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Abstract

What happens to DNA replication when it encounters a damaged or nicked DNA template has 

been under investigation for five decades. Initially it was thought that DNA polymerase, and thus 

the replication-fork progression, would stall at road blocks. After the discovery of replication-fork 

helicase and replication re-initiation factors by the 1990s, it became clear that the replisome can 

“skip” impasses and finish replication with single-stranded gaps and double-strand breaks in the 

product DNA. But the mechanism for continuous fork progression after encountering roadblocks 

is entangled with translesion synthesis, replication fork reversal and recombination repair. The 

recently determined structure of the bacteriophage T7 replisome offers the first glimpse of how 

helicase, primase, leading-and lagging-strand DNA polymerases are organized around a DNA 

replication fork. The tightly coupled leading-strand polymerase and lagging-strand helicase 

provides a scaffold to consolidate data accumulated over the past five decades and offers a fresh 

perspective on how the replisome may skip lesions and complete discontinuous DNA synthesis. 

Comparison of the independently evolved bacterial and eukaryotic replisomes suggests that repair 

of discontinuous DNA synthesis occurs post replication in both.
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1. Introduction

The mechanism for DNA replication was immediately obvious when Watson and Crick 

determined the DNA double-helix structure in 1953 [1]. Shortly afterward, DNA was 

successfully copied in the test tube with DNA polymerase I (Pol I) purified from E. coli by 
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Arthur Kornberg’s lab [2,3]. In the ensuing two decades, DNA was shown to be susceptible 

to ultraviolet light (UV) damage, chemical adducts, oxidation and ionization radiation, and 

lesions caused by these damaging agents were thought to block DNA replication and induce 

the “SOS” response [4–10]. However, in 1968 Rupp and Howard-Flanders showed that 

replication is only slowed down but not blocked by unrepaired UV lesions, and in the 

presence of UV lesions replication products are shorter than usual and their lengths roughly 

match the distances between lesions [11]. Further experiments showed that replication 

continued from preexisting forks with the formation of single-stranded gaps [12–14]. The 

mechanism for such lesion-tolerant and discontinuous replication, however, was unclear at 

the time because it was assumed that DNA polymerase was responsible for advancing the 

replication fork and the blocked polymerase would prevent further movement of the fork.

Although by 1979 nearly 20 polypeptides had been identified to form a replisome in E. coli 
[15], DNA polymerase was the only enzyme known to be blocked by DNA lesions. It was 

not until 1986 that E. coli DnaB, which had been known to be essential for replication 

[16,17], was found to have the helicase activity [18]. This led to the recognition that parental 

DNA duplex unwinding by DnaB helicase has a central role in advancing the replication 

fork. Contrary to the generally accepted prevailing dogma that the leading strand is always 

synthesized continuously, Rupp proposed a model in which leading strands can be restarted 

[19]. Discoveries of replication re-start after skipping a roadblock [20] and primosomal 

proteins for replication re-initiation in 1990 [21,22] led to inclusion of the helicase and 

primase in addition to DNA polymerases in the replisome and of their combined roles in 

dealing with roadblocks [23]. However in the late 1990s, the discovery of a brand-new Y-

family of DNA polymerases, which are specialized in bypassing DNA lesions that block 

normal replicative DNA polymerases [24], and analyses of diverse features of these 

fascinating DNA polymerases and translesion synthesis (TLS) [25–27] took the front seat in 

studying effects of lesions on DNA replication. Because DNA translesion synthesis can take 

place post replication separately from replication-fork progression [28–32], the mechanism 

by which replisomes circumvent damaged DNA remains unresolved.

In recent years, the finding that the majority of replication forks in human cells can traverse 

(skip or circumvent) interstrand crosslinks (ICLs) [33], which completely block the 

progression of DNA polymerase and replication-fork helicase, re-centers our attention on the 

persistence of the fork progression over impasses and roadblocks. The observation of “fork 

traverse” in human cells is parallel to the early finding of slowed and fragmented but 

complete DNA replication in UV-damaged E. coli cells. The continuous fork progression is 

different from and potentially independent of TLS. Both bacterial and eukaryotic replisomes 

must have roadside assistance and use built-in mechanisms to reassemble after encounters 

with roadblocks and continue DNA synthesis, even discontinuously, to finish replication.

