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1 RAIN summary

RAIN supplements the protein–protein interactions in STRING (1) with a set of ncRNA associa-
tions. Evidence for these ncRNA–target interactions can be separated into the following categories:

1. Curated knowledge

2. Experimentally supported interactions

3. Predicted miRNA–target interactions

4. Interactions identified by text mining

We integrate several publicly available resources of ncRNA associations in RAIN. Each resource
yields evidence belonging to one of the categories listed above. Resources from each category are
integrated as separate evidence channels, and each evidence channel assigns a confidence score to
interactions.

If a certain ncRNA–target interaction is supported by multiple evidence channels, confidence scores
from each channel are automatically combined by STRING. This allows the user to see how each
evidence channel supports a given interaction directly in the STRING network view.

2 Curated knowledge

The first source of information comprises molecular interactions found in human that are well
established in the scientific literature and/or listed in expert curated databases. This curated
knowledge was collected for nine classes of ncRNAs, namely microRNA (miRNA), ribosomal RNA
(rRNA), transfer RNA (tRNA), signal recognition particle RNA (SRP RNA), Small nuclear RNA
(snRNA), Small nucleolar RNA (snoRNA), Vault RNA, Y RNA and Telomerase RNA.

2.1 miRNA–mRNA interactions in Croft et al. gold standard data set

Expert curated miRNA–mRNA interactions were extracted from the Supplementary Material
of Croft et al. (2). miRNA names and mRNA names were mapped to miRBase v20 (3) and
STRING v10 (1) identifiers, respectively. The dataset comprises 152 interactions and also serves
as part of gold standard in all subsequent analyses.

2.2 Ribosomal RNA (rRNA) and small nulceolar RNA (snoRNA)

Interactions of human protein and RNA components of the large and small ribosomal subunit were
extracted from Reactome 49 (4). Additionally, we extracted the experimentally verified snoRNA
and scaRNA interactions with human rRNAs from (5).

2.3 Transfer RNA (tRNA)

Human tRNAs were retrieved from the Genomic tRNA database (6) and identifiers assigned based
on their HGNC annotations (7). Corresponding aminoacyl-tRNA synthetases were identified in
the Aminoacyl-tRNA synthetases database (8) and mapped to STRING v10 (1) identifiers.

2.4 Signal recognition particle RNA (SRP RNA)

SRPDB (9) lists the following proteins as interaction partners of the human signal recognition
particle RNA (7SL RNA): SRP9, SRP14, SRP19, SRP54, SRP68 and SRP72.
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2.5 Vault RNA

The major vault protein (MVP) as well as the minor vault proteins (PARP4 and TEP1) have
been shown with strong evidence to interact with vault RNA 1, vault RNA 2 and vault RNA 3 in
human (10, 11, 12).

2.6 Y RNA

Human Ro60 has been shown to interact with Y RNAs in, e.g., Hogg and Collins (13), Stein et al.
(14) and Green et al. (15) and human La (SSB autoantigen) interacts with Y5 RNA Hogg and
Collins (13).

2.7 Telomerase RNA component (TERC)

TelomDB lists the following proteins as interaction partners of the human telomerase RNA com-
ponent: TERT, DKC1, TEP1, TNKS, TERF2IP and TRF2 (http://rnp.uthscsa.edu/rnp/
telomDB/telomDB.html; Accessed: 2015-03-26).

2.8 Spliceosomal RNA

The spliceosome is composed of multiple nuclear ribonucleoproteins. The interactions between
spliceosomal proteins and RNAs (U1, U2, U4, U4atac, U6, U6atac, U11, U12) are annotated using
Gene Ontology (GO) terms and added to RAIN. Proteins interacting with U1 spliceosomal RNA
have one of the following annotations: GO:0034473 (U1 snRNA 3’-end processing), GO:0030619
(U1 snRNA binding) or GO:0005685 (U1 snRNP). Similar GO terms exist for all other U RNAs.
These GO terms were extracted from Uniprot (16).

2.9 Small nucleolar RNA

RNA-RNA interactions of small nucleolar RNA were retrieved from the Human snoRNAome
database (5). Note that, from this database, we only retrieved snoRNA interactions with reported
modification site for antisense element.

3 Organisms and Interactions statistics

The tables in this section give an overview about the counts, sources and types of interactions
in RAIN. The number of ncRNA associations per species contributed by each evidence channel
is shown in Table 1. Table 2 contains the species-specific count of miRNAs, ncRNAs (miRNAs
excluded) and mRNAs (or proteins translated from them) for which at least one interaction is
available in RAIN. In all tables, only interactions with a combined score ≥ 0.15 are counted.
These interactions can be queried in the RAIN web interface, while a much larger superset is
available for download including interactions with scores below 0.15.

Table 1: Number of ncRNA interactions per organism in RAIN contributed by each resource type:
curated, experimentally validated, predicted and text mined interactions.

Organism Curated Experiments Predictions Text mining Total

H. sapiens 867 7611 162490 22315 188386
M. musculus 0 2575 71830 4609 77774
R. norvegicus 0 17 19192 926 20025
S. cerevisiae 0 385 0 340 725

Total 867 10588 253512 28190
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Table 2: Organism-specific number of miRNAs, ncRNAs (miRNAs excluded) and proteins for
which at least one interaction is available in RAIN.

Organism miRNAs ncRNAs (miRNAs excluded) mRNAs/proteins Total

H. sapiens 2559 1449 17996 22004
M. musculus 1867 76 13758 15701
R. norvegicus 711 3 8640 9354
S. cerevisiae 0 96 200 296

Total 5137 1624 40594 47355

Table 3: Window size w used to fit the sigmoid transfer function f for each resource.

Resource w

Experiments (combined) 40
miRanda 1000
miRDB 75
PITA 500
STarMirDB 200
TargetScan 50
Predictions (combined) 75
Text mining 100
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4 miRNA predictor coverage of Tarbase validation set

Each miRNA target predictor integrated in RAIN only reports a subset of the total miRNA-mRNA
interactions in the validation set due to a predictor specific score threshold. In Table 4, we list the
fraction of the validation set that was reported by the respective miRNA predictors.

Table 4: Intersection of the validation set and the miRNA-mRNA pairs reported by the respec-
tive prediction methods, with ratio of this intersection to the size of the validation set listed in
parenthesis.

Resource Intersection with Intersection with Intersection with
positive set negative set total validation set

PITA 1315 (95%) 439 (95%) 1754 (95%)
miRanda 1060 (76%) 284 (62%) 1342 (73%)
TargetScan 628 (45%) 197 (43%) 825 (45%)
miRDB 576 (42%) 83 (18%) 657 (36%)
STarMirDB 164 (15%) 50 (13%) 214 (14%)

5 Example: Combining confidence scores with and without
accounting for the prior probability

Assume a given interaction is supported by text mining, prediction and experimental evidence,
each with a confidence score of 0.01 - equal to the prior. Confidence score integration without
accounting for the prior probability would yield a combined confidence score of

1 − (0.99 · 0.99 · 0.99) = 0.029701,

while accounting for the prior yields a combined confidence score of

1 − (1 − 0.01)−2 · (0.99 · 0.99 · 0.99) = 0.01,

equal to the prior probability contributed by each evidence channel.

Similarly, for a confidence score of 0.02 in three evidence channels, not accounting for the prior
probability yields a combined score of

1 − (0.98 · 0.98 · 0.98) = 0.058808

while acounting for the prior yields

1 − (1 − 0.01)−2 · (0.98 · 0.98 · 0.98) = 0.03969799.
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