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Executive summary 

¶ Indoleamine 2,3 dioxygenase -2 (IDO2) is an enzyme that catabolizes tryptophan in the 

kynurenine pathway. The depletion of tryptophan mediates a pro-tolerogenic mechanism that 

suppresses T cells, providing a balance in immune reactions.   

¶ Orthologs of human IDO2 have been reported in several mammalian species including chimp, 

rhesus monkey, dog, cattle, mouse and rat.  

¶ Three splice variants are reported for human IDO2, encoding proteins of sizes 172aa, 161aa and 

105aa.  

¶ Alternate transcripts of IDO2 are reported in chimp, mouse and dog. Four splice variants are 

reported in mouse, each of these can be mapped to a human IDO2 splice variant. The splice 

variants in chimp and dog have the highest homology to the human transcript that encodes the 

172aa IDO2 protein. 

¶ The primary sites of IDO2 expression in humans are placenta, uterus, liver and brain. In mouse the 

expression of Ido2 is seen predominantly in liver, kidney and epididymis. 

¶ The alternate transcript in human, IDO2-002 is possibly expressed in the medulla while IDO2-003 

could be expressed in the placenta. The variant IDO2-001 is likely to be expressed from both the 

placenta and uterus. In mouse the Ido2 splice variant bSep07, is reported to be expressed in the 

brain and heart.  

¶ Two coding SNPs of human IDO2 predicted to cause protein damage (rs10109853 and rs4503083) 

have a MAF >10% across populations. While the SNPs are reported in the context of pancreatic 

ductal adenocarcinoma, they are not causatively associated with the disease. These SNPs are 

likely to be predictors of response to IDO2 based drug therapy. 

¶ tǊƻƳƻǘŜǊ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƘǳƳŀƴ L5hн ƎŜƴŜ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǘȅǇŜ м όLCbʰκʲύ ŀƴŘ ǘȅǇŜ нόLCbʴύ 

interferons can possibly regulate gene expression. It is also likely that these regulators could play 

a role in a transcript specific manner. Several elements that play a role in cancers were detected 

in the predicted promoters of the IDO2 human transcripts. 

¶ IDO1 is the only known paralog of IDO2. These are the only proteins in mammals that consist of 

the consensus IDO motifs- IDO_1 and IDO_2. 

¶ Chromosomal aberrations in the cytoband 8p11 are observed in relation to several cancers. A 

breakpoint in the IDO2 gene is reported in association with T cell prolymphocytic leukemia.  

¶  IDO2 is upregulated in gastric, renal and colon carcinomas as well as pancreatic adenocarcinoma. 

The IDO2 protein in colon carcinoma is reported to lack enzymatic activity. 
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3. Alternate transcription in IDO2 

Sources of information: Ensembl, Entrez gene, ASTD, Aceview , ECGene, NetStart 1.0, AUG_Hairpin, 

ASD, NCBI-PubMed, GoogleScholar 

¶ The canonical transcript in IDO2 is represented by IDO2-201 and NM_194294.2 which are 

predicted to encode proteins of length 407 or 420 amino acids respectively. The difference in 

the encoded protein sizes is due to the use of alternate start sites in exons 1 and 2. While 

NCBI refers to the start site in exon 1, Aceview and other databases refer to the start site in 

exon 2. 

¶ The canonical IDO2 protein is likely to be 407aa long, based on evidence in literature and 

analysis in various tools. 

¶ There are three splice variants reported for IDO2, for which there is evidence from EST and 

cDNA clones. 

¶ The IDO2 splice variants are predicted to encode proteins of length 172aa, 161aa and 105aa. 

3A. Alternate transcription in humans 

We describe four transcripts of IDO2: NM_194294.2 (IDO2-201), IDO2-001, IDO2-002 and IDO2-003 

encoding proteins of sizes 407aa, 172aa, 161aa and 105aa respectively.  These are represented in 

several databases.  NM_194294.2 (IDO2-201) is the canonical transcript.  Ensembl does not describe 

any protein predicted for the IDO2 gene. Thus, we have used protein sequences available in ASTD, 

Aceview and ECGene corresponding to each Ensembl IDO2 transcript for our analysis.  The Table 5 

describes the mapping of transcripts represented across databases. The canonical transcript is 

indicated in bold. 

 

Table 5: Mapping transcript IDs across databases 

 

The exon usage in the IDO2 transcripts is described in the following table. Details on each of these 

transcripts can be found in the sections that follow  

 

 

NCBI 
Ensembl Aceview ASTD  Uniprot ECGene 

Protein 
length 

NM_194294.2 IDO2-201 aApr07 ENST00000389060 Q6ZQW0-1  

420aa/ 

407aa  

 IDO2-001 bApr07 ENST00000343295 Q6ZQW0-2 H8C5126.1 172aa 

 IDO2-002 dApr07 TRAN00000058563  
H8C5126.3,  
H8C5126.2 161aa 

 IDO2-003 cApr07 TRAN00000058564   105aa 

http://www.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000188676
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=169355
http://www.ebi.ac.uk/astd/geneview.html?acc=ENSG00000188676
http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/av.cgi?exdb=AceView&db=36a&term=indol1&submit=Go
http://genome.ewha.ac.kr/ECgene/
http://www.cbs.dtu.dk/services/NetStart/
http://gibk26.bse.kyutech.ac.jp/aug_hairpin/
http://www.ebi.ac.uk/asd-srv/wb.cgi?method=9
http://www.ncbi.nlm.nih.gov/pubmed
http://scholar.google.co.in/scholar?hl=en&q=%5b%5bIDO2%5dOR%5bINDOL1%5d%5d+AND+%5b%5bsplice%5dOR%5btranscript%5dOR%5bisoform%5dOR%5bgene%5d%5d&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
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Table 6: Exons found across various transcripts 

