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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).

Literature references

Fabregat, A., Sidiropoulos, K., Viteri, G., Forner, O., Marin-Garcia, P., Arnau, V. et al. (2017). Reactome pathway ana-
lysis: a high-performance in-memory approach. BMC bioinformatics, 18, 142. ↗

Sidiropoulos, K., Viteri, G., Sevilla, C., Jupe, S., Webber, M., Orlic-Milacic, M. et al. (2017). Reactome enhanced path-
way visualization. Bioinformatics, 33, 3461-3467. ↗

Fabregat, A., Jupe, S., Matthews, L., Sidiropoulos, K., Gillespie, M., Garapati, P. et al. (2018). The Reactome Pathway 
Knowledgebase. Nucleic Acids Res, 46, D649-D655. ↗

Fabregat, A., Korninger, F., Viteri, G., Sidiropoulos, K., Marin-Garcia, P., Ping, P. et al. (2018). Reactome graph data-
base: Efficient access to complex pathway data. PLoS computational biology, 14, e1005968. ↗

Reactome database release: 88

This document contains 1 pathway and 6 reactions (see Table of Contents)

https://reactome.org Page 2

http://www.ncbi.nlm.nih.gov/pubmed/28249561
http://www.ncbi.nlm.nih.gov/pubmed/29077811
http://www.ncbi.nlm.nih.gov/pubmed/29145629
http://www.ncbi.nlm.nih.gov/pubmed/29377902
https://reactome.org


Viral Messenger RNA Synthesis ↗

Stable identifier: R-HSA-168325

Compartments: nucleoplasm

Diseases: influenza

Like the mRNAs of the host cell, influenza virus mRNAs are capped and polyadenylated (reviewed in Neumann, 
2004). The methylated caps, however, are scavenged from host cell mRNAs and serve as primers for viral RNA 
synthesis, a process termed 'cap-snatching' (Krug, 1981; Hagen, 1994). The PB2 polymerase protein binds the cap, 
activating endonucleolytic cleavage of the host mRNA by PB1. The 3' poly-A tracts on viral messages are generated 
by polymerase stuttering on poly-U tracts near the 5' end of the template vRNA (Robertson, 1981; Zheng, 1999). The 
second process allows polyadenylation of viral mRNAs when the host cell polyadenylation process has been 
inhibited (Engelhardt, 2006; Amorim, 2006). Notably, early transcripts (including NP and NS1) accumulate in the 
cytoplasm before late transcripts (M1, HA, and NS2), and in varying abundances, suggesting additional control 
mechanisms regulating viral gene expression (Shapiro, 1987; Hatada, 1989; Amorim, 2006).
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Assembly of an Active Transcription Complex ↗

Location: Viral Messenger RNA Synthesis

Stable identifier: R-HSA-168326

Type: binding

Compartments: nucleoplasm

Diseases: influenza

The 5' end of the vRNA associates with a binding site on the PB1 subunit of the viral RNA polymerase, distinct from 
the 3' vRNA binding site, which is subsequenty bound forming a loop. These binding events set off allosteric 
conformational changes in the trimeric polymerase complex that induce PB2 binding of the methylated cap on a host 
pre-mRNA (Plotch, 1981; Cianci, 1995; Li, 1998; Brownlee, 2002; Kolpashchikov, 2004). PB2 amino acids 242-282 
and 538-577 are involved in cap binding (Honda, 1999). Direct or indirect interaction with active, transcribing host 
RNA polymerase II is thought to supply host mRNA for the caps (Bouloy, 1978; Engelhardt, 2005).

Followed by: Priming and Initiation of Transcription
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Priming and Initiation of Transcription ↗

Location: Viral Messenger RNA Synthesis

Stable identifier: R-HSA-168280

Type: transition

Compartments: nucleoplasm

Diseases: influenza

The host cell mRNA bound to viral RNA polymerase PB2 subunit is cleaved by the viral RNA polymerase PB1 
subunit's endonuclease activity, and the capped 5' end plus 10-13 nucleotides of the host mRNA remains bound to 
the polymerase complex (Plotch, 1981; Krug, 1981; Hagen, 1994; Cianci, 1995, Li, 1998; Li, 2001). Viral mRNA 
may be protected against cap-snatching by the polymerase complex itself, which tightly binds capped viral mRNA 
(Shih, 1996). A guanine residue, complementary to a cytosine in the vRNA, is added to the host-derived cap, 
catalyzed by the RNA polymerase activity of the PB1 viral RNA polymerase subunit (Beaton, 1981; Toyoda, 1986).

