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A Simple search | Combinatorial search | BLAT search genome

Step 1: Define a set of candidate Gene Set of selected candidate Gene
Symbols/NCBI RefSegs Symbols/NCBI RefSeqgs:
Option 1: All genes in database CDKN1A
CDKN1B

Option 2:
Type in a Gene Symbol or a NCBI RefSeq: add candidate =>
CDKN1C

Option 3:
Upload a file of Gene Symbols or NCBI RefSeqgs:

Browse...
load selected file [ remove selection(s)

Step 2: Define a set of regulators (RBPs and/or miRNAs)

Set of available RBPs: Set of selected regulators:
(* MDC processed tracks) ®any Oall
in set must match

All RBPs in database All RBPs in database

AGO1-4 PAR-CLIP (Hafner 2010)* All miRNAs in database
ELAVL1 PAR-CLIP (Lebedeva 2011)*

ELAVL1 PAR-CLIP (Mukherjee 2011) e ——— .
IGF2BP1-3 PAR-CLIP (Hafner 2010)* add selected RBP => | (==a
PUM2 PAR-CLIP (Hafner 2010)*

QKI PAR-CLIP (Hafner 2010)*

SFRS1 CLIP-SEQ (Sanford 2009)

TDP-43 iCLIP (Tollervey 2011)

hnRNPC iCLIP (Koenig 2010)

TIA1iCLIP (Wang 2010)

TIAL1 iCLIP (Wang 2010)

" remove selection(s) )

Steg 3: Define add. search options

restrict your searchtotop 10 %
of RBP binding sites

B cal 20 basest
5".‘..% AAAeoé%Zr%seiﬂlaTAé%ﬁffA%c;\mﬁ é‘é‘FTTT’r%c?F%E?TTG&?ﬁ%SA%TA&%&%%TGTA%AQPAS%TT’r%o%ﬁr"??TATé%A‘?%ASATAAAc
CDKN1B ICSC Genes Based on RefSeﬂ UniProt, GenBank, CCDS End CompeLatlve Genomics

RefSeq Genes
AGO1-4 PAR-CLIP (Hafner 2010)
CID 003675 " icTar2.0 predicti hg18 and miRB: 16 d miRNA: fish with d
are. redictions on anda mi ase v conservea mi s up to fish with cons seeds
miR-187-star — 0P i il
miR-221/222/548v [ ]
miR-196a/b |
miR-187-star [ ]
]

miR-221/222/548v
PUM2 PAR-CLIP (Hafner 2010)
CID 0011332

RefSea Genes

Placental Mammal Basewise Conservation b

Mammal Cons

-0.5
Multiz Alignments of 44 Vertebrates

5 3
GATGTAGCATTATGCAATTAGGTTTTTCCTTATTTGC :TCATTGTACTAOL GTG ATGTAGCACATAAAC
GATGTAGCATTATGCAATTAGGTTTTTCCTTATTTGCTTCATTGTACTACCTGTG ATGTAGCACATAAAC
GATGTAGCATTGCGCAATTAGG G CCTTATTTGCTT IGTTGTACTACCTGTG G ATGTAGCACATAAAG
G GATGTAGCATTGTGCAATTAGG CCTTATTTGCTTCATTGTACTACCTGTGTATATAG TTACC ATGTAGCACATAAAC
NN INNNNNNNNNNNNNNNNNNN NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN N INNNNNNNNNNNNNNNNNNNNNNNNNNN
monDom4 AAAGCATTGGATGTAGCATCATGCAATTAGG TCCTTATTTGCTTCATTGTACTACCTGTGTATATA A TTATGTAGCACATAAAC
ornAnal AAAGCATTGGATGTAGCATTGTGCAATTAGGTTTTCC - TTATTTGCTTCATTGTACTACCTGTG TTATGTAGCAAATAAAC
galGal3 AAAG _JA__CC GATGTAGCATTGTGCAATTAGG G TCCTTATTTGCTTCATTGTACTACCTGTG TGTAGCACATAAAC
anoCar1 AAAGCATTGGATGTAGCATTCTGCAATTAGG TCCTCATTTGCTTCATTGTACTACCTGTG -ATGTAGCACATAAAC

xenTro2
aasAcul AAAGCAGT(‘AATGTAGCA(’TGTGCAATTAGGTTTTI'TCC TTTGCTTTTATTTACTACCTGTGTGTAAATATTATATTTCTTATGTAGCACATAA==
SNPs (130) Simple Nucleotide Polymorphisms (dbSNP build 130)
s