Unlike transcription and translation, DNA replication and replisomes independently evolved 

in bacteria and eukaryotes and the two worlds apparently share no molecular or 

organizational conservation. In recent years, E. coli and yeast replisomes have been 

completely reconstituted in vitro [34,35]. The first detailed replisome structure, which is of 

bacteriophage T7 and the simplest replication machinery known, was reported in 2019 [36]. 

Aided by the replisome structure, here we integrate existing genetic, biochemical and 
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structural data to review the replisome organization and ways that it can be broken and 

reassembled to complete replication, which is the first priority in cell survival and imperious 

over repair of DNA.

2. Structure of the replisome

Every DNA replisome requires four enzymatic activities, DNA unwinding by a hexameric 

replication-fork helicase, leading- and lagging-strand DNA synthesis by polymerases, and 

RNA-primer synthesis for each DNA strand by a primase. Other factors, such as 

proofreading 3′ to 5′ exonuclease (intrinsic or extrinsic to DNA polymerases), single-strand 

binding protein (e.g. SSB in E. coli and RPA in eukaryotes), processivity factors for DNA 

polymerases (thioredoxin for T7 Pol, β-sliding clamp in E. coli and PCNA in eukaryotes), 

and adaptors coordinating helicase with polymerase or primases, enhance the replisomes’ 

performance and are highly diverse among species [37–41]. Bacteriophage T7 presents the 

simplest replisome by combining the helicase and primase in one polypeptide chain (gp4) 

and using the gp5 DNA polymerase for both leading and lagging strand synthesis. E. coli 
and yeast replisomes are more complicated and involve many accessary subunits. Notably, 

most accessary subunits are located between the helicase and lagging-strand primase (in 

bacteria) or primosome (in eukaryotes, including a two-subunit primase and two-subunit 

DNA Pol α) [41] for the successive and discontinuous synthesis of Okazaki fragments.

Despite the lack of evolutionary conservation and varied complexity, structures of parts of E. 
coli and yeast replisomes [42–45], and of the complete bacteriophage T7 replisome [36] 

suggest a similar three-tiered architecture (Fig. 1A). A hexameric replication DNA helicase 

(Fig. 1B) forms the central tier between the leading-strand DNA polymerase and the 

lagging-strand primase/primosome. A DNA fork substrate to be replicated is bound either 

between the leading strand polymerase and lagging-strand helicase in bacterial replisomes or 

between the leading-strand helicase and lagging-strand primosome in eukaryotes (Fig. 1A) 

(see details below). A lagging-strand DNA polymerase is naturally located on the primase 

side. In popular textbook diagrams of a replication fork, helicase, leading and lagging-strand 

DNA polymerases are depicted to move in the same direction parallel to the downstream 

parental DNA (Fig. 1C). However, in the structure of T7 replisome, the helicase translocates 

in a direction perpendicular to the downstream DNA and unwinds the double helix 

tangentially like unspooling a coil, and the leading- and lagging-strand DNA polymerases 

are nearly antiparallel as dictated by the opposite polarity of two DNA strands (Fig. 1D) 

[36]. The T7 lagging-strand polymerase needs to be coupled with the primase only during 

handover of an RNA primer, and otherwise operates independently of the three-tier core of 

replisomes. Two lagging-strand polymerases, one actively synthesizing DNA and the other 

waiting for a primer, can be simultaneously tethered to the T7 primase tier [36].

In bacteria, a replication helicase binds the lagging strand and translocates in the 5′ to 3′ 
direction (Fig. 1A). In the T7 replisome [36], the DNA fork adopts a T shape with the two 

separated strands 180° to each other forming the top of the “T” and the downstream duplex 

perpendicular to both strands forming the stem of the “T” (Fig. 1D). The helicase and 

polymerase each pull one DNA strand tangentially to the DNA helix. The two enzymes not 

only physically contact each other to stabilize the DNA substrate, but T7 DNA polymerase 
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also physically divides the leading and lagging strand at the single-double strand junction 

with a separation pin and “feeds” the lagging strand to the helicase for translocation. These 

structural features substantiate the observations that the two enzymes work concertedly 

during replication and enhance each other’s DNA unwinding and synthesis activity [46]. In 

the T7 replisome, the leading-strand template base is but one nucleotide away from the 

parental DNA duplex, while the helicase on the lagging strand varies from 1 to 3 nt away 

from the parental duplex. The T7 helicase translocates along ssDNA 2 nt per step by 

sequentially moving one subunit at a time (5′ to 3′ or 3′ to 5′) by a hand-over-hand 

mechanism [36]. In every step, the moving “hand” is a single subunit and the hand holding 

the DNA includes the remaining five subunits (Fig. 1B). Despite the different step sizes, 2 nt 

advancement per ATP hydrolysis by the helicase and 1 nt incorporation each time by the 

polymerase, the two enzymes move together in unison, and each is less processive and 

slower without the other.

