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ABSTRACT

Post-transcriptional regulation of RNAs is criti-
cal to the diverse range of cellular processes.
The volume of functional genomic data focusing
on post-transcriptional regulation logics continues
to grow in recent years. In the current database
version, POSTAR2 (http://lulab.life.tsinghua.edu.cn/
postar), we included the following new features and
data: updated ∼500 CLIP-seq datasets (∼1200 CLIP-
seq datasets in total) from six species, including
human, mouse, fly, worm, Arabidopsis and yeast;
added a new module ‘Translatome’, which is derived
from Ribo-seq datasets and contains ∼36 million
open reading frames (ORFs) in the genomes from the
six species; updated and unified post-transcriptional
regulation and variation data. Finally, we improved
web interfaces for searching and visualizing protein–
RNA interactions with multi-layer information. Mean-
while, we also merged our CLIPdb database into
POSTAR2. POSTAR2 will help researchers investi-
gate the post-transcriptional regulatory logics coor-
dinated by RNA-binding proteins and translational
landscape of cellular RNAs.

INTRODUCTION

RNA-binding proteins (RBPs) control every aspect of post-
transcriptional regulatory logics, including maturation, lo-
calization, degradation, modification, editing and transla-
tion of cellular RNAs (1–3). Several high-throughput se-
quencing technologies exist for determining RBP-binding
sites and translational dynamics in vivo, most notably ul-
traviolet crosslinking followed by immunoprecipitation and
sequencing (CLIP-seq) (4,5) and ribosome profiling (Ribo-
seq) (6). In recent years, CLIP-seq and Ribo-seq have been
widely used to decipher the post-transcriptional regulatory

logics coordinated by RBPs and translational landscape of
cellular RNAs in various species.

CLIP-seq studies have identified RBP-binding sites from
a broad set of cell and tissue types from various species
(7,8). In addition, large amounts of gene expression pro-
files, RNA modification sites, RNA editing sites, as well as
disease-associated variants, have been identified attributed
to efforts on large-scale genomics studies and development
of bioinformatics algorithm. The regulatory mechanisms
of RBP-binding sites underlie diseases and phenotypes can
be revealed by combining information from RBP binding,
other post-transcriptional regulatory events and genomic
variation. Ribo-seq is a powerful technology for measur-
ing translation efficiency by mapping the ribosome-binding
positions across the transcriptome at a sub-codon resolu-
tion (6,9). Previous studies have shown that translation effi-
ciency and translational dynamics can be regulated by RBP
binding (2,10,11). However, the integration of these large-
scale datasets for the exploration of the coupling between
post-transcriptional and translational regulation remains a
great challenge.

Here, we developed POSTAR2 by systematically iden-
tifying RBP-binding sites derived from more CLIP-seq
datasets, and predicting open reading frames (ORFs) us-
ing larger-scale Ribo-seq datasets from six species, in-
cluding human, mouse, fly, worm, Arabidopsis and yeast.
POSTAR2 provides an updated interactive user interface
for searching and visualizing RNA–protein interactions
and ORFs from various tissue types, cell lines, develop-
mental stages and conditions. Moreover, by integrating
microRNA (miRNA)-binding sites, RNA modifications
sites, RNA editing sites, single nucleotide polymorphisms
(SNPs), genome-wide association study (GWAS) variants
and cancer somatic mutations, POSTAR2 can be used to ex-
plore the potential associations between RBP-binding sites
and these data. POSTAR2 made significant improvements
in data collection from more species, and could be useful
for investigating the post-transcriptional regulatory logics
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coordinated by RBPs, as well as translational landscape of
cellular RNAs.