Repeating Elements by RepeatMasker
RepeatMasker

Figure 2. Example of a target centric query — the ‘Cip/Kip’ family. (A) Web interface — Simple Search Tab. (B) Visualization of the 3’ UTR of

CDKNIB.
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Regulator set A Regulator set B
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(CDS, intron ...) (CDS, intron ...)
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|

Result report

Figure 3. Combinatorial search options.

the aforementioned simple search. It combines the results
from two independent simple searches (4 and B, Figure 3).
Initially, target site positions can be individually confined
for sets 4 and B to a particular gene feature region (CDS,
5" UTR, 3 UTR, intron or intergenic). The two filtered
sets are subsequently combined by four possible set oper-
ations: union, 4 U B’ intersection, 4 N B’ symmetric differ-
ence, AAB; and set difference, A\ B. Please bear in mind
that both, the A4 set and the B set, are themselves the
outcome of either a union or intersection step. Figure 3
summarizes the query capabilities of the combinatorial
search option.

DISCUSSION

A Dbetter understanding and dissection of post-
transcriptional regulation is of paramount importance
to molecular biology. With the advent of robust
high-throughput methods for target site delineation,
either computationally or experimentally, we face the
challenge of efficient data organization, representation
and analysis. doRiNA is our contribution to meet this
challenge by providing a biologist-friendly access to the
available target site data for miRNA and RBP regulators.
Within doRiNA, we consolidate three different needs in
data mining: data exploration, querying and retrieval.

We discern three features of doRiNA as especially
important: first, the doRiNA database unifies two protag-
onists of post-transcriptional regulation, RBPs and
miRNAs, in one service. Second, the doRiNA web
service provides unparalleled query capabilities with
minimal response times. Finally, users benefit from
doRiNA’s integration with other genome-wide data via
the UCSC browser (e.g. SNP data could be intersected
with miRNA or RBP target sites).
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Comparison to related work

The doRiNA database differs from previously published
database solutions like starBase (16) and CLIPZ (17) in
several aspects. The starBase database is a very data-rich
resource but offers only limited query -capabilities
(e.g. complex set operations are not supported). This is
the same for the CLIPZ database, which has been
mainly designed as a service for collaborative CLIP data
analysis. Moreover, doRiNA contained more genome-
wide data sets at the time of writing and is linked to the
UCSC genome browser.

CONCLUSIONS

doRiNA does not merely provide rich data sets for
browsing and download but empowers users to flexibly
specify hypothesis-driven queries. Users may freely
define their target site search space by providing gene
lists. Complex combinations of regulators may be
submitted as search queries. Without loss of speed,
doRiNA is able to operate on different data zoom levels
ranging from target gene sets down to individual target
site nucleotides.

doRiNA benefits from its seamless integration with a
local copy of the UCSC browser, which is very popular
among computer-affine biologists.

AVAILABILITY

The doRiNA database is freely available at http://dorina.
mdc-berlin.de. There are no access restrictions for
academic and commercial use. We kindly ask all users to
cite the doRiNA manuscript if they employ search results
in their publications.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online:
Supplementary Methods.

ACKNOWLEDGEMENTS

All authors wish to acknowledge fruitful discussions with
members of the Berlin Institute for Medical Systems
Biology.

FUNDING

MDC Systems Biology Network (MSBN) as a participant
of the Helmholtz-Alliance on Systems Biology (to
S.D.M.); Deutsche Forschungsgemeinschaft for a fellow-
ship in the International Research Training Group
Genomics and Systems Biology of Molecular Networks
(GRK 1360 to M.J.). Federal Ministry for Education
and Research (BMBF) and the Senate of Berlin, Berlin,
Germany (to M.L. and C.D.). Funding for open access
charge: MDC.

Conflict of interest statement. None declared.

2102 ‘ST Arenige4 uo ay1o1|gigh emz usyousn |l JBe1SeAILN LUYISIUYS | JBp Yeylol(gIosTelSBAILN T8 /610°S [euinopioxo” feuy/:dny wouy papeo|umoq


http://dorina.mdc-berlin.de
http://dorina.mdc-berlin.de
http://nar.oxfordjournals.org/cgi/content/full/gkr1007/DC1
http://nar.oxfordjournals.org/

D186 Nucleic Acids Research, 2012, Vol. 40, Database issue

REFERENCES

1

2.

10.

. Rajewsky,N. (2011) MicroRNAs and the Operon paper. J. Mol.

Biol., 409, 70-75.

