187 20 - - - Yes 

2,3-bisphosphoglycerate-independent phosphoglycerate mutase (EC 
5.4.2.12) 

1505 21 - - - Yes 

Aspartyl-tRNA(Asn) amidotransferase subunit B (EC 6.3.5.6) @ 
Glutamyl-tRNA(Gln) amidotransferase subunit B (EC 6.3.5.7) 

1430 21 - - - Yes 

Glucose-6-phosphate isomerase (EC 5.3.1.9) 1298 21 - - - Yes 

Glycyl-tRNA synthetase (EC 6.1.1.14) 1337 21 - - - Yes 

GTP-binding protein EngA 1304 21 - - - Yes 

Heterodimeric efflux ABC transporter, permease/ATP-binding subunit 
2 

1910 21 - - - Yes 

Ribose-phosphate pyrophosphokinase (EC 2.7.6.1) 977 22 - - - Yes 

Thioredoxin reductase (EC 1.8.1.9) 923 22 - - - Yes 

Uracil-DNA glycosylase, family 1 (EC 3.2.2.27) 671 22 - - - Yes 

Argininosuccinate lyase (EC 4.3.2.1) 1394 23 - - - Yes 

Peptide chain release factor N(5)-glutamine methyltransferase (EC 
2.1.1.297) 

725 23 - - - Yes 

fic family protein 1046 24 - - - Yes 

Endonuclease IV (EC 3.1.21.2) 827 25 - - - Yes 

Excinuclease ABC subunit B 1988 25 - - - Yes 

Replicative DNA helicase (DnaB) (EC 3.6.4.12) 1481 25 - - - Yes 

Serine hydroxymethyltransferase (EC 2.1.2.1) 1268 25 - - - Yes 

6-phosphofructokinase (EC 2.7.1.11) 977 27 - - - Yes 

DNA topoisomerase I (EC 5.99.1.2) 1964 27 - - - Yes 

Lipoprotein signal peptidase (EC 3.4.23.36) 668 27 - - - Yes 

Methionyl-tRNA synthetase (EC 6.1.1.10) 1535 27 - - - Yes 

Uncharacterized metal-dependent hydrolase YcfH 800 27 - - - Yes 

FIG007079: UPF0348 protein family 914 28 - - - Yes 

ATP synthase alpha chain (EC 3.6.3.14) 1529 29 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

ATPase 1259 29 - - - Yes 

Cyclic-di-AMP phosphodiesterase GdpP 1991 29 - - - Yes 

Phage protein 1211 29 - - - Yes 

Sporulation transcription regulator WhiA 842 31 - - - Yes 

ATP synthase beta chain-like protein (EC 3.6.3.14) 1364 32 - - - Yes 

Methionyl-tRNA formyltransferase (EC 2.1.2.9) 833 32 - - - Yes 

RecD-like DNA helicase YrrC 2156 32 - - - Yes 

SSU rRNA (adenine(1518)-N(6)/adenine(1519)-N(6))-
dimethyltransferase (EC 2.1.1.182) 

782 34 - - - Yes 

Valyl-tRNA synthetase (EC 6.1.1.9) 2510 34 - - - Yes 

Arginyl-tRNA synthetase (EC 6.1.1.19) 1649 35 - - - Yes 

Maltose phosphorylase (EC 2.4.1.8) / Trehalose phosphorylase (EC 
2.4.1.64) 

2366 36 - - - Yes 

Transketolase (EC 2.2.1.1) 1955 38 - - - Yes 

DNA polymerase IV (EC 2.7.7.7) 1253 39 - - - Yes 

Prolipoprotein diacylglyceryl transferase 992 40 - - - Yes 

Aspartyl-tRNA(Asn) amidotransferase subunit A (EC 6.3.5.6) @ 
Glutamyl-tRNA(Gln) amidotransferase subunit A (EC 6.3.5.7) 

1328 42 - - - Yes 

Excinuclease ABC subunit C 1739 42 - - - Yes 

Transcription accessory protein (S1 RNA-binding domain) 2111 42 - - - Yes 

Chromate transport protein 584 47 - - - Yes 

Neutral endopeptidase O (EC 3.4.24.-) 1904 49 - - - Yes 

Dihydrolipoamide dehydrogenase of pyruvate dehydrogenase 
complex (EC 1.8.1.4) 

2186 50 - - - Yes 

Xylulose-5-phosphate phosphoketolase (EC 4.1.2.9) @ Fructose-6-
phosphate phosphoketolase (EC 4.1.2.22) 

2378 51 - - - Yes 

LSU ribosomal maturation GTPase RbgA (B. subtilis YlqF) 902 52 - - - Yes 

Glutamyl-tRNA synthetase (EC 6.1.1.17) @ Glutamyl-tRNA(Gln) 
synthetase (EC 6.1.1.24) 

1412 55 - - - Yes 

DNA ligase (NAD(+)) (EC 6.5.1.2) 1997 56 - - - Yes 
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Gene 
Max group 

size nucleus 
Number of 
differences 

Identical 
< 5 

differences 
5 - 10 

differences 
> 10 

differences 

HPr kinase/phosphorylase (EC 2.7.1.-) (EC 2.7.4.-) 932 63 - - - Yes 

Uncharacterized protein YmdB 899 77 - - - Yes 

Phenylalanyl-tRNA synthetase beta chain (EC 6.1.1.20) 2180 102 - - - Yes 

3'-to-5' exoribonuclease RNase R 2027 198 - - - Yes 

Alpha-amylase (EC 3.2.1.1) 1838 200+ - - - Yes 

Ribonuclease J1 (endonuclease and 5' exonuclease) 1919 200+ - - - Yes 

Ribulose-phosphate 3-epimerase (EC 5.1.3.1) 671 200+ - - - Yes 

tRNA-5-carboxymethylaminomethyl-2-thiouridine(34) synthesis 
protein MnmG 

2258 200+ - - - Yes 
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Appendix C: Research Approvals - REC, AEC, and Section 20 
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