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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).
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snRNP Assembly ↗

Stable identifier: R-HSA-191859

Small nuclear ribonucleoproteins (snRNPs) are crucial for pre-mRNA processing to mRNAs. Each snRNP contains a 
small nuclear RNA (snRNA) and an extremely stable core of seven Sm proteins. The U6 snRNA differs from the 
other snRNAs; it binds seven Sm-like proteins and its assembly does not involve a cytoplasmic phase. The snRNP 
biogenesis pathway for all of the other snRNAs is complex, involving nuclear export of snRNA, Sm-core assembly 
in the cytoplasm and re-import of the mature snRNP. The assembly of the snRNA:Sm-core is carried out by the 
survival of motor neurons (SMN) complex. The SMN complex stringently scrutinizes RNAs for specific features 
that define them as snRNAs and binds the RNA-binding Sm proteins.
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Nuclear export of snRNA transcripts ↗

Location: snRNP Assembly

Stable identifier: R-HSA-191825

Type: dissociation

Compartments: nuclear envelope

The snRNAs, except U6 snRNA, are transcribed by RNA polymerase II, co-transcriptionally capped and exported 
rapidly to the cytoplasm in association with a cap-binding complex and the export factor PHAX.

Followed by: snRNP complex assembly
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Loading and methylation of Sm proteins onto SMN Complexes ↗

Location: snRNP Assembly

Stable identifier: R-HSA-191790

Type: transition

Compartments: cytosol

The survival of motor neurons (SMN) complex binds to Sm proteins and small nuclear RNAs (snRNAs) in the 
cytoplasm. Sm is part the SMN multiprotein complex that contains Gemins 2 – 7, including the DEAD-box RNA 
helicase Gemin3. The binding of the SMN complex to the snRNAs depends on the presence of specific, high-affinity 
(nanomolar) binding domains in the snRNAs. The SMN complex binds the Sm proteins through the Sm domains 
interaction with the Gemins, the TUDOR domain, and through unique arginine- and glycine-rich (RG) domains 
found in three of these, SmB, SmD1 and SmD3. The association with RG domains is strongly enhanced by the post-
translational symmetric dimethylation of specific arginines in these domains, a process that is carried out by the 
methylosome (JBP1 or PRMT5) complex.

Followed by: snRNP complex assembly
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snRNP complex assembly ↗

Location: snRNP Assembly

Stable identifier: R-HSA-191786

Type: binding

Compartments: cytosol

To facilitate snRNP assembly, the SMN complex must bring together the Sm proteins and a Sm-site-containing 
snRNA. The SMN:Sm protein complex binds to the m7G capped snRNAs in the cytoplasm.

SARS-CoV-2 nonstructural protein 16 (nsp16) binds to the 5′ splice site recognition sequence of U1 snRNA 
and the branchpoint recognition site of U2 snRNA, both parts of the spliceosome, disrupting global 
mRNA splicing (Banerjee et al, 2020).

Preceded by: Loading and methylation of Sm proteins onto SMN Complexes, Nuclear export of snRNA 
transcripts

Followed by: snRNA Cap hypermethylation
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snRNA Cap hypermethylation ↗

Location: snRNP Assembly

Stable identifier: R-HSA-191784

Type: transition

Compartments: cytosol

The snRNA:SMN:SM protein complex is engaged by a hypermethylase that hypermethylates the snRNA cap from 
m7G (7-methylguanosine) to m3G (2,2,7-trimethylguanosine).

Preceded by: snRNP complex assembly

Followed by: snRNP:Snurportin complex formation
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snRNP:Snurportin complex formation ↗

Location: snRNP Assembly

Stable identifier: R-HSA-191763

Type: binding

Compartments: cytosol

The nuclear import signal has two parts; Cap hypermethylation triggers nuclear import via snurportin1 binding and 
by receptor recognition of the Sm proteins. Snurportin1 (SPN) is an adaptor that links the assembled snRNP to the 
nuclear transport machinery, recruiting importin beta for nuclear import. The import receptor that recognizes the Sm 
proteins is not yet known.

Preceded by: snRNA Cap hypermethylation

Followed by: snRNP nuclear import and release
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snRNP nuclear import and release ↗

Location: snRNP Assembly

Stable identifier: R-HSA-191830

Type: dissociation

Compartments: nuclear envelope

A properly assembled Sm core and the m3G cap structure are prerequisites for small nuclear ribonucleoprotein 
(snRNP) import into the nucleus. Once imported into the nucleus, the snRNPs are initially concentrated in Cajal 
bodies (CBs), where there is further processing of the snRNAs plus binding of additional proteins, from CRBs they 
transit to "speckles", from where they are engaged for pre-mRNA splicing. The SMN complexes in the nucleus are 
found throughout the nucleoplasm but are particularly concentrated in Gems, the "twins" of the snRNP-rich CBs.

Preceded by: snRNP:Snurportin complex formation
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