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did you get tickets 

to see the chromatid 

separation?
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good morning, proteins! 

emotions are running high 

here in cell town

unprepared? 

not a chance!

we remind you that some metabolic pathways 

might be closed to traffic at certain times, 

so don’t be caught unprepa-

it’s time for cell division!

becauuuuse
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I was born 

for moments 

like this!

I just don’t 

think I’ve got 

it all down yet

sure am! but 

hely is worried 

sick. then again, 

who isn’t at their  

first dna 

duplication?

‘morning 

topy, ready 

for cell 

division?

coming!!

Pol! breakfast 

is ready!

ok, so: dna is duplicated 

before 

every cell 

division

but this is 

the theory. 

how does it 

actually 

work? 

Easy-peasy
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once you’ve opened the dna’s double helix, pol and 

another polymerase will get to work duplicating it

but look at 

the time, we 

need to go! 

once duplication is 

complete, the cell divides. 

one copy of the dna comes 

with us, another goes with 

the other cell

it’s my job to unwind 

the initial dna so knots 

won’t form

another 

polymerase does 

the same thing with 

the other strand. 

but there are 

multiple teams, 

it’s not like we 

duplicate all the 

dna on our own!

I add the other half to make 

it double again. when I see an 

“a”, I add a “t”, when there’s a “g” 

I add a “c”. and vice versa. this 

way the initial dna and its copy 

are identical.

you pass me one 

strand, got it?

and they 

always form 

the same 

pairs

There are only 

4 dna bases

the initial dna is a long 

double strand of bases, 

here’s a little example:



6

luckily the nucleus is close by!

ah

new dna bases: got ‘emwork station – readyequipment – on

then here we are! 

let’s get into position

“k” stands for 

1,000, so “12k” 

means 12,000

12… k? what’s 

that mean?

so, one…

sixty… twooo…

there you are

chromosome 3, 

bases 12k to 

45k

Cheers!

where 

do we need 

to go?

hello, we’re 

duplication 

team 162



here we go!

uh oh…

now 

what?

hmmM…

and it’s 

not going 

away … 

huh? what’s the 

deal with this stain 

on the letter?

we’ve got a t, 

so we pair it 

with an a

here’s a c 

… and 

there’s its 

g.

Gotcha!
now i 

need a “t”

all right, 

easy as pie. 

this is an 

“a”
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no one’s 

noticed 

anything 

strange

finalise your dna, 

time is running out!

gulp. 

what about 

those? they’re 

stained too!

I can’t 

stop

do I 

guess?

oh gosh, 

oh jeez

dna duplication is almost 

over, please finish your 

strand

if I look 

at it like this 

I can almost 

se-

don’t panic, I’ll 

sort it out
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ok, I’ll make a wild guess, 

I can’t skip this base.

I did finish. but at what cost?

quickly, 

quickly, a, t, 

a… 

you again?

and now 

a, g, c… 

you again?
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hey, pol, I did 

it! it went well 

after all, you 

were right

I’ve 

made such 

a mess

I’m not sure… I’m a 

bit tired. I’m going home

Should I 

report it?

BUT to 

whom?

I..

Hmm…shall we go 

see the cell 

division?

tough, though, 

right? I’m dizzy 

from unwinding all 

that dna 

yes, 

well… 

I…
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I’ll start 

by writing down 

the damaged 

bases

there 

won’t be a 

trace of it

and that 

after this cell 

division

I'm sure that 

they’ve already 

repaired the damage 

in my strand

the repair 

team is great 

at finding 

lesions in the 

dna

I need 

to relax

Tomorrow, a 

new cell cycle 

starts

enough, I’m beat, 

I’m going to bed

No 

clue

What did I 

replace 

them with?

Numbers 

24865/-74/-

82



good morning, cell town! 

a cell cycle is finished, and we’re 

preparing for a new cell division. 

are you ready?

but 

what’ll 

happen in 

the next 

cycles?

I’ll have to 

wing it again 

and hope for 

the best

or if what 

I chose was 

right 

and I don’t 

even know 

what I 

chose last 

duplication

the lesions are all 

in the same places!

or the others?

the repair team 

didn’t fix it?

what the…

today will 

go fine

ready, 

yeah. i 

wish
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stay 

calm, pol



Pol?

