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PLEXY: Efficient Target Prediction for Box C/D snoRNAs
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ABSTRACT duplexes. snoTar get (Bazeley et al., 2008), at present the
Motivation:  Small nucleolar RNAs (snoRNAs) are an abundant only computer program devoted to C/D snoRNA target preaficti
class of non-coding RNAs with a wide variety of cellular functions employs pattern matching to find candidates, which are theked

including chemical modification of RNA, telomere maintanance, pre- by the co-folding energy of snoRNA and target as computed
rRNA processing, and regulatory activities in alternative splicing. The by RNAcof ol d (Bernhartet al., 2006). In contrast,pl exy
main role of box C/D snoRNAs is to determine the targets for 2'- directly computes the interaction energies by means of myma

Oribose methylation, which is important for rRNA maturation and programming.

splicing regulation of some mRNAs. The targets are still unknown,

however, for many “orphan” snoRNAs. While a fast and efficient target

predictor for box H/ACA-RNA target is available, no comparable tool

exists for C/D-Box snoRNAs, even though they bind to their targets in 2 RESULTS

a much less complex manner. The PLEXY Algorithm PLEXY takes a snoRNA sequence with
Results: PLEXY is a dynamic programming algorithm that computes annotated box-motifs and a list of potential target RNAsrgmi.
thermodynamically optimal interactions of a box C/D snoRNA with First 20 nt sequence segments upstream of D- and D’- boxes ers
a putative target RNA. Implemented as scanner for large input extraceted as putative interaction regiof.EXY then calls the
sequences and equipped with filters on the duplex structure, PLEXY RNApl ex algorithm to compute stable duplexes of the snoRNA
is an efficient and reliable tool for the predictions of box C/D snoRNA antisense region and the putative targe®NApl ex is a fast

target sites. folding algorithm for unbranched RNA structures that agb a
Availability: The source code of PLEXY is freely available at ht t p: linearized energy model to achieve a linear runtime bemgVafer
/1wy, bi oi nf . uni - | ei pzi g. de/ Sof t war e/ PLEXY & Hofacker, 2008). The list of duplexes is then filtered usthg
Contact: steffi@bioinf.uni-leipzig.de rules compiled by (Chesat al., 2007):

(a) the interaction should be at least 7nts long,
(b) no bulges are allowed,
1 INTRODUCTION (c) the core duplex region contains at most one mismatch,
ODUCTIO (d) the methylated residue forms a Watson-Crick pair.

Box C/D snoRNAs are mainly involved in >-ribose methylation  Einajly, the putative target sites are ranked by the contbdteplex
of specific nucleotides in ribosomal and spliceosomal RNASenergies.

(Terns & Terns, 2002). The targeted position is located thxac

5 nucleotides upstream of thé Bnd of the D or D’ box. It is  Runtime The CPU requirements &LEXY scale linearly with the
determined by sequence-specific hybridization, Fig. 1/ Base-  length of the target sequence. It scart¥ nucleotides of target
pairing region has a length of 7-20 nts and exhibits a sinpletre ~ Sequences in 19s on a 2.66GHz Intel processor (Q9400). Fhis i
consisting of stacked base-pairs and a few mismatches tmly. only four times slower than the pattern search algorithmleyeal
particular, bulges are absent (ial., 1997). by snoTar get .

Recently, an.eﬁicien.t and reliable tool for predicting t.hacﬂn Accuracy In order to compare the performance BEEXY and
more complex interactions of H/ACA snoRNAs with their ta9€ g5’ get we used a collection of experimentally verified
has become avalllable .(Tgfa al., 2010), V\,’h'Ch is based on snoRNA-rRNA interactions of yeast (Lowe & Eddy, 1999) and
the therm(_)dynamlcs pnn_mples of RNA _foldlng. No compaeabl human (Lestrade & Weber, 2006), and used yeast (Samarsky &
approach is currently available for the simple C/D snoRNNAR Fournier, 1999) and human (Lestrade & Weber, 2006) snoRNA an
rRNA sequences. In the yeast datasdtEXY correctly predicted
*to whom correspondence should be addressed all 50 target sites, 49 (98%) being ranked first. In contrast,
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Fig. 1: A: Box C/D snoRNA interacting with target
et e RNA. The duplex length varies between 7 and 20
: nts, the core duplex region (c.r.) extends from the
3rd to 11th nt upstream of the D or D’-box.
The methylated residue is always the/b nucleotide
4 upstream of the D/D™-box % end. B: ROC-curves
of the target predictions bPLEXY (solid line) and
4 snoTar get (dotted lines) in human and yeast (inset).
C: Rate of false positive interaction predictions in
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snoTar get recovered only 37 of 50 (74%) of the methylation understood they can be easily included in fleEXY algorithm
sites, only 20 (40%) achieving the top rank. In hum&bEXY by simply adding rules to select approriate duplexes from th
finds 116 out of 118 (98.3%) of the known rRNA targets, 108 RNApl ex output.

(91.55%) with top ranksnoTar get retrieves 78.88% of these Finally, we remark that the specificity oPLEXY can be
targets and ranks 55.77% of them at the top of the list. Tha datenhanced by considering evolutionary conservation of #nget
are summarized as ROC-curves in Figure 1B. The minimum fressite. This is achieved most easily by filtering the predigiathtive
energy for the predicted duplexes on the ribosomal RNAsa@@ss  targets by their sequence conservation. Alternatively,ctipability
—20.4 [kcal/mol]. The energy distribution is shown in Figure 1C.  of RNApl ex to compute interactions regions between multiple

False Positive Rate We tested 117 snoRNAs with known targets on sequence allgnement_s could by employed. - .
rRNAS or snRNAs against a 10 Mb segment of the human genome, In summaryPLEXY is a computationally efficient tool to predict
. L i . target sites for box C/D snoRNAs. It is specific enough tcat#ii

Aduplex is a false positive if its interaction energy is lowlean that . : e : . :
of the true interaction. For 24 snoRNAs we found no false tesi identify modification sites on ribosomal and spliceosomalAR.

. I ' . - At the same time, it is efficient enough to perform genomeewid
hit, for 39 additional snoRNAs, there is less than one fatsstiye hes tential MRNA t ts of oroh RNA
per megabase, and more than 80% (98/117) of the snoRNAs hava &' cnes for potentialm argets ot orphan sno S
less than 1 false positive in 100kb. The false positive rafgedds  Funding: European Union under the auspices of the FP-7
exponentially on the interaction energy, Figure 1C, hePlcEXY QUANTOMICS project.
cannot reliably predict the few snoRNA-rRNA interactiohatthave
very poor interaction energies.
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