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—{ 600D MORNING, PROTEINS!
EMOTIONS ARE RUNNING HIGH
HERE IN CELL TOWN

BECAUUUUSE

DID Y0U GET TICKETS
TO SEE THE CHROMATID
® SEPARATION?

[ |

wWE REMIND JOU THAT SOME METABOLIC PATHWAYS
MIGHT BE CLOSED TO TRAFFIC AT CERTAIN TIMES,
SO DON'T BE CAUGHT UNPREPA-




POL! BREAKFAST u
IS READY!

I wAS BORN
FOR MOMENTS ]

'MORNING SURE AM! BUT ,
TOPY, READY HELY IS WORRIED I JUST,DONT
FOR CELL SICK. THEN AGAIN, THINK TE 60T
DIVISION? g L[\ WHO ISN'T AT THEIR IT ALL DOWN JET
FIRST DNA
DUPLICATION?

BUT THIS IS

BEFORE

EVERY CELL THE THEORY.

DIVISION HOwW DOES IT
ACTUALLY

wWORK?




Tofy

WPLICATE

ONCE JOU'VE OPENED THE DNA'S DOUBLE HELIX, POL AND
ANOTHER POLIMERASE wILL GET TO wWORK DUPLICATING |T

THE INITIAL DNA IS A LONG
DOUBLE STRAND OF BASES,
HERE'S A LITTLE EXAMPLE:

T L -
] .“,,!..,.‘;A.is-r e AL ¥ & IL.l...L_L_.L-L_LJ

@?i;)eorut—& PLJMERASE i | | |
NEW COPIES

Pol - y. ( of DNA

Illl|llll!!lll\ill£

THERE ARE ONLY
4 DNA BASES

w A7
e’ 8P

ANOTHER
POLIMERASE DOES
THE SAME THING wITH
THE OTHER STRAND.

JOU PASS ME ONE
STRAND, GOT IT?

BUT THERE ARE
MULTIPLE TEAMS,

17 T ADD THE OTHER WALF TO MAKE
Y IT DOUBLE AGAIN. uMEN T SEE AN
"', T ADD A T, WMEN THERE'S A 6"

IT'S NOT LIKE we
DUPLICATE ALL THE
DNA ON OUR OwN!

AND THEJ I ADD A "C". AND VICE VERSA. THIS
ALWAJS FORM wWAJ THE INITIAL DNA AND ITS COPY
THE SAME ARE IDENTICAL.
PAIRS
4 1
EE| HHE
— pmrens :
- _ A
| I —

THE INITIAL DNA SO
WON'T FORM

N ONCE DUPLICATION 1S
IT'S MY JOB TO UNWIND COMPLETE, THE CELL DIVIDES.
KNOTS ONE COPY OF THE DNA COMES
WITH US, ANOTHER GOES wiTH

THE OTHER CELL

BUT LOOK AT




WELLO, WE'RE
DUPLICATION
TEAM 162

CHROMOSOME 3,
BASES 12K TO
45K

"K" STANDS FOR
1,000, SO *12K"
MEANS 12,000

(" THEN HERE WE ARG/ 3
LET'S GET INTO POSITION
L




ALL RIGHT,

EASJ AS PIE.

THIS IS AN
llAll

HERE'S A C

Wosl [T37” wevE GOT A T,

' Fh

SO wE PAIR IT
WITH AN A

 NOT GOING
ZA\ Y ...

HUH? WHAT'S THE
DEAL WITH THIS STAIN
ON THE LETTER?




DON'T PANIC, TLL
SORT IT OUT

IF T LOOK <

NO ONE'S
NOTICED
ANJTHING
STRANGE

AT IT LIKE THS
I CAN ALMOST
Se-

DNA DUPLICATION IS ALMOST
W OVER, PLEASE FINISH YOUR
STRAND

<

FINALISE JOUR DNA, W
TIME 1S RUNNING OUT!




AND NOw
A, 6, C..
40U AGAIN?