Go 

away

we’re denatured 

with concern

you’ve been 

moping for 

the last few 

cell cycles 

What’s 

going 

on?

not a 

chance!
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but i gave the one with the lesions 

a new  Combination (#2)

here things get complicated. this 

strand will be copied like this
at the next duplication, one dna 

strand had the bases that I’d 

given it in combination #1, while 

the other still had the lesions 

found earlier

but that didn’t 

happen! the repair 

team didn’t show up, 

and the lesions 

passed on to the 

next cycle!

and that by the next 

duplication the dna 

would be fixed and 

correct

I thought – I hoped – 

that the repair team would 

fix the damaged bases

and I made random 

pairings, creating 

combination #1

this is duplication #1: I 

received my strand with three 

damaged bases (lesions)

I’ll draw 

you a picture

yeahI don’t 

get it

Say something



15

and since the lesions have continued to “segregate”, 

or pass on to the following cycles, 

the situation has continued:

on the one hand, a cell 

population with the 

combination I’d created 

in the previous cycle was 

multiplying

on the other, I kept making new combinations 

because I didn’t know which base pairs were correct

let’s leave the world of the cell and look at it on a larger scale: that first cell 

with damaged nucleotides created a cell population that looks like a mosaic:

Prof. Martin taylor

due to lesion 

segregation, in each 

division a new combination 

of nucleotides was 

introduced. now the cells 

that make up the tissue 

have different combinations 

of nucleotides at the point 

where the dna was initially 

damaged

in other words, 

lesion segregation 

causes this 

phenomenon, 

known as 

“multiallelism”.



dna can be damaged in many ways

by exposure 

to the sun’s 

uv rays

By Smoking
or by biological 

processes that occur 

naturally in cells

our cells 

know how to 

repair these 

lesions, thanks 

to the work of 

the repair team

we scientists used to think 

that the repair team reacted 

quite quickly, within a few 

hours

“Turbo” 

is our 

middle 

name

but this isn’t 

always true

by observing the error  patterns 

created by polymerases like pol when 

they worked on damaged dna

we’ve realised that 

many dna lesions 

remain unfixed for 

long periods, meaning 

they can  reappear in 

later cell divisions

depending on where these dna lesions occur, this mechanism can lead 

to the creation of a tumour, which will have a “mosaic” cell population 

like the one we saw on the last page.
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Nuria 

Lopez-Bigas

Paul 

Flicek  

Sarah 

aitken

the mechanism of lesion segregation 

was discovered thanks to the 

collaboration of many scientists Martin Taylor 

and Colin Semple 

Duncan 

Odom

this mechanism is particularly important in the 

case of cancer. thanks to this discovery we can 

better understand how healthy cells develop into 

cancer cells. this knowledge could lead to better 

care for cancer patients. 

it was a very important step in 

studying how our body’s cells accumulate 

dna mutations during our life and what 

long-term effects they can cause 

in our cells and tissues
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Mutations can happen in many ways, not all caused by 

damage, and some parts of dna are more likely than others to be 

affected. in my lab at the institute of genetics and cancer, university 

of edinburgh, uk, we decode the patterns of mutations in order to 

understand how our dna is copied, protected and repaired

By comparing mutations 

across different cells, 

and across different 

stretches of dna

We can ask which bits of dna are better checked 

for errors or more efficiently repaired.

But also to understand the history of a person: they 

are the records of events that happened in past cells, 

and they also give us a tool to trace the cell types and 

events that were involved in the lead up to cancer

Our work 

helps to show how 

cancer develops 

and may guide its 

treatment

it tells us where and when this checking and 

repair is happening, and when it fails

We also study the 

footprints of missing 

mutations to 

understand which 

mutations lead

And which

To cell death

To cell growth



The group
The Taylor group has been established at the MRC Human 
Genetics Unit since 2010 where they study why mutations occur 
where they do and what effect they have when they arise. The 
group specialises in the large-scale computational analysis of 
genomic and related data. The MRC Human Genetics Unit is 
part of the Institute for Genetics and Cancer at the University of 
Edinburgh.

The Liver Cancer Evolution Consortium
The science presented in this comic was the result of an 
international collaboration involving the research groups of Dr 
Sarah Aitken, Dr Paul Flicek, Prof Nuria Lopez-Bigas, Prof 
Duncan Odom, Prof Colin Semple and Prof Martin Taylor. The 
original publication describing these discoveries can be found at 
https://doi.org/10.1038/s41586-020-2435-1

The project
Comics are a powerful and appealing tool for storytelling and 
we, at the Institute of Genetics and Cancer, want to use them to 
make our research stories accessible to a wide range of 
audiences.

The Institute
The Institute of Genetics and Cancer is tackling one of the 
greatest biomedical challenges, determining how mutations – 
constitutional and acquired - drive the molecular and cellular 
dysfunction that result in disease. Defining the molecular 
mechanisms of genetic disease and cancer, and the flow of 
information from DNA through to the production and regulation 
of RNAs and proteins is critical to deliver pathways targetable 
by future therapies.



Everything is going well for Pol the polymerase, 
living their best life in Cell Town, until the day they 
find some mysterious bases on the DNA they have to 

duplicate…