DATA COLLECTION AND PROCESSING

Collection of CLIP-seq datasets

POSTAR was developed to house and distribute RBP-
binding sites from human and mouse (12). To expand and
update our database, we manually collected newly pub-
lished CLIP-seq data from the Gene Expression Omnibus
(GEO) and Sequence Read Archive (SRA) databases (13).
At present, POSTAR2 contains a large set of RBP-binding
sites derived from CLIP-seq datasets and covers six species,
including human, mouse, worm, fly, Arabidopsis and yeast
(Figure 1 and Table 1). We first obtained the processed
datasets in human and mouse from POSTAR (12), and the
processed datasets in worm and yeast from CLIPdb (7). In
addition, we collected 298 new datasets of the six species
from recent publications. We also updated 332 eCLIP-seq
datasets released by the ENCODE consortium (14,15). In
total, POSTAR2 contains 1160 CLIP-seq datasets, which
cover 284 RBPs from six species (Figure 2A). To our knowl-
edge, this is the largest collection of RBP-binding sites iden-
tified from various CLIP-seq technologies, including HITS-
CLIP, PAR-CLIP, iCLIP, eCLIP and PIP-seq (Supplemen-
tary File S1 and Supplementary File S2).

Identification of RBP-binding sites

For the newly collected CLIP-seq datasets, we used the uni-
form preprocessing pipeline from CLIPdb (7) to prepro-
cess the raw data. Briefly, we first trimmed the adaptor se-
quences from the raw reads using FASTX-Toolkit pack-
age (http://hannonlab.cshl.edu/fastx toolkit). We only re-
tained reads with quality score above 20 in 80% of their nu-
cleotides. The reads shorter than 13 nt after adaptor trim-
ming were discarded. Finally, we collapsed identical reads
to minimize polymerase chain reaction duplicates.

After preprocessing, the retained reads were aligned to
their respective genomes using Bowtie (16) and NovoAlign
(http://www.novocraft.com). Notably, to make the genomic
coordinates of the binding sites consistent between the
newly collected data and available data in POSTAR, we
used the same genome versions in POSTAR for read align-
ment, i.e. human (hg19) and mouse (mm10), together with
the genomes for four additional species, i.e. worm (ws235),
yeast (R64-1-1), fly (dmel-r6.18) and Arabidopsis (TAIR10).
We then used both CLIP technology-specific and non-
specific tools to identify binding sites for each dataset, re-
spectively. Briefly, we used Piranha (17) to identify bind-
ing sites for HITS-CLIP, PAR-CLIP and iCLIP datasets
with parameter -b 20 -d ZeroTruncatedNegativeBinomial
-p 0.01. We also applied CLIP technology-specific tools
for binding site identification with default parameters: us-
ing PARalyzer (18) for PAR-CLIP datasets, using CIMS
(19) for HITS-CLIP datasets and using CITS (a module
in CIMS software) (19,20) for iCLIP datasets. The binding
site coordinates from HITS-CLIP, PAR-CLIP, iCLIP and
PIP-seq, which are human genome hg19-based, were con-
verted to hg38 using the UCSC liftOver tool. As for eCLIP,

the hg38-based binding sites were directly downloaded from
the ENCODE data portal (https://www.encodeproject.org/,
NOV 2017). Finally, we identified millions of RBP-binding
sites, and visualized the RBP–RNA interaction network in
human (Figure 2B).

Annotation of RBPs and RBP-binding sites

For each RBP, we obtained the information of RNA-
binding domains from Pfam database (21). We also col-
lected GO term annotations of RBPs from AmiGO (22). We
annotated RBP-binding sites using their respective genome
annotations (human, Gencode V27; mouse, Gencode VM7;
fly, Flybase dmel-r6.18; worm, WormBase ws235; Ara-
bidopsis, TAIR10; yeast, SGD R64-1-1) (23–27). To enable
systematic annotation of RBP-binding sites in long non-
coding RNAs (lncRNAs), we used lncRNA annotations
from Gencode (23) for human and mouse, and lncRNA an-
notations from NONCODE 2016 (28) for fly, worm, Ara-
bidopsis and yeast. The distribution of genomic elements for
RBP-binding sites showed difference between species (Fig-
ure 2C). We found that human and mouse exhibited similar
patterns of genomic elements, suggesting the conservation
of functional RBP binding between mammals.

