
Signature genes as a phylogenomic tool

Bas E. Dutilh, Berend Snel, Thijs J.G. Ettema, Ying He, Maarten L. Hekkelman and Martijn A. Huynen
CMBI / NCMLS, Radboud University Nijmegen Medical Centre, The Netherlands

a 
w

eb server to identify

signature genes

www.cmbi.ru.nl/signature

Signature genes qualitatively find the same clades in 
metagenomic samples as experiments based on phy-
logenetic markers, and provide an independent point 
of view.
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a, b, and c: total numbers of signature genes found for each clade (including subclades); 
d, e and f: percentages of these clades found in the original analyses using several phylo-
genetic markers (Venter et al. 2004; Tringe et al. 2005). Signatures could not be identified 
for clades that were not in the reference tree, these are not shown.

metagenomics data

sensitivity (tp/(tp+fn))

specificity (tn/(tn+fp))

precision (tp/(tp+fp))

accuracy (true/all)

71.5%
98.7%
91.7%
94.1%

We removed up to 30% of the species from the data 
set. In the adjusted phylogeny, a removed protein 
could be:

A signature for a correct ancestor (tp)
A signature for another clade (not an ancestor; fp)
Not a signature, but a signature for an ancestor in the 
original phylogeny with all species (fn)
Not a signature, nor a signature originally (tn)

cross-validation
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Rhizobiaceae

Prochlorococcus

Streptomyces

Mycobacterium

Pseudomonas

Shigella flexneri 2a str. 2457T
Shigella flexneri
Escherichia coli
Escherichia coli O6
Escherichia coli O157:H7 EDL933
Escherichia coli O157:H7
Salmonella enterica subsp. enterica serovar Typhi Ty2
Salmonella typhi
Salmonella typhimurium
Yersinia pestis KIM
Yersinia pestis
Yersinia pestis biovar Medievalis str. 91001

Photorhabdus luminescens subsp. laumondii
Buchnera aphidicola (Acyrthosiphon pisum)
Buchnera aphidicola (Schizaphis graminum)

Buchnera aphidicola (Baizongia pistaciae)
Candidatus Blochmannia floridanus

Wigglesworthia glossinidia (Glossina brevipalpis)
Pasteurella multocida
Haemophilus influenzae
Haemophilus ducreyi

Vibrio vulnificus YJ016
Vibrio vulnificus
Vibrio parahaemolyticus
Vibrio cholerae
Photobacterium profundum

Shewanella oneidensis
Pseudomonas putida KT2440
Pseudomonas syringae pv. tomato

Pseudomonas aeruginosa
Xylella fastidiosa Temecula1
Xylella fastidiosa

Xanthomonas axonopodis pv. citri
Xanthomonas campestris pv. campestris
Coxiella burnetii

Bordetella parapertussis
Bordetella bronchiseptica
Bordetella pertussis

Ralstonia solanacearum
Neisseria meningitidis serogroup A
Neisseria meningitidis serogroup B

Chromobacterium violaceum
Nitrosomonas europaea

Agrobacterium tumefaciens str. C58
Sinorhizobium meliloti
Brucella melitensis biovar Suis
Brucella melitensis
Mesorhizobium loti

Rhodopseudomonas palustris
Bradyrhizobium japonicum

Caulobacter vibrioides
Rickettsia prowazekii

Rickettsia conorii
Wolbachia sp. wMel

Helicobacter pylori J99
Helicobacter pylori

Helicobacter hepaticus
Wolinella succinogenes
Campylobacter jejuni

Geobacter sulfurreducens
Bdellovibrio bacteriovorus

Desulfovibrio vulgaris subsp. vulgaris str. Hildenborough
Synechococcus sp. WH 8102

Prochlorococcus marinus str. MIT 9313
Prochlorococcus marinus

Prochlorococcus marinus subsp. pastoris str. CCMP1986
Nostoc sp. PCC 7120

Synechocystis sp. PCC 6803
Synechococcus elongatus

Gloeobacter violaceus
Thermus thermophilus HB27

Deinococcus radiodurans
Aquifex aeolicus

Thermotoga maritima
Fusobacterium nucleatum subsp. nucleatum

Chlamydophila pneumoniae CWL029
Chlamydophila pneumoniae AR39
Chlamydophila pneumoniae J138
Chlamydophila pneumoniae TW-183

Chlamydophila caviae
Chlamydia muridarum
Chlamydia trachomatis

Porphyromonas gingivalis
Bacteroides thetaiotaomicron

Chlorobaculum tepidum
Mycobacterium tuberculosis H37Rv
Mycobacterium tuberculosis CDC1551
Mycobacterium bovis

