
Analysis of Circular RNAs Using the Web Tool CircInteractome

Amaresh C. Panda, Dawood B. Dudekula, Kotb Abdelmohsen, and Myriam Gorospe

Abstract

Circular RNAs (circRNAs) are generated through nonlinear back splicing, during which the 5′ 
and 3′ ends are covalently joined. Consequently, the lack of free ends makes them very stable 

compared to their counterpart linear RNAs. By selectively interacting with microRNAs and RNA-

binding proteins (RBPs), circRNAs have been shown to influence gene expression programs. We 

designed a web tool, CircInteractome, in order to (1) explore potential interactions of circRNAs 

with RBPs, (2) design specific divergent primers to detect circRNAs, (3) study tissue- and cell-

specific circRNAs, (4) identify gene-specific circRNAs, (5) explore potential miRNAs interacting 

with circRNAs, and (6) design specific siRNAs to silence circRNAs. Here, we review the 

CircInteractome tool and explain recent updates to the site. The database is freely accessible at 

http://circinteractome.nia.nih.gov.
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1 Introduction

The past few decades have yielded an ever-growing list of noncoding RNA species with 

various functions [1]. Circular RNAs (circRNAs) represent a new class of widely expressed 

and abundant RNA species in eukaryotes [2]. They are generally formed by “head-to-tail” or 

“back splicing” of pre-mRNA, whereby the 5′ and 3′ ends are covalently linked to form a 

closed RNA molecule [3, 4]. Although circRNAs have been known for many years, their 

functions are not as well characterized as those of other noncoding (nc)RNAs such as 

microRNAs (miRNAs) and long ncRNAs (lncRNAs). However, recent studies have 

discovered that circRNAs can alter gene expression by interacting with, and in some cases 

sequestering, miRNAs, RBPs, and splicing factors, thereby altering their availability to 

protein-coding mRNAs [5, 6]. It has also been suggested that circRNAs could regulate 

mRNA transcription and translation by interacting with specific RNAs and proteins [5], and 

the presence of internal ribosome entry sites (IRESs) on some circRNAs has prompted the 

suggestion that some circRNAs may be translated [7].

RBPs potently regulate gene expression programs at multiple posttranscriptional levels [8]. 

Recent developments in the analysis of RNA-protein (RNP) interactions using cross-linking 

techniques have identified with unprecedented precision the binding sequences of RBPs on 

target RNAs. MicroRNAs are another major class of factors that control gene expression, 

generally by associating with target mRNAs that share partial complementarity and 

suppressing mRNA translation and/or stability [9]. We recently developed a new 
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computational resource named “CircInteractome” [7] which enables the systematic 

exploration of possible interactions of human circRNAs with RBPs and miRNAs (Fig. 1). In 

this chapter, we describe in detail this tool and the latest updates we have incorporated into 

it.

2 Materials

1. Desktop with Windows operating system (Mac OSX and Linux are adequate too) 

and Internet Explorer, Mozilla Firefox, or Google Chrome browsers.

2. Microsoft Internet Explorer or Mozilla Firefox or Google Chrome browsers.

3 Methods

3.1 Analysis of Interactions of RBPs with circRNAs (Fig. 2)

CircInteractome uses circRNA IDs described in CircBase (http://www.circbase.org), a 

public database that was developed to gather unified datasets of circRNA IDs, genomic 

coordinates, and transcripts [10]. The data provided in CircInteractome are predicted based 

on sequence matches; accordingly, the impact of potential secondary or tertiary structures on 

circRNA sequence available for interaction with RBPs cannot be considered systematically. 

Thus, experimental validation is essential to verify circRNA binding to a predicted RBP.

1. Type http://circinteractome.nia.nih.gov into the browser and click “Enter”. The 

home page briefly explains the use of CircInteractome.

2. Click on the “circRNA” tab on the left side.

3. Enter the name of the circRNA (e.g., hsa_circ_0000067) in the specified field 

and click “circRNA Search”.

4. The new page will show the following features for the “hsa_circ_0000067”:

a. Genomic location

b. Length of the genomic and mature circRNA sequences

c. Best matched counterpart mRNA (best transcript)

d. Tissues or cell lines where this circRNA was detected (Samples)

e. Studies reporting this circRNA (Study)

5. This webpage also shows the RBPs with possible binding sites on this circRNA. 

For instance, hsa_circ_0000067 has five binding sites for AGO2 and two binding 

sites for HuR (ELAVL1).