We collected RNA-seq datasets from the 12 human
cell/tissue types and 10 mouse cell/tissue types that are
used in the CLIP experiments (Supplementary File S3),
and mapped the reads using TopHat (29), followed by es-
timating the expression level of the genes using Cufflinks
(30). For the 30 developmental stages from fly, 35 develop-
mental stages from worm, 4 tissue types from Arabidopsis
and 3 conditions (wild-type, glucose starvation and nitrogen
starvation) for yeast, we obtained the gene expression data
from the Expression Atlas (31) and our previous paper (32).
We prepared and intersected miRNA-binding sites, RNA
modification sites, RNA editing sites, SNPs and disease-
associated variants with RBP-binding sites according to the
same computational pipeline used in POSTAR (12). The co-
ordinates of these genomic regions for human build hg19
were also converted to hg38 using the UCSC liftOver tool.

We used the same strategy from POSTAR (12) to pre-
dict sequence motifs and structural preferences of RBP-
binding sites. Briefly, the binding sites from each CLIP-seq
sample were separated into independent training and test-
ing set. Then, we used MEME (33) and HOMER (34) to
identify and report up to five sequence motifs in the train-
ing set. Next, we calculated the enrichment for the initially
detected motifs in the testing set using FIMO (35) and
selected the three most enriched sequence motifs. The se-
quence motifs were visualized using WebLogo (36). To pre-
dict structural preferences of RBP-binding sites, the bind-
ing sites from each CLIP-seq sample were extended to at
least 60 nt in length. We then used RNAcontext (37) to
detect local structural motifs. The structural annotation
used in RNAcontext included paired (P), hairpin loop (L),
bulge/internal/multi-loop (M) and unstructured (U). In
addition, we used RNApromo (38) to predict structural el-
ements that are enriched within the RBP-binding sites (P-
value <0.05).

http://hannonlab.cshl.edu/fastx_toolkit
http://www.novocraft.com
https://www.encodeproject.org/
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Table 1. Overview of data curated in POSTAR2

Category Human Mouse Fly Worm Arabidopsis Yeast Notes

RBP-binding
sites

RBP-binding sites
from experiments

3 759 076 1 193 757 97 322 35 652 31 183 324 641 All CLIP-seq peaks
called by Piranha

75 734 110 876 1717 46 568 5800 HITS-CLIP peaks called
by CIMS

15 788 784 226 458 417 150 29 784 NA 4 575 287 PAR-CLIP peaks called
by PARalyzer

9 131 076 1 067 309 87 049 406 571 119 754 NA iCLIP peaks called by
CITS

2 436 040 NA NA NA NA NA eCLIP peaks called by
ENCODE

439 817 NA NA NA NA NA PIP-seq peaks called by
PMID24393486

RBP RBPs 171 39 5 5 2 62 Ensembl,
PMID25365966

Sequence motifs 1218 252 30 30 12 366 MEME, HOMER
Structural preferences 1169 245 30 30 11 352 RNApromo,

RNAcontext
Gene Ontologies 108 787 41 501 2976 2145 1238 26 013 GOBP, GOMF, GOCC

RNA Gene expression 12 cell/tissue
types

10 cell/tissue
types

30 develop-
mental
stages

35 develop-
mental
stages

4 cell/tissue
types

3 conditions GEO database
Expression Atlas

miRNA-binding sites
from experiments

3 906 955 1 588 861 NA NA NA NA AGO CLIP-seq peaks
called by Piranha, the
targeting miRNAs
identified by miRanda

miRNA-binding sites
from predictions

12 196 959 7 563 080 1 099 046 671 012 2524 NA miRanda, RNAhybrid,
psRobot, psRNAtarget

