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1 Summar y

DNA replication is a fundamental process to duplicate the genome of a cell, which is a
prerequisite for an equal distribution of chromosomes to two emerging daughter cells during
the following cell division. This process already starts in G1 phase of the cell cycle where
specific regions on the genome called origins of replication are prepared for the upcoming DNA
duplication in a process called origin licensing. Subsequently, origins will fire in the following S
phase, allowing DNA replication in a bidirectional manner. Intriguingly, this firing does not occur
simultaneously, but in a continuum during S phase, with some origins firing earlier and more
efficiently than others. One hypothesis suggests that the chromatin structure at replication
origins is responsible for these differences in origin firing. In this work, a previously established
site-specific recombination and chromatin isolation approach was utilized to purify selected
early-efficient and late-inefficient replication origins from the S.cerevisiae genome. After
several improvements to the purification process, the isolated replication origins are subjected
to mass spectrometry to determine both the proteomes, as well as the histone posttranslational
modification state associated with the respective replication origins. The histone post-
translational modification analysis revealed clear differences mainly in the acetylation state of
histones surrounding the investigated replication origins. Interestingly, late-replicating and
inefficient replication origins showed higher acetylation states as compared to the early-
replicating and efficient origins, strengthening the idea that the local histone modification state
influences origin firing. Furthermore, several known origin interactors were detected in the
proteome analysis, validating the site-specific recombination approach to isolate replication
origins. Apart from expected replication factors, several other previously not described
candidate factors were retrieved in the mass spectrometric analysis. Validation of these factors
led to the discovery of two potential novel replication regulators, namely Set3 and Askl. Set3
was previously described as part of the Set3 histone deacetylase complex and Askl as part
of the microtubule binding Ask1/DASH complex. Strikingly, tethering these factors to specific
replication origins advances the replication timing of the targeted regions. Additionally,
depleting cells of Askl leads to global changes in the replication timing of several chromosomal
domains. This effect could also be reproduced by targeted degradation of microtubules using
nocodazole, which ultimately phenocopies Askl loss-of-function. Ultimately, these findings not
only strengthen the link between histone acetylation and replication, but also establish a novel
mechanistic connection between replication timing and the chromosomal organization

mediated by the Ask1l/DASH complex through the microtubule cytoskeleton.



2 Zusammenf assung

Die DNA-Replikation ist ein grundlegender Prozess zur Verdopplung des Genoms einer Zelle,
was eine Voraussetzung fir eine gleichmafRlige Verteilung der Chromosomen auf zwei
entstehende Tochterzellen wahrend der folgenden Zellteilung ist. Dieser Prozess beginnt
bereits in der G1 Phase des Zellzyklus, wo bestimmte Regionen im Genom, sogenannte
Repli kationsurspr¢nge, in einem Prozess n
DNA-Verdopplung vorbereitet werden. AnschlieRend A f e u dieserlUfspriinge in der S Phase,
was eine bidirektionale DNA-Replikation ermdglicht. Interessanterweise erfolgt dieses Feuern
nicht gleichzeitig, sondern tber die gesamte S Phase verteilt, wobei einige Urspriinge friher
und effizienter feuern als andere. Eine Hypothese besagt, dass die Chromatinstruktur an den
Replikationsurspringen fir diese Unterschiede im Feuern verantwortlich ist. In dieser Arbeit
wurde ein zuvor etablierter Rekombinations- und Chromatinisolierungsansatz verwendet, um
ausgewahlte frihe effiziente und spéte ineffiziente Replikationsurspringe aus dem
S.cerevisiae Genom zu reinigen. Nach mehreren Verbesserungen des Reinigungsprozesses
wurden die isolierten Replikationsurspriinge mittels Massenspektrometrie untersucht, um
sowohl die Proteome als auch die posttranslationalen Histonmodifikationszustande der
jeweiligen Replikationsurspriinge zu bestimmen. Die Histonanalyse ergab deutliche
Unterschiede im  Acetylierungszustand der Histone an den untersuchten
Replikationsurspringen. Interessanterweise zeigten spate, ineffiziente Replikationsurspriinge
im Vergleich zu frihen, effizienten Urspriingen einen héheren Acetylierungsgrad, was die
Annahme bestarkt, dass der lokale Histonmodifikationszustand das Feuern von
Replikationsurspringen beeinflusst. Zudem wurden in der Proteomanalyse auch mehrere
bereits beschriebene Interaktionspartner entdeckt, was den Rekombinationsansatz zur
Isolation von Replikationsurspriingen validiert. Neben diesen erwarteten Faktoren wurden
durch Massenspektrometrie auch mehrere neue noch nicht beschriebene Kandidaten
gefunden. Die Validierung dieser Faktoren flihrte zur Entdeckung zweier potenzieller neuer
Regulatoren, namlich Set3 und Askl1. Set3 wurde zuvor als Teil des Set3 Histondeacetylase-
Komplexes und Askl als Teil des Mikrotubuli-bindenden Ask1/DASH-Komplexes beschrieben.
Bemerkenswerterweise beschleunigt die Bindung dieser Faktoren an bestimmte
Replikationsurspringe den Replikationszeitpunkt der Zielregionen. Des Weiteren flhrte die
Depletion von Askl auch zu globalen Veranderungen im Replikationszeitpunkt mehrerer
chromosomaler Domanen. Dieser Effekt konnte auch durch den gezielten Abbau von
Mikrotubuli mit Nocodazole reproduziert werden, was den Funktionsverlust von Askl imitiert.
Diese gesamten Ergebnisse starken nicht nur den Zusammenhang zwischen
Histonacetylierung und Replikation, sondern stellen auch einen neuen mechanistischen
Zusammenhang zwischen dem Replikationszeitpunkt und der chromosomalen Organisation
her, die durch den Ask1/DASH-Komplex durch das Mikrotubuli-Zytoskelett vermittelt wird.
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these chromatin remodelers act redundanteéy, as
guadruple knockout of all remodelers had a much
as compared to single knockouwlsi ol ulhtei maetsepleyc tli

abolishment of the r eAluda,r inmpcd ieroosmgnmed hae aryawisd e ms t

by

compromi si hgemdheel®RC interactions |l ed to | e

highlighting the importamnoe achrowmols e ojedhmecppnd seit i

al .

, .2023)

ISW1a ISW2
O O
INO80

e

ORC

SN

| I J

| I
Phased nucleosomes Phased nucleosomes

FigBNecl eosomei pgsotmnadnreplica$.ioar evii giiames i n

Il nterestriercelng, sa udy showed t hageqtuheé¢nrcece p san daennt a

me
i n
to
(L
t h
ge
di
hi
Re

I n
oc
e X
t h

nu

chanism of ORC binding and thus origin |icensi
wittudéo es t hat ORC not only can bind an ACS seq
bind nucl eosomes near an NDR whicls. xles @ vu Isti iam:
[ et Adhifgndd2nyg) is in |Iine with the previously
e yeast specific insertion helix of orhedr, t h
nomi ¢ NDRs such as t(rlaenes certi patlUlon ia2ha2sle)bhyt ®Bhites
rected origin |Iicensing next to NDRs might rej
gher eukaryotes thatspdeocinfatc dORC Ibd ynrds enggtl € md e

mus et al . | 20®@4;) Vashee et al ., 20

addition to the precise positioning of t he
cupancy of nucl eosomes alrspdings rap!l iiaomptoiradranor |
ampl e, it onvarsomatoiwm ibnpmu-se gue oChpiPte@(haotnsori gin
at have | ess nucl eosomes tend to be more eff
cleosome occupancy | eads to (iRmodfrfiigaieenteta nadl .I,
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Toget her, it is clear that the positioning and c

replication properties, but the precise chromat
ef ficiiggint @aoaotivation are stild]l under investigati
31. Bli stone moslatf icwdli@emmsomes surrounding rep
Hi stones are the target substrates for a | arge
which several Hamenat sat ebdkeetno i nfluence the 71 ej
exampl e, it has been shown by mass spectrometry
and H4 flanking replication origins are markedly
show spaditfeirms of acetyl ation. These acetylatio
cycle in S and G2/ M phase, suggesting an i mport
guintupla mihtesret i nvestigated |l ysine resaduasl it ec
as in decreased replication efficiencies, sugg
together in regulating( Urempilkrciagh man ogti gdaln. ,ac20 @
Consequently, targeting writers and erasers of
changes in the replication programme. This was,
S.cédarsgvawhi ch approximately consists of 150 to 2C¢C
a replication origin. However, only about 20% o
during any g{({Beaew&r phmdeFandman,r epd&&)sd wtni voef t I
repliomntgbns at the rDNA |l ocus is mediated by t
However, the activity of another HDAC, Rpd3, i s
these two HDACs together regul ate the replicat
S.cdrsdavaélowever, outside of the rDNA | ocus, Sir?2
origins. Crucially, a leossiss toefntt hriesp | fi wcnadtiio;mn graegsst
which ultimately | eddostso egermdme BOHtdd hielsiitsy pr op
by repressing rDNAntephitaatoon fmpbbpts are not
|l ocus, so that ot her replication origins can fi
replication ¢6Fosbeegemd me 2017 ; Paser o e.t al .,
However, otheredtubdatsSsuggaests directly on indi
its function at the rDNA | ocus. I n this model, b
ability of early replication origins to Itoead MCM
origins. This would again contribute (6bloggaeden
et al., 2020, 2018)

I nterestingly, Sir2 alone is acting at the r DNA
origins, whereas the silent mating type | oci HML
of al | four proteins of the sit2h8i rn@RiSiaremddn dn
Her skowi tazn,d 1t9h8e7 )t el omer i c regi ¢®parbygi 8i e2, abi G



I ntriguingly, mutation of Sir3 caused telomeric
i s al so important for establishimgoxxhenal abei gie
Consistently, tildacafteomni ngig@amlsytmwmephe silenced
firing timéeSsegernétbnaanhtdy Gt mst &tthheg, n9%9)Y 4 to
firriepg i cation origin ARS305 massively( depmyleldat t
et al ., s20@2)gly supporting a cruci al role of Sir

genomi c regions.

At genomic fégroerd bygt Sar proteins, the HDAC Rpc
of replication timidngj eoked|l aeél srspows.i nBRBpeased
| evieéasding to earlier replicat(iAprari iitoi a&tti @an .agt 2
et al ., 20009; YosAcdar e@itna@glly, t20rlgidt ed hi st one a
SAGA compl ex hi stndmd aa cleattyel afsier iGhcg ori gin al so
timing by earlier recCducigg™Meqdl aodfert het fdlr.i,ng2d@Z)t

Apart from acetylation events, various hiosftone m
replication origins.-meintey leaxtaimpn ,e whsi cH3 Kids dest abl
met hyl transferase Setl and sets an i mportant mar
by elevated | oss rates in pl avsemied gstoamtihl idteyf eacd ssa

hypomorphic rep(Ricazarmndi metFaumrttsh e r2ndolr2e), H3K36 me

Set2 is another important mark that r elgiudattiesn t
origins. I't has been shown thaépHBK86med cocaingibes
H3 K36 me3 i s predomimataepl y odtiigrkggs. tdhi s suggest

met hylation status of this resdduy adwareiteg mim ec
the association of Cdd®45 dteo ert.e @lin.tgceart240s®t®i )rog li yg,i nSe

are al so er efsopronasnidbtlther hi stone methyl ation marKk

nameH3K37 mel. This modification can be found th
however, with signi faitcarnetpllyi clag 9 s no o u pya mcsy. Spec
able to impair the interaction of MCM2 with chr
l eads to replicaotriiogninrdsr @ewnen nedtffsicdienoef canoni cal

t he same tsiimmeg dreecprleiac at i on irndpliiacta to(n8 & rFRomns aciamso n |
et al .., 2021)

Toget her, these studidds fidli lsumotnreatPeT Msh aptl amanay r o
regumh@s$ ummar iFzd eggddj.ienHowever, it is stilHeynodr ewel |
working together and i f there are combinatori a
Therefore, additional studies wil/|l be needed to

regulati on.
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31. Ot her -daatainrsg pr ot erieplfiacatoiresn imri gin contr
Additi onal to thednDbAespagmeinis@amirggndi ng the r e
origins, various other proteins are able to mod
surprisingly, tRhRC |Iceovnepld mepdo nlemd cdse d ifkrekeotultbd eMOM2X a me
tself are cruci al 1tFoorr eepxlaintpaltei,o no noerS sgiund fya c & Mni gt

uUubunBtt ser ervepaoratted t hat replication origkns can
helicaseosriwgitrhs eparrdfyer enti ally | oading more cor
Das et al., 2015; .DWHlavjevaenrd Rhihred, s2@21)xs sugge
ither | oad exaci/l odniedx@aaomrer( Beee M@GNY et al ., 2015;
021)Thus, the preci7s e onmupnbeexre sofi sMGM2 | I under in

N O N O»

—_

egardless of this gap in our knowl edge, it is

—

o drastic changes in the replicdtDiukmmjt iamidngrho fr
202,1)suggesting that bal anced cellular I evels of

reptioa regul ation

I ntrestingly, not onigioomporastagomathenery, bt
required fo7 héli cMCsM2 activation in the firing

replication initiation. dAfs tmeing i pmede dbefaore,i il
the cell, namely the regulatory sauboni f aof oD®KS
SI'd3, SlI d7, Db(pMdln eaodeCdaklhb5, 2011 AsTBarcdlkd ietn alf.
| o avbundance factors is crucial for determining t
origins have to compete for these | imited Ilflacto
associate with these factors before | ate replica
A pressing question is how these I imiting factor

the beginning of S phaséd.e Omwe meaotkareiasdmbionxy dlrwaes
Fkhl and Fkh2. These factors have been shown to
overmMO0O replication-hocraidggunbat dtiesei fonk are typic
binding sitesA@8jaodnt cbaoaséeheentl!| vy, dadst apti ng

deceleration in the respective replication timin
t he repl i cdtkihdtm 8toikmhi mMmautiamt s, where the early fir
origins wdgnoektawyaedal . , 2012 ;AdQ@sittricom adtl yal ove2e@
Fkhi1l/ 2 resulted in a global advancement of rerf
stimulatory functi@©Peame oati.galdn,aaz2 nb & kRkohhla/r2 | ev
recrubiftd®omes of the | imiting factors to tihem GEkspec
phaswh,y ch in turn | eads tantdse absscbhieme|ilihincateiaccr
timing(bPaongiéeéte.alntypotuWgngdcti vity of Fkhl is al .

mentioned histone dacetyl ase Rpd3, as a recent

11



binding of Fkh1l &8blbf4 husecrcowunmemt@aactor early act
ori diHes et al ., 2022)

Besi desF K-theetsievated riepé$jcatighn®rngar centromer e
early repli(®Ragiham atmami .egl mmla ,si2mMi0lladgr mechani sm,

which is a component of the kiomiophase, uins i &b IGé
Subsequentl vy, the SI1d3 and Sl d7 initiator, prote

which allows for the association of Cdc45 and,
subsequent( Natpshuaneee 8) al ., 201

I n contrast, replication origins at MAheterochror
replicate | ate or are passively replicated in S

involved in setting up tthelsoraseciapkbdcptobai hi R
interacti(lhigg unaec tDgerl )et i on of Rifl1 |l eads to an ab
tel omeri c apnrdo xtienhaol merreagni oents al ., 2011 MekPbaoé¢ se¢ti cal
thiasel replication timing is caused by an intera
which is able to counteract premature (pPpho®pdryl
al ., 2014; Hiraga et al ., TheldpebMatiairodogctowntrdk
i s achievseacdnyd interaction -aodt iRVidtlorwigrho tteéien Ir e(pl
is a prefer édrtniddlIngt eolromerien. Briefly, Rapl seques
to telomeric regions and thus creaeeshhiombsomnct:e
ends. However, recruitment of Rifl to origins is
the HRapgll interaction or deletion of Raellomésioc | €
ori diHmd ner 1e8t) Hbwev 20, t he mechani sm how Rif1 i s
remains el usi ve. Besides the telomeric origins,
the rDNA repeats are regulated by RifdlLi sTdimes he
which in turn increases genomM@hyitamié¢et tyl at 2016

31. Spatial organization of replication origi
Another i mportant aspect that impacts the replic
of replication origins within the nucl eus. Howe\
overall folding of chromosomestimnt nd mepll écatan
reference to distinct nuclear substructures. I n

found at di stinct and reprodidialbddei pesi tAMhan se 2i01®

centromeres are positioned in proximity to the s
the nuclear periphery, away from the centromere
replication timing, it has been é&drowh 1hbhattibhns
For exampl e, after di srupting t he positioning

replication origins stil(Hikregpda tétei&il nmialtaOIldy)p Itiec

12



an early replication origin to the nuclear peri

(Ebrahimi egtamguin@Ottllat in these cases ot her me
subnuclear | ocalization alone is not sufficient
However, the overall genomic orgdnwezahiaonthewnaol
has a stronger iimpact on the replication profil
position witklEkianltyhsetmadé¢lesus n mammalian cells hav
replication takes pl acxe awti tdii ¢ MNehtea muwed leietcsa @il on
Such replication foci have | ater been referred
replisomes act together within these frnoacninetro du
(Cseresnyes et al., 2009; Hozak et al ., 1L%%4%;r ,Ho
the existence of such replication fiociy WmMase ad s o
et al .andlmMOWikKv t amura et Natabl 2006his Ilive celll [
provided strtdirmg evfitkecenwe i gin firing the two sist
these foci and thadDNAher dowbtdl €starendxtruded as
repli somes. F u ertehseorl nuotrieo,n smipcerroscopy also discoy
repli tattonies typically <consi st of one up to f
decision which replication start sites cluster t
that the number and type of repliacend wBackrdl us

et al .., RoOwever , a preference i s observed t hat
nei ghbour hood cohnr otmves omeseamhow a higher freqguen
(Kitamura et al., 2006)

Unt il now, two molecul ar mechani sms have been des:s

origi s can be aclsawmedr Fa gdhleindetc¢teatsr omeri c re

repl i ons of di fferenti thoemopPo otxtsematt gt hbeyroiunggh t o

ki netochores to the spindle pole body, whi ch mi

Fkhi1/

n
c
0

centromeric repNantatimenef. acBlecroyn22013)he previousl
2 transcription fracitnodrisviwdeurael srheopwni ctoon sc |tuosgte
c
e

repl i ati oknétatcalo.r,i E8052) s due to the ability of
wi t h ach protein being,abhédreayghmommdi a di bser enb
(OstraWw. pt2@®&bodo)Y her i mportant aspect of this int:
the nucl eus. Precisely, upon Fkhl-aanhdv®dbéd arctitg

relocalize from the nuclea(Zpaengpberalto 20&9huc

One potenti al bcel nuesftietr isnfg smighhta be to i ncrease
replisome components. By bringing al/l these re
efficiency of replication initiation can be inc
can choencentrated to these discrete sites and, t
cl ustoeriagd ns. Furthermore, this might also be par

13



stress or fork stalling witnhiitni athiiosn rfeapcltiocrast icoonu |
recycled to a neighbouring replication start S |
activated in order to finish replication of the
(Natsume and Tanaka, 2010)

Set2

Genb

@ EE replication origin
@ LI replication origin
o Rifl

@ Ctf19 complex

O Fkhi2

H2A | H2B

FiguiSpati al organization and hi st oB.ecerTaWdihsiktand epl i c a
cartoon displays the typical organ|zat|on of a yeast
in the center and LI origins preferentialdayr tlooocnast ed
summarize known histone PTMs preferentially associ at
corresponding writers (see main text for details).

14



Toget her, these findings demonstrate that a vari
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i ng. However, because of this complex interpla
a single, di stinct origin are determined is
oposes that the | ocal chromabme adecdicitiuve faadt
ror origin firing. I n order to test this hypott
oroughly study a seilnetcs edomelpéti eathoomatiimgi oo
cleosome positiceorinNnMp,pebmscomceomMpoMi ti on. To pe
alysis, the replication origin would need to
rified f or afnuarltyhseers .u nFoiratsuendat el y, over the | ast

ve been devetloopaecdhiienveorsduecrh a difficult bioche

Sindloceus chromatin isolation

e dynacnhircosmaotfi n remains an active field of resi
e whole genome is highly hetdeaperedenotu so b yo tihtesre
ke cell type or cell cycle state. | mportantl vy,
dictate functionality of the underlying genet
repl i calowearv,eorai gdiensa.i l ed understanding how <ch

nction of these diverse a@aff¢émenigaesemainne®fabmod

e major strategy to correlate chromatiSeqgstat es
Cut &ERymetsedc¢lonimap t he occurr enicse oonfe IRpleNtss d m c |

al ., 2007; Sken&ubedgient kpffthk2eldata can tlI
nomi ¢c processes, e.g replication initiation.

pendaapgr idcomdwl edge of which factors to target,
ecific antibodies, rendering such approaches

ructures i n an unbiased manner .-wiThheerefoateegiie
rcation of a specific locus of i nterest fron
mpositional analysis of associated protein fa
fortunately, despite hugespeefcfiofritcs dihnrfatnhaettiifnd epl us
mains a challenging task taking into account t
rst, the method must be able to generate sol ub!
e | oss efntaeryacltdomws pr ot ei npr cdaeas sn.g S erceo npdu,r itfhe
st be capable of specifically target and effi ¢
i vi al t ask, since the | ocus of i nterest mi ght
nome. Thus, theememtuhodbef abhe to reliably disc
d the rest of the genome. Finally, the relati
mpared to the rest of the genome must be suf

nt amipnaartti nogf chromatin from the whole genome t
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t e

gion wil/| contribute to a higher background art
enti fi efdo |flajgeve @Ir $y /&e®s meul en and .D®j ardin, 2020)

ere has been a variety of di fferent approach
ochemical chall enges by different expetiymest al
evi ew@aludmi er gt Tale. nex@2G®G)ecti on fwormhd a@fi viehane
thods devel oped for chr onsatcierr epvd rsiti ftaieec anbiso n r € p €
chniques for this work.

2Dilrect hybridization of capture probes to

e gener al strategy wutilizes DNA sequence speci
mains from the genome. I n yeast this approach
romagssmci ated proteins for proteomicso or in
volve first crosslinking using formaldehyde ir
interest. After cell lysis, théragmehnhes drd | 0

the hybridization capture using desthiobiotin
cus with streptavidin beads. After an elution
ectrometric anal ysesr imr otraien (dJaonhmhesgoatr indtm ea lt. h e
nndday | i ng et al., 2014)

e advantage of theseméeshogenesetdth&mbdgi neering o
raiwbich makes it very fast, easy to use, and
e yeast genome. Ho wenvienro r tdhiesraed vaarnet aaglesso. tFwo st

ep is absolutely required due te®ftohe hegdtriindd zs

the capture probe. Thus, native chromatin fo
ol ated with this method. Second, due to the so
a |l arge heterogeneiettyedi gmenbei ci £e ag@ie nthse, tva

solution of the assay to precisely pinpoint w

gi on.