6. The user can further search for the RBP-binding sites on the circRNA junction 

sequence and flanking region. For example, HNRNPC has one site in the 

flanking sequence upstream of hsa_circ_0000067.
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3.2 CircRNA Genomic Sequence and Mature circRNA Sequence (Fig. 3)

It can be challenging to find the mature circRNA sequence from the UCSC browser mirror 

(http://genome.mdc-berlin.de). With CircInteractome, the user can easily access genomic 

and mature circRNA sequences following a few simple steps. The circRNAs are usually 

predicted from unique junction sequences. The sequence of mature circRNA is predicted 

from the exon sequences present in that specific genomic location. Further multi-exon 

circRNAs may or may not include all of the exons and introns in the mature circRNA forms, 

which will need to be verified experimentally.

1. Type http://circinteractome.nia.nih.gov in the web browser and click “Enter”.

2. Click on the “Circular RNA” tab on the left side.

3. Enter the name of the circRNA (e.g., hsa_circ_0000067) in the specified field 

and click on the “circRNA Search”.

4. The new webpage shows various features for the “hsa_circ_0000067”.

5. Click on the “hsa_circ_0000067” next to “GenomicSeq” or “Mature Seq” to find 

the genomic or mature circRNA sequence, respectively.

3.3 Specific circRNA Gene (Fig. 4)

1. Type http://circinteractome.nia.nih.gov in the web browser and click “Enter”.

2. Click on the “Circular RNA” tab on the left side.

3. Enter the name of the gene, e.g., GAPDH, on the specified field and click on the 

“circRNA Search”.

4. The new page shows a table containing the name, genomic location, and length 

of circRNAs generated from the GAPDH gene.

5. This table also includes the tissues and cell types wherein the circRNAs were 

detected (below).

6. The user can also download the table as an Excel spreadsheet by clicking on the 

“excel sheet” logo on top of the table.

3.4 Cell Types and Tissues Where circRNAs Are Expressed (Fig. 5)

1. Type http://circinteractome.nia.nih.gov in the web browser and click “Enter”.

2. Click on the “Circular RNA” tab on the left side.

3. Select the name of the tissue or cell type of interest (e.g., HEK293) from the 

drag-down list and click on the “circRNA Search”.

4. The new page shows a table containing the name, genomic location, and length 

of circRNAs expressed in HEK293 cells.

5. This table also shows other tissues or cell types where these circRNAs are 

reported to be expressed along with HEK293 cells (highlighted).
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6. The user can also download the table in the form of Excel spreadsheet by 

clicking on the “excel sheet” logo on top of the table.

3.5 miRNAs Targeting circRNAs (Fig. 6)

Note: The predicted miRNAs may not bind to circRNAs in vivo due to a lack of accessibility 

of binding site or lack of miRNA expression. As for RBPs, experimental validation is also 

necessary for microRNAs. Furthermore, miRNAs which interact in vivo but are not 

predicted by TargetScan search algorithms may be missed.

1. Type http://circinteractome.nia.nih.gov into the browser and click “Enter”.

2. Click on the “miRNA Target Sites” tab on the left side.

3. Enter the name of the circRNA (e.g., hsa_circ_0000094) in the specified field 

and click on the “miRNA Target Search”. CircInteractome uses the TargetScan 

Perl script to predict the miRNAs which have sequence complementarity with 

circRNAs [11].

4. The new page shows the predicted miRNAs and number of sites in 

“hsa_circ_0000094”.

5. This page also shows base-pairing and details of the miRNA-circRNA 

interactions.

3.6 CircRNA Divergent Primer Design (Fig. 7)

Note: The divergent primers designed here may detect the circRNA splice variants coming 

from the same primary transcript. The user may need to sequence the PCR product to find 

the exact circRNA junction of interest.

1. Type http://circinteractome.nia.nih.gov in the web browser and click “Enter”.

2. Click on the “Divergent Primers” tab on the left side.

3. Enter the name of the circRNA (e.g., hsa_circ_0000094) in the specified field 

and click on the “Divergent Primers Search”.

4. The new page shows the circRNA junction sequence and two options for 

divergent primer design.

5. The user can click on either “Primer3” or “NCBI Primer Design” and the new 

webpage will design five pairs of primers for the circRNA of interest 

“hsa_circ_0000094”.