RNA modification
sites

489 629 495 232 6819 NA 20 331 71 466 RMBase2,
PMID26863196

RNA editing sites 2 583 302 8846 5037 111 134 NA NA RADAR, DARNED,
PMID25373143

SNVs 323 138 224 81 432 271 5 618 672 189 322 13 412 332 486 302 dbSNP, PMID21079745
GWAS SNPs 278 473 NA NA NA NA NA GWASdb2
Clinically important
SNPs

131 919 NA NA NA NA NA ClinVar

Cancer TCGA
whole-exome SNVs

3 427 854 NA NA NA NA NA PMID29596782

Cancer TCGA
whole-genome SNVs

4 745 891 NA NA NA NA NA PMID23945592

Cancer COSMIC
SNVs

2 371 219 NA NA NA NA NA COSMIC

Translatome Condition 17
cell/tissues
types

6 cell/tissue
types

5 stages/cell
types

3 cell types 8 conditions 6 conditions GEO database

Annotated ORF 65 319 38 686 30 357 20 108 26 916 6498 ORFs annotated by
reference

Truncated ORF 2 922 855 2 072 685 1 993 300 556 378 749 484 193 126 ORFs with the same stop
codon as aORF but
downstream start codon

Extended ORF 102 866 3128 29 440 7840 11 673 0 ORF with the same stop
codon as aORF but
upstream start codon

Internal overlapped
ORF

2 828 307 1 973 410 1 490 433 704 924 983 723 193 982 Off-frame ORFs that
overlaps with aORF

uORF 413 508 226 589 273 310 14 460 48 784 0 ORFs located upstream
of aORF

dORF 3 266 469 1 921 443 551 813 51 642 141 319 0 ORFs located
downstream of aORF

Unannotated ORF 5 815 149 3 836 094 155 945 953 269 1 210 658 11 461 ORFs with no
annotation
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Figure 1. Framework to construct POSTAR2 database. (A) POSTAR2 covers six species including human, mouse, fly, worm, Arabidopsis and yeast. (B)
POSTAR2 provides three modules: (i) ‘RBP’ module, which provides annotations and functions of RBPs, as well as RBP-binding sites; (ii) ‘RNA’ module,
consisting of several sub-modules including ‘Binding sites’, ‘Crosstalk’, ‘Variation’ and ‘Disease’, which annotates the RBP-binding sites using various
regulatory events and genomic variants; (iii) ‘Translatome’ module, which aims for exploring the translation landscape of genes across different tissues and
cell lines. (C) POSTAR2 provides a user-friendly interface for searching and visualization such as table views, network views, histograms and heatmaps.

Ribo-seq datasets collection and ORF identification

We collected 171 Ribo-seq datasets as well as matched
RNA-seq datasets from the six species from the GEO and
SRA databases (13) for translation efficiency (TE) calcula-
tion (Figure 2D; Supplementary File S4 and Supplemen-
tary File S5). For each Ribo-seq dataset, we overlapped with

the annotated start codon and calculated its 5′ distance to
the first nucleotide of annotated start codons to infer the po-
sitions of peptidyl-site (P-site) for each read length. There-
after, we applied this offset to represent the P-sites positions
of all the reads that are of the same length and generated a
P-site signal track for all transcripts based on the inferred
P-sites positions for mapped reads.
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Figure 2. Statistics of POSTAR2 database. (A) Number of RBPs in the human, mouse, worm, fly, Arabidopsis and yeast. (B) The distribution of human
RBP-binding sites on chromosomes. HNRNPC, HNRNPA1 and U2AF2 have the largest number of binding sites among 171 human RBPs. (C) Genomic
distribution of RBP-binding sites in six species identified using Piranha. (D) Summary of CLIP-seq and Ribo-seq datasets. (E) Diagram for different ORF
categories. (i) Annotated ORFs (aORFs): ORFs that are annotated by reference annotation, which are colored with black in the diagram. (ii and iii)
Truncated and extended ORFs: ORFs that contain the same stop codon with aORFs, but have different translation initiation sites. (iv) Internal ORFs:
ORFs that are located in or have partial overlap with aORFs. (v and vi) Upstream and downstream ORFs: ORFs that are located upstream or downstream
of aORFs. (vii) Unannotated ORFs: ORFs that are defined from transcripts without any reference annotation. (F) Number of ORFs for each category
across six species.