0K, T'LL MAKE A WILD GUESS,
I CAN'T SKIP TS BASE.

QUICKLY,
QUICKLY, A, T,

A _
S0 57 T DD FINISH. BUT AT WHAT COST?
A ©5 {\ 7))
R-3
f (F §! {
VNG : %
o : ;\\
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N Wey, PoL, T DID
I/ IT WENT WELL N\
AFTER ALL, Y0U
WERE RIGHT

“TOUGH, THOUGH,
RIGHT? T'M DIZZY

MADE SUCH
A MESS

See THE CELL
DIVISION?

I'M NOT SURE... TM A
BIT TIRED. I'M GOING HOME/\

il

SHOULD T
REPORT IT?

e
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TLL START
BJ WRITING DOWN
THE DAMAGED

ENOUGH, T'M
T'M GOING TO BED

TOMORROW, A
NEw CELL CYCLE

T'M SURE THAT
THEYVE ALREADY
REPAIRED THE DAMAGE
IN MY STRAND _

AND THAT

AFTER TS CELL

DIVISION }

THE REPAIR

TEAM 1S GREAT

| AT FINDING
LESIONS IN THe

WON'T BE A
TRACE OF IT




GOOD MORNING, CELL TOwN!
A CELL CJCLE IS FINISHED, AND wE'RE
PREPARING FOR A NEw CELL DIVISION.
ARE JOU READJ?

TODAY wilL
60 FINE

THE REPAIR TEAM
DIDN'T FIX IT?

7/ AND T DON'T

T'LL WAVE TO
EVEN KNOW 2 ~ WING IT AGAIN

WHAT I : ’ AND HOPE FOR
CHOSE LAST THE BEST

OR IF WHAT
I CHOSE wAS
RIGHT

BUT

WHAT'LL
HAPPEN IN
THE NEXT
CycLes?




"YOU'VE BEEN
MOPING FOR

THE LAST FEW

CELL CYCLES

" WE'RE DENATURED
WITH CONCERN )




THIS IS DUPLICATION #1: T
RECEINED MJ STRAND wiTH THREE
DAMAGED BASES (LESIONS)

AND I MADE RANDOM
PAIRINGS, CREATING

COMBINATION +1

W W W

v

I THOUGHT — T HOPED —
THAT THE REPAIR TEAM wOULD
FIX THE DAMAGED BASES

AND THAT BY THE NEXT BUT THAT DIDN'T
DUPLICATION THE DNA WAPPEN! THE REPAIR
WOULD BE FIXED AND TEAM DIDN'T SHOW UP,

CORRECT AND THE LESIONS
PASSED ON TO THE
e NEXT CYCLE!
\
) -\ .
J

AT THE NEXT DUPLICATION, ONE DNA
STRAND HAD THE BASES THAT I'D
GIVEN IT IN COMBINATION 1, wHILE
THE OTHER STILL WAD THE LESIONS
FOUND EARLIER

e N N N N N N N N N

/:UT | GAVE THE ONE WITH THE LESIONS

HERE THINGS GET COMPLICATED. THIS
STRAND wiLL BE COPIED LIKE THIS

W i i

——— ——

n

~

N

A NEw
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AND SINCE THE LESIONS HAVE CONTINUED TO "SEGREGATE”
' ON THE ONE HAND, A CELL
OR PASS ON TO THE FOLLOWING CYCLES, POPULATION wlTit The

THE SITUATION WAS CONTINUED:_____ W w v B8 e eaven
$ - JUCHHHHHHHHHHRAH . N THE PREVIOUS CYCLE wAS
o —— e S N MULTIPLYING
A
= = \ o o FaN }

ON THE OTHER, T KEPT MAKING NEw COMBINATIONS "'Mﬂ-ﬁﬂ-ﬂ-ﬂ-ﬁ‘-ﬁ-ﬂ-ﬂ-ﬁﬂ-ﬂ-ﬂ{“‘
BECAUSE I DIDN'T KNOwW 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:

DUE TO LESION
SEGREGATION, IN EACH
DVISION 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,
KNOwWN AS
"MULTIALLELISM".