In eukaryotes, a replication helicase binds the leading strand and translocates in the 3′ to 5′ 
direction ahead of the leading-strand polymerase (Fig. 1A) [47]. Although the eukaryotic 

replication helicase CMG is a heterohexamer MCM2–7, it requires Cdc45 and the tetrameric 

GINS complex as co-factors [48,49] and moves in the opposite direction of bacterial 

helicases. Both types of replication-fork helicases form a spiral lock-washer and wrap 

around 12 nts of a right-handed ssDNA coil (Fig. 1B) [36,45,47]. The motoring ATPase 

domains of these replication helicases are located at the C-terminal half of the protein, and 

the N- to C-terminus direction of replication helicases is always aligned with the 5′ to 3′ 
polarity of the ssDNA independent of the direction of helicase translocation [47,50] (Fig. 

1A).

In eukaryotic replisomes, the DNA replication fork is between the N-terminal helicase 

domain and the primosome, and the motor domains of the CMG helicase subunits maintain 

the direct interaction with the leading-strand DNA polymerase Pol ε [44,45]. Pol α is unique 

in eukaryotes and extends the RNA primer with deoxyribonucleotides before DNA Pol δ can 

take over with the lagging-strand synthesis [35,51] Although Pol α, δ and ε belong to the 

same B-family of DNA polymerases, Pol α doesn’t have the intrinsic proofreading 

exonuclease activity [52], and the Pol ε catalytic subunit is twice as large as that of Pol δ due 

to a gene fusion event [53]. Based on the recent results, Pol ε is a dedicated leading strand 

polymerase due to the physical association with CMG helicase [35,54]. In contrast, Pol δ is 

a gap-filling polymerase and synthesizes all Okazaki fragments in the lagging strand [55,56]. 

In addition, Pol δ makes short DNA patches during repair processes and initial leading-

strand synthesis by extending primers from the primosome before handing over to Pol ε 
[35,57]. In contrast to Pol ε, Pol δ depends on PCNA for its processivity [58].

3. Lesion skipping by bacterial replisomes

Many different types of DNA lesions on both leading and lagging strands can impede the 

normal replisome progression in bacteria. Different types of lesions and locations, whether 

on the leading or lagging strand, however, would have different impacts on replication.
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3.1. Scenario 3.1 Damage on the leading strand

If the leading-strand polymerase is stalled by a DNA lesion, the helicase is likely to 

dissociate from the polymerase temporarily and proceed alone inefficiently on the lagging 

strand. If the lesion is a minor base modification, for example, an oxidized guanine (8-

oxoG), the leading-strand polymerase may overcome the roadblock by mis-incorporating dA 

opposite it [59–61] and catch up and re-associate with the helicase (Fig. 2A). After 

replication, E. coli uses MutY and MutM glycosylases to eliminate the mismatched dA and 

8-oxoG, respectively, by the base excision repair pathway [62].

However, upon encountering a UV induced pyrimidine dimer, a bulky adduct on DNA bases 

or an abasic site, a replicative polymerase cannot easily continue nucleotide incorporation. If 

a specialized TLS polymerase, such as E. coli Pol IV or Pol V, is available nearby, it may 

carry out translesion synthesis on-site and thus allow the replicative polymerase to dissociate 

and re-associate from the leading strand and continue afterwards [30,63] (Fig. 2B). The 

difficult lesions, which require a TLS polymerase to bypass but without a TLS polymerase 

nearby to assist, or a DNA nick, which immediately stops the polymerase, can lead to a 

long-lasting polymerase-helicase dissociation [64]. The helicase, which continues on the 

lagging strand, eventually needs to recruit a replacement leading-strand polymerase to re-

start DNA synthesis beyond the lesion site (Fig. 2C). The primase, which is a part of the 

helicase in T7 phage or a dedicated primase (DnaG) in E. coli, must occasionally make 

primers for the leading-strand synthesis in addition to regularly making primers for the 

lagging-strand synthesis. Alternatively, RNAs generated by transcription of the leading 

strand may also be used for replication restart [65]. Re-start of the leading-strand synthesis 

results in gaps and fragments in DNA product, which is exactly what Rupp and Howard-

Flanders observed in E. coli cells upon UV irradiation in 1968 [11]. The gaps between DNA 

fragments can be filled after either TLS synthesis or DNA synthesis with template switching 

via homologous recombination, and both occur post replication (Fig. 2D) [28,29,66].

