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Introduction RNA Secondary Structure
RNA spatial structure plays Pseudoknot
important role in different cellular O J

. Stem

processes. Recurrent structural .M o

RNA motifs are less studied Smg,eLt,a,,ded [
comparing to the protein TT]::I% )

structures. In this project we Buige Loop =
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iImportant RNA motifs - A-minors.
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A-minors in H-knots 7

154 out of 270 H-knots are || ..
stabilized by A-minors. Usually s, [y - [ 82
Is stabilized by local adenines from

I, and s, is stabilized by distant ' lQl

adenines. Fisher's exact test S]I
shows (P < 0.0002) that s, tends ' 3
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to be longer than s, in H-knots
with A-minors.

H-knot with local A-minor formed by s, and adenine from |,

Novel type of A-minor clusters

Almost half of all A-minors (3200 out of 7000) exist in
clusters. The most common and the only described type is
called A-patch consisting of stacked consecutive adenines and
base pairs. We discovered the novel type of A-minor clusters
iIn which adenines are not stacked. We called such clusters as
PAMs (Piles of A-Minors). In known RNA structures, there are
about 1200 A-patches and about 300 PAMs.

A-patch

SAM-| Riboswitch has four conserved A-minors, not three

We found an unusual A-minor in which all three nucleotides
are distant from each other in terms of secondary structure.
This A-minor was not reported before but it seems functional
being conserved in 28 structures of SAM-I| riboswitches -
RNAs found upstream of a number of genes which encode
proteins involved in methionine or cysteine biosynthesis in
Gram-positive bacteria. "

_4kqy GUUCUUAUCAAGAGAAGCAGAGEEA
_43ob G-GCUUAUCAAGAGAGGGCAAGARE
_5fk6 G-GCUVAUCAAGAGAGGGAGAGERS
_5fkg G-GCUUAUCAAGAGAGGGGGAGUBA
_Sfj¢ G-GCUUAUCAAGAGAGGGGGAGUEE
_5fk4 G-GCUUAUCAAGAGAGGGUGAGERA

GBCCGACGAAGCUUCAGCAACCGGUGUAAUGGCGAAAGCCAUGACCAA = === ==snana-s GGUGC
GBUUGAUGACCC -CCGECAACCA-============meemeeeeecfAf = e mme AAUGGUGC
GBGCGAAGACCC -CCGGCAACCA= === =smmrssssssssssnnesGAnmmmmmmnn AAUGGUGC
GBGCGAAGACCC - CCGECAACCA=====sssssscacccsccaccaGhoncnnnnns AAUGGUGC
GBGCGAAGAACC -CCGECAACCA-=========m==meeeeeeeea@A=mmmmmm= AAUGGUGC
GBGCGAAGAUCC - CCGGCAACCA=====ssmsssssssssssnnesGAnmmmmmnnn AAUGGUGC
GRGCGAAGAACC - CCGGCAACCA=====sesssscsccccccncccaGhonnnnnnns AAUGGUGC
GBACGAAGAUCC -CCOGCAACCA-=========msmmmemeeeeeaBAmmmmmm=n= AAUGGUGC
GRGCGAAGAGCC -CCGGCAACCA=====ssmsssssssssnsnnesGAnmmmmmnnn AAUGGUGC
GBGCGAAGAACC - CCGGCAACCA======escescccccccccccaGhoncnnnnns AAUGGUGC
GBBCGAAGAUCC -CCGECAACCA--========msmmseeeeeeee@A=mmmmmmn= AAUGGUGC
GRGCGAAGAGCC - CCGGCAACCA=====ssmssssessssnannns
GBGCGAAGAUCC - CCGECAACCA=====ceseescecccacananan
GRGCGAAGACCC-CCBECAACCA-====mmmmmmmmmmm e e m =
GROCGAAGACCC -CCGGCAACCA====mssmsensssssanannnn
GBECGACGAAAC - CCGECAACCA======ssssccccccccccccaGhocnncnnan AAUGGUGC
GBCCGACGAAAC-CCOECAACCA-======mmmmmmmeemeeeeeeGhm = m = AAUGGUGC
GRCCGAUGAAAC - CCGGCAACCACUAGUCUAGCGUCAGCUUCGGCUGACGCUAGGCUAGUGGUGE
GBCCGAUGAAAC - CCGGCAACCA=======scsscecccccccccaGhonmncnnnan AAUGGUGC
GBECGAUGAAAC-CCGECAGCCA-======mmmmsmmssmeeeeeeGAm == m= AAUGGUGC
GBECGACGAAAC-CCGGCAACCA=====sssssssssnsssnsnnnaGAnmmmmnnne AAUGGUGC
_3gx3 G-GCUUAUCAAGAGAGGUGGAGEBACUGGBECGACGAAAC - CCGGCAACCA=======sssceccccccaaaan
_3gx5 G-GCUUAUCAAGAGAGGUGGAGBIBACUGGEECGACGAAAC -CCGECAACCA= === =mmmmmmmmmme e e e ==
_3gx6 G-GCUUAUCAAGAGAGGUGGAGBBACUGGBECGACGAAAC - CCGGCAACCA= = ssmmsamsnnnannannas
_3iqp G-GCUUAUCAAGAGAGGUGGAGEACUGGBECGAUGAAAC - CCGGCAACCA=======ssscccccmccaaaan
_3igr G-GCUUAUCAAGAGAGGUGGAGBBACUGGRECGAUGAAAC -CCGECAACCA======mmmmmmmmmme e -

