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Alternative splicing of eukaryotic messenger 
RNA transcripts often leads to the production 
of several mature RNAs — including linear RNAs 
and circular RNAs (circRNAs) — from a single 
gene locus. The names given to circRNAs are 
often ambiguous and lack consistency across 
studies. This Comment calls on the community 
to embrace a common nomenclature for 
naming circRNAs to ensure clarity and 
reproducibility.

As precursor RNAs (pre-RNAs) are being transcribed by RNA polymer-
ase II, they must be spliced by the spliceosome in order to produce 
mature, functional RNAs. In the canonical splicing process, exon regions  
are sequentially joined to one another in a linear fashion, while introns 
are removed as lariats that are rapidly debranched and degraded  
(Fig. 1a, bottom). However, it has long been recognized that  
alternative splicing events can generate several mature RNAs 
from one gene locus, thereby expanding the diversity of functions 
encoded by a single gene1. For example, a pre-RNA can be sub-
jected to ‘back-splicing’, when a downstream 5' splice site is cova-
lently linked with an upstream 3' splice site to form a circular RNA  
(circRNA)2–5 (Fig. 1a, top). The sequences of these transcripts 
often fully overlap with a subset of the exons (and introns) of their  
cognate linear RNAs, but the circRNAs can be distinguished by their 
unique back-splice junctions (BSJs). In addition, cells can produce  
a distinct set of circRNAs when introns fail to be debranched  
and instead accumulate6,7 (Fig. 1a, bottom); these are known as  
circular intronic RNAs (ciRNAs) or stable intronic sequence RNAs  
(sisRNAs). Whereas circRNAs generated by back-splicing are joined  
by a 3',5'-phosphodiester bond, ciRNAs have a 2',5'-phosphodiester 
bond4,5.

In recent years, there has been an explosion in the number of anno-
tated circRNAs, thanks to the development of biochemical enrichment 
strategies, as well as computational algorithms that detect sequenc-
ing reads spanning BSJs and lariat branch points in RNA-sequencing 
(RNA-seq) data2–5. Hundreds of ciRNAs have been identified, with 
reported roles in gene transcription and early embryogenesis6,7. Many 
more circRNAs (hundreds of thousands) have been discovered across 
eukaryotes, showing that back-splicing is by far the most common 
mechanism through which endogenous RNA circles are generated 
(reviewed in refs. 2–5).

Most mature circRNAs are expressed at low levels, but certain 
genes produce them at much higher levels than their canonically 

spliced linear RNAs. This is due, in part, to the fact that circRNAs are 
inherently resistant to exonucleolytic decay and can have long half-lives 
in cells. The vast majority of circRNAs have yet to be studied in detail, 
but individual examples are known to serve as decoys for microRNAs 
or proteins, to facilitate the formation of functional ribonucleopro-
tein complexes, or to encode peptides/proteins that are translated 
(for example, in response to certain cellular stresses). In addition, 
circRNAs affect many physiological processes, including early develop-
ment, immune responses, neurogenesis and tumorigenesis (reviewed  
in refs. 4,5).

Dilemmas regarding the naming of circRNAs
Among all annotated circRNAs generated by back-splicing, perhaps the 
most well studied is derived from a long noncoding RNA (LINC00632)8, 
and is known by two distinct names: CDR1as and ciRS-7 (refs. 9–11). This 
circRNA originates from a region antisense to the gene encoding 
cerebellar degeneration-related protein 1 (CDR1) — hence the name 
CDR1as. It also functions as a circRNA sponge for miRNA-7 — hence 
the name ciRS-7. The vast majority of other reported circRNAs have 
been named by adding the prefix ‘circ’ to their host gene’s name; for 
example, circFAM120A indicates a circRNA generated from the FAM120A 
gene. One can clearly distinguish the circRNA from its cognate linear 
RNA in this manner.