2P@rification based on tshpechifndi rpg odfei nesqu
stead of usi ng DNA psreogpueerntcye faosr as edreicguierel y p
terest fromnthbkt gematmievpe oiteithlse thhae afre ti ght
cus of i nterest . However, since it i s unli kel
'y one gsipoenc,iaf ifcew emet hods have been developed
them utilizes the DNA baaomtdiiilngk eroenfafi exc todr a( T A lal
ich can be engineered to target esééaoatungl hpdar
nder,. SAub3eguently, the TALE protein can be in
e associated chromatin of the targeted region.

l omeric chromatin i(fug¢i o esleit nblauktd ,acl@ifiod iXt)o opnusr i f
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copy locus of the GAL1 gene, whi ch (WByg ume reft o rarhe
201.3)

A very similar approach, instead ofcaddiyng na rToAdlE
exogenous protein binding sites next to the regi
have mostly wused a cluster of b a eotpeerriaatio ri eaxnAd DbTi
operator binding sites baabk beaeyeabdbwahnhd bhaoitlud
chromatin isolatiomnmhe Af¢epecetxipreskexhAr eoffraes ge@rpr ¢
adapter protein, the heterologous protein wild/l

sites, all owinmgediopi ttdatei o mmufnotpti e Bdapektorerodvpu
of the target chromatin regihcromaWsinnq@aftthe il ex Adus
mass spectromM8)rgppcobudiedh anal yeepyh€@AELngéeromic r
regiamgd its chroBgtrum ebnbéxt 2012)

One disadvantage that all of the described metho
to the affinigwi Iplurailfwacyast iyoine. | dT hhie tdeirsotgreinbeubtaiso nf sr
overcome this | imitation, -srpecdmmiiconafi amasei (RS
frmgosaccharomegcesi ntexgyiriat ed hen thhatghe terdd g eanfo mi

in addition to the IlenxdAleperpdateesisr ohrienzdoi nmbdh insaistBRe sl.e a

to the excision of the target region in form of
utilizing the LexA pLreoxtheisnt.r aRroelglyo wirnogv itdheiss nRbS e
the puriweédbtioedofegions of any size. This was
and analysis of a single copy |l ocus gene, PHOS5,
(Griesenbeck et al ., 200 3; Hamper| et al ., 2014)

n woirkhe -LRX A strategyo wawr iafpyp |l s eltid dtcé & n-e arainy

nefficient replication origins. Following up wi

f these respective origins was analyzed in orde

O O

| ascsfe r eopnl iocralimgid nesf. t he most exwdsitn g gt miowaed p (f ri ;mad
t hat mi erreotautbeudl epr ot eins are regulators of repl.i
subunits of t-ehnec i micd i otgu bAuslkel / DASH r cbmpdervi t hatsy

replicatidhsi mgi giems.ti c and phar macol ogi cal pert
Askl/ DASH alsonaa newlei cation timing factor that
replication origins in the yeast genomeucConakpt

framewor knuowlreasubrearrangementf bif cioentgliysf iirnitnog
factories and explain how this movement of i ndi
t hrough t he selected attachmentnsof Thusr otowl uluen
proteomic approach revealed a novel connection

organi zation and the microtubule cytoskeleton.
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4 Resul ts

4. 1 DNA egluenceel ment s yoafsrepicaitonor ing i chot

c o elr@wththei repicaio nimt gand effi ency

To i nvestigate replication origin characteristi
efficléeaisyg myeffdt sonf ouwel @ e cepit &on or i gliatcse d nye & t

chr omosllb me As par anvertiegrisn swhtiochchoose, the selected
i tachr o mo s proadinwi tBthe 3 4 O kgpn oim thincs t e | dcrae dc et recem

regi ons, so that the specialized chromatin | andsc
at thescsa&ti ons (see aalesmoltnttrakeéwmctindm) account in
there shoumaj daflmsno e b’ hepit &0 ntimin gan deffi ency p r erpési

bet ween the selected f 5680 ZnodAiRRBIlbwh i @hlegai mpt el vy,
repit &n gan deffi enibr i JEEpas weAR3 hand FIBRL6, wieesenhiat €

r eit ein gan d fich e nritig ©L)( wer e choseingi 74 estelssoi piei fe i r

nel a oefreeregi candt heitrsi bwan dnumbe A G, eA G, B1 B2an dB 3

co nen s ursdi f(FSiuge5) .

Chr Il
EE LI EE LI
ARS305 ARS313 ARS315 ARS316
b4 CEN3 | Y K
O i ®@ O O
ARS305 bz22-90.8 3  @acs =30bp
:r ¥r eACS
A ACS+B1
+ AA @ B2
ARS313 r——"o—2j B3
[9] C*D a o ol ® & &
ARS315 | = |
5] GIR) * ]
ARS316 = = —_—
i
Fi gusr@hr omosomal feat urefsf iocfi emthe (E&DI yreplication or
ARS315, as wel |-l nad f it bhieenltat L] ) replication origins

Chr omosomeSalclclhaofo myces Tcher ecvairstioaoenn. shows the presenc
di stinct genomic sequences (ACS, eACS, B1l, B2, B3) af

18



Asmost of t heNAelensecrrtitebaetavi D had r £ @ls i magh i rye@p r arny
fuwimont hemedarel eemt ® u lbat @ffi enify g ui @R Can dMC Mco migxes
dungior i lganrs | anglt hdem gieren iblly affect b o n id epfe-R Cf mna t ii oGil
tab @ mnte A 5, eACS,
B1B 2an dB 3co nesm s ursati fi ;al 3 5@8n nodedyd a br i g Eacks .iivindd uawaARS

s canared hoe arr ece o fheft | coesen s ursati f s

p lase. Theref @, | rsfseto utt @ ytematic dy char e rze

wa s aboowi rictgel p wo
mis m &hes fea b Acdallyi .t héah ki 26 b pupsaa and
downesano t hARSver e i nfcotrbrda de acho B 3el eemt as, AWl bih g d
ouidsoft hecl rew -frea cor eegirowas p ev i o udestryiechats p ¢ foirci dik en s
AR31B8Chang et (Falg.gy e2008)

mofi rasce .

Number of

. . Sequences
Motif Sequence mismatches
found
allowed
ACS i " 2 2949
quII?LIIIl

oes | Tl M nE
ACS+B1 ]ETTEITTTA I Jh 2+0 718

B2 ]A AA A B AI 1 6332

B3 Tﬁ' LT N TAT 1 234

Fi gwoNember of DNA seqaemases fa&lalt uagreisgi nSad mh da themygeaso me
cerevi3dshiZaa.nnot at edSyecalsdr omy ge 1 sG¢ 8GHe Wan @ basar ¢ hed
the presence of spleAcdSf i=c WINAT AevRReTrsShielaMt, WWWWT TTAYRTTTWGT T

ACS+Bl = WTTTAYRAAAWAammmmnmnWTW, B2 = ANWWAAAT, B3 = Tni
The table indicates the number of the respective con
all owed mi smatches. The DNA sequence |l ogo shows the b

found t3d»&® annrodamltiecdati on ori gins.

|l as kd ast avhet h ¢hrepresence o ft h e mai fneg hadffe tor i i erpgsi such as
t i miatnikgen d n dig eabailab t iepim &o yntimin gdat & oal |

antd2 A6 r i, gvitl® gefidatio reffi ency dat aver e
etweale. c o2l H3haeu entbefs i le gNA motif st
eabori Gherermwest stit dys i ifcha cor latio nwi anhy th e©ONAmMai ft rat

we rteeesl{Fi g uy e

replication
352rimg Raghur aman

availab | (eMc Guf f ee
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FigubdlA sequence features of yeast replication origin

timing and.A)Thecieequency of the respective DNA moti
with the known replicati on( Ragmh urga noafn eeata hazi.nSdpi@d i0dhigan ¢
Correlation CoeaffBR)Sdimdtarly,=the frequency of the res

correlated to avail abl(eMoaGuflfddéea,td.D0rl 3 ) S pcel aernncayn 6dsa tGo r
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Basedo 1t iBanal yssj t a@wRrck udteatt htienin gan ceffici mcyp r o pega fedit 8o n

or i gar a sikeiny bteo dtiecdt t e DNA el mentisn datons emrgt hemnh @ g
hypot he b hbealthorcatn sct uore ertfabt or s maoe ddbes e han t he
DNA efq ence p rper ési.

4, 2 Purification of sel eatted irze plge xtAtei ki 0
sitpecific recymbiemati on

I n order to determine the | ocal chromaxARsist e uc
speci fic recombiwaast i anb T laiipagderldoamcsh f or purificati

chromosomal |l oci iinntbdemntexit asseecdte $ocno indaé2d. 2 n

4. 2 Elst abl i shment of yeast strains competent
at selected replication origins

To investigate the interactome of the selected

(ARS313 abhf@piRSY yed tsmi nwher ee alcof sehd e RBs was

t agdgvi R s ande Abi imgdgstes, was confshteSMRcBREB8casettes
wer e erdnati meas i ul gtapc efro m hARS5, s chthatt hexci s eidularch r @atm
domai mg ltuhdes o @, t wo rt lee pai rosh gl e oreocent elar o un ACS

(F iuge 8) .

O00~=00Q,

27T -1 +1

+/-1

RS ~0.6-0.8kb oxAIRS
+/-2

RS ~0.8-1.0kb oxAIRS
+/-3

RS ~1.2-1.4kb AIRS

FigBSehematic representation of the created strains

recombi nFaotri cemmach ori igwbdemuktiepdl énstrains were creat
recombination sites intelr,atede2iafd er -3¢)ihiphadrr( tofe f i r s
nucl eosomes around the origin.
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4. 2. Chromatin purification of ARS305 shows 1| o0
expressi ATAPLaxAer the control of the CYC1 pr

Ta dab € heer i gihmae nt e kitgérehro ma tdiomma i n s hgw dhfies 8 p o woied
nel eosomésetsideso f orhegtihiegchemic &p ufratio nwer e f matulse d
A RB3 x+-3 s tir n(B i uge 8) .

Tlhse ~1. Léhlbr atincict evger @ ufr ed vi-at affi thwaficatio npr «d lo
utilizing both the ggricmtdding Areondci Galmd®dkdlyisnod n t |
pr ot(Feiuge9) As amf i nixtysemdt magnetic beads Ttowuptiled tc
first purification step or magnetic beads coupl
step.a &ativecondlt,hpu ddonwas per fromame d oge ragitrirhat
ex esses t e ATAPf usipo@ tb ult gk si teg ated RSan dL XA-b i im gstes .
| mpor ttahnet lygnsti tuti ve, but weak CYC1 -PAP moner c

these strains.

G1 arrest Harvest and Affinity purification
Recombination lyse cells (CX) Centrifugation Magn. IgG Beads
& Flow-
A ao] Super-
e o e —>» th h
@ @ natant (IN) @G rond :

(FT1)
"/ Pellet (P)
Washes
TEV-Elution
Washes Affinity purification
EGTA elution Calmodulin Beads
Beads (B2 - Beads (B1
(B2) t:Iowh o (B1)
roug Eluate (E1) |¢4%
(FT2)
Centrifugation Centrifugation
Fi gwEagperi mental outline for purifysmgcicthiromatin rin;

recombination system.

I n an initatatle naptateqpopti,fy the replication -8rigin |
str aisnttreb Wanel yssisi ndgPAR anti bodyt he cBgommdment of
t he THAPAT usi osrh agmneodce miet depletio o fexA-TAPi n ft ltehr ou g h
(Fiugel®) However, only -BAPot rmndl a el dexwere cleaved du
st &by Tobacco Etfchprvitrase( TEViowi ng the expected
(15.5 kDa) that wasowspl ¢ d & fo(fiBnld)i Tthye hodiahdedr g G0 % of
were not c¢cleaved andl e mrgnahTePd xpt ot ®d nas nf wlhle bead
k Da )B.1

The Western blot anal YSBR avmtsi b @pye att @ TaARS @ hmamigt o
the second affinity purif i daéatiigdBps tAesp euxspiencgt eCda,l mic
was a c¢l ear depltTeAtPi ofnusadfont tpe of oAt hmough 1 (FT1
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magnetic beads visible (|0@®BRxprtsiuh@edy Adulidians
the remai-@6BRgf Laagflteenrt cl eavage of the protein A m
during the spewroinfdi caaflifeix@NB Psytceopu,l d be clearly dete
eluate E2 actuiggresting successful consecutive aff
protein.

A a-PAP antibody

b‘z} N Q7
FF e & & & &gy

150kDa
100kDa . .
LexA-TAP
75kDa .
50kDa z R s
37kDa .
Sy g
25kDa
TEV-cleaved Protein A
15kDa -
B a-CBP antibody

<
¥ N 2
F e & & STy

75kDa ~ | LexA-TAP w/o Protein A

High exposure

100kDa LexA-TAP
75kDa o — o— LexA-TAP w/o Protein A

Low exposure

Fi gulrO®%West ern bl ot anal ysigpburoffi BpréhieonLex A affinity pu
performed for yeast -8)raPnoW¥0DB7sa§AmRES885weére taken foc

the purificationFipguwrdeds S 58hdvwr iCel | Extract (CX),
FI owt hrough (FT1) and 2.5% for Beads (B1 and B2), Fl
subsequently applied on a SDS polyacrylamide gel i n

during the purification byntRieBteaenhi bhoédy ti egogimihze sapt
moi ety ofTAPherloegxeBMhenlLexA)affinity purification per:]
(Control), a strain t hat -Rat smb ielxapsree,d 8 e s hekx A cantai
recombi nast iiom tshe egenome. Protein samples were takel
purification pigoag®s DSRo Virori Cel |l Extract (CX), Pelle
(FT1) and 2.5% for Beads (B1 and B2a) ,E2F|)o vatnldr swdbs e(qRu’
applied on a SDS polyacrylamide gel in order to foll
purification by West erOBPblamtttiibrmogl.y Trheec oagpnpilzieesd -tahnet iCB P
TAP protein (n = 1).

Howevikee, western bl ot anal ysi s al one i s not suf

purification. One posTAiPbiplriottyeiins itshastucticlees st ak A
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maj o
geno
puri
cont
for

wa s

raction with desired chromatin ddwmaiadsriessl| o
nc,eriln i sol ated DNA from each of the differen
rol and ARS305 r i nggP Catnrad iysiisg dp pieméows madai n
ication .orTihgiisn raRe®30se ¢ thhe tf idrugti nguni fi cat.

rity of the ARS305 chromatin rings was alrea
equently, only abouwerlé wodécdwneheHl bdh@wewe m,i n
second purification step using calmodulin wc
r losses of the remainindall&ooofedR&EB806ori nhes
mi ¢c PDC1 | ocus, expectimnhlgedt howerr etgh @nc omwn s ¢
fication. Accordingly, this |l ocus was quant.i
rol strain, waec nwer ye xgiechRII0O®2re were no LEX

t hleAR efxuAs i on ptr.o tGeoinns epgrueesnetnl y, ARS305 behaved
guantitatively (Hiogsutr)ei nL1t he f |l owt hr ough

ARS305+3 Control
150 B ARS305
= PDC1

+ 100-
3 I I
£ -
= 10°
2

5_

0 HLHLE B B 5 B -y e 1

Q«\QN@Z«‘L@W@'L Q«N 6\@2«‘1’@‘]"'&

Fi gurlg PCR analysis of the diifnfiArR@Bt0O5f raatgi qnexxiAdfi cah €
affinity purifications was perfosmedi foc Ye@dwmbi aast
targeted replicat i-3o)n, +sysidgden swiAARS30DB¢ +puri fication f
(Y0034) . DNA sampl es waefr ea ft faikreint W Op uLr% ffioa atCiXg n sP, I N,

DNA was extracted and analyzed by gPCR in order to mo
origins as well as an unrelated genomic regiganca(lPDC1
replicate).

Addi
frac
frac
chro
prot

| ead

tionally, the enrichment of ARS305 compared
wiaengdet efThhms nreangest enri cwase nbob siénr A&Pe3 Otbe a d
tion of the fir000pldg Jgesstaitn g nt hsate pa (ma j200r0i

matin rings remained bound to the beads de
ease. The second purification step increase
i ng tfoolad 2eln0r0iOc hmentf onalr &DCdt en ¢beoéspondi
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excess over any other genomiF¢c gDIN2 .i nl htelade d pa rei, f i

~63% of the DNA molecules in this final sampl e
(Fi gurBeg . As exxpeceéewas no anHRSESBVdAriemmemt in the
puri f iFdatlirdn. (Overall, with only a 1% recovery of
a 21D6Dd enrichment over PDC1, it seemed that [

i niptuirailf i c ama nodna twoerrye.

A B
B ARS305+3 mm Control - B ARS305+3 mm Control
o« o 250000 = 100
g 2 g
2 8 200000- § 80
S G 150000- 5 601
S & 100000- £ 40
S o . = 20-
S 3 50000 5 20
0- > -
NNV S AN D N VY
\Q&QQ/("\@Q/ \Q&@Q/Q«@Q/

Fi gurknri chment of the c¢hr oimaitpiunairfiincgast idounrUsnign ARSeh @5 A
sampledgifgdalmt he fold enrichment of the indicated fra

calculated (n = 1B)Ws o hgg itetnarlifcohénpel nitc avteel)ues from A) an
size of the total yeast genome A~>»»2,eGE®0OKDb)i,n tthhee @grim
derived from the targeted replication origin domain (

4. 2 Basic elution increases the yield of ARS3
process as compared to gntbhbeuTEVYNppobeass uUsS

One step in the purification process that did n
protease, since-TBP%pobt ¢eihe Wax Anot cleaved and
affinity beads. I n order tsowiitncchrdednstec taleu tyii @l dmae

adding Q. 5mhiNHh should denature al FTAPr atnai e apgr 4
the dissociation of the denatured LexA TAP bound

di fference in the two Fappuirdeaches is visualized i
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Washes

TEV-Elution /

e Beads (B1)

G1 arrest
Recombination

Harvest and

lyse cells (CX)
Centrifugation
O

Super- Y]
natant (IN) ol
"/ Pellet (P)

Affinity purification
Magn. IgG Beads

Flow-
through
(FT1)

=D

Washes

o Beads (B)

Eluate (E1) |¢y ¥ Eluate (E)
Affinity purification
Calmodulin Beads l
Flow-
through
(FT2)
Centrifugation
Washes
EGTA elution
Beads (B2)
EIuate(EZ)
Centrifugation
FigurFExperi mental setup to examine the differences in
TEYroteasef oorr eNHut i ng nati aefchrowmapenif oirmggli as previ
described until the affinity binding of the LexA pro
domains, the beads were equally distribut epd ottoe atsweo s €
or sNH
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Thpuridn caft i ARS30wWwashrematlio®mdver, after the bind

TAP to the beads, the sample was split in order
NHelution side by side. Similar to tha&actpire®emng ou:
showed that about 3.5% of wehee ARGBIO®Be rc hTr OMnad li it |
which ultimately resulted in a final amount of
purification step. | mMpAR tfamd il ygnh pHibd ¢ inwgHf i @2 L e x|

i mproved recovery of 6% of ARS30R gcudfjeonat i n ring

TEV-Elution NH3-Elution
150 mm ARS305

1i

Figu4@onmpari son of téfef ipawirerddicead iwmr oitge &3 ¢f hommmr eNNHuM i on
of ARS305 chr.omeaxt hi ni hgspurification was perfor med |
si-¢peci fic recombination of the Barghifmedirmgpt he adhroan
rings to the 1 gG beads (Blglutihemmpapiede whay sipdeée twiatntc
el ution. DNA samples of affinity purifications were t
DNA was extracted and analyzed by gPCR in order to mo
origins as wet él ased genomic region (PDC1l) during thi
replicate).

-
o
b

% of Input
=

bk

Strikingly, the purity of the eluatas~waG0Qramad |
~450001 d enrichment of ARS305d osveao nkdD Cp uarfitfeirc atth

respectivel y. | mporrasul yedel-funo liad n-e3nBi0it0¢Oh mMieHn t of
over PDC1 and did therefore not draBtguddlLy dec
Thus, it can be est i noateecdu ltehsati n~ 7t 3% ofe haANA ema mp & ¢

derived from t he t d&ri ggautB®d. 1IARS305 | ocus (
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fold enrichment

B
» 80000 TEV-Elution | NH3-Elution '%- 100 TEV-Elution | NH3-Elution
=3 Bm ARS305 = B ARS305
© 60000 s 801
- - 60-
Q 40000 =
o - 40
% 20000+ % 20
0 X 0
A A & o A o
\ Q\'& 40 L L N ,& LS
P ARAR q,‘v AR CARAR e q‘}' o«

FigusGomMpari soenofchment of t haea sdmrgo ma tpinre treiarSgégs or NH
for elution of ARS3 @jUscihnrgo mait @ nelrui avtfres g sdymp tlde f 00 oh
enri chment of the indicated fractions compared to t|
repl iB)dsieng teme ifcohindknt values from A) and damdme i ng i
(~12,000kb), the proportion of total DNA present in t

origin domain (~ 1kb) was calculated (n = 1 biologic:
Al together, this change in the eaelcudli dni pcoeasere
ARS305 recovered with no significant | oss in pur

optimization step of the purification protocol .

4. 2 ldhcreasing the exprdédPivasteyeinofebhsrsd p
efficiency

However, despite i necfroelads,i nagdtié pdeth aesiieeel tdh @r gto

chr ainst i ffefed ofunf el at bplwiehgi ng efficiency tFd gtdhlee | gG |
anHBi gurdéther ertewoked oconhtliomn gmpr otvleyei ewhdhwa sa bivedb y
replcantgher iagwenk pr omot er dr(iCWLERRGTAP ex pes ® nbyast raerng

con sutivie promOTBVZI)t ern bl ot anat lymaidciticm aowvwesad t hat
LexA-TAP| eevs5 6-bo(Fd gu6)e 1
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Figubwedtern bl ot anal ysi-me cihaotwd ch gL epx A mox feaved sosfi on | e\
LexA-TAP p r @ twas examinedf orndi g@a el nustizi ndyf fen to n sutivieo r o nreft @r

Lex Aex pes ® nThreei n deeden tl o nefA RB3 0#8-3s Kirn¥0 0(65 ¢ 1, asveladsad ¢ 3)
sainwtleret hrei bosARBal (r AR )ed b yRSstes (YO O O8Btke a TE2 pr omotrer

ex pes ® o LexA-TAP. A n oer ARS3 0+3-3s fir Bx pessi nlgx Au neicont r b hwedkfCY C 1

prrot e0087 pC-YEXAasco maredt acont gmidwi t hLexulex pes ® nYO(0 3 4, no

L E X)APr eit sampdesoft ot al c elWelql s djxa etdd/éssrreb | andl ysuusianmdg di e s

agai nkek A Tod h lAPOEHas | coaxadntBarlr.gah onri gtliepi ctapifcgfon of t he
Wes trreb | g usl(n=1) .

Repeating the purification of ARS305 wusing both
side confirmed tHAP develts, weaselLexharly increa
samples derived from the TEF2 prombeerexprassnaio
|l evel s -TOoAP Lienx A hi ssTAR ratiinl,| LkkixmMds quantitatively

as seen by complete depletion in the fl owthrough

PCYC1-LEXA (ARS305+/-3)  pTEF2-LEXA (ARS305+/-3)
S
FER ™ o« de <& o0 <

— — - e |LexA

75 kDa—

Figurm®wWedtern bl ot analysis of ARS305 chroomatTlBRFd ng |
promomedi at ed expr ed AiRexnsafio ih pufeiaidnwvas perfor mdf oyeas & firn

Y 0 0 3ARS3(043-3) ohbxpes s dax AT AR nettcont roofl CYW@Arnmot asrwel dsY 0 0 6 5

(ARS3 043-3) ovwbxpesseex ALAP ercadntofol t R prrEornPo @it samdes wer e

t ekf oemboft hfeactoneft hpufrationprces sut i | i zé IngtaibHno wniri grel 3

( 0. doe XfP, N,FTan dlL %orBan ¢t Jan s u b sendyanalyz db yWes ér b | anal yss.
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Strikingly, t mps edvétrsem toifaormtkleahtmy othai op o n fipdiomi,

gi vingolad 3hi gher yield of chromatin domains in
purification with t(@{eugll8/ 1l pPOnematoerc egtnr aied.at ed t
protein | evlAIPs icf tlhexA this could foster unspec
chromatin resulting in higher background and re
was not the casearischmeeatt bevefrolPOC1 even increasce
strv6m compared to the CYEiluged8Bo mmtderC)strain Y37

A B C

150 30000 80
100+

20000

50 10000

relative amount of DNA
fold enrichment
over PDC1 locus
% of total chromatin

Y37 Elu Y65 Elu Y37 EluY65 Elu Y37 EluY65 Elu

Figu8gePQR anal yARS3I®F woHromatin purifications-using ¢
medi ated expr e3aRJDNAsafmdes ecoxmh het ues b tt halfi ih p ufrationsr om

Fi guv wer B ek ( 2%)5.DNA was ex faat e dn danal yedb ygPC Ri m redt ano it otrh e

amo u mtfARS3 0 presenti n elhues{ =1 )B)Us i hpga uasampes fro mC) , ftoh ed

en chime notf SBR & mpredt 6 hRDC1 o ¢ wscalwcatl e @)U s i tnhfed-enrch me wat u e s

and e oriimhgei @ & htealyeas gen mme ~X 2, 00,0 k b qutir wopt tal DNA ¢gsenti h h e

f mlel ues terivedfro mt h erget e dpitréio o r i dgd ma(i dnk lvasc & cat kb d .

