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DESCRIPTION OF APPRIS TAGS 

Principal Isoform labels 

APPRIS selects a single CDS variant for each gene as the 'PRINCIPAL' isoform based on the 

range of protein features. Principal isoforms are tagged with the numbers 1 to 5, with 1 being the 

most reliable. The definition of the flags are as follows: 

• PRINCIPAL:1 

Transcript(s) expected to code for the main functional isoform based solely on the core 

modules in the APPRIS database. The APPRIS core modules map protein structural and 

functional information and cross-species conservation to the annotated variants. 

• PRINCIPAL:2 

Where the APPRIS core modules are unable to choose a clear principal variant 

(approximately 25% of human protein coding genes), the database chooses two or more of 

the CDS variants as "candidates" to be the principal variant. 

If one of these candidates has a distinct CCDS (1) identifier it is selected as the principal 

variant for that gene. A CCDS identifier shows that there is consensus between RefSeq and 

GENCODE/Ensembl for that variant, guaranteeing that the variant has cDNA support. 

• PRINCIPAL:3 

Where the APPRIS core modules are unable to choose a clear principal variant and there 

more than one of the variants have distinct CCDS identifiers, APPRIS selects the variant with 

lowest CCDS identifier as the principal variant. The lower the CCDS identifier, the earlier it 

was annotated. 

Consensus CDS annotated earlier are likely to have more cDNA evidence. Consecutive 

CCDS identifiers are not included in this flag, since they will have been annotated in the 

same release of CCDS. These are distinguished with the next flag. 

In addition, there is more than one variant with a distinct (but consecutive) CCDS identifiers, 

APPRIS choose the variant when all splice junctions are supported by at least one non-

suspect mRNA. This information is reported by the method Transcript Support Level (TSL), 

which is a method to highlight the well-supported and poorly-supported transcript models for 

users. The method relies on the primary data that can support full-length transcript structure: 

mRNA and EST alignments supplied by UCSC and Ensembl. 



• PRINCIPAL:4 

Where the APPRIS core modules are unable to choose a clear principal CDS and there is 

more than one variant with a distinct (but consecutive) CCDS identifiers and all the splice 

junctions are not well-supported, APPRIS selects the longest CCDS isoform as the principal 

variant. 

• PRINCIPAL:5 

Where the APPRIS core modules are unable to choose a clear principal variant and none of 

the candidate variants are annotated by CCDS, APPRIS selects the longest of the candidate 

isoforms as the principal variant. 

Alternative Isoform labels 

For genes in which the APPRIS core modules are unable to choose a clear principal variant 

(approximately 25% of human protein coding genes) the "candidate" variants not chosen as 

principal are labeled in the following way: 

• ALTERNATIVE:1 

Candidate transcript(s) models that are conserved in at least three tested non-primate 

species. 

• ALTERNATIVE:2 

Candidate transcript(s) models that appear to be conserved in fewer than three tested non-

primate species. 

Non-candidate transcripts are not flagged and are considered as "MINOR" transcripts. 



REFINEMENTS TO CORE METHODS 

In order to confirm that APPRIS is selecting the main isoform we validated the APPRIS identified 

principal isoforms, and those of the individual methods, using the annotations from the CCDS 

project (1). The CCDS project aims to identify a core set of consistently annotated, high quality 

protein coding variants for the human genome. CCDS variants are annotated based on 

agreement between the three main public annotation resources GENCODE/Ensembl (2,3), NCBI 

and (4) UCSC (5). We can analyse the performance of the APPRIS Database over the subset of 

genes where the CCDS project annotates a single sequence-unique variant. 

The reliability of each APPRIS module is continually revised using the GENCODE human 

reference gene set. Since the first published version of APPRIS there have been an increase in 

the agremeent between the unique CCDS variants and the resuts from the indiviudual methods 

(and the APPRIS principal isoforms). In figure 1 we show the comparison between the CCDS 

analysis at the time of the first publication (GENCODE7) and using GENCODE19 (the last stable 

gene set for the hg19 assembly). 

 

 

 

 

 

 

 

 

 

Figure 1. Comparison between unique CCDS isoforms for each gene and those selected by the APPRIS 

methods from the human reference sets GENCODE 7 and GENCODE 19 (both in the hg19 assembly). The 

bars show the percentage of genes in which the unique CCDS isoform is not chosen as the principal isoform 

by APPRIS and the individual core methods. The APPRIS GENCODE 19 annotations agree with the unique 

CCDS variants more often. 