However, this naming strategy does not include information 
regarding which exons (and introns) are included; nor does it make  
it possible to differentiate between multiple circRNAs produced  
from a single host gene. For example, in human HEK293/293FT cells, 
at least five distinct circRNAs are detected from the FAM120A locus 
in short-read12 and long-read13 sequencing data, with each mature 
circRNA containing a different combination of exons (Fig. 1b).  
Note that short-read sequencing reveals the sequences around each 
BSJ, but often cannot cover the internal region of circRNAs produced 
from the FAM120A locus (Fig. 1b, purple). In contrast, long-read 
sequencing can provide direct detection of all included exons  
(Fig. 1b, orange). One of these circRNAs (that containing exons  
2–5) is substantially more abundant than the others, and binds  
the translation inhibitor IGF2BP2 on ribosomes12. So, the simple  
term circFAM120A is not sufficient to distinguish all five circRNAs  
from one another, let alone indicate which one has a characterized 
function.

A clear naming system for circRNAs is necessary — especially 
one that would allow both the host gene and the exact exons and 
introns present in the mature circRNA to be easily known. None-
theless, the naming of RNA circles is beyond the scope of the  
HUGO Gene Nomenclature Committee at present14. Of note, many 
circRNAs have been archived by publicly available databases,  
such as CIRCpedia (http://yang-laboratory.com/circpedia/)15,  
circAtlas (http://159.226.67.237:8080/new/index.php)16, circBank 
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Here, we call on the community to discuss and embrace standards  
for naming circRNAs, so that a common nomenclature is used in  
databases and future studies to ensure clarity and reproducibility.

Suggested criteria for circRNA naming
To name circRNAs generated by back-splicing, we suggest including 
both the gene symbol and the numbers of exon components (as well as 

(http://www.circbank.cn)17 and circBase (http://circbase.org)18, and 
can be retrieved by database entry. However, different strategies were 
used to name circRNAs in distinct databases, and the resulting names 
are often not easily recalled. For example, the functional FAM120A 
circRNA (Fig. 1b) is known as HSA_CIRCpedia_64725 in CIRCpedia, 
hsa-FAM120A_0006 in circAtlas, hsa_circFAM120A_007 in circBank, 
and hsa_circ_0001875 in circBase (Table 1).
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introns, if retained in the mature transcript; see below) after the prefix 
‘circ’. Such a naming system requires clear information regarding which 
linear transcript was used as a reference. This is because alternative 
promoters, alternative splice sites, and/or alternative polyadenyla-
tion signals often lead to a variety of distinct linear transcripts being 
produced from a given gene locus1. Here, one GENCODE/Ensembl tran-
script per gene locus is selected as the reference and, when possible, we 
suggest the use of standardized reference transcripts, such as MANE 
(Matched Annotation from NCBI and EMBL-EBI) transcripts19.

To illustrate these proposed naming standards, we provide exam-
ples of different types of circRNAs below. Beyond using these names 
in future published studies, it is imperative that the linear reference 
transcripts used for all circRNA names are also provided (for example, 
when names are first used in the text or figures). In addition, gene-locus 
schematics that include the linear reference transcript (similar to the 
top part of Fig. 1b, for example) and genome coordinates, along with 
the assembly version, should be provided. Given that not all transcript 
data will necessarily be available in perpetuity, providing the actual 
sequence of the circRNA will help to ensure long-term clarity.

Multiple circRNAs produced from the same gene locus with differ-
ent BSJ sites. Back-splicing of the human COX5A locus produces two 
distinct circRNAs that differ in their composition owing to alternative 
BSJ selection: one circRNA consists of exons 2 and 3 (according to the 
ENST00000322347.11 transcript), the other of exons 3 and 4 (Fig. 1c). 
Rather than calling either transcript circCOX5A, we instead suggest 
naming them circCOX5A(2,3) and circCOX5A(3,4), respectively, where 

(2,3) and (3,4) indicate exons 2,3 and exons 3,4. Likewise, in the case 
of the FAM120A gene locus (Fig. 1b), the five circRNAs can be named 
to indicate their different exonic components: circFAM120A(2,3), 
circFAM120A(2,3,4), circFAM120A(2,3,4,5), circFAM120A(3,4,5), and 
circFAM120A(4,5), according to the ENST00000277165.11 transcript. 
Beyond allowing these circRNAs to be distinguished from one another, 
the names also illustrate the position of the BSJ: the end of the last listed 
exon was back-spliced to the beginning of the first listed exon. So, for 
circFAM120A(2,3), the end of exon 3 was back-spliced to the beginning 
of exon 2, while the end of exon 4 was back-spliced to the beginning of 
exon 2 in circFAM120A(2,3,4) (Fig. 1b).