Al toget her, seniutcihd mgc admb iNfdedi avi g ch eNEFrR2EGALI on of
vastly improved the purification yield and effic
4, 2 . The recombination process of replication

and efficient

Il mportantly, while optimizing the purification

generated recombination strains are suited for

respective replication origins. Ored fi mpentcgntof a
system, since insufficient recombination woul d 1
rings, but could also affect the purity -of t he

circularized ARS species angeur armdedrilsy wwohlud ar egde
fragments that include LEXA binding sites and co

strongly affect the proteomic composition of the

The recombination kinetics and embnéitemney- umdar

course experiment by Southern blotting of extra
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there wesr acomplete recombination ®&f0mihe at e ge

recombinaseFiigwdyectl on (

Control ARS316+/-3
S S er
QPP PV DS PNV t[min]
e - -0

———|C

Control ARS305+/-3
N Q .
O POV D PN timin]
[ - - <O

e

Figu®e&haracterizati-epeoiff itcher esciotmebi nati on kinetics
anal wyeasthirns YORS3946-83) (tomnpan é6ARp3(0#HB-3) (bottwenr epanel )
gowni YPRmedi tmgat bt lpras ean dt hearr €t @ dG1 p las el m h mesence o 2%

Galact 0 € @ n d weceminatio n Gen o im DNA sampes wer daken att he iciaretmepoi nt s,

line aziidwi t h Bst BICAM YOV O Gao5Swrr § o al itzhardcd mimedanfdi neco mimed

genomic AR16 and IARBYSOWBtrmkel anal ys n = 1) .
The kinetics of circularization were independent
t hat topologi cal cdnsntirtainmgt se vveenr e nn atth er astneal | e st

only theu¢tl eosomesaandi aeabfé¢trOuSkbated for the

strainFIl gRrary
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ARS316+/-1 ARS316+/-2 ARS316+/-3
3 OSPP DRR Py ® ®® D t[min]

R
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- - a» o o

Fi guzo®ependency of the |l ocus size oYeatshhens edO0MmMBBnNat
(ARS3 146-1) YO 0 3ARS3(14-2 ) an dY 0 0 4 ARS3(146-3) e g ® Y PRmedi t m

| ogthant p las ean d h €% Galactos evas addedt © n d w eemimatio nGeno nt NA sam gdes

wer ¢akenatt hiericda etidne p oilinetazid wB $Bthtoallo w i sual i z adco mimedanfd t he
ume o mimedgen oim ASR1 Bcu D ySo u trmkel andl yss (n = 1) .

4. 2 .AMd phactoereat ment arrests the recombination
phase

Besides the efficiency of the recombinati on, t h
aspect to be cointsiidalr etdo defimse the ARSpbhsematir
as this repoeasesfuibhdsettrlaga e f or replicatiophaséetiat
(Dimitrova and Bahtiksenmrte,asbDbh99)t he purification pr
a

| ways da&keisnrpGlst ed cel | s. However, | aalrectwart e

—

he strains, since an incomplete arrest would ag

—h

rom different cell cycle stages tdt tdeulid odha

hromatin rings.stThudrnesf ocrcemp egteangt f or recombi nat

o O

omawmers e arirne gidlad e apshibmage,t owhi Isé malll s @anedwnmBRl vy i ndi

-

ecombinase expression by addati est ovagavVearctit bised

analysis for all repli EagiadeB)or i gin strains anal
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strains c¢ompepteecntf ifcorr esciotneb i n a t3i)o m nYd0 OY6050 6(93 R SaRESwlda H /
as control str ai-lnE XA 06i6t ens ttviveorddo gfar$oiwtnh mi ¢ phbhphba Subs
fact{60Ong/ ml) was added to the cultures. Sampl es fo
asynchronous culturefal ghawtedl tEB)PDEEthenrd 2tS omndf GG1,
phases inhheaphotiles from A (n = 1 biological repl i ca

4. 2 .SAte specific recombination does not indu
that i s measurable by western blotting

| al so veri fied t hat t he excision, whi ch i nvol

me a salbrl e DNA damage response by2mo mihtosrpihfolguyd laa b aol
and Yang, T2h0eO 8RS 3 05i orne ccoemblisnashowed no WW2Aectab
l evels over theFitg®decdhmuse oft Zhhn( be concluded
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of the chromat-lngairohesf ahtdergenomic ends does
damage response.
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Fgur2eSi s@eci fic recombination does not indAfre detect e
Experi ment adH2Au tdleit e tfi @m upon recombination knductio

3) and parent al Contredndatl-tE@&Xmd i YnOgO 3s4i twel st hweurte RgSr own i
to |l ogarithmic phasealagfhdcit to epBrilaasrer eisnt etdh eviopt e d anc ¢t ® sef

to induce recombination. During these two hours, pr ot
subsequently subjected to Western blot analysis. As ¢
hydroxyurea (HU) f olrysdihs Wsisn@grantbil md doldé#&) agaidnst H2A
RNAPII as a |Ipdtdienhpacompti ool sthdbAvsl @iheeh smteetasnandar d devi at
n = 3 biological replicates for Y0037 and n = 1 biol

4. 2 . Tehent r odguecneedt i ¢ modi fications do not <chanc
profile of the investigated replication orig

Il mportantly,thevee cgiesreadtrifchantani pul ations did not
function by comparing the replication timing of
i sogenic control strain, using DNA ddpne rPWLCRber
(gPCR). Cel t edwegrmeaGéraripshdacamad synchronously rele
phase. A copy number-raphi gai sn@f ARDFEO EepprBeyatis n g
ARS 3,lo6r areptecating region on(8atcthakomos gme al Vv,
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showed that both ARS305 and ARS316 | ociicg eipd itchad
wildtype and mbBdgiézZJeHODhestao@apysnymber of the EE

increased from O to 24min after release, refl ec:
the LI oriogi mmrARIEc@ati ng .Afegeé o nt loins Cthirdhepoi nt , r
initiated from the LI region angihxoeyi mumbrap| ata

48min after pldsaVWhee ni nctoompsari ng thel aebppl hombeng
regions ARS316 amdorClhy 4i, ndrheasread isl i ghtly after
slightly increased replicatliatne palti CAaRtSA3nlHGe gai SO nc.0 mp
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Fi gw®rdent egr at taomd olfeixsi ng sites does not affect the
modefli ori(gB)Aral ysis of the replication timing of ARS23
RSsites amdnderd sites were int2g(¥0e@6@5nekAn)3tor ARBS
(Y0O069) (B) in comparison to a par ent aan d obkrdetixrrali ngt r ai
sites integrated in its genome. Sampn eat fbhe gendimta
ti mepoints for copy number analysis by gqgPCR to deter
l oci . The plots show the average clalemluintbetyi orgast i os
(ARS316, Chr 4) winhfrsomnadar=d 3delviialtd i c al replicat
significance p-t<es.)05, unpaired t

4. 3 Mass spectr omebDIsied ealbdtEeldynsd sL | replicati
orili gl ns

After the improvement of the puri fi craitziaotni osny satned
validation of the nlkcwlnyt iensuteadb Itios hpeudr isftyr aihnes ,sel e (
ARS305 (EE), ARS315 (EE), ARS313 (LI), and ARSS3.

composition of these origins using mass spectron
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4. 3. Purifying chromatin rings ferymaeddicpenttd
I'n these plurt &intgheet erdenpsl,i cati on origins with a su
first three nucdmrdsdoessthioedmugdf) .t hSei nmarliagi nass (b+e
negative control pur i f i cuastiinogn awasst rdaoinne tshiadte dboye ¢
integrated RS and LEXA binding sTiAPesi.n Welsda edinf fb
fractions sbopéeteederepltTAtPi om dfheLdxXtdAMwt hrough ani
final el ution icnt elEdl uHhe.rai ns as expe
. EE
ARS315 Control 2  ARS315+/-3
©
c:'fq N“ sd"q RN
.':LexA
O —75kDa
. LI
ARS316 Control £  ARS316+/-3
T
v deelo¢ sdte o
-— _ ~ |LexA
O b | 75kDa
_ LI
ARS313 Control £  ARS313+/-3
T
e \‘é‘*@@md"q AR R
. LexA
-75kDa
FigudwWe2tern blottheatlysomatoifnfiscapgriioor to mass spect
TheexAaff i ni fi @tio p @asvierf mne doreaysta nY) 0 §ARS3 1+3-3 ) YO 0 9(ARS3 143-
3)Y,00 gARS3 146-3) aYyn0do §®Bo nt r e ki h ats o r @ 8 Aex Aan dR-Re 0 mimase
budes ncoht Sn and LEXA dgemeérme. eiMr osteasmegret aek orf acdh b h e
fregions of fitatioen rggesrsi s h o(@Mn(0 .i 1ifeb Cel | Extractl (pCINt) , ( Pel |
Fl owt h(Fo bap k1% f oBe adB)an(d EI| (Et)igmch s u lerslieapyied o nSD&

p tya ¢y | a mieldne g
bl ot t31n)g. ( n

follo w tplesenceo f

Similar to before, t he

lteh A&rog e irinn @ utrihdeio p uWeg dr n

enr i c hwaesn talosfo dgnuiagniR € RD NeAd

where bet#00f +2@overy of the specific domains
but no enrichment, iwas$ hebsPha eddir esgartmedhopy gene
PDC1 was similarly |l ost in both origin and contr
enrichment of 6&uguber geted | oci (
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Fi gubSePQ@R analysis of the ddiHrMfemeaeinig fp arcifiioarmst tiod nnahses
spectr obecAaffiyny mation Ser werfor md fabt tdh @ s digenitor Ste-spc f i ¢

re o mimatio n tolf ar eted epil di@n ri @ s YO(0 6 BRS3 043-3 ) Y,0 0 YARS3 143-3 )Y0 09 4

(ARS3 13-3 )Y0 0 6(A 53 148-3 )s)ieth ys i d e thwep ti If o nronfith eco nt rtrai InYOS6 6 ) .

DN Asampdesfr o & Ioigal epit & e saffioith y pgatio n fei w ken (99f. oCX, P, IN ,FTan d

25%f oBran d ). ENBwasex a &£ eah danal yedby PGR t otomo daniciment o thr ¢etd e

repic Hon or i gé assan arslead egoimregi ¢ P DC1r) ntde ufrai oncpso Bn =

b iloog &l epit & &.s

l ndeed, the final e 40y D09 , O-PoOwed deates sasven t he
(Fi gubl ,2 correspoitdoi #fi2g0Dl Hoeac &8s over any other ¢
purified matemowdhd-6DHe roeff oarlel, DNA molksampl es iwer €

derived from oRIirgu6dr geted | oci (
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A)Us i ngel ubsanedesfromFi gub,e tf2oéndchmentt tod dtredli cgi naedc 6 mp

th D C 1 cul soaswe & catetl (n 3F Ioigadlepit &8 6. B)Us i ng teh eh nieodaldu &resm
A)andator i hggsiipne tttpgeagenome 12, 0))Okdeopti oNApfesehnbt al

in tfhatnlua e ®r \mthvfro nth e¢ar gt erdpit Eon or i giim (d~wadlckbdbcpatedd (3 =

b ilog ialcepit &ges ) .

4. 3 Mlass spectroméehmyor ewdialbes i nvestigated r ej
origins

Hav i egt aslhedti hape cditjan ch i g eolt dhsei le-j o cch ema t ii datio nl, exnt

det mnined p re tncomp ots 0 at i rvdi dual uosriigggnit at | whbfr edéqui d
chr @amoaprhtan ém maspcr etm(lyC-MS/ B) To istedid , t hee mp ®wvitd

fro me alckE Ean dLI +/-3 0ig i pufrdtion wer e ctoangparr celdfi gtio nfio ma
shirm hae st hablityt exci san dp ufy$ pc¢ fdrci chirmatn .Foreahcor i gi n,
smilarp r ebne co erages wer e awiht kv @®&a& 3 00 0 tnisd eiedtwii fmb r e

t hanwoni g eapdtespfr o niee HMoigal cepit tes. Toredoe pot eanétguadd b
co nt a ms hoanncoyn dered prot e faah o r b wer ® raverag eatleas i 4-f o éndched

0 er hetnegativecont r ol p ul bBrdbamtyins € i olifsduad  © 4 29an d6 2%,
put aA Ry ®ractin @ r @ tnwsi ARS305 ARS3 1 ARS3 1 8n dA B3 1 @es p tvel vy,
whch  weo redefed f osru b send ustseaticanal ys§Fi guT)e 2
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Figur®c&2tter plots showing tlkacipmrwdsetiing actnerd crhemelnitc aatti
Scatter pl ots of abunddawragege riddaogemichwne irodgfh tgsrnaite ahc

repit #o no r i muficatio n( == [Biloog @l c pit & §.Pr eit nosft hMCM2-7co mlgexar e s hown

i ighaan g hitssesi geyands el eoprt@tdh @ oarsali laypd poreplwit h their g e
nameAlpr @it nthat wer estatisit 8y eniched at a$ ® 4-f o bvér tch et puofi atio nar e
colaeacor dit mdpe arnidgidrecr-eabuagap indicated in the | egen

4.3.2.1 MCM2-7 complex and histone s represent the most abundant proteins identified
at replication origins using mass spectrometry

Nwl e o s oamdaaded MCM2-7 d o thdxdmer co mlexes are expe ted temesan th e

mo sdb u ramtan ds t a lad y atinigp r @ trfact o ratsal lic @ ed repit sOnor i gi ns
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al ., .l2ddb2asytt ,hye sth onmogue difkrt o s HH QO wason deg & e d
atARS3 1 3 ,ic @inmgdh eesgmce of neo rper oted h edo s oahth r @tin s uat u ate
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h itoses (H2 AH2 BH3 H4) andt h®i MCM2-7 s ub( MCMBCM3 MCM4 MCM5 MCM6 ,

MCM7 pert hent rpafr atio nf oea b repilatio noigi mh éar § rndt eneanand sarand

dev i an¢$ froom ad s u boufn i tohnelexes fro m3 bi lo g &l cepit 6 e * indicates stat
significance p-t<est.)05, wunpaired t

40



Thi o redce f MCM s tich imet riyso n s i swatiheprev i orapso rsthsowt hgal vy
ori giangd o atdlp MGM dilwé¢-hexamer ¢ Das et al ., 2015; .Dukaj a

To confirm this result bywaasn pienrdiepmeameddd-n saghgheHtdAh o d
allele andMMCM2i cal histone H3 at the 4 origins.
done in the endogenous chromosomal context witho
purifications. Consistent with the protedmi ¢ wha't
EE origins showed -MCM2 ghempdreevce It oo ftFiHe uteAe)o 2L 1 or
whereas histone H3 was particul &rnlgu®nr2i ched at

B
MCM2-HA ChIP H3 ChIP
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FigueehIzPPCR analysis confirms fTheoditbherematé osnaMCHE
origins in their endogenoA)Eh legPrCRmoasnoanhayls i cso nithe xyteast ¢
expressing MGCM2gagsed aal HAl e at the indicated EE origi
ARS313/ ARS3 M.t i body twasi nunsuendopr ecHHhidtatteheMCiMR2di cat ed
regions. The bars indicate mean and standard devi at
statistical signifi<a&s@)hpgPCR) .aln5a, | yusnipsaiirnedy etast str .
indicated EE origins ARS305/ ARS3Al 5-Han ca nltli bordiyg iwas AIRSS
i mmunoprecipitate H3 at the indicated genomic regic
deviations from 3 biological friecpalnicceatpe s< (&.e05n ) iucnaptaei sr

Iconclude that the two investigated EE origins sl
to the LI origins and this chromatin feature is

of the origin domains.

4.3.2.2 The proteomes at each replication origin show a limited overlap

Nex tli tar st etdhprentmesft htewh Ean dL | o rtiagd enneb mfoynhts t hat
coulpadt enpgrd mtk B Bver s u $ri hdgfepilatio n o r Sugrrips g .lligit, eaderlap

bet @ hdf @& o enschedatb o tElcor i gi 83508 RARR3 1 ® / 1A da tn as)wel |

asf @ os Ared bet eent htewhl ori 3 han dA3 1613/ ®Brdev¥tns) wer e
obser(viege3 ) .
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However, examining this dataset in more detail),
complexes identified with several subunits on t
order to visualize these potentially interesting
protpeion ein interaction netwWbgiBrlanal ysis was perf
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replic ionicasi(nluo et .all nt 0daSBt0iésa Itégyact AR Wi s bhbuni t s
of tASKHcoDnp»x A{ k Dad 2 ,ad BSpcl %n dSpc3 4 ) |, rg ees s e ndo iméex that

assatcés micrtabhul ansdcome t ¢ he out ehrorket hteg ionfddre epr op
chromo s o seg egation Jenni and Harri son20 0270;1 8We sMierranmadnan eet
200.5)

Bes i dceaso mihdtosesan dICMst hcet he o r EARH1 S bwedfewo tehs pc f i ¢

i teractio n §wofact os p cd dyen chedat ARS3 1 wer e c&E& ogerwht hFeb o x

pre tibas 1semrgt megmpot enobb &CF( Sk p, Chud X imontFai ni ng cor
co migxesatE Erepitati oonr i gSt n § k ialH gfbo ufn@s u b uaot b SCEh r atn

remode |lco mgx ( Re6 ,R£8 ,St hdnd Sf h at)t is par ¢uil ar i déimo ntghfew

co mmo ni teract o bes @ath eEEor i AIRSBG5 an dARS3 1 wast ha s u b uonfi t

t hefits edlot 8 e 1 Whchwasi d e edti ilfilhgt h r o u gdnrepnushs a negativ e
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genetic terreto r wavardhRX, MCMan dORQGo mlex sub@u@o stsanzo et al .,
However t isfa ¢ owmas al siod e edtaitfhidor | ABH 1 A8ndt hu sBoutoBoigi n

p ufration svhchco u lpa itnoaw desmo r eeneglr o b BiB act oat repit 8o nor i gi n

chr ami npee @nto ft h dimin go reffi iency (F i uge 3 }.

Similart ARB3 1 Sony few s p @ iider eio n sver 6 d e edtat tf h & o rAi Rg3i 1n6

i ncl udieredg mélbcd Bes i dtehsa@an,o malhcitossesan dCM  p ei ngp p aed

t et hreaj otrat mlrchomat domp on erktbd lor i hiveasi n s to n@Esrg

t @ heecon dl or i gAIRB3 1 3wher ethe larges th u mb e fpr @it n teracions wa s

i dentihéréasind .ltymeg s u b a fthielSSM bco mlex (Iswl, loc2 ,locd ) walr €0
present at AR&SQdedt ed tsalldpu | arr v 0 fphased nucl e o s oane s
geniregon S Er ik sssmd C|l alrak siod2e0edtriigf € o s asrseee mfadt yo ansd

h itosn ehaper oess shasA $1 , t1Rtél,| as2vel dsbotsl buaif tRAR&T §litat e s

chr oatintan sr i ptco mlgx) ( SPo kb &) hh ghn feicl Howeyert was show

thanltyhe chromatin remodelers | NO8O, I SW1 a, I SW2
regularly spaced nucl eosomes at mor e (tChanc i80 % to f
al ., . 2028 eb 8§ Winplsy ,not investigated in this stud
this complex might be needed to create arrays
repli oatigéoms, i nclAddintgi tARS IHYBK 3 6 demet hyl ase
identified, as wel |l as Dot 1lalsofhoeu nwds ushiexofitthe H3 K7

SWR1chr atn emode lco migx (Arp4Bdf\Mps 7Rl Swc3 an dSwc7 )t ha s

imp oantf arheechan ge AE: H2aMmer saswel dsma ntyan sr i p fadt @rs sh as

Rap 1Reb 1Sumlan dMot tht r i g AIRBBd Ialy sioteract ewi 3B ubumift & he
DASH comp | eDxal ASpcl %n dSpc3 4 ) .t BAs mlgx wasal siod e edtatiARS$3 0 & d

t hamse a eid@Boudf odi g ifitiopnusd & c i dfetherit mv e st ichaa ez aan d

f nctio alr o b £iBco miexi thecont efrepit Hon o ch rgatn .

|t i's i mpor thomutaf O Gnhuobtuen itthsadte b e £ th &l SAIREat afs

burtoith he fipéormt hoet hoerri dgd ma (Frnuege27) Thiccsu bd a sdb yt h e

stri wapehr tn g osbtuergiis eurfiatio pr edcur e at a salt concentr e
KCIlt hat resualiyth hleo ® $no rten s i etaract o ass escr edborf tyleaa@RC

compgex( Donovan et al ., 1997)

4. 3 Repetiti onmsasfestpm ® nentarlyy scihsr oonfat spuri fnige d

i al ow salt condition

Besides ORC subunits, ot her expected interactor
ARS305 were not detected (see also Discussion).
potentially puafiffiynittryannisnteenrtacitlmornwsyr il frepeiaoersd at

physiol ogical salt concentration of 150mM KCI i n

4 4



3.3.3.1 The purifications in low salt conditions show similar chromatin ring
enrichments

Since this decreased stringency could affect t he
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BB ARS305 (B ARS315
= PDC1 = PDC
+ 150 + 150
2 : 3 | ]
£ o £
“ 100 ° 4 100+ °
S S
50+ 501
0- 0L Lol L e o | 1] T
IN FT B E IN FT B E IN FT B E IN FT B E
LI LI
ARS313+/-3 Control ARS316+/-3 Control
200 200
B ARS313 = ARS316
= PDC1 = PDC1
£ 150 = 150 I
o o
= c
w 100+ ° w 100 °
o] ]
S R
50+ 501
- spr—snspzin 0 e
IN FT B E IN FT B E IN FT B E IN FT B E
Fi gwBr2gPCR analysis of the dichtemantnigf pactpiéd catafedt he
in | ow sal tlexAffihiyt igatica ger werfor md undesralltowondi ti ons (:
KCIl )al fl ottah 8 s § fenitorsfte-s p ¢ fré @ minatio n tohfar gted epil di@an ri @ sYO( 6 5
(ARS3 043-3 ) YO 0 9ARS3 148-3 ) YOO 9(ARS3 13-3 ) YOO 6 @A RS3 1483 ) ps we l | as one

pu d#onronf thecont rtail nYGOE 6 )DNAsampes fr o 8 Ioigal cepit & e s affoibh y
p u rcdtid n ser wlken (9%f. CX,P,IN,FTan d 5%f dBran d ). BENAwasex fa £ eath chnal ed

by PR t otomo erihciment o far ¢gfed ®pit 5On or i & dssan aslead eqg o i

regi ¢ P DCL1r) ntde ufrati oncpso (3n lgal epit & 6.s

The recovery of chr dRSBI0HB piumgsidati og shewed si

in the 200mM condition, with ~73% chromatin rin
anal ysi s, the other three origin Ppiugidflée c aTthiiosns
negative ressl verlyowékedy a technical problem of

rings were efficiently depleted from the fl owthr
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enri chment of the chromatin rings over genomi c
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Fi gwr3danri chment of t heduwrhirrognatth g@ulrdvnig®é&lsti agel uheée e
sampesfro mFi gur,e tf2wéndchme ntt hod atredi ©r i cuiech sth@&Pd @ cul soasw

c acatetl (n F Ioigal epit &8 §.8)Us i ng teh eh nieodaldu &EsmA)andat or i heg i n t
si oéd tthlgeatgenome 12, 0)DOkimpopt i onDNAP esdndit at fhignlua e s

der edvfro mh ear ¢t erdpit 5O n or i giimn (d~wadlckbbcated ( 3b itog ialcepit tes ) .