Krol,J., Loedige,l. and Filipowicz,W. (2010) The widespread
regulation of microRNA biogenesis, function and decay.
Nat. Rev. Genet., 11, 597-610.

. Bartel,D.P. (2009) MicroRNAs: target recognition and regulatory

functions. Cell, 136, 215-233.

. Filipowicz,W., Bhattacharyya,S.N. and Sonenberg,N. (2008)

Mechanisms of post-transcriptional regulation by microRNAs:
are the answers in sight? Nat. Rev. Genet., 9, 102-114.

. Krek,A., Griin,D., Poy,M.N., Wolf,R., Rosenberg,L.,

Epstein,E.J., MacMenamin,P., da Piedade,l., Gunsalus,K.C.,
Stoffel,M. et al. (2005) Combinatorial microRNA target
predictions. Net. Genet., 37, 495-500.

. Griin,D., Wang,Y.L., Langenberger,D., Gunsalus,K.C. and

Rajewsky,N. (2005) microRNA target predictions across seven
Drosophila species and comparison to mammalian targets.
PLoS Comput. Biol., 1, el3.

. Lall,S., Griin,D., Krek,A., Chen,K., Wang,Y.L., Dewey,C.N.,

Sood,P., Colombo,T., Bray,N., Macmenamin,P. et al. (2006) A
genome-wide map of conserved microRNA targets in C. elegans.
Curr. Biol., 16, 460—471.

. Lunde,B.M., Moore,C. and Varani,G. (2007) RNA-binding

proteins: modular design for efficient function. Nar. Rev.
Mol. Cell Biol., 8, 479-490.

. Li,X., Quon,G., Lipshitz,H.D. and Morris,Q. (2010) Predicting

in vivo binding sites of RNA-binding proteins using mRNA
secondary structure. RNA, 16, 1096-1107.

Jensen,K.B. and Darnell,R.B. (2008) CLIP: crosslinking and
immunoprecipitation of in vivo RNA targets of RNA-binding
proteins. Methods Mol. Biol., 488, 85-98.

11.

12.

14.

16.

17.

Hafner,M., Landthaler,M., Burger,L., Khorshid,M., Hausser.J.,
Berninger,P., Rothballer,A., Ascano,M. Jr, Jungkamp,A.C.,
Munschauer,M. et al. (2010) Transcriptome-wide identification of
RNA-binding protein and microRNA target sites by PAR-CLIP.
Cell, 141, 129-141.

Licatalosi,D.D., Mele,A., Fak,J.J., UleJ., Kayikci,M., Chi,S.W.,
Clark,T.A., Schweitzer,A.C., Blume,J.E. and Wang,X. (2008)
HITS-CLIP yields genome-wide insights into brain alternative
RNA processing. Nature, 456, 464-469.

. Fujita,P.A., Rhead,B., Zweig,A.S., Hinrichs,A.S., Karolchik,D.,

Cline,M.S., Goldman,M., Barber,G.P., Clawson,H., Coelho,A.

et al. (2011) The UCSC Genome Browser database: update 2011.
Nucleic Acids Res., 39, D876-D882.

Lebedeva,S., Jens,M., Theil K., Schwanhidusser,B., Selbach,M.,
Landthaler,M. and Rajewsky,N. (2011) Transcriptome-wide
analysis of regulatory interactions of the RNA-binding protein
HuR. Mol. Cell, 43, 340-352.

. Kedde,M., van Kouwenhove,M., Zwart,W., Oude Vrielink,J.A.,

Elkon,R. and Agami,R. (2010) A Pumilio-induced RNA structure
switch in p27-3' UTR controls miR-221 and miR-222
accessibility. Nat. Cell Biol., 12, 1014-1020.

Yang,J.H., Li,J.H., Shao,P., Zhou,H., Chen,Y.Q. and Qu,L.H.
(2011) starBase: a database for exploring microRNA-mRNA
interaction maps from Argonaute CLIP-Seq and Degradome-Seq
data. Nucleic Acids Res., 39, D202-D209.

Khorshid,M., Rodak,C. and Zavolan,M. (2011) CLIPZ: a
database and analysis environment for experimentally determined
binding sites of RNA-binding proteins. Nucleic Acids Res., 39,
D245-D252.

2102 ‘ST Arenige4 uo ay1o1|gigh emz usyousn |l JBe1SeAILN LUYISIUYS | JBp Yeylol(gIosTelSBAILN T8 /610°S [euinopioxo” feuy/:dny wouy papeo|umoq


http://nar.oxfordjournals.org/