In situations in which only one circRNA from a gene has yet been 
found, we still recommend including the exact exon(s) from the mature 
circRNA in the name. Doing so will ensure consistency across all cir-
cRNA names, and will help to avoid ambiguities if additional circRNA 
isoforms are found in the future.

CircRNAs with the same BSJs but different internal splicing pat-
terns. Genes can generate several circRNAs with distinct BSJ sites 
(Fig. 1b,c), yet can also produce circRNAs with the same BSJs but dif-
fering internal sequences4. This is because all four standard types of 
alternative splicing event — such as inclusion of a cassette exon (or 
the converse, skipping of such an exon), intron retention, and use of 
alternative 5' or 3' splice sites — have been identified in the internal 
regions of circRNAs4.

Inclusion of a cassette exon has frequently been observed in alter-
natively spliced circRNAs4. For example, the human TIMMDC1 gene 

Fig. 1 | Suggested naming scheme to clarify the complexity of patterns of 
expression of circRNAs. a, Top, in addition to generating linear RNAs, a gene 
can generate circRNAs when a 5' splice site (ss) is joined to an upstream 3′ splice 
site via a process known as back-splicing. Of note, the efficiency of back-splicing 
(thin arrow) is often low compared with that of canonical splicing (heavy arrow) 
at the same gene locus. Bottom, pre-RNAs can be spliced to generate mature 
linear RNAs that are capped (m7G) and polyadenylated (A(n)), as well as intron 
lariats that are debranched and degraded (dashed loop). However, some lariats 
fail to be debranched, leading to the accumulation of stable ciRNAs and/or 
sisRNAs. b, Naming of human circRNAs produced from the gene FAM120A 
(ENST00000277165.11 annotation) with different back-splice junction (BSJ) sites. 
c, Naming of circRNAs produced from the gene COX5A (ENST00000322347.11 
annotation) with different BSJ sites. d, Naming of two alternative circRNAs 
produced from the gene TIMMDC1 (ENST00000494664.6 annotation) that 
differ in their inclusion of a cassette exon. e, Naming of circRNAs produced 
from the gene CAMSAP1 (ENST00000389532.9 annotation) that differ in 
their inclusion of a retained intron (RI). f, Naming of circRNAs produced from 

the gene MCU (ENST00000603649.5 annotation) that differ in their use of 
an alternative 3' splice site. A longer exon 3 (L3) with additional sequence 
at the 5' end of the annotated exon 3 can be alternatively spliced within the 
circRNA produced from the MCU locus. g, Naming of circRNAs produced from 
the gene SNX25 (ENST00000618785.4 annotation) that differ in their use of 
an alternative 5' splice site. h, Naming of circRNAs produced from the gene 
ZNF292 (ENST00000369578.6 annotation) that differ in their BSJ and their 
inclusion of a novel exon (NE). i, Naming of circRNAs produced from the gene 
XPO1 (ENST00000401558.7 annotation) that differ in their inclusion of a novel 
cassette exon. j, Naming of fusion circRNAs produced from the KMT2A::MLLT3 
(also known as MLL::AF9) translocation in leukaemic cell lines. KMT2A(1–36), 
KMT2A exons 1–36; MLLT3(1–11), MLLT3 exons 1–11; KMT2A(1–8), KMT2A exons 
1–8; MLLT3(6–11), MLLT3 exons 6–11. Blue, grey, pink and green bars in gene 
assemblies represent exons; black lines represent introns. Canonical splice 
junctions ('polylines') and BSJs (arc lines) are shown in sequencing data. Short-
read (purple) and long-read (orange) examples12,13 are shown.

Table 1 | The functional FAM120A circRNA has a different identity in each circRNA database

Database circID in each database Genome 
assembly

Genomic location of circRNAs Host gene Exon 
components

Gene 
annotation

CIRCpedia HSA_CIRCpedia_64725 GRCh38/hg38;
GRCh37/hg19

chr9:93471140-93498886 (hg38); 
chr9:96233422-96261168 (hg19)

FAM120A 2,3,4,5 GENCODE 
plus RefSeq

circAtlas hsa-FAM120A_0006 GRCh38/hg38 chr9:93471141-93498886 (hg38) ENSG00000048828.16 N/A GENCODE

circBank hsa_circFAM120A_007 GRCh37/hg19 chr9:96233422-96261168 (hg19) FAM120A N/A RefSeq

circBase hsa_circ_0001875 GRCh37/hg19 chr9: 96233422-96261168 (hg19) FAM120A N/A RefSeq

