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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 5 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


Assembly of telomerase and telomere extension ↗

Stable identifier: R-GGA-417076

Compartments: nucleoplasm

Telomerase activity has been demonstrated in a variety of chicken cells in vivo and in vitro including primary, 
differentiated, aging, immortalized and transformed cell types (Taylor and Delany 2000; Swanberg and Delany 2003; 
O'Hare and Delany 2005; Hrdlickova et al. 2006).

The telomerase ribonucleoprotein complex is formed in the nucleoplasm from the association of TERT and TERC. 
In human, DKC1 (dyskerin) is also part of the complex, but association of the chicken ortholog with chicken 
telomerase has not been demonstrated experimentally. The involvement and stoichiometry of DKC1 as a component 
of the complex in chicken are inferred from studies of purified human telomerase (Cohen et al. 2007).

RUVBL1 (pontin) and RUVBL2 (reptin) are found associated with human telomerase purified from HeLa cells and 
activities of these proteins are required for telomerase assembly in vitro (Venteicher et al. 2008). Their exact roles in 
the assembly and function of in vivo telomerase remain unclear. A potential chicken ortholog for RUVBL1 (pontin) 
has been identified.

NHP2 (NOLA2) is likewise associated with telomerase ribonucleoprotein complexes (Pogacic et al. 2000) and 
homozygous NHP2 mutations are associated with telomerase failure in humans (Vuillamy et al. 2008). A potential 
chicken ortholog for NHP2 has been identified.
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Assembly of telomerase RNP ↗

Location: Assembly of telomerase and telomere extension

Stable identifier: R-GGA-417114

Type: binding

Compartments: nucleoplasm

The telomerase RNP complex is formed in the nucleoplasm from TERT protein, TERC RNA, and DKC1 (dyskerin) 
protein. The complex has been identified and its activity demonstrated in chicken cells (Hrdlickova et al. 2006). Its 
stoichiometry and the presence of DKC1 as a component of the complex are inferred from studies of purified human 
telomerase RNP (Cohen et al. 2007).

RUVBL1 (pontin) and RUVBL2 (reptin) are found associated with human telomerase RNPs purified from HeLa 
cells, and activities of these proteins are required for telomerase RNP assembly in vivo (Venteicher et al. 2008). The 
exact roles of these proteins in the assembly and function of telomerase RNP in vivo remain unclear, however, so the 
one protein, RUVBL1 (pontin), for which a chicken ortholog has been identified is annotated simply as positively 
regulating telomerase RNP formation.

NHP2 (NOLA2) is likewise associated with telomerase ribonucleoprotein complexes (Pogacic et al. 2000) and 
homozygosity for NHP2 mutations is associated with telomerase failure (dyskeratosis congenital) in humans 
(Vuillamy et al. 2008). The molecular function of NHP2 remains unclear, however, so its chicken ortholog is 
annotated simply as positively regulating telomerase RNP formation.

The chicken TERC gene has been identified, based on its content of conserved TERC sequence elements (Chen et al. 
2000) and the phenotypes of DT40 cells heterozygous for a null allele of the gene (Faure et al. 2008). Both a full-
length the chicken TERT mRNA and numerous shorter mRNAs generated by alternative splicing have been 
described, but only the full-length form encodes a catalytically active protein (Chang and Delaney 2006; Hrdlickova 
et al. 2006).

Followed by: Recruitment of telomerase RNP to a telomeric chromosome end
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Recruitment of telomerase RNP to a telomeric chromosome end ↗

Location: Assembly of telomerase and telomere extension

Stable identifier: R-GGA-417077

Type: binding

Compartments: nucleoplasm

Inferred from: Alignment Of The RNA Template On The Telomeric Chromosome End (Homo sapiens), 
Recruitment of Telomerase RNP to the Telomeric Chromosome End (Homo sapiens)

The telomerase RNP complex associates specifically with 3’ G-rich single-stranded ends of linear DNA sequences at 
telomeres and its RNA component anneals to the chromosomal G-rich DNA. This process has been extensively 
studied in humans and yeast; the orthologous chicken event is inferred based on data from these other systems.

Preceded by: Assembly of telomerase RNP

Followed by: Elongation and translocation of the telomeric chromosome end
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Elongation and translocation of the telomeric chromosome end ↗

Location: Assembly of telomerase and telomere extension

Stable identifier: R-GGA-417122

Type: transition

Compartments: nucleoplasm

Inferred from: Elongation Of The Telomeric Chromosome End (Homo sapiens), Translocation Of Te-
lomerase RNP And Alignment Of RNA Template (TERC) To Extended Single Stranded Telomeric Chromo-
some-End (Homo sapiens)

TERC directs the sequential addition of nucleotides to the 3' telomeric DNA end. After each addition, the template 
must move relative to the telomerase active site to bring the next template residue into the active site. The product of 
these additions and translocations is a chromosomal single-stranded end extended by one repeat unit (complementary 
to the TERC template sequence), positioned on the template so as to allow repetition of the process. The template 
region of TERC is perfectly conserved between humans and chickens (Chen et al. 2000). The molecular details of 
the process have been studied in humans; the orthologous chicken event is inferred from those data.

Preceded by: Recruitment of telomerase RNP to a telomeric chromosome end

Followed by: Elongation and translocation of the extended telomeric chromosome end

Literature references
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Elongation and translocation of the extended telomeric chromosome end ↗

Location: Assembly of telomerase and telomere extension

Stable identifier: R-GGA-417127

Type: transition

Compartments: nucleoplasm

Inferred from: Elongation of Extended Telomeric Chromosome End (Homo sapiens)

TERC directs the sequential addition of nucleotides to the 3' end of a chromosomal DNA strand with one added 
telomere repeat. After each addition, the template must move relative to the telomerase active site to bring the next 
template residue into the active site. The product of these additions and translocations is a chromosomal single-
stranded end extended by two repeat units (each complementary to the TERC template sequence), positioned on the 
template so as to allow repetition of the process. The template region of TERC is perfectly conserved between 
humans and chickens (Chen et al. 2000). The molecular details of the process have been studied in humans; the 
orthologous chicken event is inferred from those data.

Preceded by: Elongation and translocation of the telomeric chromosome end

Followed by: Dissociation of telomerase RNP from the extended chromosomal end
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Dissociation of telomerase RNP from the extended chromosomal end ↗

Location: Assembly of telomerase and telomere extension

Stable identifier: R-GGA-418082

Type: dissociation

Compartments: nucleoplasm

Inferred from: Disassociation of Telomerase RNP and the Chromosome End (Homo sapiens)

The process by which extension of a telomere is terminated has not been characterized in chicken cells, but is 
inferred from the human system. Human telomerase RNP has low processivity and can dissociate from the primer 
after addition of single nucleotides or whole repeat units in vitro. Regulation of this process is not well understood, 
but PIF1 protein, a helicase, can promote dissociation in vitro and its expression levels are inversely correlated with 
telomere length in some tissue culture systems (Boule et al. 2005; Zhang et al. 2006). On this basis, PIF1 is 
annotated here as a positive regulator of telomere – telomerase dissociation.

Preceded by: Elongation and translocation of the extended telomeric chromosome end
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