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Impact Objectives
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« Clarify the causes of spontaneous germline mutations and the
mammals

mechanisms of mutagenesis in

+ Detect and analyse de
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Is genome mutation
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iving

our continued evolution?

Dr Mizuki Ohno, Dr Kunihiko Sakumi and their team from Kyushu University, Japan
are investigating the origin of de novo germline mutations in mammalsin an cffort to better
understand how we are likdy to evolve

A certain degrae of mutation spontanccusly
arisas and accumudates in both somatic and
germline cals in mammals. Accumudated
mutaticas in somatic cals inrease tha

risk of cancer and other diseases. Only tha
mutaticns that ocour in tha garmiing cells
can be transmited to tha offspring and thus
to later gensrations.

Gammiing mutations ara the rost sourca

of genatic variatic and ara regarded as

a driving force for ganome avolution in
mudticalbdag saxually-raproducing ceganisms

mathods,

for n pa mics are
acquirsd in just one pensration of axidativa

phylog,
muthods and
menitorng

DNA repsi Tha biggest
surpeiza we found was that signifcant
amounts of the coidativa DNA damage are

arising mutant
phenctypes in lirge
populations of
laboratory animals. Recant progress in naxt
peneration sequencing (NGS) technology
has enabled us to detect do novo garmlin
mutations directly by comparisen of genomic
soquances of parants and ofpring. Howavee
do novo garmlina mutaticn rates inwikitype
animals are too low to handk axpermantall
sowe used DNA repardsficiant mice to
accurately detect mutations fom NGS data.

D> Norko Tdkane

The first big surpeisewas that the axidativa
DN reparr deficient mouse lina showed
amutator phenotype. Sorne abnormal

lika mammals. The

s attributed to the do novo germling
bserved in this mouse lina

mutaticn is an important datorminant of
avolutionary spsed and maintaining th
intogrity of ganmline genomes might provida
avolutionary advantages.

Our main chalknges hava besn the
aparimental identifition oftrue do novo
germine mutations and datermining the
mutation rata to pinpaint the causes and
muchanismes of thesa mutatics in mammals.
Pravious attampts to estimate the germina

becausews had notknown any cther mutater
mousa lina 2t that tima. The DNA raair
penes disnupted in our micawera ariginally
found in a study of £ cof mutater strains and
itwas later found that thosa are consawved in
awida variaty of organisms, including human
and mice. That £ cof mutator genas might
contribute towards controling germ call
penome integrity was ancthar big surprsa.

gencratod, th dand
repaired to maintain germ cal ganoms.

Wa hava several variable mouse strains
with deficient DNA repar enzymes or DNA
camage rasponsa ganes for tha pemming
mutation and the sormatic mutaticn studos.
Tissue samples ofthose mice are avaikibk.
Howave the costof NGS is still too high
to sequence all of those samples. We would
thka to hava soma support or collaborators
and nead to have beth hard and soft
bicinformatics. Wa would also like to use
hurman germline mutation data bacause
there is mora data available than for the
genomes of cthar animals.

Wa can affectively identify base substitution
mutations atwal-saquenced reference
regions frem cur NGS data, but it is still
difiaut to idertify soma mutations found
at of naar repast sequences, espadialy

for insertion/dalstion mutaticns. Lke
most resaarchers, we have omittad the

Cridative DNA rep have

data from tha analsis, sowe

a gemii 20

times h.yurmmmldwpn rriw In other

words, thesa mice are evolving 20 timas more
S -

mutation rata in

quickly thanwildtype

hava possibly utation
rate. To overcoms thesa problems, wa need
to use newar aquending technalegy such
1z long read and singh cell sequancing.
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The role of germline
mutations in genome
modification

The human genome has undergone significant change wa genetic damage and mutation and it
continuesto evolve. The mouse de novo germline mutation project secks to establish how these
mutations affect and modify the mammalian genome and determine its future

he significanca oftha analysis of tha frut
# genome, completsd in 1911 by Alfred
Sturtvant, has bean compared to that
oftheWright brothers first fight at Kity
Hawk. The human ganoma decoding that
was Ainally completed in 3003 has basn
a further major step in the fight against
an array of inherited disordars, gving us
anothar loolm tha drive for personalised

This causes a significant and distinguishabla
change in the base sequence ofthe affocted
DNa. Thay ar changes to the base
sequence that can eccur spontaneously or
in respense to cellular darmage and canvary
greatly in size and postion, ranging from

a single base pair mutation, to changes

that span segmants of chremoscmas,
across savaral genas. Mutations in somatic

£ this stap can
ba atended, inthe aircaft analogy to th
rmoon kinding. Understanding the genoma
and how it drives cur physiclogy reprasants
critical progress in tacking many diseasas.