I n addition, similar enri chment |l evel s of ori gi
200mM RKCHu3Band Fi Jumaes 20bt asomgdesting that t he
conditions did not have a maguwrri fiimpatcitormyn dret s
It herefore proceeded with mass spectr omestarlyt t o ¢
sampl eso.

3.3.3.2 Mass spectrome try reveals the proteome s of replication origins that were

purified in low salt conditions

The procedure was identicalptantmte®eviedfro eevdhadEES e x p e
an d.l+/-3o0ig i pnufration wer e ctoawp trrod dfi pto nHHowever, the prot
coverage was highsrmlthazonidnti oeodAhiFgogh each orig

with at | east two unique peptides and from threce

Applying the same threshaelrd nggs pbeoft eri en sa Afdodddn lay ec
enriched over the negative control, fieadwlrtaecd iinmg
proteins with ARS305, ARS315, ARIS@d®e 3and ARS316
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log, fold change (ARS313/negative control)

p-value I- - ] > 1.4x enrichment

log, fold change (ARS316/negative control)

MCM proteins == DASH complex

= < 1.4% enrichment == histones

Figu4eS8atter plotpgsodleowi rqprti ckdament at each i

when using a | owapplrto@gdtt Ercptobs of abundance
averagf€oldg2nrichment of proteins at each of

pernrfmed in | ow éalt Bobdotooghsal repl i7c actoensp)l .e xPraateei n
shown in |light orange, hi stones in grey and DASH
statistically édnmorlidc hoevde ratt hlee acsotnt 1r.o4 p wrgi ftioc a@thieo ro ra rgd
and decr-eabuegap indicated in the | egend bel ow.
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3.3.3.3 Low salt purifications do not change the enrichment of the MCM2-7 complex
and histones

When examining histones as weld¢compl ¢ehei sublhaileas
purificati omecorediutteoshownohaonly reproduce the
of histonessr amdnpNF@eMR$)e( dut | cotladi siani HiagHer r
enri chment of MCM mol ecul es over hi stfoonleds) aatn dt h
ARS315 -f(aoll.®2)1 over the two Lfloldar)i gannd AARSBME ((OL.
(Fi gub)e, 3confirming that then cdhiadn gneoti na fKkQlc tc otnhcee n
of these strongly interacting proteins.

EE LI

1.45x 1.07x

[=2]
]

0.90x

]

o
N
CD“J

| e

o

Q
&

v

average fold enrichment
(ARS/negative control)
i,
8]
T

)
voY Y

= MCM enrichment
@ Histone enrichment

FigubMas3ss spectrometry reveals a high -2npiactheniems af th
investigated rephenat hohowr gl hs p uBarpflisoemdsendinng lkeewndi t i«
average en ich me w fth e  fcanuormai hcitoses (H2 AH2 BH3 H4) an & h®ei MCM2-7 subunits

( MCMRCM3 MCM4 MCM5 MCM6 MCM7 b ert hoont mpailratio f oea brepilatio noigi n.

The purifications wer e pélrhfear rsmedt eneananido vs arsadeldt ens o pndi t i ©
fromad s ubounicahmdexes fro m3 bi lo gal epit & e(s* i ndicates statistical
0. 05, unpgasitned t
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3.3.3.4 The low-salt conditions slightly changed the identified proteomes at the
respective replication origins

Interestingly, | owering thedbsdl notondcastirati oy
number of overlapping pr olt6e8 npsr oatte iEnEs )o roiogri nast (o02r7
92prot éiFmg)dr.e 3

EE EE
ARS305 ARS315

Y Y
LI O O LI

ARS313 ARS316

x 57

Y
O

Figué¥emBn diagram showing the overlap of proteins de:
puri ficat i-soanlst adonldoiwt i on®nli(\y 5P mot KiChfgo ladt el neraiscth eld. dov e
negative control are included.

Further mor e, consisbentnevdt sbradée coimglilti ® n s, onl
ORC complex subunits were detected at ARS313, bu

Other proteins that wer-anded oM edondi boohs ther h
consisted most7lpy odfeitntsg MGM2vel | as canonical his
some additional proteins overlapped in both cond
t he nucl eosome assembly factors Hir2 and Asf 1,
chromati nngr eacnomdell @ x , the H3K36 histonet dreenet hyl
components of the DASH complex Dad?2, Spcdm@e and
reproduci biygy bBetwondedi ons for ARS313 could sugage
complexes are strong Iinteractors with ARS313 a

replication timing control at this origin.

49



I't is also important to note taé&dhtd ARSfAdIBD emad rded n
specific proteins than the other 3 origitsmd,t whic
and diagth cofrdigui7eh®3d4,( amy. 3Tmidi cated a | arger
complexity of intepacging ptbobheugs &t ceahnst rul
related sources of this i mbalhemnsce s(asggd hBh®cussi
foudabed epmear e lyidgtisn &a mea b o teh wih e ahcch rn@atin d o ma i n

shownddgisnsett of protein interactors with varying
defining the replication features of the individ
However, si-sigalet thendti ghon representlsonbéedmoed ¢ hy
proteing d@mritchheese experiments as more |ikely t
replication origins.

4. 3 . HG stone PTM analysis shows differences in
among the investigated replication origins
The enrichment of canoni cal hi stones in the or

prompted me to monitor the specific histone PTM
To this -easol tiigohn mass sppuercitfrioende ohmiysttboén ese tfirv i d
origin purificatMankewas d@mpbegel®mprk the enrich
PTMs on origin chromatin with the general l evel
I also purified bulk hidt osntersaifnr ounmdtelre aissymgehrriom
Glarrested yeRisguTtes |l Add éetshiep nsaalmey ,affinity purific
applied to the control strain | acking the abilit
t hat anyohiesudes mnd associated PTM |l evels prese

from background binding of genomic chromatin or
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ARS305

ARS315
ARS313
Control Control Control ARS316
lASYN iG‘I arrest iG1 arrest l G1 arr.est.
Recombination
bulk histone bulk histone LexA affinity LexA affinity
preparation preparation purification purification
\?SDS-PAGE k///
Ehistones
Gel excision
LC/MS analysis
Figuime SBhematic experimental outl i neMafssr stpleet homebn
analybBistohe modifications of bulk hisdamommest éd od alttedr
as well as histones extracted from the respective ori
wer epgel fi edPAISEE AD8 excised hremonhbePg#l ahal ysi s.
Overall, this analysis detected and quantified
on histones H3 and H4 with high confidence in a

K79 methyl ation | evelss rierf |telce ecdwiitdhéen! ggewneolingei icra t ti foe
and ther@kted buHikgusBempdARS313 histones were exc
showed a reduced l evel of H3K4me3 and a corre:
H3K4mé&lgus8,e HB3K4 me) hwkbati as a decrease of H3 K3 ¢
H3K36me2 in comparison to Fdlglu8ct K3 ® rmat. myAsaitrii d
these trimethylation marks have a prominent rol
ARS313 histonges apen, ntrmaadscriptionally inactiv
consistent with the strong enrichment of tot al
(Fi gsrerv, 28, )34 I namd g838b5ngl y hasl shoe nitd eomteidf ibeedf otrh
demet hyl ase Jhd1l enriché&dgaieARBBILABh cihg oanan 3 ins t(e
reduction of H3K36 methylation | evels at this or
enri chmeHBtK7P mEBgUI& H3K79 ame)pmy & mar k l' inked t
transcription as wel(Nag@wyeoNAa dd malgken g ek &dmpnt |,
(the writer of H3K79 met hyl-ati ohi edvawi tah sAR Ss3ple
chr omaRiigquy e 2
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H3K4 methylation H3K36 methylation

EE LI EE LI
H3Kdme0 —iEERET 42 039 040 044 040 ] SR &l g 024 016 020 023 025 022 0.26
H3K4dme1 ~fiFLRiFl] 20 020 021 025 017 k& TNEYE 0.07 0.05 |l 0.03 0.05 0.03 0.06 0.05

H3K4dme?2 —IKGRIFA 16 017 016 016 0.17 SR &l Y 026 026 025 022 023 0.35 023

H3K4me3 —JiEIFE 22 023 023 015 025 H3K36me3 JUEEREN Nk R Fr Ak G

H3K79 methylation

EE LI
H3K79me0 —JUELRTEN KREREER RTINS R
LRI g YRS 008 0.05 004 003 003 0.02 003
H3K79me2 JE2R0REN R TAE Rl E T P

R OA I CRE 061 0.75 [ 066 0.67 067 075 064

FiguBéle8t maps depicting the methyl ation states pres:
ori glihnes heat mdg&K4s hel8K36, and H3K79 faom exsdyrdc brud ko hs s

as wel|l as the replication originndindatceontthe | f mpactifd
respective modification over the total amount of this
n = 2 biological replicates for origin purification
Next, the changes in acetegltddari minn alf tlayisli nef rleisgt
examined. [ found no major di fference in the a

bet ween t he origin and t he c oFnitgrua9e WHSBKOU K1 dHul

acetylation

However, al |l sdroiwgeidn as amp Igehgda ceentryil caht needn tH 3bKB198)/i K 2 3 a «
over the control (7%) andFt ga9,kuH3XKK 1h8 /s 23 ka seatmpll «
suggesting that hyperacetylated H3K18/ K23 is enr

t heiirng iamd/ or efficiency features.

H3 K56 ac ewmaysl antoito ndfeare ctttaeb| @1 arrested cells in tl

asynchronous popul ation, however, there is an en
is in agreement wjtlwhpcbhbvsbow shadi ehis mark is
SphaéBbBlasumot o et al ., 20585, Rdochmfeoxphbhinne®BO6)N
a mo s otf acetylated histones in this condition.

purification is wvastly different, a sl i5k0e% yo fd uHe3 Kt

unspecific binding of pref ertehnet iaflfliyniatcye tnya tartiexd.
origins ARS305 and ARS315 beld®dWe acetyl at end | &r s
I nterestingly, the two LI origins differ from
acetylation |l evels and AR$3nNi6 amd &r lhy ghO %B.ceHywau e

observed in the control purification, making a d
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on the different origin chromatin rings diffict
(Fi gu®9,e H33 K5 6l aatgieotny

Fi nalldleyt,er mi ned the acetyl ation -tpatntienrans peerpti de
comprises 4 neighbouring |lysiFngu®eslB4d uacet HI4KBI

On bul k histones, the acet ydattweoenn |telvee | &s ydmoc hnrootr
Glarrested chromati n. Mo s t of the acetylated HA4
acetylated, which is in good agreement with a pr

of t heaaometnywl ated H4 (~50%apni bebatkrchobedtin KI1E¢
modi fication maintained by( Brd %2 itsthrnaamngedutalt.he 2d

H3K9/K14 acetylation H3K18/K23 acetylation

EE LI __EE __ LI

H3K18/K23ac0 L RENN{
H3K18/K23ac1 -JERFl]

ERLCTEGPEETE 079 0.85 ) 067 067 064 0.76 0.60 060 062 054 065 0.56

H3K9/K14ac1 EGCHOEEN HibLR Rk b k) 033 029 034 023 032

H3K18/K23ac2 iz

H3K9/K14ac2 0.03 § 005 0.06 0.06 0.03 0.07 0.07 0.09 013 012 012
N > H LD o
2 S 3 S o
v O &
Cy vy ¥

H4K5/K8/K12/K16 acetylation

EE LI

049 063 062 071 053 [SEPE 0.19 025 010 029 026 018 019

04
0.16 0.33 0.30 0.32 0.28

0.51 0.37 0.38 029 047

0.3
021 024 030 027

0.2
9 0.13 015 0.16 0.19

0.1

65 004 005 004 006

Figupdéled8t maps depacet ppgsatttdhtens present at the invest.i
ori giTrhe e aht masphso wh e acetylation states of H3K19/ K14,
H4K5/ K8/ K12/ K16 for asynchronous atnlde arraplsiteat iboun ko rh
control purifications. Average values indieatettahe f
amount of this peptide (n = 3 biological replicates
purification sampl es).

I n the purification samples, however, the patter
bul k. Thh4 |lecvetlylodti on was generally |l ow at the I
H4acO0O and H4acl being the predominant modi ficat.i
ARS316 shifted towards higher acetylaandndl evel

acegtated H4 peptides. |l mportantly, the proport.i
increased further i n t hreefdoencttreadl bpyuru fs peadii foing
hi stones to the affinity matri x. Thiyd amme @ams otnh &
origins is primarily due to tchhe omadi hi casstsiocn as$
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hi stones. It was previously shown that the ARS1
deacetylation f(omniGRY Mshmamw &hiaclhc,a 2 0fsudlel)yt wi

these results. My data reveal that LI origins sh
could contribute to their | ower affinity towards
phase.

Toget her, thisatnbtni alf ddha&atantee rPTzMs o f the EE
domai ns gavebwptromreil hgi nary resul ts and wil/l N

i ndependent method -spebi &aschiCht®nexpPe&eMi ment s.

4. 4 Hi't valbydattetoomer dngt endtw pmredter mi ne a

potential influence on replication ti ming
After examining both the PpPrToM esadmdg ea satweelalc hasoft e
origins, | next wanted to validate some of the
dataset for a potential role in replication ti mi

4. 4 .Slidr i s used as a proof of concept to effioc
timing at ARS305

The general strategy for validating hits was to
LexA binding sites next to EE eqgr iUl sredmplcitccat ipan
affect origin firing, I expr efsisxeidon hper oteesipre citn vt
where the LEXA binding sites are ~2001lbps tarwaaiyn sf)r.c
I n order to deternsi,net hef hihsitsonse sdeart emoyrlkase Si r ¢
control, as a previous study had shown with a s
firing at ARS305, whenZatpgptuHdrae dettTdaeét leif S2r0r2i)d i ® x
Sir4 asfasiLexAproteinlinetbmbARSB806nr/ strain, whi
decrease ARS30Bbi gwigi n firing (

Sir4-Vb5-LexA

?v
Chr lil Q) ® O O

ARS305 ARS313 ARS315ARS316
EE LI EE LI

Fi guwurOExperi ment al outline for assessing the affect o
origin ABR&8805strain Y0051 ex\p5 efsssisorSiprdotasi m. LTehkiAs
recruitment of the fusion proteins to ARS305 in the
sites in close proximity to ARS305.
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To measure replication ti mimtgr odoupAeRdhdudnhtb,ert haen ap 1y
assay by gqgPCRi ge83eCleddds (wer e aprhraesset eeldptidacd @
synchronously pradesasied ilmeéopiSesence o0fTh2e00HMM hy c

treatment | eads to nucleotide depletion, which &
checkpoint activation that restricts replication
(Pol i a6.)al ., 20

Besides the strain in which Silr &LiedA)ar get edetdot
additional control strains. The first strain doe
1), which allows us to assessomdhesterddicunltecexoNhr &35 g &
TAP, which is targeteld LedXARRSBAS0(ABRE30bB6+Het er mi
targeting of an unrel ated praocst eHierxddoi tAIRSSiI0Bi lad If erc
replication of the ,8irdgi wasl hathgetéedstocdAREBH6E
Sid4+exA) in oirffdheer tteot hteersitng of Sir4 is affecting

this has a widespread genomic effect on other or

The copy numbér t ameelpysiicsat i ng ARKS&8Déplviecagisod he
on chromosome |V showed that none of the three <c
ARS305 (riiggdrre.bl ack anyd. gHeweWwared i ng Sir4 to ARS
i necase the copy nufmbeurlet clIR®P&GBs(i ng that tethe

t his ori gdienl asyterdonigilsy firing ti me, since it does

|“ I
0

t[min]

activation.

g
o
]

= Em Control

=3 ARS305+/-1 LexA-TAP
B3 ARS316+/-1 Sird-LexA
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Figure 41 Targetingeacfre@isesd thheAREDPOI cati on timing a
Analysis of the ntéaptrda@dwbnt i gné rlge xPAomrtdo AIRBIBOHe /

ot her strains werY0Délse®Ssdd esomatnrdolILseex A bindi hg sites
ARS30-b+but does not exp¥OP% aametFTaARAXAr AREBMGE+NY0070

t ar getlse xA rtdo AIRG8I1I6s/ wer e 1Selpechased iinnttoh2e0 Opntils ence o

55



Samples for genomic DNA eixnndiacati @edh twiemep diarktesn fadr tdej

by qQqPCR to determine the relative replication timing
number ratios ofaleaarelpyl i(cAld :0y5) Cthe 4) (n = 1 biologi
To summae, this experiment showed that tthoe integ
influence replication of individual origins by t
replicatianvowbgins

4. 4 L2 xwas wutilized to guide twelve proteins

origin ARS305 to the LI replication origin A
For validation of potenti al candifdztius efdaotnomg od f
t hat were uerdei esthd @grhdd t i ons as t he mo s t Sstringe
Additionally, we focused on proteins that were ¢

since this was the first complete dataset that w

For hit paeiimsatfiroom the EE replication origin AR
wer e expasesddeddi on proteins-1inLkheRRARSBHS + (
Addit iladaslol vi,nc l-tuadge df ar VGomp |l amahy sry ©Codl €onfirm
the fusion protein at the integrated LEXA bindin
EE replication timing control of ARS305, this s
firing at the LI origin ARS316.

Proteins detected at ARS305

?ﬂrus
Chr 1l " ‘. C) ()EE

ARS305 ARS313 ARS315ARS316
EE LI EE LI

Figur2experi ment al outline for assessing the effect of
replication origin ARS305 to .tSted elclt erde plriod a&tiinen aarei ¢
Lex\W5 fusion proteinsr.ecTrhuiist nelnlto wsf atrhtei ffiucsiiaoln pr ot ei
strain containing a cluster of 3x LEXA binding sites

The proteins that were targeted to ARS316 by thi
As k1, | pi 3p,r oatrgdi m&EPréeB an)d. 3Blesi des t hat, weofchose
particul ar i nterest. Aamosnugb utnhi et s ebh fpsritodt meei Bds¢ Biceert ey |
compbBek3, a subunit of the SWI /SNF chromatin rem
colsé on compl ex Smc3, a subunit of the SAGA hi st
subunit of t khseulcfyutro sporloitceiinr oanssembly (ClI A) machi
factor Swi6, as well asYCRéS8AKwOGaYBlpkhd C.e aAls ng pgaosxa
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control, we also included a strain expre¥sing tt
fusion protein, as the tethering of this protei
replication of (&ogiehn @luer!| . &tte adri,gi2®02)

For the exhmerciehd st wetr eplhasesWwiefaddanondGlsynchronous

rel easeplhssteo t moni tor the replication timing o
anal ysi s. I n this analysis, the copy number of
| a-t epl icagiag on chromosome |V (Chr4). I n a pre
wer ef pemed as one biological replicate for each |
control as well as a i)l ctoynpeai mad mtgr alh elf AFESKXBAL b+ /n

protein is tarkKiegwddeCld ARS316 (

Control
Gens-V5-LexA

Control
Gens-V5-LexA

>
b4

(98
b4

5T —~ Smc3-V5-LexA i —— Ask1-V5-LexA
Lo —— Cyc8-V5-LexA 2 c —— Sgf11-V5-LexA
EQ ye e £ 0O Q_ &
3 © 15 -~ Snfé-V5-LexA S© 15 -~ SwiB-\V/5-LexA
c c
- P YCROB87C-A-V5-LexA - © Set3-V5-LexA
a®n awn
o o
© i i e S — o i
104 === - — 1.0
1 1 1 |
0 8 16 24 32 40 48
t [min]
C —— Control
2.0 —— Gen5-V5-LexA

—— Ipi3-V5-LexA
—— YDL144C-V5-LexA
Met18-V5-LexA

copy number
(ARS316/Chr4)
f

= %

T T T T T
0 8 16 24 32 40 48

t [min]

-
o

Fi guBEef fdect of t he ftaectthoerrsi ntgo otfh eE B | reglMAanbl pai 9rig
of the replication timindi foffe rARMSt3 1Br dtoai nsst rvadire twehreg
utilizingtetthheerLagAR&Sppbresacland LexA binding sites we
A RSI36 /1 . In total, twelve differewODIYO®ROr Aswar e omang
Y0019 wds Tuhsies sRSsaitmshand LexiAnthbe grdathgd shéftsbtib ARS!
does not express.Sampl esexAoprgeeomic DNA extraction w
ti mepoints for copy number anal ysils ctay i P CR itméo nde todr
l oci. The plots show the ta}veerta@qelig%qnyctudswmlean|catlog
region (Chr 4) with sttamdamridpdievatae¢s on from n = 3
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The results mebowedn vitelsati gated proteins did not ¢
ratio as compared tconthel ARM2A&+/Mhg t hat replica
tethering these proteins at ARS316. However, tw
increase theacopy rsmplei aldly bet ween thieg@2deni n
43B, green and red Ilines

The Ask1l/ DASH protein c-oanmpd eki n eatsoscohcoiraetreodt ud @ mpe |
required for proper chromosome segr egaattiiodns aonmnd |

the mitot(iJenspirmdildeolda 2018; Miranda et al ., 200
and has thus not previously been reported in the
The second SedalBpdaidkht a@a -sebenit |l arge histone deac

Set 3C. Set3 contains both a PHD and a SET doma
H3Keke 2 with hidge &a&auhicni oy of t he SERecdrouriatime nits os
this compl ex tyo Sheutc3d eloesaodnse st ob deacetyl ati on event

subunits Hos2 and Hstl which causes tra@@EKcmiptioc

and Buratowski, 20009; Pijnappel et al., 2001; Wa
Since this initial screeni pgomugigergtedndsklat e
replication timing, I repeated this experiment
confirm these results. Similarly, I investigate
ARS305 to FARSU3Alet t46p ) paasl wel | als a-tAR[SI3ilba ¢tioo ga

(ChrFidgu4e bdottom @wamé&l yecr uit merdte caeaeuwsseed od mddke ¢
number ratio between ARS305 and ARS316 over the
control strain, suggesting that ARS316 replicat
recrui Fimpwma,e (tdop) pamewever;Vhlbed lmnlletez ped/iBal | y Ac
LexA showed a much stronger decreasdédRiSB81l6hatcapy
ti mepoints, suggesting that replication timing o

strabingu#de tdop) pahelobt ai medusitmi when comparing t

ratio of ARS316 a-iwe g Ihi catgaitrohge r o f Chr omos o me IV,
recrui-tomentnot the recruit-méimtwedf aGesnHnofi SenB
ARS316 refliigudodnhoMm)palnheelr efore, | conclude that
to the LI origin ARS316 has the strongest ef f e

investigated proteins.
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Figud€ordfirmieigd echeof t heAstkelt haenrd oye tw3d L | replicatic
ARS3 WAGmal ysi s of the replication timing by copy num
expressi-Vigh eXAk 168X PT essi-isLedAt 3 YO079 e x-pBlLeesxsA ngndGc nb5
Y0019 as an untaggedscbotrgkenetmmrai BNASamplracti on wer
ti mepoints for copy number analysis by gqgPCR to deter

l oci. The plots show the average copy number srati os

wel | as ARX3leplticagi og (Chr 4) (bottom panel ) with s
bi ol ogical replicates (* indicatesestatistical signi f
Il mportantly, re-tABiI ame mat coofnutdieckimelipanx Agave an i de

replication timing pornotfriollE scgecl®) esp d4érterdo ntgd yt hseugge s
the Askl moiety is responsible for this specific
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Control Control
o & 2.0 -o- Contro
@ ® o O g s -% LexA-TAP
ARS305 ARS313 ARS315ARS316 £ % exA-
EE LI EE LI 215
>0
LexA-TAP O e a
L Sz1o
AN -
@ ®@ O O ; -
ARS305 ARS313 ARS315ARS316 0 20 40
EE LI EE LU t [min]

Fi gubEef fdect of the tTeAPhetroi ntgheofLILerxeA !l i &)t p ®mi mentgaln
outline for assessing -TAR aetf ftehcet Lolf rteeptlhiecra tnigo nL eoxrAi g i
Y0019 (Control) -TéArPrd YOG Ai(hLex Al uster of 3x LEXA bin
ARS316. Y0067 but not -YBPlOuekpnepsoesteanLekAt can bir

B Analysis of the replication timing by ecxotprya cntuindre rw earr
taken at the indicated timepoints for copy number ana
timing of depicted Il oci. The plots show the average
ARS316 with standa= dl dbeivolaotgiocnalf rroenplni cat es.