3.2. Scenario 3.2 Damage on the lagging strand

A replication-fork helicase (DnaB in E. coli) will be the first that is exposed to lesions on the 

lagging strand before primase and DNA polymerase. As replication-fork helicases only 

interact with the DNA backbone and the diameter of ssDNA bound to the helicases is 22 Å, 

larger than the B-DNA duplex (20 Å) [36,67], abnormal DNA bases, including bulky adduct 

and UV pyrimidine dimers, would have little effect on helicase translocation [68]. Damaged 

bases are likely to be also skipped over during lagging strand synthesis by primase and DNA 

polymerase due to their discontinuous nature [69] (Fig. 3A). The resulting gaps between 

Okazaki fragments can be repaired by TLS polymerase or template-switching synthesis TSS 

mediated and resolved by homologous recombination as can repair of gaps in the leading 

strand (Fig. 2D). The lesions that can derail the helicase are interstrand crosslinks and DNA 

nicks. We are not sure what happens to interstrand crosslinks in bacteria, as such lesions 

block both leading-strand polymerase and lagging-strand helicase.

When encountering nicks, which are prevalent due to spontaneous loss of bases and 

endonuclease cleavage of abasic sites, the lagging-strand helicase most probably falls off 

and leaves the DNA polymerase on the leading strand to continue DNA synthesis alone at a 
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reduced speed and processivity. The resulting DNA fork comprises a leading strand 

polymerase, which carries out strand-displacement synthesis 1-nt away from the ds-ss 

junction, and a ssDNA tail on the lagging strand (Fig. 3B). Such a DNA structure is perfect 

for DnaB helicase reloading by PriABC and DnaT in E. coli [70–72]. It is often asumed that 

PriA helicase, which translocates along DNA in the 3′ to 5′ direction, unwinds the lagging-

strand template towards the upstream and away from the replication fork [73,74]. However, 

the reasons for the loss of DnaB helicase in the first place and the necessity for DnaB 

reloading were not taken into account for the involvement of PriA. Unwinding of the lagging 

strand upstream doesn’t seem to aid lesion bypass and cannot help reassembly of a 

replisome beyond the DNA nick to complete replication. Based on the available data 

[23,75], we propose that PriA actually unwinds the downstream DNA by binding the 

leading-strand template in the 3′ to 5′ direction. By preferential binding to the 3′ end at a 

stalled fork, PriA readily competes off the leading-strand polymerase [76]. With the help of 

ssDNA-binding PriB and DnaT, PriA can generate a region of ssDNA on the lagging strand 

for DnaB reloading [72] (Fig. 3C). PriA doesn’t need to unwind the parental strand 

extensively as the ATPase activity of PriA is not essential for DnaB reloading [77]. Once 

DnaB is reloaded and PriA has translocated away from the 3′ end, a leading-strand 

polymerase may regain the fork and replication restarts as depicted in Fig. 2C. Repair of the 

double-strand break in the lagging strand requires homologous recombination [70].

4. Lesion skipping by eukaryotic replisomes

Eukaryotic replisomes would have an easier time to complete DNA replication than the 

bacterial counterparts for the following two reasons. Firstly, unlike bacteria, in which there 

is only one replication origin and also a defined termination site, eukaryotes use many 

replication origins for replication of a single chromosome and have no defined termination 

sites [41]. In addition to the early, middle, and late firing origins in Eukaryotes, dormant 

origins, which are “spare” for emergency, may be used to supplement replication forks, 

whose progressions are stalled by lesions, and complete replication [78,79]. Secondly, in 

eukaryotic replisomes the leading strand DNA polymerase and CMG helicase both move 

along the leading strand (Fig. 1A). In contrast to bacterial replisomes, which have to suffer 

from lesions on the leading and lagging strand, in eukaryotes lesions on the lagging strand 

are avoided by primosome and DNA polymerase and are inconsequential for completing 

replication (Fig. 4A). As synthesis of Okazaki fragments is frequent (~ every 200 nt or so) 

and priming sites are stochastic [80,81], skipped lesions and resulting gaps on the lagging 

strand can be dealt with post replication. Double-strand breaks due to nicks in the lagging 

strand may be repaired by homologous recombination (Fig. 4B) [82,83]. The helicase and 

leading-strand polymerase of eukaryotic replisomes, however, may disassemble as outlined 

below.