Howaver, analysis of different iterations of
the storad gancma show that it ism't static
and indead, appaars to ba in a state of flux,
drivan by mutations within the systam. Our
ganoma has undsrgone a saries of changes
over tima, instigated by an accumulation of

calls are nct passed ca
bolha naxt genaratica, howaver permline
mutations can occur in germ ling calls that
can produca agg and sperm, thus causing
changes totha basi gancms to becoma
fixod inthe DNA for futura genarations to
come. It is these germiing mutations that
ars of partiadar intarest to Ohno and har
taam.

‘Whik DNA repair mechanisms edst
naturally in any crganism, they have failed
in tha case Ohno's study

mutations that hava arisen sinca th

call ganoma of our ancastors. Whik thisis
ity wal undarstood, the msaarch being
undartaken by Dr Mizuki Ohno is simed at
furthar uncovering how mutation may affect
our genome and whera it is likaly to kad us
on agenatic level as it continues to modify
ower tima. Ohno's tsam sack to determing
the causas for these mutations as well as
toidantify the contributing factors that
influenca the mutation rate in mammaks.

Gana mutations are parmanant akerations
in sactions of DNA sequancas calad genas.

64 wwwimpact.pub

dalves, not only into how oﬁnn andwhat
typa of DNA damage e and

to malfunction or aven fail to be producad.
When mutations affect vital protains, this
@n disrupt normal davalopment or cause
disease. Thus, whare a condition is caused
by penatic mutations; thay are known as
“penatic disorders” and these have bean
diffiaudt to predict.

Many of thesa medifications - so-calkd

do novo mutations - are genstic altarations
pessant for tha first ima in cns family
mamber as a result of a variation o
mutationina germ callin axher an agg or
sparm from one of tha parents. DNA repair
systams allow for many of the mutations to
be repairad and, in reality, caly a low levsl
cftham ara carriad forward in the genome.
©hno and har team am irvestigating the
causas of germline mutation and strive to
understand the implcations of mutaticn,
with a view to astablishing how they may
avolva and the possiilities for cur future
sabvas. The cumsnt human genoma i 2
ezt mutations that have

somatic calls, but alsowhich repair pathway
isimportant in the cormactin of genmlin
mutations.

Evary call in the body relies on the actieon
cftheusands of proteins working togathar
in concert to function propsrly. Howsvat
gene mutations can afiact this process
proventing ona or mera ofthese protsins
from acting corractly. Changes in a gene's
sequence can alter tha protsin, causing it

accurnulated in our genome and driven it
akng cartain pathways to yield what we are
now. Chno is cumentlyworking with gena-
modifed mice but the work is transferable
to any mammalian genome, including
humans, to dstamnine a possible ftura
pattway.

‘Working wih 2 taam induding Dr Kunihiko
Sakumi and Or Teruhisa Tazuli from
Kyushu University as well as contributors
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from the Nagahama Instituta of Bio-Sciance
and Tachnology and RIKEN BicResourca
Cantag Chno has besnworking to establish
the causas of germline mutations and

the machanisms of mutagenasis in
mamemals. With pravicus axparianca

in studying coiclative damaga to DNA

and how dysfunction in tha DNA rapar
pathways may be an initiator for tumeur
growth, Ohno is wall-placed to cary cut
this type of research. Sha lus pmnwsu
completad a dataiked i into

Ifthis kind o handling i promcting
geneme damage and subsaquent mutaticn,
then it becomes dificult to predict which
changes could bscome antrenched in cur
DNA and tharafors camried through to future
gemarations.

Ohno and har tsam ar currently amassing
xhw data from DNA repairdeficient strains

lesions - quantifistla dlmlgﬂo basa
pairings of structura — in Mousa DNA and
the rasuiting do nowo germline mutations.
The findings of that study have supportad
tha noticn that spontanecus base damage
such as Soxoguanine, that ara genarated
in tha DNA due to the presence of reactive
oy gen species (ROS), are responsible for
many germline mutations and that tha
mutations thamsaehvas have contributed to
cur continuad evolution.

