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ABSTRACT

Recent analyses have revealed that large portions of many classes of non-coding
experimental annotations identified by the ENCODE consortium show no
evidence of primary sequence constraint during mammalian evolution. Since the
current set of evolutionarily constrained regions only represents sequence whose
primary order ot nucleotide bases have remained highly similar throughout
evolution, we sought to explore other properties of DNA that might be
evolutionarily constrained and thus important for tfunction; one such property is
DNA structure. Importantly, it has been shown that ditferent primary sequences
exhibit very similar 3-dimensional structure as assessed by hydroxyl-radical
cleavage patterns.

We used this information to develop a “structure” conservation score that
assesses the similarity of structure from multi-sequence alignments. Using very
stringent false discovery rates, we can identity at least twice as much sequence
being constrained in structure, compared to primary sequence constraint
methods. Half of these new structurally-constrained regions are not
evolutionarily constrained at the primary sequence level. Interestingly, we
observed a better correlation between structural constraint and many non-coding
functional annotations, than with primary sequence constraint. Indeed, some
functional annotations have up to twice as much structural constraint compared
to primary sequence constraint.

Our results support the hypotheses that 1) other more complex functional
‘grammars’ likely exist in the genome, 2) they are important for genome function,
and 3) such structural grammars appear to be evolutionarily constrained and can
be detected by comparative sequence analysis.
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Generating a Structure Conservation Score
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Example of Structural Constraint vs. Equivalent False Discovery Rate
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Primary Sequence Conservation of
Structurally Constrained Regions
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Primary and Structural Sequence Constraint Significance of Structure-Only Overlap
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