Preceded by: Assembly of an Active Transcription Complex

Followed by: Elongation, Polyadenylation and Termination
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Elongation, Polyadenylation and Termination ↗

Location: Viral Messenger RNA Synthesis

Stable identifier: R-HSA-168301

Type: omitted

Compartments: nucleoplasm

Diseases: influenza

Catalyzed by the RNA polymerase activity of the viral PB1 subunit, an mRNA complementary to the bound vRNA 
is synthesized (Plotch, 1977). PA and PB2 move down the growing mRNA in complex with PB1, with PB2 possibly 
dissociating from the cap (Braam, 1983). However, the 5’ end of the vRNA may remain bound during elongation as 
the template is threaded through in a 3’ to 5’ direction until a polyadenylation signal is encountered (Poon, 1998; 
Zheng, 1999). 
A poly-uridine sequence motif, consisting in most cases of 5-7 U residues, abuts the "panhandle" duplex structure in 
the vRNA; this sequence is approximately 16 nucleotides from the 5' end of this RNA duplex structure within the 
vRNA promoter. Encountering this signal, the viral RNA polymerase stutters, leading to the synthesis of a poly-A 
tail on the viral mRNA (Robertson, 1981; Luo, 1991; Li,1994; Poon, 1998; Zheng et al. 1999).

Preceded by: Priming and Initiation of Transcription

Followed by: Viral mRNA Splicing (M, NS segments), Viral mRNA Export
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Viral mRNA Splicing (M, NS segments) ↗

Location: Viral Messenger RNA Synthesis

Stable identifier: R-HSA-192781

Type: transition

Compartments: nucleoplasm

Diseases: influenza

The viral polymerase complex produces positive-sense viral mRNA with host-cell derived 5' methyl caps. 
Alternately spliced mRNA transcribed from M and NS vRNA segments 7 and 8, producing the spliced mRNA for 
M2 and NEP/NS2, respectively, are thought to be coupled to the cellular splicing and export mechanisms (Lamb, 
1980; Lamb, 1981; Chen, 2000; Li, 2001). As segments 7 and 8 each encode two proteins, splicing must be regulated 
allowing for alternative mRNAs, with the spliced products in the minority (approximately 10%). M1 splicing may be 
regulated by the viral polymerase and the cellular SR splicing protein SF2/ASF (Shih, 1995; Shih, 1996); while NS1 
splicing appears to be regulated by the viral mRNA intrinsically (Alonso-Caplen, 1991; Valcarel, 1991).

Preceded by: Elongation, Polyadenylation and Termination

Followed by: Export of Spliced Viral mRNA
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Export of Spliced Viral mRNA ↗

Location: Viral Messenger RNA Synthesis

Stable identifier: R-HSA-192925

Type: transition

Compartments: nucleoplasm

Diseases: influenza

In the cases of spliced, polyadenylated mRNA transcribed from M (segment 7) and NS (segment 8) vRNA templates 
(producing the spliced mRNA for M2 and NS2/NEP, respectively), export may be coupled to aspects of the cellular 
splicing and export mechanisms (Chen, 2000; Alonso-Caplan et al, 1992; Amorim, 2006). Simultaneously, the 
export of cellular mRNA appear to be inhibited by the viral NS1 protein, which binds to the cellular cleavage and 
polyadenylation specificity factor (CPSF), preventing polyadenylation and completion of pre-mRNA processing 
(Nemerof et al., 1998; Fortes, 1994; Lu, 1994; Li, 2001).

Preceded by: Viral mRNA Splicing (M, NS segments)
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Viral mRNA Export ↗

Location: Viral Messenger RNA Synthesis

Stable identifier: R-HSA-192627

Type: transition

Compartments: nucleoplasm

Diseases: influenza

The viral polymerase complex produces positive-sense viral mRNA with host-cell derived 5' methyl caps. Capped 
viral mRNAs are selectively exported from the host cell nucleus through a currently unclear mechanism that may 
rely on components of the host cell mRNA export machinery (Chen, 2000; Engelhardt, 2006). Polyadenylation of 
viral mRNA appears be required for influenza mRNA export (Poon, 2000). A coupling of viral mRNA export with 
cellular pre-mRNA processing complexes, recruited by phosphorylation of host RNA polymerase II C-terminal 
domain which interacts with the viral polymerase (Engelhardt, 2005), has been proposed as controlling the export of 
a subset (M1, HA, and NS1, but not NP) of viral mRNA from the nucleus (Amorim, 2007).

Preceded by: Elongation, Polyadenylation and Termination
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