4.1. Scenario 4.1 A stalled DNA Pol ε and restart of DNA synthesis in the leading strand

As in bacteria, some DNA lesions may only stall the DNA Pol ε for a short time, and 

translesion synthesis is carried out either by Pol ε directly or by “onsite” specialized TLS 

polymerases with quick polymerase switches. Under such circumstances, replication would 

resume with a short slow down. Like bacteria, eukaryotes have a MutY homolog, MYH, to 
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take out mis-incorporated dA opposite 8-oxoG and MutM homolog OGG1 to remove 8-

oxoG [84]. If lesions and particularly a nick cause a prolonged stalling of DNA Pol ε or its 

dissociation from CMG, DNA synthesis on the leading strand needs to restart (Fig. 4A–B). 

It is not clear whether eukaryotic primosomes may continue to supply primers for the 

leading-strand DNA synthesis outside of replication origins. A special DNA primase, 

PrimPol, is capable of ab initio DNA synthesis and can supply primers for the leading strand 

restart [85,86]. Skipped lesions and associated DNA gaps can be repaired by TLS or TSS 

after the replication fork has moved on (Fig. 4A). Based on the replisome structure (Fig. 

1A), any single-stranded DNA on the leading strand indicates abnormal replication. The 

presence of the single-stranded DNA binding protein RPA on the leading strand sends out a 

signal of replication stress and recruits replication repair proteins [87].

4.2. Scenario 4.2 A stalled CMG and fork traverse

DNA interstrand crosslinks (ICLs) have always been considered absolute blocks to 

replisomes. In the plasmid replication assay using Xenopus cell extract, a CMG stalls on one 

side of an ICL, and replication is completed by a second fork coming from the other side 

[88,89]. While the dual fork model has been very influential, a cell-based DNA fiber 

analysis of genomic replication tracts revealed an alternative. More than 50% of replication 

forks restarted DNA synthesis on the side of the ICL distal from the initial encounter and 

progressed away from the lesion [33]. These results were confirmed by the Lopes group, 

who observed the replication-restart DNA structures by electron microscopy [90].

FANCM, an ATP motor protein [91], is important for ICL “traverse” and becomes 

associated with the ICL proximal replisomes that subsequently lose the GINS complex [92]. 

The structure of yeast CMG reveals that GINS functions like a latch that closes the spiral-

shaped MCM2–7 [47]. We speculate that without GINS, Cdc45 and MCM2–7 could pass by 

an ICL. FANCM may help to remodel CMG or unwind the downstream duplex creating a 

landing site for MCM2–7. The concept of an elastic replisome is further supported by 

studies on the encounter of replicative helicases with DNA-protein crosslinks on the leading 

strand. Both the SV40 T antigen and the CMG can unwind past these structures, 

demonstrating their “remarkable capacity to overcome obstacles on the translocation strand” 

[93,94]. Once the bulk of the replisome has skipped (traversed) an ICL, synthesis of the 

leading strand after reloading of Pol ε will be similar to bypass a base adduct (Fig. 4A). 

Gaps in the daughter strands at skipped ICLs and the ICLs themselves, may be repaired by 

DNA incisions followed by TLS and recombination post replication [88] (Fig. 4C).

Despite the resilience of the CMG, persistent fork stalling can occur at ICLs and nicks in the 

leading strand. Under these conditions, DNA synthesis initiated from a neighboring origin, 

including a dormant one, can complete replication (Fig. 4B). ICL traverse, bypass of bulky 

protein-DNA crosslinks, and dual fork replication on either side of an obstruction, all 

support a “replication imperative”: the requirement to complete S phase as expeditiously as 

possible.

“Fork reversal” may be triggered by replication hindered by lesions. A four-way junction 

structure associated with DNA replication supports the “fork reversal” hypothesis [95,96]. 

Recent work in the Xenopus extract system demonstrates that, after dual fork convergence at 
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the ICL, one of the forks undergoes reversal, a process that requires disassembly of the 

CMG [97]. These results also indicate that fork reversal and subsequent repair events occur 

post replication.