Similarly, to make sure that this effect on r e|j
ARS316, I also performed ChlIP analysis/SiexArder

to its tChngPRCR swittef¥Y5 aantthbody reveal ed-ValnexeAri chr
in the vicinity of the LEXA binding site at ARS3

(Fi guB)e, d ndicating successful recruitment of Ask
V5-ChiIP
0.06+
30.04-
£
= 0.02-
0.00+

ARS305 ARS313 ARS315 ARS316
HE Control mEE Ask1-V5-LexA

Figube CHIPRCR analcgaornfsi rtno recr ui-¥Y3hemxtA dfo AAREBIPAGR

analysis astnody V6o i mmuVélpegxkhk i pti ttahe iAsdkilcated gen
the yeast strai-WM5LexpAr ¢sYs0ion7gl )Asaknld unt agged Contr ol s
i ndtiecamean and standard deviations from 3 biological
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4. 4 DNA copy number sequencing confirms the e
replication origin ARS316

To confirm these resul ts of the Askl1l recruitmen

chr oommes Ilinlelx,t moni tored DNA replication in the s
sequen(cFianngg et al ., 2017; BMiietwey eetaglalespthad®@l ) G1
wi ah pfhacamd rel eased synchronously into S phase

and elongation of DNA r ewelriec aatlisoon .m eAdedel & g thensad n cye
200 mM hydroxyurea o(nH&ay)!l ofwori n6 @ noianniigimsbi olE&gi c a
triplicates, cells were collected in G1, 24 min,

release into S phase, genomic DNA was extracted
(Figure 4

Ask1-V5-LexA 8000 S-phase release

.Tu >
0 24 Copy number analysis
G1 arrest by DNA sequencing
+
° — >
Control @-i-U=tein 0 60
[

FigurExgeri ment d&dlorouthlei nDeNA copy numberAnsaelgyuseinsci snfg tah
replication timing by copy number DNA sequ¥3lcecixmg in t
and Y0019 as an untagged Controphasdvoa afi2Admi @elilns tWwer @b
or 60min in the presence of 200mM HU as indicated.
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The gPCR analysis reproduced a signi f-VilaemnxtA i ncre
targeted ARS316 24min after rel eas¥®5blcoxuasri e t o

prtoein expression, whereas the 60min +HU conditi
t endefmicgudje 4
2.5+
2.0
*
1.5- [

copy number
(ARS316/Chr4)

Hl Control mEE Ask1-V5-LexA

FiguBeg®PCR analysis to determine the effect of Ask1l
Genomic DNA sampl es frredne aGle aarnrde s6t0O,mi2nd miel ease + HU wi
for copy number analysis to determine itrheyegaedtatstvrealir
YOO71, exApsrk¥lSlseixsfgnd Y0019 as coamt rumlt afyptgyeadph ot s show t he
copy number ratios of at @l ioceadyii mmy ARGSIBrL 64 )t owiat h st anda
n = 3 biological replicates (* indiectaetsets) .statistical

To generate fepescathenl pg@&8 ratio of wuniquely ms
+ Hdrrested cells to Gl samples was <calcul ated

regions of the genome present ed -stahmep | sea naen dc o phye rrel

show a towerl nacontrast, origin firing results i
active origins in both 24min Fied e®%eBE4 ahdv588 ki n A
LexA cell s, we oOoObserved a mar ked i ncrretarsel i1 me ltlhs

(Fi gu®%AeB,4 bl ack, awlmioawh i s consistent wi Fhguhesres
48) . I nterestithgoggi carddi omonalk right arm of chr
advanced repl iFd agtuitden 4gr mieng agetwderaiss k3 i nt-ervenin
replicating regions close to the targeted ARS31
(Fi gu®Ae, 4 ed a)s.t elknidsekrs 6 0min + HU conditions, Askl1l

showed a small but signifibeantofi ndreeRissgrud@Bat 4oN A gd
bl ack )arrsomggesting that a population of <cells s
ear |l gphaSse. Similar to the 24min sampl es, nei ghtl

advanced rkEeipduaBgtdgaree(n) aswberelas -rmaupdltiicpdtei Hg@treeg
scattered along chromosonea glulbBe, weed Wt €ddgatk hdeerl,
these data show that Askl tethering to the LI or
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of i $horigin as well as neighboring EE regions .
interveninedgfliaient regions. These data are cons
recruitment at specific chr omosonralonsoistoensalc arne grieac

in such a way that the difference of replication
pronounced.
A 24min - HU
¢ o '
o S ARS305 ARS313  ARS35 ARSME
EE N1 I (1 I Il | L
sE |
s E_|
23°
2% - _ _
E 2 * W - . *k &
wn @
a
1 I | I 1 | ] L]
0 50000 100000 150000 200000 250000 300000
Genomic position chrlll (bp)
— Ask1-V5-LexA Control
B 60min + HU
@Q ARS3ID5 ARS313 ARS315 ARS318
TO
g =21
m S
35
£27] )
[ -
32,
E—?- * ok k% % wxE w2 * o
] | | L] ] I I
0 50000 100000 150000 200000 250000 300000

Genomic position chrlll (bp)

—— Ask1-V5-LexA Control

Figu®ePNA copy number sequencing to determine the eff
origin ARRIPIE6 patoifomes of chromosome | | | pahtas2e4 imm ntuhtee
strain exptedssxAgt Ashdred to ARS316 (YO0071) (black tr
Control strain containing LEXA binding usiitoems patot AR S®
(Y0O019). Regions that significantly increased or decr
t wo satmmpbke funequal vari ances) -vial ueachut @é i omifc OhiOrb w
di fference of at dl emastth QQrleeaandri meidBgRsdpeii icaks onr s pé
of chromosome |11 aphédei andeke@ambl HDt or 8at ment in t
G). Regions that significantly increasedgoWeledr ¢ avoe
samphltest (unequal variances) -val eachuigemfomb€ DBi 05 we
di fference of at Il east 0.1 and indicated with green
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4. 4 DANA copy number sequencing redebysAdsdktitthe
tethering experiments

DASH complex subunits were detected in the mass
ARS305 and ARS313. Thus, | asked if and how arti
l ocations i nemddgedan owms twi ndieng of the compl ex cart
of chromosome 11I1. To this end, I took &dvantage

LexA to AR§BiE (or ARSYIWEBB( replication origins,
DNA copmber analysis by gqgPCR and DNA sequencing
+ HU treat ment .

A B
Ask1-V5-LexA Ask1-V5-LexA
3a A
Chr il () ) O O Chr il @ = @ O O
ARS305 ARS313 ARS315ARS316 ARS305 ARS313 ARS315ARS316
EE LI EE LI EE LI EE LI

Fi gug0Ef fect of the t-¥blheexrA ngo of heAs&di gi ns MARS313 a
Experi mental outline for assessing the effect of Ask]1l
strain Y0139 expr-¥5staesAskhlpastkeernA This allows artif
to the ARS313 origingrnaundetlyetascomrsttaiansn daclkust er of
cl ose proxi miBt)E/x pteor iAfReSn3tla3l. out |l ine for assessing the
replication origin ARS305. Yeast-VS§tfasnhoNOpBBtekpretd
artificial recruitment of Ask1l/ DASHggtrouthide t ARS 3 > nd rai
cluster of 3x LEXA binding sites in close proximity t

ChlgPPCR with a V5 antibody conf iVvielmexA siimi tl me wing
of the LEXA bindi g gsbrk¥e sa nod AANRSSEOGER) (( itnidnige a

successful recruitment of Askl in both experi men
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Figur@hldfP CR analysis to confi«mexAhrtud tARNI1 D famd kAR
A)ChIgPPCR analysi sanudibroglya t 95 i mamukVibpe eAi pitt dthe i ndic
genomic regions in the-WkasA s8br AR831 2 tBYED HgBFL)RAE k1)
analysis -astnody Vbo i mmu-Vélpaxk i pti ttahe iAsdilcated gen
the yeast stirkdisexAt hor AR$3AS (Y0138) (n=1).

I ntriguingly, Askl recruitment to ARS313 advance

by g PKiRg wrle. Both after 24min, as well as 60min
significant incrtleelLli nreglpilé¢axtaitomnor@itgi n ARS313
25 -
=
éflﬂ-
O
= * *
2215 - 1
29
o
(14 -
35'1.0
0.5
. .
& & x~?*°
S
© Q
)

Bl Ask1-V5-LexA EE Control

Figuwur2zgPCR analysis to determine the effect of Ask1l ¢
Analysis of the replication timing by copy nuimber an:
V5Lex A and Y0045 as an untagged Control strain. Geno
release and 60min release + HU uwebree amallywzsdd hHy dRER
relative replication timing of depicted |l oci. The pl
ARS313 Il abeplicagiog (Chr 4) with standard deviation
indi catetsi salatsignificatestp.< 0.05, unpaired t

Additionally, DNA replication was measured by |
samples, which confirmed t hehea ersaid ulst iofg trheep IqiPcCa
revealed that dthieve eriggthlbiooadatnigom ori gins ARS307, £

increasediagutBAev idgryedn )a,stwelredrsekass t he intervening
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and ARS316 showed a decrease in DNA copy number
tethering RioguBRS31M6d(prstEmhiusk Askl recruitment t
affected a cluster otiBBboofpbbd targbeedl osegin
an increase in the replicati o@0mifn ARSS Fdegtiuercett &1 |
53B, green asTkrssksjdicates that there is a popul
Askl made ARS313 an early firinmgepmlriigadtni arhadh ecool

activation.

A 24 min - HU
@ =g ARSa0s ARS313  ARS3IE ARS3E
oD ]
EE | I | [ | Il | [
o E. |l ___ NN WN L AN o]
23
2D 1 _
E 20;‘ * * *k % " "
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FiguBBDNA copy sBembhencing to determine the effect of
origin3AREPL ication profiles of chromosopreasd i mtt Red
strain exptedssxAgt Ashdred to ARS313 (Y0139) (black tr

Control strain containing LEXA binding sites at ARS
(Y0O045). Regions thatdecgerbbedaneplyi catrensedmbng wer
t wo satmmpbke funequal variances) -vial ueachut @é i omifc OhiOb w
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di fference of at |l east 0.1 and are indB)Raetpddncait i b g
profiles of chromosomé&phlalseatand0®@0® mMe H&a s e eiantment i |
as in D). Regions that significantly increased or dec
t wo sampbke (unequal v aroima rcc ebsi )n-viari teba aalu ppéd  of 0. 05
di fference of at Il east 0.1 and indicated with green

When examining the effects of tethering Ask1l to
there were no ses$gahetféctaabl ehaompar Edgué)et Be cont

e g
o (5]
1 ]

copy number
(ARS305/Chr4)
on

1.0 -
0.5 4
& )
@’} h&\ Ay
N YV &
<} &
Q)Q

Em Ask1-V5-LexA HEE Control

FiguAagePGBR analysis to determine the effect of Ask1l o
Analysis of the replication timing by copy number an:
V5LexA and Y0016 as an wuntagged Control strain. Geno
release and 60min release + HU uwebree amallywzsdd hHy gdRECR
relative replication timing of depicted |l oci. The pl
ARS305 1l abeplicagiog (Chr 4) with standard deviati on
i ndi cat®esi salatsignificatestp .< 0.05, unpaired t

However, when conducting the copy number sequen
similar results by tethering Askl to ARS305 on t

sequenci ngs haonwaeldy sd ss mal | increase in origin act
ti mepoint, despite the faettffibaenARS@E2ri svi At g
(Fi gubA® .5 Second, the same cluster of origins in t

ARS388d ARS309) advanced replication to a simila
(Fi guble, 5green astémdesrks60min + HU conditions, As
did not show dramatic changes in the AREBBA§, of E
but further dropped the DNA epdpy amoirmlige rnnaorergs en
(Fi gubBe, 5 ed asterisks
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FigubBNA copy number sequencing to det &rEmeptki taei e f
origi NnOAREPI |l ication profiles of chromosopreasd Ii mtt RRed
strain exp#ésesxAgt Askhkdred to ARS305 (Y0138) (black t1
Control strain containing LEXA binding sites at ARS
(Y0O016). Regions thatdecgerabedanepli catrenstdmbng wer
t wo sampbe f(unequal variances) -vial ueachut @drdomifc OhiOb w
di fference of at | east 0.1 and indi B3gReepdl iwciafhi bger sepern

of chromosome |11 aph&Deniaand ed mM HUWLttor Sat ment i n th
Regions that significantly increased or decreased r ¢
samphltest (unequal vari amdes )wi-t il wacphutgemfomn€&€ 0. 05 &
di fference of at Il east 0.1 and indicated with green
I n general, the replication profiles in all/l t he

correlations aambbngephiegdéMds®@RCcCept for a region o
of chromosome | 1|1 downstream of ARS318 that s h
i ndi vidualFirgagbe dalt ®@csk)(triangl e
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Figube Cbrrel ation analreyils chet weemprbhéel es deter mi neiq
sequenA)Spgar man correlation matrix of the replicatio
of the Control (Yle, Y19 and Y45) and tethering str
ti metpP)Replication profiles of chromosomphasé at 6B
individual bi ol ogical replicates of the control stra
region with high variability among biological replic:

Il mprtaalktl ysignificant changes reported above wer
across the 3 biological replicates, thereby avoi
in the replication timing pr odf ial enso.d eTlo gveh ehree , A st khl
compl ex could provide individual chr omosomal att
clustering in G1 phase cells awmantigkrerdferce sexpl a

neighboring chromosamahgdombhiens whmialf € elce ed.

4. 5 Lossff uncti on experiments ttdef prottleert i @h
novel replicAskbnafdcbeotr3

Apart from the strategy above to tether the prot

aleaamined the effect of a gl obal |l oss of Set3 a

control

4. 5 Knhocking bawa ®Sehnh@épaocnt replication timing

When tethering Set3 to the LI replication origi
compatre dABkdqu4e 4INeverthel ess, it was a significa
prompted mbeteffest of a |l oss of this protein to
i s not an essenti al gene, [ creapedi @Aty kwea ek

arrest epdhasne Gilpthdacdamd synchronousplyaselt@asmanittoor
replication timing of the four investigated repl
ARS316 by gPCR copy numbyeri sanalhysics.pyl mutntbiesr arfa

al ways compared to the LI region on chromosome
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ARS305 and ARS315 showed very similar replicatio

upon | ossFiodguiseeB)®However, the two LI replicatio
ARS316 displayed an increase in replication, esp
(Figur@ebD)5. It has to be noted, however, that this
so more rieplldgiadaels would be needed to canéirm t
reproducible, it would be intriguing to study th
especially considering the fact thalts wet aEBE oamat
origins in our mass speéeguBehawe we re,x ple rfiuonetuhsesrd ( o

investigating Askl thawi afifleicgleder repfiéeciatsionet i n

JA 2.0+ B 2.0
o ¥ ¥
$5 g5
5 5 159 S5 15
3 e
28 28
o o
o< © <10
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t [min]
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T T
i g5
3‘61.5 3“61.5
=N =
23 28
o o
O <L 4, © <10
0 20 40 0 20 40
t [min] t [min]

—-e- Control -2 Set3 KO

Fi gurgePGR analysis to determine the eff eAedx)Amdl s iSet 3
of the replication timiAg erfd tABS,3ELEBSs owied il nsasARS3e0 5L I (
ARS31C3 @nd ABRS3fldr (the S¥1B37 K@ <s<twompiaa i & parent al con

(Y0o001) . Samples for genomic DNA extraction were tak:
analysis by gPCR to determine the relative replicati
number ratriecpecfti vieed at egl hmadioom (Chr 4) with standa
3 technical replicates (n = 1 biological replicate).
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4. 5. T2Z2mperature sensitive Askl mutants show I
Since ASK1l is astedgengiahegehktect of a global |
to achieve. For this reason, I first took advant
t hat have previously beebi descaiUbedgoOdBesidemutar
det erdwmet her these strains are sensitive to rep
woul d a nppolsysi bl e rol eThe DNAerepleimpatriat msé& 1sensi
l,as k]l aansdk3wer e grown together with the correspon
or without 10mM HU at eit Herdereddhme ttevap ddld@mde or
ask3showed a growth defect in the HU Ebgd8ei bn a:
right )p.an®dKInut ant , however, did not show this |
mut ation may be a separation of function that di
This data gave further conf i denceepltihcaatt iAosnk 1t icnoi un
eventual ey ossclodaMfunction system wboddf ubetdesir

effect in more detail

RT YPD 30°C YPD

f“*c OOOvJ

RTYPD+10 mMHU 30°CYPD + 10 mM HU

FiguBeAsk2Z andsk3dtemperaeunsétive mut ant s at adwseaditiyv
replicati9mdatestressf t he tshernesea ttievmp Arsktlur¥0 a8 ®y, aakh 1
(Y0O100), -3an(dyOalsOkll) t ogether with the corresponding wi
was monitored on YPD plates of seutialOndMIKHWIiIiamd iofcut
for 3 days at the i ndrioccon etde mmpeempaetruarteu)r.es ( RT
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4. 5 A audixnidwci bl e degron ( Al DJ ffsuynsctteino ntso st u
Therefore, to further test the functional rel e
progr am, I took adwadoccahpéeodegmoauxiAmD) system t

Al-Dagged AskMopmws&ianan

protein | evels were
9xXx MY @®)i gu®e 5which provi
and study the | oss of f

o D&
250 kDa

|-----
?5kDﬂ—I=--- -

Figubwesdtern blot analysi
expressing Askl DudMgd
cultured in the presence

d. UAfrtdedrimi 212 O fL 3 deunxti ,n Atsrkela t

uvinddeu ceiclt ladb | é e g rna dtalkeA b B % kslt r a

ded me with a tool to co
unction of this protein.
t[min]

RNAPII

Ask1-3xAID*-9xMyc

Tir1-3xMyc

s to verifyYaadset edtfrixcimrn¥@l

tagawadzsAlabt esatlepdhaichon@lt pbbaase

and absence WWestitmMnabXxion faoi

shows the rapid degrad@mionobf aAsxkh & facgegbead i0Toinr.1 3axnh
RNAPI1I were used as | oading controls (n=1)
4. 5 Akl depletion influences DNA replication
To exampiuteata ve role of AsklsistbHANr eavpbi @atriesn e
usialgpthact ofrol |l owed by Askl degradation for 30mi
p hasdgdd g(brye
Ask1-3xAID-9xMyc
o® -
=00  -auxin | S-phase release FACS
[T T T T 11> RT
0 8 1624324048
G1 arrest
) Fauxin| S-phase release_ FACS
N RN || RT
N 0 8 1624324048
Fi gwrodchematic outline of the Gl ianrpsésamderet eabegeec
As kY0123 was grown to | ogarithmicapipthaet menat mantest @dl
were then cultured for 30min in the presence or absel
addition of 125 U Pronase. Samples were then taken at
timing (RT) analysis.
Askl degoadan this experiment was al &0 gcdba)ef i r med
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Q A t[min]

250 kDa RNAPII
Ask1-3xAID*-9xMyc
75 kDa—fm o | 71 -3xMyc

Fi gwrle Western blot analysis to verify Ask1l depletion
Western blot analysis shows the rapid degrad@iion of
arr8sMyagged Tirl and RNAPII were used as |l oading co

3.5.4.1 Cell cycle progression does not change upon Askl depletion

I n tciome se experi ment sp,hals et hperno gmoensistioorne dusS ng f I o\
sampl es ever y h&msien reeflteearse§ control cell s were c«
condition. No mapbasdi pfegeraesegisonnkiinreal cand eh svle
depleted cell sFivg®aedetuggteashlieng( t hat Ask1l does n

DNA replication program on a global scale.
] - auxin + auxin
100+
i Bl G1 phase
@ . =3 S phase
o 504
[=] -
i Ea G2 phase
0-
Q %,@fbbub"}@@ Q %,\Q:-(bbub%@@
t [min]
Fi gwr2ZeACS analysis to determine the effect of.Ask1l de
S phpsegression analysis by flow cytometry. Tot al DN
staining after release into S phase. Bar graphs depi ¢
the indicated timepoints (n=3 biological replicates).
3.5.4.2 Replication timing analysis reveals an influence of Askl degradation on
ARS313
However, the excess of eukaryotic origins may co

DNA synthesis and there could nevertheleds be ¢

specific origins under the control of Askl. Ther
degradation on the replication profile of speci
end, gPCR copy number analysiscwpy nsmdbdensrabboe

and LI Firg wd)en seAdéekpll et ed cell s (+ auxin) showed n
replication timing of the EE origin ARS305 or AR
(Fi guB,e téop )p.anlerhpport ant Ityh,e Hdweovwreirgi n ARS313 <cha
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compared to the EE origins ARS305 addplARISS8d 5c dlelt
(Fi gu3e bbottom.pdmal Dot hdepli gi @ed ,cAlskd showed | ow

ratios, suggeshiofg ARS8313Bepwads crmdrieo efficient in
to earlier completion of replication after ~40mi
EE LI EE LI
ARS305 ARS313 ARS315 ARS316
)4 | Y K
O | @O O
ARS305/ARS316 ARS315/ARS316
/ \ /
2.0 ® O 2.0 O O
:
51.5 15
2
81.0 1.0
0 20 40 0 20 40
t [min] t [min]
ARS305/ARS313 ARS315/ARS313
g @®/ @& . 0 @
o * ' * * %
3
515 1.5
2
81.0 1.0
rrrrrrrrrprrrrrrrrT L L TS
0 20 40 0 20 40

t [min] t [min]

-0~ -auxin & + auxin

FiguBgP6R analysis to determine the effect of As k1l
Samples for gehomcti DNAwere taken at the indicated t
by gPCR to determine the relative replication timing
number ratios of early (ASR305 and ARS3ii)h tsd ahated
deviation from n=3 biological replicates {*%isndicates