  
IDO2-
201 

IDO2-
001 

IDO2-
002 

IDO2-
003 

EXON1 V VҚ     

EXON2 V V     

EXON3 V V     

      Қ   

EXON4 V V V   

EXON5 V V     

EXON6 V VҚ     

    Қ     

EXON7 V V   VҚ 

EXON8 V V V V 

EXON9 V       

      Қ   

      Қ   

EXON10 V V V V 

EXON11 V V V V 

 

 V - Exact match with canonical exon;                            Қ - Alternate exon 

VҚ - Non-canonical exon                 V or Қ - non-coding 

 As seen from the table, IDO2-001 has a non-canonical exon 6 and alternate exon 7, together 

spanning about 1.7kb. IDO2-001 is the longest of all the IDO2 transcripts.  A summary of the EST 

evidence that supports the IDO2 transcripts is provided in table 7, followed by graphical 

representations of these transcripts. 

Table 7: Summary of IDO2 alternate transcripts 

 

In our graphical alignment of alternate transcripts, we have used IDO2-001 as the reference 

sequence for better and more accurate visualization. 

 

 

Graphical representations of alternate transcripts of human IDO2 

Transcript ID 
Protein 
length mRNA 

Unique  
EST 

evidence 
5` 

evidence 3` evidence 
No. of 
exons Start codon 

Stop 
codon 

NM_194294.2 

420aa/ 

407aa  2295 bp 1 5` stop 3` stop 11 Exon 1 Exon 11 

IDO2-001 172aa 3924 bp 2 5` cap Poly A signal 11 Exon 1 Exon 6 

IDO2-002 161aa 1978 bp 3 5` stop Poly A signal 7 Exon 2 Exon 7 

IDO2-003 105aa 1641 bp 2 5` cap Poly A signal 4 Exon 1 Exon 4 
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Gene organization of IDO2 transcripts 

         

Source: Ensembl 

Graphical representation of protein isoforms of human IDO2 

Source: NCBI Blastn 

NM_194294.2 - Canonical transcript 

A single transcript for the IDO2 gene is reported in Entrez gene (NM_194294.2) while Ensembl 

predicts four transcripts. The Ensembl transcript IDO2-201 (ENST00000389060) corresponds to 

NM_194294.2. The transcript NM_194294.2 is predicted to encode a 420aa protein. On the other 

hand, no protein products are predicted for any of the Ensembl transcripts (Ensembl release 56 - 

Sept 2009).  

 

IDO2-201 (407aa)
IDO2-001 (172aa)

IDO2-002 (161aa)
IDO3-002 (105aa)

Source: NCBI Blastn 
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NM_194294.2 and IDO2-201 are very similar in sequence with ǘƘŜ рΩ¦¢w ƛƴ ǘƘŜ ŦƻǊƳŜǊ ōŜƛƴƎ Ƨǳǎǘ 

10bps longer than that in the latter. However, there is a difference with respect to their start codon 

usage. Entrez gene refers to a start codon ATG in the exon 1, resulting in a protein of size 420 amino 

acids. On the other hand, databases like ASTD, Uniprot and Aceview refer to the ATG in exon 2 as the 

start codon.  This would encode a protein of 407aa. A study by Ball et al, 2007 revealed a cDNA clone 

from humans (EF052681) that encodes a 407aa protein.(GenBank: ABM69260.1, Uniprot: Q6ZQW0). 

Since there are contradicting reports regarding the start site of the canonical IDO2 transcript, we 

have attempted to evaluate the start sites in exon 1 and exon 2. It is well known that if there is a 

stable stem loop structure formed downstream to an ATG, then the probability of that ATG being 

recognized by the initiator methionine is higher. Using the AUG_Hairpin program we found that no 

stable stem loop structure is identified downstream to the ATG in exon 1 (energy of secondary 

structure= -9.6 kcal/mol). On the other hand, a stable stem loop structure (energy of secondary 

structure= -13.8kcal/mol) is predicted downstream of the ATG in exon 2. 

 

One of the crucial elements for the translation start site is presence of a purine at position -3 and a 

guanine at position +4 (PuNNAUGG) (Kozak 1997).  We analyzed the start sites with respect to the 

Kozak sequence. The ATG in exon 1 has a purine at position -3 but a thiamine at position +4 (agaatgt), 

while the ATG in exon 2 has a purine at position -3 and a guanine at position +4 (ataatgg). This 

emphasizes the possibility of the start site being in exon 2.  

Like in humans, 2 potential start sites have been identified for the mouse Ido2 gene at positions 86 

and 107 in relation to the transcriptional start site (Ball et al, 2007). This accounts for the difference 

in mouse Ido2 protein sizes (398aa vs 405aa) represented in Ensembl. Based on enzymatic activity 

assays that measured kynurenine and activities of the 2 protein isoforms, it was reported that the 

405aa protein was the more active protein. This protein resembles the 407 amino acid protein in 

humans (Ball et al, 2007). Our analysis showed that the second ATG in human exon 2 was conserved 

in rhesus monkey, mouse, dog and cattle. On the other hand, the ATG in human exon 1 was not 

conserved across the mammalian model organisms studied. These pieces of evidence again suggest 

that the start site in IDO2 may be in exon 2 encoding a protein of 407aa. 
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