CIRCpedia (hg38, hg19), circBank (hg19) and circBase (hg19) use the 0-based coordinate system, while circAtlas (hg38) uses the 1-based coordinate system. Hence, annotation of the genomic 
start location of a circRNA will differ by one base depending on the database.
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generates two circRNAs that share the same BSJ (with the end of exon 
4 joined to the start of exon 2) but differ in their inclusion or exclusion 
of the cassette exon 3 (Fig. 1d). According to the ENST00000401558.7 
transcript of TIMMDC1, we suggest calling these transcripts circTIM-
MDC1(2,3,4) and circTIMMDC1(2,4), depending on the inclusion or 
exclusion of exon 3.

For circRNAs that have a retained intron (RI) — previously referred 
to as exon–intron circular RNAs20 — we suggest the same naming 
scheme as above, but including ‘RI’ to indicate the existence of an 
internal RI. As an example, two circRNAs are produced from the human 
CAMSAP1 gene (Fig. 1e). Both have the end of exon 3 back-spliced to 
the beginning of exon 2, but one isoform contains an RI between 

these exons (observed directly in long-read sequencing data; Fig. 1e). 
Hence, we suggest naming these transcripts circCAMSAP1(2,3) and 
circCAMSAP1(2,RI,3) (according to the ENST00000389532.9 annota-
tion) to indicate the presence of the retained intron only in the latter.

For circRNAs that contain 5' or 3' alternatively spliced exons, we 
suggest adding ‘S’ (for ‘short’) or ‘L’ (for ‘long’) to the number of the 
exon with the alternative splice-site selections. For example, two cir-
cRNAs are produced from the human MCU gene that have the same 
BSJ site but different internal 3' splice site selections (Fig. 1f): one 
contains the annotated exon 3 according to the ENST00000603649.5 
transcript, and the other contains a longer exon 3. These circRNAs can 
be referred to as circMCU(2,3) and circMCU(2,L3), respectively, so that 
their differences can be clearly noted. Note that ‘L’ is written before 
the exon number, to indicate the usage of an alternative 3' splice site 
that results in a longer exon 3. In the case of alternative 5' splice site 
selections within circRNAs, the S or L labelling can be added after the 
number of the alternatively spliced exon. For example, two circRNAs 
are produced from the human SNX25 gene that have the same BSJ site 
but different 5' splice site selections for the internal exon 4 (Fig. 1g). 
Use of circSNX25(3,4S,5) and circSNX25(3,4,5) can distinguish these 
two circRNA isoforms, which have either a short version of exon 4 or a 
full-length version, respectively, according to the ENST00000618785.4 
annotation. In those rare cases where there are more than two alterna-
tive splice sites, consecutive letters (A, B, C and so on) may instead need 
to be used to distinguish among isoforms.

CircRNAs with previously unannotated exons. Recent work has indi-
cated that a number of circRNAs include previously unannotated exons 
that are not observed in linear RNAs4,21,22. In these cases, we suggest 
marking such a sequence as a ‘new exon’ (NE) when naming the circRNA. 
As shown in Fig. 1h, the human ZNF292 gene generates a three-exon 
circRNA (circZNF292(2,3,4), according to the ENST00000369578.6 
annotation) as well as an additional circRNA that contains a previously 
unannotated exon upstream of exon 2. As well as not being present in 
the ENST00000369578.6 transcript, this new exon is not annotated in 
any assembled ZNF292 transcript in GENCODE V37. Hence, we suggest 
naming this circRNA circZNF292(NE,2,3,4).

In another example, the human XPO1 gene generates two circRNAs  
that have the same BSJ but differ in the presence of an internal novel 
cassette exon (Fig. 1i). According to the ENST00000401558.7 anno-
tation, we suggest naming these two circRNAs circXPO1(3,4) and 
circXPO1(3,NE,4), indicating whether the novel exon is skipped or 
included, respectively. If multiple unannotated exons are present 
in a circRNA, the NE notation can be used multiple times to indicate 
each of their positions. We recognize, however, that this label is not 
ideal, and it should be viewed as a temporary placeholder. Further 
efforts to annotate the transcriptome — especially by incorporating 
circRNAs into databases such as GENCODE and RefSeq — should allow 
more unambiguous names to be given in the future. On rare occasions, 
unannotated splice sites may occur in circRNAs, and including their 
genomic positions in the naming scheme may be necessary to specify 
the exact splice sites and sequence contents of the mature transcript.