D208 Nucleic Acids Research, 2019, Vol. 47, Database issue

For each species, the ORFs were predicted by scanning
the transcript sequence in which we defined any possible
AUG start codon pairing with nearest in-frame stop codon
(UAA, UAG and UGA) as an ORF. ORFs shorter than 300
nt were defined as small ORFs (sORF). All predicted ORFs
are further categorized into different subtypes according to
their relative position with the aORFs (Figure 2E). In to-
tal, we identified ∼36 million ORFs among the six species,
and numbers of ORFs showed the difference between dif-
ferent categories among six species (Figure 2F). To iden-
tify translated ORFs across different tissue types, cell lines,
developmental stages and conditions, we used several com-
putational tools, including RiboWave (39), RiboTaper (40),
ORFscore (41) and RibORF (42), to detect pattern of 3-
nt periodicity within each ORF, as well as the uneven dis-
tribution among different reading frames while translating.
Default parameters were used for these tools.

Translation efficiency and translation density calculation

Translation efficiency (TE) measures the rate of messenger
RNA translated into proteins, which can be estimated as the
ratio between RPKM values of Ribo-seq and RNA-seq (6).
We calculated TE under different tissue types, cell lines, de-
velopmental stages and conditions. We used either original
signal of Ribo-seq (raw data) or denoised periodic footprint
by RiboWave (39) (denoised data) as the estimation of ribo-
seq signal strength.

Translation density is determined by normalizing the
abundance of Ribo-seq reads along the studied ORF with
the length of ORF to estimate the intensity of the ORF. We
calculated translation density using both raw data (original
ribo-seq signal) and denoised data (RiboWave-derived foot-
print) as input, and presented the results in both methods.

Database architecture

All data in POSTAR2 were processed and stored into a
MySQL Database (version 5.6.39). The client-side user in-
terface was implemented by the HTML5 and JavaScript li-
braries, including jQuery (http://jquery.com) and Bootstrap
(http://getbootstrap.com). The server-side was used PHP
scripts (version 5.6.39) and JavaScript. Plots of query re-
sults in POSTAR2 were generated by plotly.js library (https:
//plot.ly) and Highcharts (https://www.highcharts.com). Ta-
bles of query results were produced by the DataTables
JavaScript library (https://www.datatables.net) that allows
users to search and sort results. Visualization was imple-
mented using the UCSC Genome Browser. We have tested
web in several popular browsers including Google Chrome,
Safari, Internet Explorer and Firefox.

DATABASE FEATURES AND APPLICATIONS

Web interface

POSTAR2 provides a user-friendly interface for searching
and visualizing protein–RNA interactions with multi-layer
information of post-transcriptional regulation, disease-
associated variation, as well as translation landscape of
RNAs. POSTAR2 contains three modules (Figure 1B): (i)

‘RBP’ module; (ii) ‘RNA’ module, consisting of several
sub-modules including ‘Binding sites’, ‘Crosstalk’, ‘Varia-
tion’ and ‘Disease’ and (iii) ‘Translatome’ module. Here, we
briefly introduce each module below.

The ‘RBP’ module provides various annotations for the
RBPs, including RNA recognition domains, RBP ontology,
sequence motifs and structural preferences, as well as all the
binding sites for the query RBP and enriched GO terms for
the target genes (Figure 1C, lower-left panel).