Similar results were obtained when comparing the
to an indepepdéerctanli amgeckgomosome |V, where only
of ARS313 revealed significantlyFmgué)eeBThiucsi,e nitt
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can be concluded that endogenous Askl has a fun
origin . ARS313
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Figuamsddi ti onal gPCR analysis to determine the effec
ti miSmagnpl es f or genomic DNA extraction were taken at
analysis by gPCR to determine the relative replicatio
copy number rati os of early (ARISBOS (ARSB83NARSaAmMEH) ARS
compari sloa etpd icagi oy on Chr. 4 with standard deviati
(*indicates statistical tsagtn) ficance p < 0.05, unpai./l

3.5.4.3 DNA copy number sequencing reveals global replication changes upon Askl
degradation

To confirm these results and extend the analysis
DNA replication -aox Ask 1l adaetpl | destigepde c(el | s (+ auxin)
number s eduenmdien b (
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Ask1-3xAID-9xMyc
y S-phase release

@ - HU
mm.—@rm - auxin I >

0 24
+ HU >
G1 arrest 0 6|0 Copy number
-HU > analysis
= |
) 0 24
THEO—OEE | + HU >
0 60
Figubscthemati ¢c outline of the G1 &apbpredeteamidneel basef
Askl degradati on usi ng.Yc0olp2y3 nwansb egrr cawna Ityos ilsogar i t hmi ¢
in Gl phbhapfeadbdtymeat ment. Cells were then cultured for
of I1mM auxin. The two cultures were then released i/
harvex4amidn after release or 60min after release in th
Af ter rel epheasei Mmoot h@demei nmaj or changes in the r
chromosome | I were observed. As expected, a r e

repli ¢FatgiuéAe, 6gr een)asfteaerisvler confirminBgigureinit
63 any. 68nt edcrees td cdhayiltyi,onal region on chromosome |

in vicinity to ARS309. At t hedelaaneed irmepl iscavteiran

depl eted cell s, including the I eft end of the ¢
region around the ARS308 origin. In fact, this ol
of chromosome |11, wheéeseeApkttbPASHocbOimpdeas part

(Fi gu6le, 6r ed as.telrni sckess | s released for 60min + HU
of EE origin firing was preserved with only ver
changes towampds c@agloéBen 6grr een )astlemposrktsant |l y, ARS
CEN3 were not significantly affectedddmendheinst co
change of replication at these sites is not occ!l
origins, but rather at aphaserperblingadBs oB TEL age
dat a suggested t hat chr omosome 1 nor mal |y c
Askl/ DASH exerts a functional rol e in amapltihecat i c
centromeric ARS308.
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Fi guBleNBA copy number sequencing to ddegrmd.pf)i dme e

Replication profiles of chromopbmeel Wl tht addmiwnt hbtue
Askl by addition of auxin in the strain YO0123. Regi
replication timing were obtteadtnedumnnesduagl Wedrcihan eve@s s aimm
wit hval pe €ut0ofo5 @and a mean difference of at |l east
asterisks, BnRempleicdadtviedry.profiles of chromoasoenei nltlheat
presence of 200mM HU with and withount tdheegrsatdrianign A% kI
Regions that significantly increased or decreased r ¢
samphtest (unequal variances) -valeachutgefmfomb€é BL 05 wE
di fference of at I|lietaktgmOedn aod iiadizatedi svk s, respect
Il mportantly, similar results were obtained for

regions were detected that showddphevadcedl Frepl
repr eskiegdy7,eApdend4 x Wwhereas 224 regions showed
compared to the Askttacwiilvdrtiygpdey,ecipedl d rsdl-4\xAs Ao ng
these regions, the centromeres of chr omosome V,
showed a si mielpalri cdaetliaoyn oafs CEN3, whereas three o
centromeric replication (CHEMZ, e@EN1I eadnlds .CHMIL 5)e n
with del ayed raecptliivcaatteido)n t(etnsdk Xooi gé nl boataéedoins it
ot he 224 regions overl apped within 5kb of annot
regions that advanced replication were more fre
(80/ 236Fi §gdmpe. 6
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FigurkRarm graph of gleleomiwmbécmahgddtrepl| i.dlaei gmaplhmi ng
show regioneximity to centromer-ersi iCrENI) gwhattditegn eiesd ( ORI
(As-kdpressed) or del ayedacteipdatcead)i on timing (Askl

Consistent wi Ch BheaFygusledlt FeAse data support t
endogenous Askl1l/ DASH recruitment at origins does
timing, but rather regulates the replication of
ofeplication origins, -oadeémtimomerngiionas Wdlel fag tndrmh
often scattered throughout the individual <c¢chr omo
suggested that the function ofnéaskhé DASEal hyrees
i ndividual origins but rather involve concerted

nucl eus.

4. 5 Askl regulation of replication origins sh
transcription factors Fkh1/ 2

Previous shodéee&& that efficient origin clustering
early replicatidmtéepmioggi wheraase preferentiall
nucl ear p®&uaphetyal ., 201.0;AsKnnoetntt ieotn eadl .i,n 2t0Ohle2 )i
was shown thattrtahnescfro pkheaad factors Fkh1l and Fl
clustering of early origins, therebyphraescenagi ti ng
et al ., 2017 ; Knott et al . | 2012Mh eln» eloempetr i alg. FK
regulated or++gigns$ awiedhoAslgi ns, | Fepmaestslealt oadutgi
only 17 overl-amppras swéd hormrikdviampp ean daicktdi vdakkderd or i g
Similarly, ouactifvadthed 2@r iAgikris , ond gt ilvBatoevce rd raipg
and 2 overl appepdewsteli uB)ei s (
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origin classes.

This suggested thartegmuosatt eadf otrhhgi Asklare | ocated
posi tionsrefgruolnatFekdh ori gins. Il-depegdengl gri gowsvesi
similar behavior in replication -ddgmidreghtarmd i ge mek
namely that activated origins show earlier repl:.i

t han repr esksiegdu®8eB)iegi ns (
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repr esseadct iAvsaktle dr eeprde As&kd or ivdiure dleaavdes (psults fro
t esB)Repl i cation efficiency distribution t akdan vfartoend h Mc
Fk-hepressealgt iAvsaktled rapde Askd ori-gahuel deseses( presul
unpai-tr @gt t
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This indicates rtencartuiAtsrheln ta ntdo Fkrhi gi ns have a si mi
origin properties and strongly suggests a mech
clustering in Gl phase arseguleat ®@disdryi giepprted fo

4. 8. Nocodazole dependbuonltemdegradation phenoco
of Askl degradation

As the canonical function of the AsendiDACSIH ncgo nrpil
to allow efficient attachment (dfenmiicramtduHalre s stoa
Mi randa et al ., 2007 ; ,IWebhsyt pea tmaensni zeetd atlh at 2A0s0k51)/ L
select-ednhoomeric regions may serve as specific
of mi crotubul es wi t h chromatin and therefore I
intranucl ear orgamiesat iTon tefst c hho mo ahbypghaatch eogi s |,
arrested Gl1 phase <cells with nocodazole for 2h
phase. Next, cells were washed to remove the nc

determine repolfi cAssskplemdeinmi ongi gi ns Fog wc)e.r o mo s o me

&r@-@:&m - nocodazole| S-phase release >FACS
| T T T T T 17 RT

0 8 1624324048

G1 arrest
® 0 ¥ nocodazole| S-phase release }FACS
RT
&M [T T T T ]
N 0 8 1624324048
Fi gurcdchematic outline of the G1 arrest and rel ease
mi crotubul e degrada¥v¥006lowasegtowattonlogarithmic ph
phaseallpthactt oreat ment. Cells were then cultured for 2h
nocodazole before release into Sampdes lweraddibteinon adkf
indicated timepoints for FACS and replication timing

Addition of nocodazole to an asynchronously gr
efficiently Hingu®B)l, phappor(ting the noti on t hat

concent rnaotcioodm zoofl e was sufficient to bl ock micr ot

80



100- mE G1 phase
n
§ =3 S phase
s 90 E G2 phase
0-
0‘9
[s) A
& ‘&e
& 4
& ©
v;

Fi gu/rle FACS analysis confirms the efficacy of .nocodaz
FACS analysis of an asynchronous yteraesat mewltt uwiet h( Y1050
nocodazol Barf ogr mhwhs depi ct the percentage of G1l, S
timepoints (n=3 biological replicates).

I'n time cours® Ehkgpseagiprecndrsessi on was then measur
Si mitloart he results -mbtdaaned AtkéFidpwmaeadat icoml d n

detect a majophaiskef pregcesismod kinetics between

treateBdi g&i2gs suggesting that inhibition of microc
perturb the DNA replication program on a gl obal
- nocodazole + nocodazole
, 1001 mm G1 phase
3 ] 3 S phase
58 J
501 Ea G2 phase
0-

O B0l i ® D O DA O P

Fi guwr2ZeACS analysis to determine the effect FPACHocoda:
analysis of an acswlntcunrreo n(ou®k0 Oyle)aswi t h or without treat
for Bamh. graphs depict the percentage of G1, S and G2
bi ol ogical replicates).

| f the mechanistic rolenicefroAsbhll PADHNOdsngoamd |

clustering/ chromosome organizati on, miy n druecsewd! t s
changes in replication timing would phenocopy th
anal ysi sdeml eAtsekdh ecreelflosr.e, Tt he replication profil
origins on <c¢chr omosome Il was determined by gl

nocodakiod w3 d 7
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Figu3egFCR analysis to determine the eff.Sampdéfesndoaoda
genomic DNA extraction were taken at the indicated t
determine the relative replication timing of depicted
of early (ARS305 amgd nAREARD)3 1t30 alnalt AR&BIL6) with stan
bi ol ogical replicates (*indicatestesgtat.i stical signif.]

I n general ,-t rnecactoedda zo ¢ lel s showed slightly | ower
comparing bot RSE&5 oandi ARS215 with the LI origi
Il mportantly, however, the EE origin ARS305 showe

timing in comparison to the LI origin ARS313, C C
of thes®ontswd hraggiwer e most prominentl ydehpl &€ted in
celRisguBa&nd)6 Thus, it can be concluded that Ask
selected chromosomal origins and this rol e i s
Terrefmydata show a previously not established c
program and intact microtubule dynamics.
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5 Di scussi on
The goal of this study was to anal-gzé&€i thenthaota

| a-t eef fi cienct replicati onS.ocreirgeiviies itfdaréeosn e€rmd ,0 mo sw
test i f and how the | ocal c hnr otnhaetsien tewnov idriosntmennctt
replication origins and, therefore, test the hyp
a major determinant of replication timing contro

5. 1 The -REXA recombinatiesnaappomiashng syst

| ocspeci fic chromatin isolation

The idenadfi ftikmatpromt eome and the histone PTM | and
region in an unbiased manner r emai ns( Gauntahjioerr cehte
al ., 2020; Vermeul enUamnd i R®GA dshyes tR&BMD 2Wgds benef i
ambitious goal f d&r riskgeenti clemasoinsof a specific

genomic background was shown to be superior with
very |l ow enrichment factors compared t-MS oarhcer ge
TAIChAMS enrich the &GAILY gepntadiomadt edsy SGSompared
unrel ated gemByriwmretgialn. ,Si2mMill3a rd2y® P 2tphpep rtbyaCc h  wa
able to enr-Ll6hptbeoGAL1omd yHearonaadryl 10@ et &Ah. 2
contrast-LexAema&ktShod <coul d-cepyi cPrHOB huwgse swintghoeca n
enri chment fac{bBbammpdr I~1eit608Bi s 20t4rhment facto

parameter -sfperci f ocugshromatin i solation methods,
fragment typically in the range of a few kb ne
background in the megabase range. Strikingly, w b

of thoget only ~1% of thefolbdaHyCGABRmaenNnNi ¢ hme e
derived from the target +HfodidoeRSAwhenriefaiscatni drm,e t

increases to near purity of ~92%. SunlBelqowent &€ g 0\
l ead to a high background of unspecific proteins
|l ess frequent interactors of the td4d4EXAt appgioar h
for diocqulse purificationsitb@aempaonabdet mebkeodspien
Anot her advantage is that the isolated genomic r
position of the inserted RS sites in the yeast

chromatin preparattioomds ctomptareedl y oomerandom shea
the same ti me, the precise |l ocation of the RS s
flexibility in the size of the chromatin domai ns

or excflruodred he recombination regi on.
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Furthermore, the purification scheme was devel op
crosslinkers I|Iike formaldehyde. I ntri gpuirnigflyyi,nga
wi t h f or atarlodseshlyidnet e  eamd NmAa chr omatin showed an al
bet ween the factors enriched with t(hHea ntpvea | meetth cad
20149r details), suggebbéDINgANtimatermacntyi ons are pr e
sol ated matepurailf.i &fhemraetfiovee,chromatin could pro

f oirn veixtpreor i ments | i kehy wrigtulaetctoinngwitthhe regard t
positioning and histone modifications. Thins can
viotreconstituted nucl eosomal arrays. For exampl e,
as a temphatwmeéetpfldrcati on assays and the efficien:i

nitiation ferxo ma dvdoeembnlaestd VEEE and Lmpaerrdin negi tcram
constituted ch(rkounraati ne tt ealplr,d th2e@ 1nvo)r e , the EE a

e
oul d ibfei epdurf rom mutants of transcription factor s

—_

c

enzymes to detect how the absence of these f a
composition.

Finally, the purity and yield of ftohre scibnrgelcealt € n
analysis of specific chromatin states, such as t
observed frequencies in HBiamdclih tiaplirmataibbomut o
and probability of altarpapulaticdhhmoomfatcal Issat €L
chromatin analysis methods instead average over
genomic region, therefore neutralizing the struc
dynamic ubehavi o

I n summhiairy, met hodol ogy opens an exciting avenue
possible to follow the collective compositional
genomic region that undergoes a certai natcihorno mos
initiation.

52 Singloeceus proteomics analysis of EE anc
Utilizinlgextdlpppr 8% ch all owed me to comprehensive
| andscape around selected EEgame 27 lmgpoegnly8 4 at i on
t h e sudii qgudo nirasvere prev i o Uos |y dt hH endtiv e¢h r 0 mo sanmd levdtereas

ot happr ochest p ufyri ep | i oAt dhio matn rep oeds darwere et ed tcd h e

silk-gopEEARBlLori giomedapl| as(mMyrmdni kri shnan ehhignht , 201
nof uldfgltthrech r @atn co text onenamyo uchromo s 0 me . However, (
di sadvanthage r wfac h, is the need of genetic engin
LEXA sites at the respective replication origin:

biimd exA-TAPt © he neprriogxii Er@ li bnbdg tesa r t ltes phiraw [rizatio n
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dur iecogmimatio nrmay erreviggwoiromsdfi fivtisdu all e onsuoome isaciatio n

obt hch r atmfact o frosnt hdeo mresi. whver t hNA epit &o rtimin go £ hoer i gi ns

i b hgenetic dy-mo dled s mirnverei dealt @ac wy p & aisan idkexa dyasex pct e d

f oEEan dLlor i gFhngur)eFu2z3 hegmane |t aninaeé y€hsPagainst cz¢
hi stone H3 and MCM2 | evels at the endogenous <chi
from the proteomic analysis that the isolated EE
hi stone ratio compar d&d guop @ hEhtuswoa nL Ib eo raisigseumse d( t
cr ial dh enmtin featurest h def | t© b eferenitrépit #o ntimin gp rfiles o fheste or i gi ns
wer @ odffect ebdt he necgenetemayi pul ati ons.

Never tlhe gna,ianin ¢ hdei rsyand dch iomet royf hlewsb o u factor € u r itsn g

bi cemib &i datio ni @ ma | ohallen @. Pur i ft yhidmwgna iumat nativ eco nid io n s

wi t has istt eenfro mchemic Acr 0 s set § nsktodzbi Imor e b o aslkid qtin

i terat o naclalimt attitoamad ex p | @lh yn sexrpe eider eio rpar ternsvere

noret evedi m hanal yssFo rexampe, Fk hBk/h@as not dtaARS3S O the dli

est xhetdfik b d-a tivat ead | diKmott et al ., 2012,;an Reiudapae e
al snoorecoer ORGbunBa wsaf 4ohrén gpfiuatioin s .erefT, | d orecavert
afemietedlist abbrmlgounmwt ei nsones of the more transi e
interactors might gpmsti viedis tegdlt #naltet dgen €0 wam tatie n s

per si sthrighgpout bt temib & latisaThiissonsi st entobesied it t ieg

en ich me m th itoses an dAMCM2-7 co mlexes and ma yal sex pl ahe rsisggs ul t

t haet yimit eaerapo fat obest wath & weel @ eEEand LI was gomser ved
(Fi gur e 3)YhitmlmattemAsad o ufyti hdco ma afers wna leldy de os s | warek i n g
nosuaocsesf bUuf ureu vkousi ognmizd cross| icomkd iogosrcr ossl i nking
re gen t sig hm hedppg umeartaan si ent ,lo goaligtmploandt ro p e i ths i vai

sytem.Thi s would facilitate the detection of prote
binding to the investigated genomic regitohnes. Con
detection of further expected origin interactors

5. 3EE oragsmwmciated histones show reduced
phase

The strong enrichment of hi stones investri gpatiegitn
patterns of histone PTMs flanking EE and LI repl
(Fi gwBr8e and. 3@ t hough these initial experiments ga
observed patterns of HBpandcH4satéeybkdtioom tht s

t hat conclusions have to be taken with some caut

For exampl e, it is important to note that histon
purification of a strain thpatrifgagclkpethéi abolbi gy
suggesting t-phase heupspoolritd, affinity reagent or
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unspecitfoi caalcleyrt ain degree with genomic Thher omat i
second po ssifhivioirteydvoan sr. eadsd r st , a strong discrep:
enrichment PRPifghriestdheédsha) @B8er sus the fold enrichr
versus genbmpgaor d o2BA00L 700G ®)Y dbet ween <control a
purificathoesvevdh,s supporting that genomic c¢chr oma
samples. Secondl vy, hi stones present in the contr
terminal H4 tail sFiaguryeel 3t9was mdd K5 6 c4&t i ons t hat
detabilize nucl eosonheisstioyner &beadmitgrs DAAd Kupi ec,
However, there ardopdtherstildlmid@ltutoinorbsy adj ustin

During the project,prsatnecaeselarnliyonr eMigahs eTEV50% of
(Figure,l10Ae elution shba&pi eeaNH{(E hognn g.e dHBwe wer , ot h
noBeapddic proteins that are potentially bound to
eluted, which could be the case for hyperacetyl
woul d be ttoheopfTtEWnigleuti on efficiencydi whormd arcd
should therefore increase specificity and purit.y

anal ysis.

Nevertheless, despite this comit@ume nmat tngr poodf orm
and acetylation for individual ori-genmi was. i Wk nl
H4 acetylation remained relatively constant on b
of H4 were shamplEf dedgéeasedompared to the LI o]
consistent with an earlier study determining the
TALO8 plasmid that showed a shphpseaseadofulieaquy
acetyl aStpihoang &lnnni kri shnan. e®ural cqg mp2arliOsagn of EE ¢
indicates that the hypyoarceeptryel saetnetd as tdaitset iinnc tG la nnue
EE onrsi.gi

How exactly histone -aocretfydtagngonofaffepgtlisc a&tairdry or

|l og anding question. Tethering the histone acety
adances its iFniigtutraet iamuoh nWidonmee | (auer , Rubbi, Lucas.
Brewet,,al2002Moreover, the histone deacetyl ase F

number of Apargchne et al 20030040 9gkKh atuteHevee adarl,, ,

anot hers pH4ckKi5f i ¢ hi st one dSeuaneRd tmyll acsoemp | telxe Hwatsl s h
promote initiation(lanl maalhenbeet odl .or i JWMy5S;r eWeub e rs
could provide a simple solution in which the ext
Glphase may enforce tempgormdl Ilgeneomtlr alelpdd clad a dinr
Consistent with this hypothesis, synthetic hyper
del ay the chromatdimibiadiog cbmpKexphace.brlanCdc 42
addi ti on, the |l ow | evels of hi stoaebatétyl aubseh
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and i mprove recognition by histone acetyltransf
resulting sharper wave of hipthase aoat Wl ateisdraba

chromatin and allow efficigegnti D&Ayunwphdtcagi andi
5. 4 Sindlocus proteomics identbonfaisdd wo pot
replication timing factors

5. 4.Set3 as a component of a deacetyl ase comp
One factor that was identified in this study to
was Set3, which is part of the hetTeri sh eptigsreetrki c
haprevimatslbyeen described to pl ayHoaefvenmccattioad myatli cr o
component of ,ttthd shicotmprd e xdeacgetiylbatsescutgige dped as

promote replication as part of a Mmaitnile r& hddlo mp | e x
suburfiWed er et .Bdki,ng20t0lBi)s insoncenshderagi eam, s
subunit, t he Set3 compl ex mi ght be able to re
Unfortunately, it has to be stressed that some
been perofngreamadi ng that further validation in for
to be done i medriahan celt ws ida rasw. Nevertheless, these
seem to indicate that this factor coulsdsimpdayita I

was fiomntdhis respective proteomic dataset associ
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hypoacetyl atsodneEt aeps$si ant iloink eo rA RS 3n0s5 , and there

relpcation through this specific mechani sm, as ¢
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al ., R®OUA8Yer, this mechanism woul d amate bceh amnlglees ti
the replication profile idedrmddat ihen tRaxghuemrei miepn tas
53, 55,).and 66
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Wildtype Ask1 depletion
\SPB_~

CED

Ask1/DASH complex encircling
microtubules

. EE replication origin . LI replication origin

Figu4eMddel of a potential Askl1l/ DASH compl ex medi at ec
origins through nuclear clustering

A function of Askl/DASH in the targeted 3D organ
how replication of broader genomic regions are
degradat i on Taenpeehani ithrsdeh a$ b & hlealch r atins wuat ur er 0§ i ns
impa t s delhav e & uien tmfAs k ASHDat s p cido r i cam dhew Fk h &n dFk h 2

mig hitter pylan degru | fiB e dclioradit o & @ foirci geq nes rf terh  ésiigatio n s .

Unfortunatel-ygPCRnéxpadi @ehdtPs to verify the direc
Askl protein with ARS313 and ARS305 origins suff
caused by the fact that Astkkilnd DIABH fhatse raeffd d eii reen
crosslinking with thwei DBEAbi Tdusag phefgéremef Ask
how widespread the association of Askl is to ot!l

investigated.