Mycobacterium leprae
Mycobacterium avium subsp. paratuberculosis

Corynebacterium glutamicum ATCC 13032
Corynebacterium efficiens
Corynebacterium diphtheriae

Streptomyces avermitilis
Streptomyces coelicolor

Tropheryma whipplei TW08/27
Tropheryma whipplei str. Twist

Bifidobacterium longum
Treponema pallidum

Treponema denticola
Borrelia burgdorferi

Leptospira interrogans
Leptospira interrogans serovar Copenhageni

Pirellula sp.
Bacillus cereus ATCC 14579
Bacillus cereus ATCC 10987
Bacillus anthracis str. Ames

Bacillus subtilis
Oceanobacillus iheyensis

Bacillus halodurans
Listeria monocytogenes str. 4b F2365
Listeria monocytogenes
Listeria innocua

Staphylococcus aureus subsp. aureus N315
Staphylococcus aureus subsp. aureus Mu50
Staphylococcus aureus subsp. aureus MW2
Staphylococcus epidermidis

Streptococcus pyogenes
Streptococcus pyogenes MGAS8232
Streptococcus pyogenes MGAS315
Streptococcus pyogenes SSI-1
Streptococcus agalactiae serogroup III
Streptococcus agalactiae serogroup V
Streptococcus mutans

Streptococcus pneumoniae R6
Streptococcus pneumoniae

Lactococcus lactis subsp. lactis
Enterococcus faecalis

Lactobacillus johnsonii
Lactobacillus plantarum

Mycoplasma pneumoniae
Mycoplasma genitalium

Mycoplasma gallisepticum
Mycoplasma penetrans

Ureaplasma parvum
Mycoplasma mobile 163K
Mycoplasma pulmonis

Mycoplasma mycoides subsp. mycoides SC
Onion yellows phytoplasma

Clostridium tetani
Clostridium perfringens

Clostridium acetobutylicum
Thermoanaerobacter tengcongensis

Methanothermobacter thermautotrophicus str. Delta H
Methanopyrus kandleri

Methanococcus maripaludis
Methanocaldococcus jannaschii

Pyrococcus horikoshii
Pyrococcus abyssi

Pyrococcus furiosus
Methanosarcina acetivorans
Methanosarcina mazei

Halobacterium sp. NRC-1
Archaeoglobus fulgidus

Thermoplasma volcanium
Thermoplasma acidophilum
Sulfolobus tokodaii

Sulfolobus solfataricus
Aeropyrum pernix

Pyrobaculum aerophilum
Nanoarchaeum equitans
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We found 8,362 signatures for 112 prokaryotic taxa, given the COGs and NOGs in STRING 
7.0 (von Mering et al. 2007) and the reference phylogeny above. This tree is based on a su-
peralignment (Ciccarelli et al. 2006), nodes with bootstrap <80% were collapsed.

A

A1 A2 A3

B

OG1: 0 1 1 1 1 1 0 0 0 0
OG2: 1 1 1 1 1 1 0 0 0 1
OG3: 1 1 1 0 0 1 0 0 0 0

OG1 is not a signature for clade A as it is 
not present in daughter A1.
OG2 is not a signature for clade A be-
cause it is present in clade B.
OG3 is a signature for clade A, as it is 
present in all the daughter lineages A1, 
A2 and A3, but not in clade B.

The coverage score of a signature is itera-
tively calculated as the average of the 
scores in the daughter clades. For OG3 in 
clade A: ((1/1)+(2/3)+(1/2))/3 = 0.72.

Signature genes are unique to a taxonomic clade and 
are present in all daughter lineages. They can be used 
for the phylogenetic characterisation of sequence 
samples, including incomplete genomes and metage-
nomic samples. We have tested the reliability of signa-
ture genes as a phylogenomic tool, and implemented 
the method in a web server. 
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hashing function or BLAST 
and Cognitor rule (most of 
the top hits in same OG) 
assign queries to COGs, 
KOGs and NOGs
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OG3: 1 1 1 0 0 1 0 0 0 0

calculate significance 
score, generate image 
of the tree of life

Flow chart of the Signature web server: www.cmbi.ru.nl/signature.
Input amino acid queries (FASTA, no maximum).
Assign queries to orthologous groups (COG, KOG, NOG).
Assess distribution of OG in given reference phylogeny, check signature definition.
Calculate significance score (observed/expected ratio) and generate an insightful 
image of the tree of life, highlighting clades with signature genes in green and red.

Results based on 1,956 sequences in Ferroplasma scaffolds (Tyson et al. 2004), 974 
unique OG assigned, 196 signature OGs (took <10 hours).


