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Who is the winner?

• Ubiquity: (omnipresence/ universality  essentiality)

– For the purpose of this study, the ubiquity of x is 
calculated as the number of “sets” to which x belongs

• x= (gene, protein, function, protein-encoding gene, enzyme)

• @sets = (genomes, metagenomes, biomes)

• Abundance: (profusion  ‘fertility/ promiscuity’)

– The abundance of x is calculated as the (average) number 
of times x is represented in a particular set



Spelling out the question

• What to count:

– gene: DNA (or RNA) that encodes a protein 
(through mRNA), tRNA, rRNA, tmRNA, etc…

– protein-encoding gene (aka gene): DNA (or 
RNA) that encodes a protein

– function/ functional role: an annotation… In 
Genomes function = PEG! In metagenomes, a 
function is the annotation given to a sequence 
read (gene tag) IF there is a best blast hit to 
this gene tag. 



Current knowledge

• What do you think is the most abundant 
and most ubiquitous function or PEG? 

(an enzyme? a transcription factor? a transporter? DNA 
metabolism? Carbohydrate metabolism?)



Current knowledge

• The most abundant protein: RuBisCo*

• How so? It’s the enzyme with the highest copy 
number in ecosystems (or with highest total 
mass).

• Is it the most ubiquitous? No! It’s almost only 
in photosynthetic organisms.

• Is its gene the most abundant? No! Most 
genomes lack it.

*ribulose-1,5-bis phosphate 
carboxylase



Methodology
What to count and how to count it?

aka

Can we even answer the question?



Counting PEGs in genomes

☺ PEG's fully sequenced

☺ one copy per function (more == paralogs)

So, just collect all genomes, extract all pegs, count 
functions, and get results.

☹ Sequenced genomes do not represent life, but 
rather human-centered interests in life.



Counting EGTs in metagenomes

Environmental gene tag (EGT) comes 
from one organism and represents one 
or more functions.

☺ Counts ∝ abundance

☹ Counts depend on:
– Abundance
– Gene length
– Metagenome sample size ($$)

☹ Up 90% with no BLAST hits



The answer
(Show me the data!)



The genomic sample

2,137 ‘complete’ 
genomes



The metagenomic sample

Metagenomes 187

Sequences 6,730,478

Sequences per
Metagenome

35,991

Median size of 
metagenomes 15,914



And the winner is …

• Ghost anonymous protein
• aka

– Hypothetical protein
– Conserved protein
– Unknown protein
– Protein predicted by Glimmer
– Very hypothetical protein
– No name



And the winner is …
(metagenomes)

Function # nCAI

Transposase 178 4,026

Retrotransposon-related p150 
protein

69 3,412

Viral structural protein 126 1,909

ABC transporter, ATP-binding 
protein

170 1,528

Replication-associated protein 32 1,481

NCAI: ∑ (count/mean protein length/# informative EGTs)



Gene ubiquity in metagenomes



Metagenomes …
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Metagenomes …
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And the winner is …
(genomes)

Function # Count

Transposase 693 26,625

ABC transporter, ATP-binding 
protein

738 9,382

Sensor histidine kinase 574 5,575

DNA-binding response regulator 578 4,708

Methyl-accepting chemotaxis 
protein

408 4,389



Gene ubiquity in genomes



Genomes …

Pearson Corr.
0.645
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Some take-home messages

• Current annotations suck – we need 
substantial improvement to really 
understand metagenomes.

• Transposases are not just junk 
hypothetical proteins; their quorum 
dictates some more attention!

• The ‘selfish’ transposase genes must be 
offering their hosts some advantage.



Some take-home messages

• If rRNA is used to track genomes’ 
vertical history, transposases are 
good to track ‘horizontal’ history 

• Cheaters (always) win…

• Transposases shall inherit the 
earth…
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Raw data
Non­normalizedCumulative Frequency



Raw data
Non­normalizedCumulative Frequency



Raw data
Mean (mean len)Cumulative Abundance



Raw data
Mean of (mean len)Cumulative Abundance



Gene abundance in 
genomes
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