5. Butl ook and Perspectives

Concep,¢tutalily wor k has est ablsipsehceidf iac hriegcholnyb i enfaftiic

to purify selected chromosomal domains from yea:
unbi ased compositional, structur al anddcfusndtni ana
native chromB8ttcareoiVese this powerful tool in ha
to analyze the dynamic changes of replication o

and upon genetic and envVior oremenmmpdle @der tnurtbaantti o:
chromatin amoddi fgmoadel i ng enzymes, such as | NOS8

previously implicated (iAz neif feitcialn.t, D2NOAL 7 ;e pQu tcladri
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6 Materi al
6. 1 Mat eri al

and

met hods

6.1. 1Chemi cal s
Chemicals Source Identifier
1 kb plus DNA ladder NEB Cat# N3200L
3-(N-morpholino)propanesulfonic acid Millipore Cat# 475922-100GM
(MOPS)
4-(2-hydroxyethyl)-1- Sigma-Aldrich Cat# H3375-1KG

piperazineethanesulfonic acid
(HEPES)

5-Fluoroorotic acid (5-FOA) Thermo Fisher Scientific Cat# R0811

[Ui 32P]dATP Hartmann Analytik Cat# SRP-203

| -D-Raffinose SERVA Cat# 34140.03
Acetic acid SERVA Cat# 45638.01
Acetone Carl Roth Cat# 5025.1
Acetonitrile Chemsolute Cat# 2690.1
Agarose Serva Cat# 11406.03
Ammonia (NHs) Kraft Cat# 20069.5010
Ammonium acetate (NH4OAc) Sigma-Aldrich Cat# A7262-5KG
Ammonium sulfate Santa Cruz Cat# Sc-29085

Ampicillin Fisher BioReagents Cat# BP1760-5
Auxin MP Biomedicals Cat# 102037
Bacto agar BD Cat# 214010
Bacto peptone BD Cat# 211677
Bacto Tryptone BD Cat# 211699
b-Mercaptoethanol Sigma-Aldrich Cat# P7626-5G
Bromphenol blue Alfa Aesar Cat# A18469

Boric acid Carl Roth Cat# 6943.1
Calcium chloride (CaCl.) Sigma-Aldrich Cat# C5080-500G
D-(+)-Galactose Sigma Aldrich Cat# G0625-5KG
D-(+)-Glucose Sigma-Aldrich Cat# G8270-10KG
Dimethylsulfoxide (DMSO) SERVA Cat# 20385.01
Dipotassium phosphate (K2HPQOa4) PanReac AppliChem Cat# A1041,0500
Disodium phosphate (NazHPO4) Sigma Aldrich Cat# 1.06580.0500
Dithiothreitol (DTT) Thermo Fisher Scientific Cat# R0861
Doxycycline (DOC) Sigma Aldrich Cat# D3447-500MG
Ethanol Merck Cat# 1.00983.1000
Ethylenediaminetetraacetic acid Sigma-Aldrich Cat# ED-100G
(EDTA)

Ethyleneglycol-bis(b-aminoethyl)- Santa Cruz Cat# Sc-3593A

N, N, Naraabetc acid (EGTA)

Formaldehyde

Thermo Fisher Scientific

Cat# 28908

Glycerol

Fisher BioReagents

Cat# BP229-1
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Glycine

Carl Roth

Cat# 0079.4

Glycogen

Thermo Fisher Scientific

Cat# AM9510

Hydrochloric acid (HCI)

PanReac AppliChem

Cat# 182109.1211

Hydroxylamine

Merck

Cat# 8.14441.0100

Hydroxyurea (HU) Biomol Cat# H9120.10
Hygromycine B Carl Roth Cat# CP12.2
lodoacetamide (IAA) Sigma-Aldrich Cat# 11149-5G
Isopropanol Acros Organics Cat# 327270010
Lithium acetate dihydrate (LiAc) Santa Cruz Cat# Sc-257671
Lithium Chloride (LiCl) Carl Roth Cat# 3739.1
Magnesium acetate tetrahydrate Kraft Cat# 15247.26
(MgAc)

Magnesium chloride (MgClz) Sigma-Aldrich Cat# M8266-100G
Magnesium Sulfate (MgSQa) Carl Roth Cat# 0261.2
Manganese dichloride (MnClz) Sigma-Aldrich Cat# 63535-50G-F
Methanol Merck Cat# 1.06009.2500
Milk powder Carl Roth Cat# T145.2
Monopotassium phosphate (KH2PO4) Sigma-Aldrich Cat# P5655-500G
Monosodium phosphate (NaH2PO4) Sigma-Aldrich Cat# 71496-1KG
Nocodazole Merck Cat# 487928
NUPAGE LDS sample buffer Invitrogen Cat# NP0O007
NUPAGE MES SDS running buffer Invitrogen Cat# NP0002

PEG 4000 Carl Roth Cat# 0156.3
Phenol:Chloroform:Isoamyl Alcohol Invitrogen Cat# 15593-031
Phenyl isocyanate (PIC) Sigma Aldrich Cat# 185353-100G
Potassium acetate (KAc) Merck Cat# 529543-250GM
Precision Plus Protein All Blue Bio-Rad Cat#1610373
Standards

Propionic anhydride Sigma Aldrich Cat# 240311-50G

Protease and Phosphatase Inhibitor
Cocktail 100x

Thermo Fisher Scientific

Cat# 78446

Salmon Sperm DNA Invitrogen Cat#15632-011
Sirtinol TargetMol Cat# T6671
Sodium azide Santa Cruz Cat# sc-208393
Sodium citrate Sigma Aldrich Cat# 71402-1KG
Sodium chloride (NacCl) Merck Cat# 1064040500
Sodium dodecyl sulfate (SDS) Alfa Aesar Cat# A11183
Sodium hydroxide (NaOH) Sigma-Aldrich Cat# S5881-1KG
Sodium phosphate Sigma-Aldrich Cat# 71496-1KG
Sorbitol Calbiochem Cat# 56755-1KG
Spermidine MP Biomedicals Cat# 100472
Spermine MP Biomedicals Cat# 100474

Sytox Green

Thermo Fisher Scientific

Cat# S7020
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Tergitol (NP-40) solution 70% Sigma-Aldrich Cat# NP40S-100ML
Trichostatin A Sigma-Aldrich Cat# T8552
Triethylamine Sigma-Aldrich Cat# 90340-1L
Triethylammonium bicarbonate (TEAB) | Sigma-Aldrich Cat# T7408-100ML
Trifluoroacetic acid (TFA) VWR Cat# 85049.001
Tris (hydroxymethyl) aminomethane Merck Cat# 1.08382.2500
hydrochloride (Tris-HCI)
Triton X-100 Sigma-Aldrich Cat# X100-100ML
Tween20 Kraft Cat# 18014332
Uracil Sigma-Aldrich Cat# U0750-25G
Urea Sigma-Aldrich Cat# U5378-100G
Yeast extract BD Cat# 212750
Yeast nitrogen Base without amino Sigma-Aldrich Cat# Y0626-1KG
acids
Yeast synthetic Drop-out medium Sigma-Aldrich Cat# Y1376-20G
Supplements without leucine
Yeast synthetic Drop-out medium Sigma-Aldrich Cat# Y1501-20G
Supplements without uracil
6.1.2 Buf fers and medi a
Unl ess stated otherwise, aWitBoputi oin®d hphlet baeun
val ues were measured at room temperature. Unl ess
calculated as mass per volume (m/ w) and pH was a
Media and Buffer Ingredients Concentration
2x SCD-Leucine medium Yeast Nitrogen Base without 1.36¢/I
aminio acids
Yeast Synthetic Drop-out Medium | 3.84g/
Supplements without Leucine
Glucose 209/l
(Agar for plates) 20g/l
Autoclaved afterwards
2x SCD medium + 5-FOA 2x SCD-Uracil medium
Uracil 0.02mg/ml
5-FOA 0.1%
(add dissolved 5-FOA after
autoclaving)
2x SCD-Uracil medium Yeast Nitrogen Base without 1.369/|
aminio acids
Yeast Synthetic Drop-out Medium | 3.84g/I
Supplements without Uracil
Glucose 209/l
(Agar for plates) 20g/1
Autoclaved afterwards
4x Laemmli buffer Tris base 250mM
SDS 280mM
Glycerol 40% (v/v)
b-Mercaptoethanol 20% (Vv/)
Bromphenol blue 4Amg/ml
10x TBE buffer Tris base 1M



Boric acid 1M
EDTA 20mM

20x SSC buffer NaCl 3M
Sodium citrate 0.3M
pH7

AC buffer NHsAc 100mM
MgCl: 0.1mM
pH 7.4 titrated with NH3

Buffer 1 Tris-HCI pH7.5 50mM
Sorbitol 1M
MgCl: 5mM

Buffer A Tris-HCI pH7.4 15mM
KCI 80mM
EDTA 2mM
EGTA 2mM
Spermidine 0.5M
Spermine 0.2M
Trichostatin A 0.5uM
Sirtinol 25uM
Protease and Phosphatase 1x
Inhibitor Cocktail

Buffer B Formic acid 0.1% (v/v)
Acetonitrile 98% (v/v)

CEB buffer Tris-HCI pH8 20mM
KCI 200mM
EDTA 1mM
EGTA 10mM
Triton X-100 0.5% (v/v)
Tween-20 0.1% (v/v)
DTT 1mM

CWB huffer Tris-HCI pH8 20mM
KCI 300mM
MgAc 5mM
Triton X-100 0.5% (v/v)
Tween-20 0.1% (v/v)
CaCl: 2mM
DTT 1mM

Denaturing solution NaOH 0.5M
NaCl 1.5M

Depurination solution HCI 0.2M

Destaining buffer Triethylammonium bicarbonate 100mM
Acetonitrile 50%

Hybridization buffer Sodium Phosphate buffer pH7.2 0.5M
SDS 7%

IRN buffer Tris-HCI pH8 50mM
NaCl 0.5mM
EDTA 20mM

LB medium Tryptone 10g/I
Yeast extract 5qgl/l
NaCl 5qgl/l
1M NaOH Iml/l
(Agar for plates) 20g/1
Autoclaved afterwards

LB medium with Ampicillin (Amp) | LB medium
Ampicillin 50ug/mi
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Lysis buffer HEPES pH7.5 50mM
NaCl 140mM
EDTA 5mM
EGTA 5mM
Triton X-100 1% (viv)
DOC 0.1%
MB150 buffer Tris-HCI pH8 20mM
KCI 150mM
MgAc 5mM
Triton X-100 0.5% (v/v)
Tween-20 0.1% (v/v)
DTT 1mM
MB200 buffer Tris-HCI pH8 20mM
KCI 200mM
MgAc 5mM
Triton X-100 0.5% (v/v)
Tween-20 0.1% (v/v)
DTT 1mM
PBS NaCl 8g/l
KCI 0.2¢g/l
NazHPO4 1.42¢l/l
KH2PO4 0.249/1
Potassium phosphate buffer IM | KH2PO4 1M 385ml/I
pH7 KzHPO4 1M 615ml/l
RINB buffer Tris-HCI pH8 50mM
EDTA 100mM

b-Mercaptoethanol

0.1% (v/v)

SDS sample buffer

NuPAGE LDS sample buffer
b-Mercaptoethanol

1x
5%

SOB medium Tryptone 209/l
Yeast extract 5g/l
NaCl 10mM
KCI 2.5mM
Autoclaved afterwards
MgCl2 10mM
MgSOs4 10mM

Sodium phosphate buffer 1M NaH2PO4 1M 280ml/l

pH7.2 NazHPO4 1M 720ml/|

Sodium phosphate buffer 0.1M NaH2PO4 1M 77.4ml/l

pH7.4 NazHPO4 1M 22.6ml/l

Southern transfer buffer Ammonium acetate 1M

TE buffer Tris-HCI pH7.5 10mM
EDTA 1mM

Tfbl buffer KAc 30mM
MnCl: 50mM
KCI 100mM
Glycerol 15%
pH5.8 with acetic acid
filtered through a 0.22um filter

Tfbll buffer MOPS 10mM
CaCl: 75mM
KCI 10mM
Glycerol 15%
pH7

filtered through a 0.22um filter
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UA buffer Tris-HCI pH 8.5 100mM
Urea 8M

Washl SSC buffer 0.3x
SDS 0.1%

Wash2 SSC buffer 0.1x
SDS 0.1%

Wash3 SSC buffer 0.1x
SDS 1.5%

Washing buffer 1 HEPES pH7.5 50mM
NaCl 500mM
EDTA 2mM
Triton X-100 1% (viv)
DOC 0.1%

Washing buffer 2 Tris-HCI 10mM
LiCl 250mM
EDTA 2mM
Nonidet P-40 0.5% (v/v)
DOC 0.5%

Western transfer buffer Tris base 25mM
Glycine 192mM
Methanol 20% (v/v)

Yeast Transformation solution PEG4000 50%
LiAc 100mM
Salmon sperm DNA 277pg/ml
DNA fragment of choice
H20 ad 360pl

YP medium Yeast extract 10g/1
Peptone 209/l
(Agar for plates) 209/l
Autoclaved afterwards

YPD medium YP medium
Glucose 209/l

YPD with Hygromycine B YP medium
Hygromycine B 200mg/l
(add Hygromycine B after
autoclaving)

YPR medium YP medium
Raffinose 209/l

6.1.3 Ki t s

Kits Manufacturer Identifier

GeneJet PCR Purification Kit Thermo Fisher Scientific Cat# K0702

GenelJet Plasmid Miniprep Kit Thermo Fisher Scientific Cat# K0503

Gibson Assembly® Master Mix NEB Cat# E2611L

iTag Universal SYBR Green Bio-Rad Cat# 1725124
Supermix

NEBNext Multiplex Oligos for NEB Cat#E7600S

lllumina (Dual Index Primer Set 1)

NEBNext ultra Il DNA library prep kit | NEB

Cat# E7645L

RadPrime DNA labeling system

Invitrogen

Cat# 18428-011
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SuperSignal West Pico Plus Thermo Fisher Scientific Cat#34580
Qubit 1x dsDNA HS Assay Kit Invitrogen Cat# 33230
6.1.4 Nucl ei c aci ds
6.1.4.1 Oligonucleotides

Name | Sequence 56- 3 0 Descrip tion

0016 GATAAGCTTTTTTGGGTCCTTTGTTTTCG Cloning of K094

0017 GATGAATTCATTTGGAGGGAGGAGAAGGA Cloning of K094

0020 TCAGAATTCTCCTCCAGTGGGATTGCTAC Cloning of K095

0021 TCACTGCAGGCCTAGCGGGCTATTACCTT Cloning of K095

0040 TTTTGGGTCCTTTGTTTTCGTTGTTTCAGTCTGGATAAATTT | Cloning of Y0010
TAAGTTAC TCGATCCGATGATAAGCTGTC

0041 ATTTGGAGGGAGGAGAAGGATAACAGCGACGAAACACCG Cloning of Y0010
GACAGATTCCCTGCCACCTGACGTCTAAGAA

0042 CTTATTTTTTTCAAGCGATACAAAGTAAACAGTTAC Cloning of K111

0043 GAGACCTCATCAAAGTGC Cloning of K111

0044 GTTTACTTTGTATCGCTTGAAAAAAATAAGTCGACCCGAGA | Cloning of K111
TCATATC

0045 TCTTAGTTGGTAGCACTTTGATGAGGTCTCCCACGATTTGA | Cloning of K111
TGAAAGAATAAC

0046 GAAAGTAGTTATTACGGCGTCGG Cloning of K112

0047 GGCTCTAGGGTAGTTGCG Cloning of K112

0048 GCGACGCCCGACGCCGTAATAACTACTTTCTCGACCCGAG | Cloning of K112
ATCATATC

0049 CAATGAGAGAAACGCAACTACCCTAGAGCCCCACGATTTG | Cloning of K112
ATGAAAGAATAAC

0050 GTGTGCTAAGTGTCCTGTTTC Cloning of K113

0051 AATATTGTCTTTGGACGTTTG Cloning of K113

0052 GAACGTTCCGAAACAGGACACTTAGCACACTCGACCCGAG | Cloning of K113
ATCATATC

0053 TGGTTTGGGCAAACGTCCAAAGACAATATTCCACGATTTGA | Cloning of K113
TGAAAGAATAAC

0066 GTTCCTTCTGTCTGTTGTAAATAG Cloning of K114

0067 CGGCATCAAAAGGTACCG Cloning of K114

0068 TCAAGAAAGATGCGGTACCTTTTGATGCCGTCGACCCGAG | Cloning of K114
ATCATATC

0069 TGCATCCTATTTACAACAGACAGAAGGAACCCACGATTTG Cloning of K114
ATGAAAGAATAAC

0070 ATATTTAATGTGCTAGTGACAATC Cloning of K115

0071 GGTCAAAGAAGATTCTTTCATTCCTTTAAG Cloning of K115

0072 CTTAAAGGAATGAAAGAATCTTCTTTGACCTCGACCCGAG Cloning of K115
ATCATATC

0073 CACTAGGATTGTCACTAGCACATTAAATATCCACGATTTGA | Cloning of K115

TGAAAGAATAAC
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0074 GAAAAGGGCATGTAATATTG Cloning of K116
0075 CTTGGGGAAGAAGTAACAATGAC Cloning of K116
0076 GAAATCAGTCATTGTTACTTCTTCCCCAAGTCGACCCGAGA | Cloning of K116
TCATATC

0077 CAAATTAACGCAATATTACATGCCCTTTTCCCACGATTTGA Cloning of K116
TGAAAGAATAAC

0080 TCCTCCAGTGGGATTGCTACTTCTTTTGTTGCTGCTGCATCC | Cloning of Y0011
TCAACTTG TCGATCCGATGATAAGCTGTC

0081 GCCTAGCGGGCTATTACCTTGTAAATACCACACTATCAATC | Cloning of Y0011
CTTAAATGT TGCCACCTGACGTCTAAGAA

0117 AAATCGTGGTCGACCGGCATGCAAGCTCCCTCGAGCATTT | Cloning of K101
C AGAGCCTTC

0118 AACCAGTGGTTATATGTACAGTAGTACGTTATCTAGCAAAA | Cloning of K101
AGTCTACAAACAAATTC

0119 AAATCGTGGTCGACCGGCATGCAAGCTCCCTCGAGGACAG | Cloning of K102
ACCACTTATG

0120 AACCAGTGGTTATATGTACAGTAGTACGTTATCTCTCCGCC | Cloning of K102
TGAATAAG

0121 AAATCGTGGTCGACCGGCATGCAAGCTCCCTCGAGAAATA | Cloning of K103
CAGAATAGGAAAG

0122 AACCAGTGGTTATATGTACAGTAGTACGTTATCGTAGCGGT | Cloning of K103
GTTTATC

0123 AAATCGTGGTCGACCGGCATGCAAGCTCCCTCGAGGCATA | Cloning of K104
GCATATTC

0124 AACCAGTGGTTATATGTACAGTAGTACGTTATCTGACGTGT | Cloning of K104
TTTTCGTG

0125 AAATCGTGGTCGACCGGCATGCAAGCTCCCTCGAGTTCGA | Cloning of K105
TAAACCATG

0126 AACCAGTGGTTATATGTACAGTAGTACGTTATCATATATTT Cloning of K105
ATATTGGTCCTTATTTTTATG

0127 AAATCGTGGTCGACCGGCATGCAAGCTCCCTCGAGGTTGT | Cloning of K106
C ATCATAATC

0128 AACCAGTGGTTATATGTACAGTAGTACGTTATCACCGTATC | Cloning of K106
ATGGTATAC

0137 TTTTCGCTGCTTGTCCTTTT gPCR detection of the
K71 plasmid spike-in
for the affinity
purifications (Affinity
purification)

0138 CATTTTCGTCCTCCCAACAT gPCR detection of the
K71 plasmid spike-in
for the affinity
purifications  (Affinity
purification)

0182 TCAGCGGCCGCCCTGCAGGTGCAAGCGGATCTAAGGATG Cloning of K121

0183 TCAGCGGCCGCCCTGCAGGACTTTTACATTATCTCGAAA Cloning of K121

0223 GGCTTTTCGATCAGACTTGGCATGTGACTAATCAAGTATGG | Cloning of Y0016 -

CATGCTGGT TTTTGGGTCCTTTGTTTTCG Y0018
0224 TAGTAAATAACGGAGACTGGCGAACCGAATGGGCACCTGC | Cloning of Y0016 -

CTCTGACTGC ATTTGGAGGGAGGAGAAGGA

Y0018
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0251 TAACTTCAGCACCAAAGCCAACAACTACGACCTATGTCGA Cloning of Y0019 -
GCAACGACTTTCCTCCAGTGGGATTGCTAC Y0021

0252 TTCTTGGCAGTCACATATATGGAAGGTGAATTTAGAGTAGT | Cloning of Y0019 -
TTCCTTATAGCCTAGCGGGCTATTACCTT Y0021

0270 TCAGCTAGCTTAATTAAAAGACAACAGATTTATTGTA Cloning of K139

0271 TCAGGCGCGCCCCCGAGGATTATAATTGTTC Cloning of K139

0272 TCAGGCGCGCCTTTCGTCTCGCGCGTTTCGG Cloning of K139

0273 TCAGCTAGCAGTAGTTGGAATATCATAAT Cloning of K139

0274 TCAGCTAGCGAGAATTTGTATTTTCAGGG Cloning of K139

0275 TCATTAATTAACCCCGTTCCACAACACAACA Cloning of K139

0301 CATGATCAGATGGGGCTTGA gPCR detection of the
PDC1 locus (Affinity
purification)

0302 ACCGGTGGTAGCGACTCTGT gPCR detection of the
PDC1 locus (Affinity
purification)

0338 AGAAAGTGCTTTTGGATCGTCCGGTGAAATTGCAGTAATAC | Cloning of Y0042

CGATAGTCC TCGATCCGATGATAAGCTGTC
0340 GCCGAATAAACTTAAAATTGAAACAAAACGCACCATTACT Cloning of Y0043
CTCACTATTTTCGATCCGATGATAAGCTGTC

0370 CATTTCAGAGCCTTCTTTGGAGCTC Creating a probe for
southern blot detection
of ARS305

0371 ACATACATATGATTTTTATCTTGTG Creating a probe for
southern blot
detection of ARS305

0437 AAATTCTGCCCTTGATTCGT Creating a probe for
southern blot
detection of ARS316

0438 TTTGTTTATCTCATCACTAAT Creating a probe for
southern blot detection
of ARS316

0457 ATACTAATTGAAGAGAAAGCTGGTGGCCAAAATAGGATAT Cloning of Y0042

TGATTGTAGATGCCACCTGACGTCTAAGAA
0458 GAGCTTTTCTTTCCTCTCTCTTTTTTTTTTCTTGTTACATATT Cloning of Y0043
CCTATAT TGCCACCTGACGTCTAAGAA

0463 TTTCATGTACTGTCCGGTGT gPCR detection of
ARS305 (Affinity
purification,
Replication timing,
ChIP)

0466 TTTTTAGCCCCCGTGTAAGTT gPCR detection of
ARS305 (Affinity
purification,
Replication timing,
ChlIP)

0493 GTGTTCGCCGCCAACTCCGCAGGTCTTTCGCAATTTATACC | PCR on K155 to

TTGGGTCAC TCGTACGCTGCAGGTCGAC create the Mcm2-
MNase-HA strains
0494 CAGAGAATTTTTTATCTTCATATCCAGATATTCGTAGGAATA PCR on K155 to

ACAAAGTT ATCGATGAATTCGAGCTCG

create the Mcm2-
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MNase-HA strains

0552 TCAAAGAAAAGGTGCTGCTGA gPCR detection of
ARS313 (Affinity
purification,
Replication timing,
ChIP)

0553 TCTTCCGTCTTAAAAGGTAGCAC gPCR detection of
ARS313 (Affinity
purification,
Replication timing,
ChIP)

0627 TCAAAGCTTGGCGCTGGATGAAAAGGAAA Cloning of K219

0628 TCAGAATTCTGGTATTTGATGGGTTGCTCA Cloning of K219

0631 TGTAGCTTTCGACATCTTTTTATCATTCTACAAAAGACCAG Cloning of K224

0632 GCTTCCACCTCCGCCATACGGTTTTATCTCCTTATTCAC Cloning of K224

0633 GAGATAAAACCGTATGGCGGAGGTGGAAGCGGTGGCGG Cloning of K224

0634 CGTTAACGCTTTCATGCCACCTCCGCCGCTGCCACCGC Cloning of K224

0635 AGCGGCGGAGGTGGCATGAAAGCGTTAACGGCCAGGCAA | Cloning of K224

C

0636 CTTATCATCGGATCGTCACAGCCAGTCGCCGTTGCGAA Cloning of K224

0637 GGCGACTGGCTGTGACGATCCGATGATAAGCTGTCAAAC Cloning of K224

0638 TAGAATGATAAAAAGACTCTTCCTTTTTCAATATTATTGAA Cloning of K224

GC
0639 GGCGCTGGATGAAAAGGAAA Cloning of Y0051
0640 TGGTATTTGATGGGTTGCTC Cloning of Y0051
0769 TACGCCAACTTAAGACCATG Cloning of K238
0770 TCTCTTTTCCATGGTCATGA Cloning of K238
0834 ACGGCGTAATGGATCAGAAATA gPCR detection of a
late-replicating region
on ChrlV (Replication
timing)
0835 CTGGCTCACCAGAATCTTCAT gPCR detection of a
late-replicating region
on ChrlV (Replication
timing)
0837 CGGCATTATCGTACACAACCT gPCR detection of
ARS316 (Affinity
purification,
Replication timing,
ChiP)
0838 GTTCTTCGTTGCCTACATTTTCT gPCR detection of
ARS316 (Affinity
purification,
Replication timing,
ChiP)
0858 TCCATGTCCATGTCCATGTCATCATGGGCCGTGACAAGCGT | Cloning of Y0088 -
CGCCGCGCAGCCGAATAAACTTAAAATTGA Y0089