3.7 Designing Primers for Linear Counterpart RNA (Fig. 8)

1. Type http://circinteractome.nia.nih.gov in the web browser and click “Enter”.

2. Click on the “Circular RNA” tab on the left side.

3. Enter the name of the circRNA (e.g., hsa_circ_0000094) on the specified field 

and click on the “circRNA Search”.
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4. The new page shows the following features for the “hsa_circ_0000094”, e.g., 

genomic location, length of genomic and mature circRNA sequence, and best 

matching counterpart mRNA (best transcript).

5. Clicking the hyperlink “Primers” next to “Best Transcript” will open a new page 

for NCBI primer design tool. The user can design primers by clicking on the 

“Primers” tab.

3.8 siRNAs Targeting circRNAs (Fig. 9)

Note: The siRNAs have at least ten nucleotides base pairing with the linear counterpart 

mRNA which might work as miRNA/siRNA. The user may try several siRNAs to identify 

one that specifically knocks down the circRNA without affecting the linear counterpart 

mRNA.

1. Type http://circinteractome.nia.nih.gov in the browser and click “Enter”.

2. Click on the “siRNA Design” tab on the left side.

3. Enter the name of the circRNA, e.g., hsa_circ_0000094, in the specified field and 

click on the “siRNA Search”.

4. The new webpage shows the ten best possible siRNA target sequences for 

“hsa_circ_0000094”.

5. The users may purchase the siRNAs from any source. However, links to order 

siRNAs from IDT or Dharmacon are provided. The user may wish to add two 

additional nucleotides (dTdT) as 3′ DNA overhangs to the siRNA for better 

silencing effects.

4 Summary

1. In summary, CircInteractome facilitates the study of circRNAs, as well as the 

RBPs and nucleic acids with which circRNAs associate. The information 

provided by this tool can illuminate possible functions of circRNAs as molecules 

that (1) sequester RBPs, microRNAs, and/or other interacting molecules to 

reduce their availability to mRNAs, (2) function as potential support structures 

for the assembly of multimolecular complexes, (3) may be translated giving rise 

to peptides and proteins, (4) interact with mRNAs, thereby promoting or 

repressing their stability or translation, etc.

2. CircInteractome facilitates the design of siRNAs for silencing circRNAs and 

oligomers for detecting (by RT-qPCR analysis) the circRNAs and the parent 

RNAs from which they arise.

3. CircInteractome will continue to expand to include additional circRNAs, 

including circRNAs from other species. It will also search against more 

databases of RBPs, microRNAs, and interacting molecules as they become 

available.
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4. Collectively, CircInteractome will accelerate our efforts to elucidate the functions 

of circRNAs in development and disease.
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Fig. 1. 
Workflow of the web tool Circular RNA Interactome or “CircInteractome”
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Fig. 2. 
View of CircInteractome input and output pages. Screenshot of “Circular RNA search” for 

hsa_circ_0000067, showing RBPs binding to the body and the flanking sequence of this 

circRNA
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Fig. 3. 
Genomic and mature sequences of a given circRNA. Illustrative screenshots from the 

CircInteractome showing the genomic (left) and mature circRNA (right) sequence for 

hsa_circ_0000067
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Fig. 4. 
Gene-specific circRNAs. For a given gene symbol entered, the circRNAs generated from 

that gene are identified
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Fig. 5. 
Cell/tissue-specific circRNAs. CircRNAs identified in previous studies in specific cell types 

or tissues are identified
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Fig. 6. 
Potential miRNA-circRNA interactions. For a given circRNA ID entered 

(hsa_circ_0000094), the miRNAs potentially targeting hsa_circ_0000094 are identified
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Fig. 7. 
Divergent primer design. Screenshots of input and output webpage for divergent primer 

design for hsa_circ_0000094. Screenshot of the output page showing the junction sequence 

of circRNA and links of primer design tools (Primer3 and NCBI)
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Fig. 8. 
Primer design for counterpart linear RNA. Screenshots of input and output webpage for 

designing primer for the linear RNA counterpart using NCBI primer design tool
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Fig. 9. 
CircRNA siRNA design. Screenshot of input and output webpage of CircInteractome siRNA 

design, including an example of output siRNAs targeting the junction sequence of 

hsa_circ_0000094
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