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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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Processive synthesis on the C-strand of the telomere ↗

Stable identifier: R-HSA-174414

Compartments: nucleoplasm

Once polymerase switching from pol alpha to pol delta is complete the processive synthesis of a short run of DNA 
called an Okazaki fragment begins. DNA synthesis is discontinuous and as the extending Okazaki fragment reaches 
the RNA primer, this primer is folded into a single-stranded flap, which is removed by endonucleases. The process 
of extension is completed by the ligation of adjacent Okazaki fragments.
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Formation of C-strand Okazaki fragments ↗

Location: Processive synthesis on the C-strand of the telomere

Stable identifier: R-HSA-174444

Type: transition

Compartments: nucleoplasm

After RFC initiates the assembly of the primer recognition complex, the complex of pol delta and PCNA is 
responsible for incorporating the additional nucleotides prior to the position of the next downstream initiator RNA 
primer. On the lagging strand, short discontinuous segments of DNA, called Okazaki fragments, are synthesized on 
RNA primers. The average length of the Okazaki fragments is 100 nucleotides. Polymerase switching is a key event 
that allows the processive synthesis of DNA by the pol delta and PCNA complex (Lee and Hurwitz 1990, Tsurimoto 
and Stillman 1991, Nethanel et al. 1992, Brown and Campbell 1993, Waga et al.1994, Bambara et al. 1997). PCNA 
increases the processivity of the DNA polymerase delta during telomeric C-strand synthesis in a human telomere 
replication model, but it does not eliminate the DNA polymerase delta stalling on the G-rich template (Lormand et 
al. 2013).

Followed by: Formation of the Flap Intermediate on the C-strand
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Formation of the Flap Intermediate on the C-strand ↗

Location: Processive synthesis on the C-strand of the telomere

Stable identifier: R-HSA-174438

Type: transition

Compartments: nucleoplasm

When the polymerase delta:PCNA complex reaches a downstream Okazaki fragment, strand displacement synthesis 
occurs. The primer containing 5'-terminus of the downstream Okazaki fragment is folded into a single-stranded flap 
(Podust et al. 1995, Bae et al. 2001, Maga et al. 2001). The helicase activity of either WRN (Werner syndrome 
protein) or BLM (Bloom syndrome helicase) is needed for DNA polymerase delta progression and strand 
displacement synthesis across G-rich telomeric repeats during lagging strand (C-strand) synthesis (Li et al. 2017).

Preceded by: Formation of C-strand Okazaki fragments

Followed by: Removal of the Flap Intermediate from the C-strand
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Removal of the Flap Intermediate from the C-strand ↗

Location: Processive synthesis on the C-strand of the telomere

Stable identifier: R-HSA-174437

Compartments: nucleoplasm

Two endonucleases, Dna2 and flap endonuclease 1 (FEN-1), are responsible for resolving the nascent flap structure 
(Tsurimoto and Stillman 1991). The Dna2 endonuclease/helicase in yeast is a monomer of approximately 172 kDa. 
Human FEN-1 is a single polypeptide of approximately 42 kDa. Replication Protein A regulates the switching of 
endonucleases during the removal of the displaced flap (Tsurimoto et al.1991).
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Joining of adjacent Okazaki fragments of the C-strand ↗

Location: Processive synthesis on the C-strand of the telomere

Stable identifier: R-HSA-174456

Type: transition

Compartments: nucleoplasm

Removal of the flap by FEN1 leads to the generation of a nick between the 3'-end of the upstream Okazaki fragment 
and the 5'-end of the downstream Okazaki fragment. DNA ligase I (LIG1) then seals the nicks between adjacent 
processed Okazaki fragments to generate intact double-stranded DNA (Turchi and Bambara 1993, Bambara et al. 
1997, Waga and Stillman 1998, Levin et al. 2000). LIG1 is necessary for ligation of Okazaki fragments at the 
lagging telomere DNA strand. LIG1 deficiency results in telomere instability, manifested through telomere sister 
fusions, which is a consequence of DNA breaks in the lagging strand (C-strand) (Le Chalony et al. 2012).
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