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“Expression of a gene is in a sense a bit like purchasing a new home - the value is strongly 

dependent on location. This value is context-dependent: it depends on who your neighbors

are and also on the larger geographical picture.”

Willenbrock & Ussery 2004

• Gene expression is dependent on chromatin structure in
eukaryotes.

• The ‘position preference’(PP) measure is a DNA structural 
measure, which reflects the preference of a given di-
/trinucleotide for being found in a region where the DNA 
minor groove faces either towards or away from the 
nucleosome histone core.

• High absolute PP reflects a high preference for nucleosomes, 
while low absolute PP reflects di-/trinucleotides which tend to 
exclude nucleosomes.

• The PP measure also describes a more general structural 
property of DNA – that is, how easily can it be wrapped 
around chromatin proteins.

Background



Nucleosome structure in eukaryotes



An illustration of DNA supercoiling domains in the E. coli chromosome.

Willenbrock & Ussery 2004

Prokaryotes do not have nucleosomes but they also have 

chromatin, and the DNA is compacted to similar levels (i.e., 

more than 1000x) in both prokaryotes and eukaryotes.



Brukner et al 1995

Productive binding of DNase I requires

DNA to be bent.

DNase I interacts with a 6 bp contact

surface of the minor groove and bends the

DNA molecul away from the enzyme, 

towards the major groove. Therefore, base

sequences that are flexible or inherently

bent towards the major groove should be

more accessible to DNase I cleavage.





• Codon adaptation index is highly correlated with the
expression level in fast growing bacteria, but

– it cannot consider tRNAs, ribosomal RNAs and other non-
coding RNAs;

– it is less effective predictor in slow growing organisms;

– it requires the identification of a representative subset of
highly expressed genes in an organism (problematic for
more distant microbes).

• Alternative - using the PP for the prediction of highly
expressed genes in microbial genomes?



• The average position preference for ribosomal protein

encoding genes is lower than for other protein 

encoding genes (Wilcoxon P-value 4e-11).

• rRNAs, tRNAs, and miscellaneous RNAs have 

significantly lower position preference values than 

translated genes (P-value = 6e-34).



Figure 2. Gene density plots. (A) Density plot of position preference differences for 328 microbial 

genomes. Differences between mean position preference of translated coding sequences (CDSs) and 

ribosomal proteins (red) or between mean position preference of CDSs and ribosomal RNA (rRNA) 

(blue). Most microbial genomes CDSs have a higher mean position preference values than 

ribosomal proteins and rRNA (mean above 0). (B) Position preference densities for the 10% most 

highly expressed genes, non-highly expressed genes, rRNAs, tRNAs and ribosomal proteins in E. 

coli. 
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• There was no significant correlations between CAI triplet
weights and PP scores.

• The correlation between CAI weights and PP triplet values did
not increase for fast replicating bacteria, indicating that PP 
may be a useful supplement for predicting highly expressed
non-translated genes even in slow-growing microbes.

• The PP measure could be useful for identifying rRNA, tRNA
and other non-coding RNA genes in pre-annotated DNA 
sequences, because those genes tend to have lower PP than the
genomic average.







Heatmap of COG functional categories for genes with

low position preference (10% lowest) for 328 

microbial genomes compared to the genomic

background.



Conclusions

• Absolute gene expression levels are highly correlated with low 
PP in multiple microbial genomes.

• PP may be exploited for predicting the expression of non-
translated genes and highly expressed genes in slow growing 
microbes.

• Genes often encoded by DNA with low position preference 

values were mostly involved in ‘translation, ribosomal 

structure and biogenesis’, ‘energy production and conversion’, 

and transcription.

• For pathogens and microbes living in extreme environments, 

the predominant functional category was ‘replication, 

recombination and repair’.
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