As for the ‘RNA’ module (Figure 1C, upper panel), the
‘Binding sites’ sub-module provides all of the RBP-binding
sites of the target gene, regardless of different CLIP-seq
technologies or different peak calling methods. Further-
more, table and network view present the interaction of
RBPs and target genes. We also collected multiple anno-
tations for the target gene including genomic location, as-
sociated diseases, as well as expression patterns across dif-
ferent cell lines, tissue types, developmental stages or con-
ditions. In addition, we defined ‘RBP-binding hotspots’ to
decode number of binding proteins of each 20-nt bin along
RNA’s precursor, which delivers an overview of the RBP
binding hot regions of each RNA’s precursor to users. The
‘Crosstalk’ sub-module provides the interactions of RBP-
binding sites and post-transcriptional regulations includ-
ing miRNA targets, RNA modification and RNA editing
(Figure 1B). RBPs participate in various steps and play vi-
tal roles in most post-transcriptional regulation processes
so that users can investigate potential crosstalk of these
regulatory events in this module. To understand how var-
ious genomic variants affect RBP binding and cooperate to
orchestrate post-transcriptional regulation, the ‘Variation’
sub-module and the ‘Disease’ sub-module integrate SNVs
and disease-associated SNVs to provide insights into the
causal SNVs underlying regulatory mechanisms and human
diseases (Figure 1B).

In addition to the above two modules, we also built a
new module ‘Translatome’ for characterizing the transla-
tion landscape of RNAs (Figure 1C, lower-right panel).
Users can choose a species (e.g. human, mouse, fly, worm,
Arabidopsis or yeast) and input a gene name to search
within. POSTAR2 returns a summary frame and three ta-
bles, the summary frame contains a histogram shows the
number of ORFs in different categories and a heat map pro-
vides the density of each ORF across various samples. These
three tables present aORFs, extended/truncated ORFs and
other ORFs, respectively, and each ORF is labeled accord-
ing to the transcript ID, the relative reading frame of the
ORF, the translation start site and termination site. Users
can also sort ORFs by length in these tables to screen
out sORF that are shorter than 300 nt. Moreover, each
ORF ID provides a link for more details about the trans-
lation pattern of this ORF, including translation efficiency,
translation density and identified translated region of the
ORF. The column diagram provides visualization to com-
pare translation state of the ORF across different tissue
types, cell lines, developmental stages or conditions. In ad-
dition, users can select their interested conditions to simul-
taneously visualize signal tracks of each ORF along its lo-
cated transcript.

http://jquery.com
http://getbootstrap.com
https://plot.ly
https://www.highcharts.com
https://www.datatables.net
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Figure 3. Integrative viewing of translation activity of a target gene (ADAM17) and its post-transcriptionally regulation events. (A) In the ‘Translatome’
module, all ORFs in ADAM17 are summarized based on their categories (i). Users can investigate each ORF by clicking on the name of the ORF (ii).
For example, in ADAM17, estimation on the translation efficiency (iii) and the signal track (iv) reveals the potential of translation up-regulation in tumor
samples compared to normal. (B) In the RBP module, search on ADAM17 provides the interactions network of ADAM17 gene and various RBPs (v).
The number of RBPs binding along the transcript (vi) and genomic context of the binding sites (vii) can be visualized and searched. At last, the impact of
SNVs in RBP-binding sites in both TCGA (viii) and COSMIC (ix) datasets further supports the association between ADAM17 and tumorigenesis.

Example applications

We designed a user-friendly interface, which provides a
platform to connect protein–RNA interactions with multi-
layer information of post-transcriptional regulation and
disease-associated variants, as well as translation landscape
of RNAs. Here, we illustrate an example application with
ADAM17 to demonstrate how to explore potential regula-
tory mechanism underlies human diseases.