5. Fork reversal may occur post replication

The above summary of consequences of various DNA lesions on leading or lagging strand 

synthesis suggests that DNA replication is imperious over any impediments. Once initiated, 

it progresses to the bitter end and leaves lesions, gaps and double-strand breaks behind. The 

difference between bacterial and eukaryotic replisomes shows an increased probability for 

replication to complete in eukaryotes as replisomes are impervious to damage on a half of 

each genome (lagging strand). Instead of the reloading a replication-fork helicase (DnaB), 

eukaryotes employ a “traverse” mechanism to skip over roadblocks and use spare origins to 

complete replication.

Since 2002, “fork reversal” has been a widely studied phenomenon in replication hindered 

by lesions. Although a DNA four-way junction structure associated with DNA replication 

supports the “fork reversal” hypothesis [95,96], whether fork reversal takes place before or 

after the fork has traversed an ICL lesion has not been determined. Recent reports suggest 

that fork reversal and fork traverse both occur in 15 min to 1 h after ICL treatment 

[33,90,92]. Because fork reversal requires complete disassembly of replisomes and cannot 

lead to fork traverse of an ICL, we suggest that replication continues and fork reversal may 

occur post replication as all repair processes.

6. Concluding remarks

Eukaryotic replisomes are much more complex and more regulated machineries than 

bacteriophage T7 and E. coli equivalents. There are likely to be more than one way to get 

around any lesions. The summary outlined here is a framework to organize different 

mechanisms for bacteria and eukaryotes to complete DNA at the cost of gapped and 

fragmented DNA products, which can be repaired after replisomes and replication forks 

have progressed past lesion sites.
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Fig. 1. 
Diagrams of DNA replisomes. (A) Low-resolution cryoEM reconstitution of yeast CMG, 

Pol ε and primosome complex reveals a three-tier-core structure. Diagrams of the DNA fork 

substrate in the three-tier-core structure. The conserved DNA part are shown in orange, and 

the different downstream parental DNA in bacterial and eukaryotic replisome is shown in 

gold and silver, respectively. (B) A hand-over-hand mechanism of replication-fork helicase 

translocation along DNA. (C) A textbook diagram of the replisome and directions of the 

three motor proteins along the DNA fork substrate. (D) Structure of the T7 replisome. The 

“T” shaped DNA fork is highlighted by a semi-transparent T.
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Fig. 2. 
Mechanisms for lesion skipping by bacterial replisome along the leading strand. (A) DNA 

replicative polymerase bypasses a minor DNA base lesion, e.g. 8-oxoG. (B) Lesion bypass 

by TLS polymerase, which requires at least two polymerase-switch steps before the 

polymerase and helicase re-association. (C) When a leading-strand polymerase is completely 

stalled by a roadblock, e.g. UV-induced pyrimidine dimers, the leading strand DNA 

synthesis requires a new primer to restart. The incomplete DNA synthesis due to the lesion 

may be completed by TLS or template-switching synthesis (TSS) post replication.
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Fig. 3. 
Mechanisms for lesion skipping by bacterial replisome along the lagging strand. (A) Most 

lagging-strand lesions have no ill effect on the helicase and are skipped by primase and 

polymerase alike. (B) A nick in the lagging strand leads to helicase dissociation, while the 

leading strand polymerase continues at a reduced speed. (C) PriA may displace the leading 

strand DNA polymerase, and together with PriB, PriC and DnaT help to reload DnaB. The 

double-strand break in the lagging strand depends on homologous recombination for repair.
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Fig. 4. 
Mechanisms for lesion skipping by eukaryotic replisome. (A) Base lesions in either leading 

or lagging strands. When a leading-strand polymerase is completely stalled, to continue 

DNA synthesis requires a new primer to restart and reloading of Pol ε. The gapped DNA 

synthesis product due to the lesion may be repaired by TLS or template-switching synthesis 

post replication. (B) Nicks in either template strand lead to double strand breaks after 

replication. If the leading strand is nicked, replication can be completed only by a fork 

approaching from the other side as CMG cannot be reloaded. The resulting double-strand 

breaks in either leading or lagging strands are repaired by homologous recombination (HR). 

(C) In the presence of an ICL, the majority of replisomes are able to traverse the lesion and 

continue DNA synthesis on the other side of the ICL. The lesion, gap and break in the 

replication product are removed by repair pathways including DNA incision, TLS and HR.
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