Short stems in RNA secondary structure
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RNA along with DNA and proteins is one of the most important classes of biopolymers.
Aside from the three types of RNA molecules (mMRNA, tRNA, and rRNA) involved in protein
synthesis there are plenty of noncoding RNA molecules with a variety of functions (see for
example [1]). The function of RNA is in correspondence with its structure and that is why we
need to fully understand principles of RNA structure formation. One of the least investigated
class of RNA structures comprises structures containing so called pseudoknots (a.k.a.

pseudoknotted structures).

In this work we study the role of short helical regions (short stems) which are thought to be
energetically unfavorable and hence unstable. The work is based on analysis of all
RNA-containing structures from Protein Data Bank [2]. Annotations of stems and
pseudoknots were obtained from URS database [3]. In particular, we analyze the
2D-environment of short stems and refine the classification of pseudoknots appearing in
RNA 3D-structures assuming that short stems are not taken into account. The assumption
allows us significantly simplify the classification that may result in improvement of

algorithms predicted pseudoknotted RNA secondary structures.

According to the empirical thermodynamic parameters [4] the formation of a helix starts to
decrease free energy of the structure only after the formation of the third stack of base pairs.
With respect to this rule we believe that short stems, i.e. stems of length 2 or 3, may be

unstable and should not contribute significantly to the overall free energy of folded RNA



molecule. We compared stem length distributions separately for all structures and
pseudoknotted structures. Short stems of length 2 have been found to be overrepresented in
pseudoknotted structures (32% vs. 25% in all structures) although short stems of length 3
have not supported this trend. For indirect evidence of instability of short stems we compared
stem length distributions separately for each type of respective loop. As we expected the
majority of short stems were found near internal loops and bulges where they can be

strengthened by longer adjacent stems.

Then we considered the role of short stems in forming of pseudoknots. The overall number of
considered pseudoknots is 5233 (the data is highly redundant). The overall number of unique
pseudoknot signatures is 16, see definition of pseudoknot signature in [5]. For each
pseudoknot short stems have been excluded and its signatures have been updated via two
stage reduction process. First the short stems are removed and then the signature is rebuilded.
If needed, interchain stems have been excluded from interchain pseudoknots prior to short
stems removal. After the procedure almost all pseudoknots have been reduced to the two
simplest types — either H-knot (signature abAB) or kissing loops (signature abAcBC). The
only exception is a pseudoknot from Group II Intron from Oceanobacillus itheyensis with

signature abcdCefAFDEB. This case will be further examined in more detail.
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