ADAM17 encodes a membrane-bound protease and
previous study demonstrate its role in tumorigenesis and
invasiveness especially breast cancer (43). We observed
overexpression of ADAM17 across most tumor samples
compared with normal tissues using TCGA expression
data (44). However, ADAM17 expression at protein level
and the potential regulatory mechanism remains unex-
plored. We queried ‘ADAM17’ in the ‘Translatome’ mod-
ule, POSTAR2 returned a histogram showing the num-
bers of categorized ORFs of ADAM17. Users can click
on the ORF IDs for more details. Estimation on transla-
tion efficiency and signal track reveals the up-regulation
at translation level in tumor samples compared to normal.
For instance, both raw data and denoised data showed up-
regulated translation efficiency in tumor tissue compared
to paired normal tissue of brain and kidney (Figure 3A).
To understand the potential mechanism that contribute to
overexpression of ADAM17 at transcriptional and trans-
lational level, POSTAR2 shed light on RBP’s role in the
regulatory mechanism. In the ‘RNA’ module, lots of RBP-
binding sites identified by different CLIP-seq, the interac-
tion network and RBP-binding hotspots represents num-
bers of RBP involved in the regulation of ADAM17 (Fig-

ure 3B). Among these RBPs, some RBPs such as EIF3B,
EIF3G and EIF4A3 are the components of eukaryotic
translation factor complex, which suggests that the interac-
tion of these RBPs may participate in the translation regu-
latory of ADAM17. In addition, RBPs like FUS, TARDBP
and ELAVL1 may contribute to the RNAs’ stability, which
results in the aberrant expression level of RNAs or proteins.
In addition, the output of the ‘Disease’ sub-module shows
that lots of cancer mutations locate in the RBP-binding re-
gion on ADAM17, especially in kidney tumor and brain tu-
mor.

DISCUSSION AND FUTURE DIRECTIONS

POSTAR2 aims to decipher the post-transcriptional reg-
ulatory logics by integrating large-scale high-throughput
sequencing datasets and other public resources. To our
knowledge, POSTAR2 hosts the largest collection (∼40 mil-
lion) of RBP-binding sites identified from CLIP-seq exper-
iments, and enables the exploration for RNA–protein in-
teractions with other post-transcriptional regulatory events
and genomic variations. Moreover, Ribo-seq data were in-
corporated and analyzed to reveal the translational dynam-
ics of RNAs. POSTAR2 enables integrated navigation of
RBP-binding sites with multi-layer information of post-
transcriptional regulation, phenotypes, diseases, as well as
translational landscapes of RNAs.

In comparison with our previous version of POSTAR,
POSTAR2 has the following novel features and improve-
ments: (i) POSTAR2 integrates more CLIP-seq datasets
from human and mouse. (ii) POSTAR2 includes CLIP-seq
datasets from more species, including fly, worm, Arabidop-
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sis and yeast. In total, we added and updated ∼500 CLIP-
seq datasets in POSTAR2. (iii) POSTAR2 has a new mod-
ule ‘Translatome’, which provides ∼36 million ORFs in the
genomes from the six species. (iv) POSTAR2 annotates the
RBP-binding sites with updated functional data resource.
For example, we updated ∼1 million RNA modification
sites and RNA editing sites curated from other databases
and publications (45–47); updated and added ∼20 million
SNPs from the genomes of the six species (48), as well as
latest results of mutation-calling for TCGA samples (49).
Finally, POSTAR2 provides an updated interactive inter-
face to facilitate the investigation and exploration of RNA–
protein interactions and translational landscape.

As advances in high-throughput sequencing technolo-
gies, CLIP-seq and Ribo-seq technologies will be applied to
more cell and tissue types in more species, and more func-
tional genomics datasets will be generated. We will continue
to integrate new incoming data and improve the web inter-
face for navigation and visualization. We will maintain and
keep updating POSTAR2 to ensure it remains a valuable
resource for the research community.

DATA AVAILABILITY

POSTAR2 is freely available at http://lulab.life.tsinghua.
edu.cn/postar. The datasets in POSTAR2 can be download
and used in accordance with the GNU Public License and
the license of their primary data sources.
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Supplementary Data are available at NAR Online.
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