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Background

* (Gene expression 1s dependent on chromatin structure in
cukaryotes.

* The ‘position preference’(PP) measure 1s 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.

e 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 1s, how easily can 1t be wrapped
around chromatin proteins.
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Prokaryotes do not have nucleosomes but they also have
chromatin, and the DNA 1s compacted to similar levels (1.e.,
more than 1000x) in both prokaryotes and eukaryotes.
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An 1llustration of DNA supercoiling domains in the E. coli chromosome.
Willenbrock & Ussery 2004



Table 1. DNA bending and/or bendability parameters as revealed by
DNase I: parameters of trinucleotide steps”

Productive binding of DNase I requires
Trinucleotide No. of occurrences DMNase I-denved
DNA tO be bent. step in dataset trinucleotide

parameter (In p)

AATIATT 89 0,280

AAATTT 278 —0.274

: : CCATGG 45 =0.246

DNase I interacts with a 6 bp contact AACIGTT g “020s
1 ACT/AGT 7 —0.183

surface of the minor groove and bends the eeos N o8
ATC/GAT 12 —{.110

DNA molecul away from the enzyme, L e o
1 CGCIGCG 84 —0.077

towards the major groove. Thc?refore, base COCIGES e —oom
sequences that are flexible or inherently GAA/TTC 17 ~0.037
. ACG/CGT 84 —0.033

bent towards the major groove should be gggﬁ?é 3;’ —ggf;
more accessible to DNase I cleavage. CCCIGGG 141 ~0.012
ACATGT 52 - (0006

COATCG 54 0,003

GOGATCC 71 0013

CAMTTG 74 0.015"

AGC/GCT 35 0017

GTA/TAC g3 0,025

AGA/TCT 127 0.027

CTC/IGAG 102 00310

CAC/GTG 55 (0.040

TAA/TA 99 0.068"

GCAMTGC 34 0.076

CTATAG it (0.090

GOC/GOT 57 0107

ATG/CAT 71 0.134"

CAG/ICTG (41 0.175

ATASTAT 20 0.182

TCA/TGA 127 0.194

Brukner et al 1995






e Codon adaptation index 1s highly correlated with the
expression level 1n fast growing bacteria, but

— 1t cannot consider tRNAs, ribosomal RNAs and other non-
coding RNAs;

— 1t 1s less effective predictor in slow growing organismes;

— 1t requires the 1dentification 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 1n microbial genomes?



* The average position preference for ribosomal protein
encoding genes 1s lower than for other protein
encoding genes (Wilcoxon P-value 4e-11).

 rRNAs, tRNASs, and miscellaneous RNAs have
significantly lower position preference values than
translated genes (P-value = 6¢e-34).
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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.



« 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.

e The PP measure could be useful for identifying rRNA, tRNA
and other non-coding RNA genes 1n pre-annotated DNA
sequences, because those genes tend to have lower PP than the
genomic average.
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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.

e Genes often encoded by DNA with low position preference
values were mostly involved 1n ‘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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