Thisis a startling cbsarvation and one that
has huge implcations for thaway in which
wa deal with cellular material Sakumi says,
“Wa also nesd to pay attantion to how much
DNa dimags has acaunulated in tha frozen
sparm, eggs and embiyos used in human
reproductive medicing. From tha first test
tuba baby boen in a British hospitalin 178,

ponsa genes and whila they
nxhh!a germline mutation rate of up to
2o timas higher than that in unmedified
mics translation oftha resuts to both thesa
and the human genome wil take much
mere work. Tha cost of NGS is pechibitivaly
axpensivewhan eamining the huge numbar
of amples and Ohro is actively sacking
furthar support and collaberation to assist
with this crucial invastigation.

Ohno raslizas that whils the projsct can
reliably demonstrate the mutation device

in medified mice, there is still much work
requirad to show that the same mechanisms
are ocaurring in much larger mammals with
ahsakhy DNA repair systom in placa. If
thay can raliably prove that connsction, the
ultimata goal of pradicting a future state

for the human genoma won't ba far bahind
and that opens the door for baspoke and
traatmants for a number of

IVF logy has incrsasad
the numbar of paople using it vit
fartiksaticn and frozen ambryo transfer”

genatic illnessas and diseasas.

Project Insights

FUNDING

This project is supported by the Japanssa
Ministy of Education, Cultura, Sports,
‘Sdence and Technelogy (MEXT) and

the Japan Socisty for the Prometicn of
Sciance (J5PS) KAKENHI Grantsin-aid for
Sdortifc Ressarch.

RESEARCH TEAM MEMBERS
Asseciate Professor Kunhike Sakurni,
Profeszee Yusaku Nakabsppu, Medical
Institute of Bicrsgulation, Kyushu
Univarsiyy
= Dr Norko Takano, Associate Profossor
“Yoshimichi Nakatsu and Professer
Teruhiza Tsuzubki, Departmant of Medical
Biophy sics and Radiation Eiclogy, Faculy
ofMadical Sdency, Kyushu Universty (*
curmantly afiliatedwith Fuluola Dantal
college)

OLLABORATORS
= Dr b wasaki and Dr Toshimichi
Iksmura, Nagahama sttt of Bio-
‘Sdence and Technels

« Dr Ryutaro Fukumura and Dr Yoichi
Gonda, RIKEN BioRssource Centar

= Drarkuni Uchimura, Radiation Effocts
Resaarch Foundation

NTACT
DrMizuli Obno
Project Coondinator

T 48 92642 6143
= mohno@bicphy =.med kyushu-u.acjp
- hitps:y biophyswp.med lyushu-u.acjp/

RDINATOR BIO
Dr Mizuki Ohno s an assistant professor
at the Departrnent of Medical Biophysics
and Radiation Biclogy Facully of Madical
Sdencs Kyushu Universty Japan.

Sha spacialises in molecular ganstics,
otogenatics, mokcular evalution, DNA
«damage and DNA rapaic
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Spontaneous chemical decay of DNA
Total DNA damaging events

>60,000 / cell / day

Hydrolysis ~10,000

AP sites ‘

deamination 6 x10%3 cells in a human body
Oxidation ~3,000

8-0x0C ~10'8 DNA damaging

thymine glycol events / person / day !!!
Methylation ~4,000

7-MeG, 3-MeA ‘

05-MeG >1016 cells are produced
Strand breaks ~50,000 over a life time

SSBs, DSBs

T m - oo [ U0V MR DN damages
Total = 67,000 .
> must be repaired ???

Preston BD.et. al. Seminars in Cancer Biology (2010) 20 281-293
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k Environmental stress, Chemical Mutagen, Aging, Infection, ....

‘ ‘ ‘ /somatic cells\

ROS ° xray . , cancer
Alkylating agents Replication UV-right aging
Spontaneous reaction errors PAH

age-related disease

- ER

Oxidation A:G mismatch  Bulky adduct /germ“ne CE|D
Uracil T:C mismatch Intrastrand- )
AP-site, SSB Indel crosslink .

genetic disease

inb
IEEBREEE SATVFHER XULAF REsElE " abnormality
v v v ? ngnetic variation/
<M utations
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