Fusion circRNAs from translocated gene loci. Most circRNAs are 
produced from a single gene, but some contain exons derived from 
two different genes, mostly in regions that have experienced chro-
mosomal translocations and gene fusion23. As an example, at least 
two distinct fusion circRNAs have been reported to originate from the 
KMT2A::MLLT3 (also known as MLL::AF9) translocation in leukaemic 

Box 1

Suggested guidelines for ciRNA 
naming
Analogous to our suggested guidelines for naming circRNAs 
produced by back-splicing, a similar strategy can be used to name 
ciRNAs that accumulate when intron lariats fail to be debranched (Fig. 
1a, bottom). We suggest the alternative prefix ‘ci’ for ciRNAs, followed 
by the gene symbol and the specific intron number. For example, 
the name ciANKRD52(2) denotes a ciRNA produced from the second 
intron of the ANKRD52 gene (according to the ENST00000267116.8 
transcript annotation)6 (see Box Figure). In general, ciRNAs and 
sisRNAs6,7 have not been as extensively studied as circRNAs 
generated by back-splicing, and more work is needed to understand 
their modes of biogenesis, localization and function. Regardless, 
the linear reference transcript used for all ciRNA names should be 
provided in published work to ensure that this simple naming system 
can easily distinguish ciRNA isoforms from one another.

ciANKRD52(2)

Intron 2

Long-read

Short-read

200 basesANKRD52

Naming of a ciRNA produced from an intron lariat. ciANKRD52(2) 
is produced from the second intron of the ANKRD52 gene.
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cell lines24 (Fig. 1j). We suggest naming these circular transcripts 
circKMT2A(5,6,7,8)::MLLT3(6) and circKMT2A(7,8)::MLLT3(6), includ-
ing both host gene names but separating them by a double colon to 
designate a gene fusion (as recommended in ref. 23). This allows one to 
distinguish between these transcripts, and to infer that exon 6 (accord-
ing to the ENST00000380338.9 annotation) of MLLT3 (AF9) has been 
back-spliced to exon 5 or 7 (according to the ENST00000534358.8 
transcript) of KMT2A (MLL).

Conclusions
Given the wide variety of circular transcripts observed in eukaryotic 
cells — and the fact that numerous distinct RNA circles can be derived 
from a single host gene — it is becoming increasingly clear that a  
systematic naming scheme for circRNAs is needed. To limit ambi-
guity, we recommend that the names of circRNAs produced from 
back-splicing should include the prefix ‘circ’ followed by the host gene 
symbol and exon (and, if present, intron) information. An analogous 
strategy could be used to name ciRNAs derived from intron lariats by 
using the alternative prefix ‘ci’ (Box 1).

These naming schemes are intuitive and can be used to name  
circular transcripts in any eukaryotic species. Nonetheless, they 
depend on existing annotations of linear transcripts. Our proposed 
scheme thus represents an interim solution until circRNAs are incor-
porated into annotation databases such as GENCODE and RefSeq. 
Such a step will be the only true long-term solution, as it will remove 
ambiguity in circRNA names (for example, by enabling the removal of 
NE labels) and eliminate the need to have a reference linear transcript. 
In the meantime, it is essential that the reference transcripts used for 
all circRNA names be provided in publications.

We call on authors, reviewers and editorial staff to ensure that 
manuscripts that report circRNAs provide: (1) the genomic coordinates 
and associated genome assembly; (2) the full sequences of circRNAs; 
(3) any previously given names, for example in circRNA databases; and 
(4) clear diagrams that depict where circRNAs of interest map in the 
genome. This will help greatly to facilitate communication and eliminate 
confusion when several circRNAs are produced from the same gene 
locus. More and more circRNAs continue to be identified, including 
some that are presumably derived from intron self-ligation21 and some 
from noncoding RNAs, including transfer RNAs, ribosomal RNAs and 
mitochondrial RNAs (reviewed in refs. 4,25). As the field progresses, addi-
tional naming criteria can be proposed for these new transcript classes.
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