DNA CAN BE DAMAGED IN MANY wA3S

OR BJ BIOLOGICAL
PROCESSES THAT OCCUR
NATURALLY IN CELLS

TO THE SUN'S BJ SMOKING

W RASS

\ BJ EXPOSURE

OUR CELLS

KNOw HOwW TO m SCIENTISTS USED TO THINK
REPAIR THESE THAT THE REPAIR TEAM REACTED

LESIONS, THANKS
o THE 0k OF QUITE aunc&:}t%kugtwm A FEw
THE REPAIR TEAM

"TURBO"
IS OUR
MIDDLE

BUT THIS ISN'T
ALWAYS TRUE

—
-,‘J )
&« .‘\“
-
2\:,::,:1'

WE'VE REALISED THAT
MANJ DNA LESIONS
REMAIN UNFIXED FOR

LONG PERIODS, MEANING

THEJ CAN  REAPPEAR IN

LATER CELL DIVISIONS

BJ OBSERVING THE ERROR PATTERNS
CREATED BY POLIMERASES LIKE POL wHEN @

THEY WORKED ON DAMAGED DNA

DEPENDING ON wWHERE THESE DNA LESIONS OCCUR, THS MECHANISM CAN LEAD
TO THE CREATION OF A TUMOUR, wWHICH wILL HAVE A "MOSAIC" CELL POPULATION
LIKE THE ONE wWE SAW ON THE LAST PAGE.
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THE MECHANISM OF LESION SEGREGATION
WAS DISCOVERED THANKS TO THE chpau .
COLLABORATION OF MANY SCIENTISTS  mTKEN S MARTIN TAYLOR

\ AND COLIN.SEMPLE
PAUL L
FLICEK/ ’\
/"‘)c

DUNCAN
0bOM

NURIAZ>.
LOPEZ-BIGAS

IT WAS A VERY IMPORTANT STEP IN
STUDJING HOw OUR BODY'S CELLS ACCUMULATE
DNA MUTATIONS DURING OUR LIFE AND WHAT

LONG-TERM EFFECTS THEY CAN CAUSE
IN OUR CELLS AND TISSUES

THIS MECHANISM IS PARTICULARLY IMPORTANT IN THe
CASE OF CANCER. THANKS TO THIS DISCOVERY wE CAN
BETTER UNDERSTAND HOw HEALTHI CELLS DEVELOP INTO
CANCERVCELES. THIS KNOWLEDGE COULD LEAD TO BETTER
CARE FOR CANCER PATIENTS.



MUTATIONS CAN HAPPEN IN MANJ wAJS, 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

BJ COMPARING MUTATIONS wWE CAN ASK wHICH BITS OF DNA ARE BETTER CHECKED

ACROSS DIFFERENT CELLS, FOR ERRORS OR MORE EFFICIENTLY REPAIRED.
AND ACROSS DIFFERENT

STRETCHES OF DNA

IT TELLS US WHERE AND WHEN THIS CHECKING AND
REPAIR IS HAPPENING, AND wWHEN IT FAILS

OUR wORK
WE ALSO STUDY THE TO CELL DEATH HELPS TO SHOW HO
FOOTPRINTS OF MlSSlNG 7 Qq\ > CANCER DEVELOPS
MUTATIONS TO , \ AND MAY GUIDE ITS
UNDERSTAND wHICH Ly e o e e o e e e e e e e TREATMENT

MUTAT'ONS LEAD . TO CELL GROWTH @
AND wHiCH @,’8

BUT ALSO TO UNDERSTAND THE HISTORJ OF A PERSON: THEY
ARE THE RECORDS OF EVENTS THAT HAPPENED IN PAST CELLS,
AND THEJ ALSO GIVE US A TOOL TO TRACE THE CELL TIPES AND

EVENTS THAT wWERE INVOLVED IN THE LEAD UP TO CANCER
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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...
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