 



 

GENCODE/Ensembl, RefSeqGene, and UniProtKB INTERSECTION 

We have created new gene sets (Intersections) based on the merge of Ensembl, RefSeqGene 

and UniProtKB isoforms for each gene. For the human genome we established a common gene 

set with the GENCODE (release 24), RefSeqGene (release 107), and UniProtKB (version 

2016_06) reference sets (see Table 1). The initial cross-reference was generated with the data-

mining tool, BioMart (6), and from there we re-annotated the cross-database relationships 

manually. For other species we generated the common gene sets with the BioMart tool solely. 

Species 
No. GENCODE/Ensembl Genes 

(release) 

No. RefSeqGene 

Genes  (release) 

No. UniProtKB 

Genes (release) 

No. Intersection	

Genes (release) 

Human 
20,250 

(GENCODE_24/Ensembl_84) 
20,066 (107) 

21,608 

(2016_06) 
22,207 (a1) 

Mouse 
22,538 

(GENCODE_M12/Ensembl_87) 
21,879 (106) 

22,852 

(2016_10) 
25,196 (a1) 

Rat 22,041 (Ensembl_87) 22,640 (106) 
21,837 

(2016_10) 
25,799 (a1) 

Zebrafish 25,418 (Ensembl_87) 25,652 (105) 
24,278 

(2016_10) 
28,279 (a1) 

Pig 19,465 (Ensembl_88) 21,787 (105) 
22,009 

(2017_02) 
14,746 (a1) 

Chimp 18,282 (Ensembl_88) 21,139 (104) 
18,878 

(2017_02) 
21,837 (a1) 

Table 1. Number of genes and releases of the reference genomes that were used to generate the common 

gene sets for the local species in the APPRIS Database. The common gene sets were established by cross-

referencing GENCODE/Ensembl, RefSeqGene, and UniProtKB, using the data-mining tool, BioMart. For 

human, the cross-reference was also curated manually. 

APPRIS selects a single CDS variant for each gene as the “PRINCIPAL” isoform based on the 

annotated protein features. Principal isoforms are tagged with the numbers 1 to 5, with 1 being 

the most reliable. APPRIS determines a most reliable isoform for 75%-95% of protein-coding 

genes annotated depending on the gene set and the species (see Figure 2). 

 



Where the APPRIS core modules are unable to choose a clear principal variant, the database 

chooses the variant based on the CCDS identifier and when all splice junctions are supported by 

at least one non-suspect mRNA (TSL). CCDS variants are annotated only for the human and 

mouse genomes, and TSL only for human. Where CCDS and TSL evidence is not decisive or 

available, APPRIS selects the longest of the candidate isoforms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Bar-plots with the percentage of genes identifiers with the final annotations of APPRIS for the 

vertebrate species zebra-fish (a), rat (b), pig (c), and chimpanzee (d). APPRIS identifies a principal isoform 

for each gene that are tagged with the numbers 1 to 5, with 1 being the most reliable, discarding the genes 

with a unique isoform. The APPRIS Database annotates the protein-coding genes in all public sets Ensembl, 

RefSeqGene, and UniProtKB. In addition, we established a common gene set (Intersection) with the 

Ensembl, RefSeqGene, and UniProtKB reference sets. 



The merged Intersection gene set allows us to identify principal isoforms missing in the individual 

gene sets. For example the principal isoform from the merged set for GRIFIN is annotated in 

GENCODE (ENST00000614228) and UniProtKB (A4D1Z8), but not in RefSeqGene (See Figure 

2 in the main paper). The principal isoform has annotation evidence from cross-species 

alignments and the C-terminal extension in the GENCODE/Ensembl/UniProtKB principal isoform 

is established in mammals (see Figure 3). 

 

 

 

 

 

 

 

 

 

Figure 3. Cross-Reference alignment of GRIFIN (ENST00000614228) variant. Clearly, we see an extension 

in the C-terminal established in mammals. In the region where the 8 extra residues would be to inserted for 

the alternative variants, we see evidences for cross-species conservation. 
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