UCCAGCAAGCUCGAACAGCUUGGAAGAVAAGAAC
UUCCUGCAG- - -AGGAAACGUUGAAAGAUGAGCCA
UUCCUGCAG- - ~CGGAAACGUUGAAAGAUGAGCCA
UUCCUGCAG- - - CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - -CGCGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG - - - CGGAAACGUUGAAAGAUGAGCC -
UUCCUGCAG- - -CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - -CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG - - - CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - -CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - -CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - - CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - -CGGAAACGUUGAAAGAUGAGCCE
UUCCUGCAG- - -CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - ~CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - -CGGAAACGUUGAAAGCGGAGCCE

4bSr G-GCUUAUCAAGAGAGGGGGAGEE
5fk1 G-GCUUAUCAAGAGAGGGGGAGEHA
5Fk2 G-GCUUAUCAAGAGAGGGGGAGEES
5fkS G-GCUUAUCAAGAGAGGGAGAGEES
Sfkd G-GCUUAUCAAGAGAGGGAGAGEES
5fke G-GCUUAUCAAGAGAGGGUGAGEES
Sfkf G-GCUUAUCAAGAGAGGGCGAGEEA
Sfkh G-GCUUAUCAAGAGAGGGUGAGEES
_5fk3 G-GCUVAUCAAGAGAGGGCGAGERE
_3gx7 G-GCUUCGCAAGAGAGGUGGAGEEA
_2ydh G-GCUUAUCAAGAGAGGUUUAGEEA
_3v7e G-GCUVAUCAAGAGAGGUGGAGEEA
_2gis G-GCUUAUCAAGAGAGGUGGAGEEA
_3ign G-GCUUAUCAAGAGAGGUGGAGEEA
_3gx2 G-GCUVAUCAAGAGAGGUGGAGEEA
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UUCCUGCAG- - - CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - - CGGAAACGUUGAAAGAUGAGCCA
UUCCUGCAG- - -CGGAAACGUUGAAAGAUGAGCCA
UUCCUGCAG- - - CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG - - - CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - -CGGAAACGUUGAAAGAUGAGCCE
UUCCUGCAG- - - CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG - - - CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - -CGGAAACGUUGAAAGAUGAGCCG
UUCCUGCAG- - - CGGAAACGUUGAAAGAUGAGCCG
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Colors in the alighment correspond to the structural elements

Conclusions

¢ |n H-knots usually stem 1 is stabilized by local A-minors and stem 2 by distant A-minors
e \We discovered PAMs - A-minor clusters of novel type in which adenines are not stacked
e SAM-| Riboswitch has four conserved A-minors, not three
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