0859 CCTCGACGGCCTCCAGTTCTTCGACCAACTGTTCGTGATCG | Cloning of Y0088 -
TCATCCATTGAGCTTTTCTTTCCTCTCTCT Y0089

0906 CGAAAGAAGTACCAAAGCCTGGGACCATCATTCATTTTTCT | Cloning of Y0071
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ACGAATAGAGGCGGAGGTGGAAGCGGTGG

0907 CCTGCGTTCTGATATTCATCACTAGTAAAAATTGTATGTAC Cloning of Y0071
TTATTTATTACTCTTCCTTTTTCAATATT

0908 CAAGAGAAAATGTAGTAAGGCAAGTGGAAGAAGATGAAAAC | Cloning of Y0072
TACGACGACGGCGGAGGTGGAAGCGGTGG

0909 ATTTCTCGTTGATTATAAATTAGTAGATTAATTTTTTGAATGC | Cloning of Y0072
AAACTTTACTCTTCCTTTTTCAATATT

0910 TCTTCAATAATAAAGTAAAAGAAATACCTGAATATTCTCAC Cloning of Y0079
CTTATTGATGGCGGAGGTGGAAGCGGTGG

0911 ATTTATTTCTTCTTCGAAAGGAATAGTAGCGGAAAAGCTTC Cloning of Y0079
TTCTACGCAACTCTTCCTTTTTCAATATT

0912 ACATGCACGAAAAGCTGTACGAGGAACACCAACAGATGCTT | Cloning of Y0077
GACAAGCAAGGCGGAGGTGGAAGCGGTGG

0913 TATTTTAATAACATTCCTATTTTATTGTACAAAATGCGCGACT | Cloning of Y0077
ATTCCGTACTCTTCCTTTTTCAATATT

0914 GCGTTGACACAAGACAGGTTTATTATGAATTAGGCCAAATC | Cloning of Y0078
CCGTTCGAGGGCGGAGGTGGAAGCGGTGG

0915 TAAGATTTTCACGTGCTCATCAATGTGAACAAATTATTAAAT | Cloning of Y0078
ACAAGCGTACTCTTCCTTTTTCAATATT

0918 ATTCGAAAAAGAAATTAAGCTTTGCGGATTACAGAAAAAAAC | Cloning of YO076
TACTGAAAGGCGGAGGTGGAAGCGGTGG

0919 CTTTTGAATATACTTAAGTTTATATAGGTGTAAGAAGGAAAT | Cloning of YO076
GTCCATGTACTCTTCCTTTTTCAATATT

0920 ACAGACTAGCAGCTCATTTACAGAGATGTTTGAGTAGGGGT | Cloning of YO075
GCTAGACGTGGCGGAGGTGGAAGCGGTGG

0921 GCTAAAATCTGTCTGTGCCTTTTCAATTACCCATAAACCACC | Cloning of Y0075
ACCTAGTGACTCTTCCTTTTTCAATATT

0922 GAGAAGAAGCAATCGGATTCATTAGAGGTAGCAATAAATTC | Cloning of Y0082
GCTGAAGTCGGCGGAGGTGGAAGCGGTGG

0923 TTATGTAAGCAAAACTGATATTTTTATATACAAATCGTTTCAA | Cloning of Y0082
ATATCTCACTCTTCCTTTTTCAATATT

0924 TCAACACCAATTTCGACGATGAATTTGGAGATCTTGATGCT Cloning of Y0080
GTATTTTTTGGCGGAGGTGGAAGCGGTGG

0925 AATATGTAAAAGGAAAGTATATATTTCCAAGAAGTAGCCGCC | Cloning of Y0080
CATGGCTAACTCTTCCTTTTTCAATATT

0926 AAGACATTGACACTGACGAAATGCAAGATTTTTTAAAAAAGC | Cloning of Y0073
ATGCTTCAGGCGGAGGTGGAAGCGGTGG

0927 AATAACTTCAAATAAAGTCATAAAAGTTAATGCAATGAAATC | Cloning of Y0073
ACATGCCCACTCTTCCTTTTTCAATATT

0928 TGAAAAGTCTGGTTGTGGATTCTGAGGGGCAAATCAGGTAT | Cloning of Y0081
GCAAAGGAAGGCGGAGGTGGAAGCGGTGG

0929 ACCGAGTAAGCTGCTACATAATGTCTATATATCTACACATAA | Cloning of Y0081
AATTCCGAACTCTTCCTTTTTCAATATT

0930 GGAAAGGCCTATTGAAGTTCGACGAAAAAACTGCCACTCTT | Cloning of Y0074
GTGGACGAGGGCGGAGGTGGAAGCGGTGG

0931 TTACAATATACTAGATGAAGGCTCGTCAACGAGGCAAGCAA | Cloning of Y0074
TGGTTGGAAACTCTTCCTTTTTCAATATT

0970 CTTCGCGCGTCAACTTTCTA gPCR detection of

ARS315 (Affinity
purification,
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Replication timing,
ChIP)

0971 ATCGAAGTTTTAAGCGGCAAA gPCR detection of
ARS315 (Affinity
purification,
Replication timing,
ChIP)

0998 GTATATACAACAGTTTTAGATCGTACTTCACAAAATACGAGA | Cloning of Y0117

ACTGAATCCGATCCGATGATAAGCTGTC

1069 CCCTTTCGTCTTTGCGAAACCTAGTTCATTG Cloning of K289

1070 AAACGCGCGATGCAAGTTATCGACCATG Cloning of K289

1071 ATAACTTGCATCGCGCGTTTCGGTGATG Cloning of K289

1072 GTTCCGATTTAGTGCTTTACGGCACCTC Cloning of K289

1073 GTAAAGCACTAAATCGGAACCCTAAAGG Cloning of K289

1074 GTTTTCTTCCATTTCATTGGAACCATCTC Cloning of K289

1075 CCAATGAAATGGAAGAAAACCATGGTGACTTG Cloning of K289

1076 GTTTCGCAAAGACGAAAGGGCCTCGTGATAC Cloning of K289

1093 CGAAAGAAGTACCAAAGCCTGGGACCATCATTCATTTTTCT | Cloning of Y0123

ACGAATAGACGTACGCTGCAGGTCGAC
1094 CCTGCGTTCTGATATTCATCACTAGTAAAAATTGTATGTAC Cloning of Y0123
TTATTTATTATCGATGAATTCGAGCTCG
6.1.4.2 Plamids
Name Source Descrip tion Cloning strategy

K001 (K322)

(Gietz and Sugino,
1988)

E. colilyeast shuttle
vector for expression
of proteins with
URAS3 marker and 2¢
origin of replication

K004 (pM49.2)

(Griesenbeck et al.,
2004a)

Plasmid pM49.2 is a

derivative of pABX22,
and has been
modified by addition of
a LexA-binding cluster
juxtaposed to an RS
element.

K005 (K2049)

(Hamperl et al., 2014)

Yeast expression
vector for
constitutive
expression of LexA-
TAP under control of
TEF2 promoter and
inducible expression
of R Recombinase
under control of
GAL1-10 promoter;
LEUZ2 selection
marker framed with
RS sites

K009 (K2054)

(Hamperl et al., 2014)

E. coli/lyeast shuttle
vector used for
genomic integration
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of CYC1 LexATAP
GAL1-10 RecR
expression cassette
by recombination in
URAS locus

K018

pBlueSkript SK (+)

K071 (pSH36)

(Hamperl et al., 2017)

Plasmid used as a
spike inin the
chromatin ring
purifications in order
to assess the
efficiency of DNA
extraction of different
fractions

K094 (pMW?2)

Plasmid containing
wildtype ARS305
locus in pBlueScript
backbone

Hindlll/Pstl cut
amplicon (primer
0016/0017) from
yeast gDNA into K18

K095 (pMW3)

Plasmid containing

wildtype ARS316
locus in pBlueScript
backbone

EcoRI/Pstl cut
amplicon (primer
0020/0021) from
yeast gDNA into K18

K101 (pMW7)

Vector with ARS305
+/-1 nucleosome
sequence next to
lexA/RS sites

Gibson assembly of
two fragments
(primer 0117/0118
with K94 as
template +
Hpal/Xhol cut
backbone from
K0004)

K102 (pMWS8)

Vector with ARS305
+/-2 nucleosome
sequence next to
lexA/RS sites

Gibson assembly of
two fragments
(primer 0119/0120
with K94 as
template +
Hpal/Xhol cut
backbone from
K0004)

K103 (pMW9)

Vector with ARS305
+/-3 nucleosome
seguence next to
lexA/RS sites

Gibson assembly of
two fragments
(primer 0121/0122
with K94 as
template +
Hpal/Xhol cut
backbone from
K0004)

K104 (pMW10)

Vector with ARS316
+/-1 nucleosome
sequence next to
lexA/RS sites

Gibson assembly of
two fragments
(primer 0123/0124
with K95 as
template +
Hpal/Xhol cut
backbone from
K0004)

K105 (pMW11)

Vector with ARS316
+/-2 nucleosome

Gibson assembly of
two fragments
(primer 0125/0126
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sequence next to
lexA/RS sites

with K95 as
template +
Hpal/Xhol cut
backbone from
K0004)

K106 (pMW12)

Vector with ARS316
+/-3 nucleosome
sequence next to
lexA/RS sites

Gibson assembly of
two fragments
(primer 0127/0128
with K95 as
template +
Hpal/Xhol cut
backbone from
K0004)

K111 (pMW16)

Vector for yeast
transformation in
order to modify
ARS305 locus and
insert RS sites next
to NS+/-1

Gibson assembly of
two fragments
(primer 0042/0043
with K94 as
template + primer

0044/0045 with K101
as template)

K112 (pMW17)

Vector for yeast
transformation in
order to modify
ARS305 locus and
insert RS sites next to
NS+/-2

Gibson assembly of
two fragments
(primer 0046/0047
with K94 as
template + primer
0048/0049 with
K102 as template)

K113 (pMW18)

Vector for yeast
transformation in
order to modifiy
ARS305 locus and
insert RS sites next to
NS+/-3

Gibson assembly of
two fragments
(primer 0050/0051
with K94 as
template + primer
0052/0053 with
K103 as template)

K114 (pMW19)

Vector for yeast
transformation in
order to modifiy
ARS316 locus and
insert RS sites next to
NS+/-1

Gibson assembly of
two fragments
(primer 0066/0067
with K95 as
template + primer

0068/0069 with K104
as template)

K115 (pMW20)

Vector for yeast
transformation in
order to modifiy
ARS316 locus and
insert RS sites next to
NS+/-2

Gibson assembly of
two fragments
(primer 0070/0071
with K95 as
template + primer
0072/0073 with
K105 as template)

K116 (pMW21)

Vector for yeast
transformation in
order to modifiy
ARS316 locus and
insert RS sites next to
NS+/-3

Gibson assembly of
two fragments
(primer 0074/0075
with K95 as
template + primer

0076/0077 with K106
as template)

K121 (pMW22)

Backbone for yeast
transformation vectors

Notl cut amplicon
(primer 0182/0183)
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with 500bp
homologue region to
yeast chrl with a Bbsl
site in the middle; add
insert with Gibson
assembly

from yeast gDNA
into K18

K139 (pMW23)

E. coliflyeast shuttle
vector used for
genomic integration
of pCYCL1 LexA-TAP
GAL1-10 RecR
expression cassette
by recombination in
500bp homology
region from K121 of
yeast chromosome |,
LEUZ2 selection
marker framed with
RS sites (two
mutations in the lexA
gene that stop
binding to lexA
binding site: V11A,
N171D)

Ascl/Nhel cut
amplicon (primer
0270/0271 template
K121) inserted with
Ascl/Nhel cut
amplicon (primer
0272/0273 template
K009). Resulting
plasmid was cut
with Nhel/Pacl and
inserted with
Nhel/Pacl cut
amplicon (primer
0274/0275 template
K009).

K155

Prof. Dr. Joachim
Griesenbeck

Vector containing the
sequence of Mnase
fused to HA epitope
together with uracil
marker

K167 (pMW24)

E. colilyeast shuttle
vector used for
genomic integration
of pCYC1 LexA-TAP
GAL1-10 RecR
expression cassette
by recombination in
500bp homology
region from

K121 of yeast
chromosome |, LEU2
selection marker
framed with RS sites

Insert from K009
(Nsil/Blpl) cloned
into K139

K168 (pACO1)

Anna Chanou,
unpublished

Vector for yeast
transformation in
order to modifiy
ARS313 locus and
insert RS sites next to
NS+/-1

K169 (pACO2)

Anna Chanou,
unpublished

Vector for yeast
transformation in
order to modifiy
ARS313 locus and
insert RS sites next
to NS+/-2

K170 (pACO3)

Anna Chanou,
unpublished

Vector for yeast
transformation in
order to modifiy
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ARS313 locus and
insert RS sites next
to NS+/-3

K196
(pBluescript_GS14a-
V5- GS14)

Henning

Ummethum,
unpublished

Plasmid used to
amplify a glycine-
serine linker
sequence

K219 (pMW25)

E. coliflyeast shuttle
vector with homology
arms for integration
at the yeast Sir4
locus

Hindlll/EcoRI cut
amplicon (primer

0627/0628) from
yeast gDNA into K18

K224 (pMW26)

E. coliflyeast shuttle
vector with homology
arms for integration
at the yeast Sir4
locus for expressing
Sir4- GlySer-V5-
GlySer-lexA fusion
protein

Gibson assembly of
four fragments
(primer 0631/0632
with K219 as
template + primer
0633/0634 with
K196 as template +
primer 0635/0636
with K167 as
template + primer
0637/0638 with KOO1
as template)

K238 (pTS1)

E.coli/lyeast shuttle
vector used for
genomic integration
of pTEF2 LexA-TAP
GAL1-10 RecR
expression cassette
by recombination in
500bp homology
region from

K121 of yeast
chromosome |, LEU2
selection marker
framed with RS sites

Ncol/Aflll cut
amplicon (primer
0769/0770 template
K005) into K167

K273 (pACO5)

Anna Chanou,
unpublished

Vector for yeast
transformation in
order to modifiy
ARS313 locus and
insert RS sites next
to NS+/-2

K278 (pMP10)

(Reusswig et al., 2022)

Plasmid containing
pGPD-TIR1-3myc (in
pRS305 (LEU2),
codon-optimized) for
yeast transformation

K282 (pKR586)

(Reusswig et al.,
2022)

Plasmid containing 3x
aid*i 9x myc (in
pFA6a- hphNT1) for
yeast transformation

K289 (pMW28)

pGPD-TIR1-3myc
(in
pRS305 (LEU2),

Gibson assembly of
four fragments
(primer 1069/1070
with gDNA as
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codon- optimized)
Derived from K278,
with an added
homology region to
transform into yeast
Chrl (Ndel RS site
for trafo)

template + primer
1071/1072 with

K278 as template +
primer 1073/1074
with K278 as
template + primer
1075/1076 with K278
as template)

K293 (pACOB)

Anna Chanou,

Vector for yeast

unpublished transformation in
order to modifiy
ARS315 locus and
insert RS sites next
to NS+/-2
6.1.5 Enzymes and polypeptides
Lttt NBaGNROe2z2y SyievySa 46SNB betaAKYI aXBY BHSN
LIN2E A RSR 0dzi SNA @
Enzymes and polypeptides Source Identifier
Antarctic Phosphatase NEB Cat# M0289S
Bovine Serum Albumin (BSA) Roche Cat# 10735078001
Lysyl Endopeptidase (Lys-C) Wako Chemicals Cat# 121-05063
Pronase Sigma-Aldrich Cat# 53702
Proteinase K Serva Cat# 33756
Phusion High-Fidelity DNA Thermo Fisher Scientific Cat# F-530S
Polymerase
Rabbit IgGs Sigma-Aldrich Cat# 15006
RNAse A Thermo Fisher Scientific Cat# ENO531
T4 DNA Ligase NEB Cat# M0202L
TEV Protease NEB Cat# P8112S
Trypsin Promega Cat# V528A
Yeast Mating Factor Alpha Biomol Cat# Y2016.5
Zymolyase Biomol Cat# 21005
6.1.6 Anti bodi es
Antibody Western blot Source Identifier
dilution
HRP-conjugated goat anti- 1:10000 Invitrogen Cat# G21040 //
mouse RRID:AB_2536527
HRP-conjugated goat anti- 1:10000 Invitrogen Cat# G21234 //
rabbit RRID:AB_2536530
Mouse Monoclonal anti-c-MYC | 1:400 Sigma-Aldrich Cat# 11667149001 //
clone 9E10 RRID:AB_390912
Mouse Monoclonal anti- 1:1000 Novus Biologicals Cat# NB600-502 //
GAPDH RRID:AB_10077682
Mouse Monoclonal anti-V5 Used for ChIP only | Thermo Fisher Cat# R96025 //
Scientific RRID:AB_159313
Rabbit monoclonal anti-H2A 1:2000 Abcam Cat# ab181447 //
(phospho S129)
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Rabbit Monoclonal anti-RNA 1:500 Abcam Cat# ab193468 //

polymerase Il CTD repeat RRID:AB_2905557

YSPTSPS (phospho S2)

Rabbit Peroxidase Anti- 1:1000 Sigma-Aldrich Cat# P1291 //

Peroxidase Soluble Complex RRID:AB_1079562

antibody

Rabbit polyclonal anti-CBP 1:100 Sigma-Aldrich Cat# 07-482 //
RRID:AB_310653

Rabbit polyclonal anti-H3 Used for ChIP only | Abcam Cat# ab1791 //
RRID:AB_302613

Rat monoclonal anti-HA Used for ChIP only | Sigma-Aldrich Cat# 11867423001 //

(3F10)

RRID:AB_390918

6.1.7 Or gani s ms
6.1.7.1 Bacteria

For all <c¢cloning experibDiehalsph a hhears ¢ BBveeccteenTpiecse dimyt
6.1.7.2 Yeast strains
Name Genoty pe Descrip tion Cloning strategy

Y0001 (Y01408)

MATa; ura3q®; leu2qo;
his 3 Xpmet15qP;
barl::kanMX4

Wildtype strain

EUROSCARF

Y0008
1

MATa; ade2-1; ura3-1; trpl-

leu2-3,112; his3-11; can1-100

RS sites and lexA
binding sites
flanking the
ribosomal ARS.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

(Hamperl et al.,
2014)

Y0010 (yMW2)

MATa; ura3qD; leu2qD;
his 3 kpmetl15qP;
barl::kanMX4;
ARS305::URA3

ARS305 exchanged
for URA3

Transformation of
amplicon derived
from KOO1 (primer
0040/0041) into
YO0001. Selection on
Ura

Y0011 (yMWS3)

MATa; ura3qD; leu2qD;
his 3 pmet15qP;
barl::kanMX4;
ARS316::URA3

ARS316
exchanged

for URA3

Transformation of
amplicon derived
from KOO1 (primer
0080/0081) into
Y0001. Selection on
Ura

Y0016 (yMW4)

MATa; ura3qD; leu2qD;
his 3 pmet15qP;
barl::kanMX4;
RS_LEXA_NS-

1 _ARS305_NS+1 RS

RS sites and lexA

binding sites at
ARS305 after +/-1
nucleosomes

Transformation of
amplicon derived
from K111 (primer
0223/0224) into
Y0010. Selection on
FOA

Y0017 (yMWS5)

MATa; ura3qo; leu2qo;
his 3 Ipmet15qD;
barl::kanMX4;
RS_LEXA_NS-

2_ARS305_NS+2_RS

RS sites and lexA

binding sites at
ARS305 after +/-2
nucleosomes

Transformation of
amplicon derived
from K112 (primer

0223/0224) into
Y0010. Selection on
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FOA

Y0018 (yMW6)

MATa; ura3qD; leu2qD;
his 3 Ipmet15qD;
barl::kanMX4;

RS LEXA_NS-

3 _ARS305 _NS+3_RS

RS sites and lexA

binding sites at
ARS305 after +/-3
nucleosomes

Transformation of
amplicon derived
from K113 (primer
0223/0224) into
Y0010. Selection on
FOA

Y0019 (yMW?7)

MATa; ura3qD; leu2qD;
his 3 Xpmet15qp;
barl::kanMX4;

RS LEXA_NS-

1 _ARS316_NS+1_RS

RS sites and lexA
binding sites at
ARS316 after +/-1
nucleosomes

Transformation of
amplicon derived
from K114 (primer
0251/0252) into
YO0011. Selection on
FOA

Y0020 (yMWS8)

MATa; ura3qD; leu2qD;
his 3 Xpmet15qP;
barl::kanMX4;

RS LEXA_NS-

2 _ARS316_NS+2_RS

RS sites and lexA

binding sites at
ARS316 after +/-2
nucleosomes

Transformation of
amplicon derived
from K115 (primer
0251/0252) into
Y0011. Selection on
FOA

Y0021 (yMW9)

MATa; ura3qp; leu2qo;
his 3 Xpmet15qP;
barl::kanMX4;

RS LEXA_NS-

3 _ARS316_NS+3 RS

RS sites and lexA

binding sites at
ARS316 after +/-3
nucleosomes

Transformation of
amplicon derived
from K116 (primer
0251/0252) into
YO0011. Selection on
FOA

Y0034 (yMW17)

MATa; ura3q; leu2qo;

his 3 Xpmet15qP;
barl::kanMX4; Chr |
212kb::LEU2 pCYC1-LEXA-
TAP pGAL1-10 RecR

WT strain with
expression cassette
for R Recombinase
and lexA (CYC1
promoter)

Transformation of
Shfl digested
plasmid K167 into
Y0001. Selection on
Leu

Y0035 (yMW18)

MATa; ura3q®; leu2qo;

his 3 Xpmet15qP;
barl::kanMX4;
RS_LEXA_NS-

1 ARS305 NS+1 RS;Chrll
212kb::LEU2 pCYC1-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS305 after +/-1
nucleosomes.
Expression cassette
for R Recombinase
and lexA (CYC1
promoter)

Transformation of
Shfl digested
plasmid K167 into
YO0016. Selection on
Leu

Y0036 (yMW19)

MATa; ura3q®; leu2qo;

his 3 pmet15qP;
barl::kanMX4;
RS_LEXA_NS-

2 ARS305 NS+2 RS; Chr
1212kb::LEU2 pCYC1-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS305 after +/-2
nucleosomes.
Expression cassette
for R Recombinase
and lexA (CYC1
promoter)

Transformation of
Shfl digested
plasmid K167 into
Y0017. Selection on
Leu

Y0037 (yMW?20)

MATa; ura3g®; leu2q®;

his 3 Ipmet15qo;
barl::kanMX4;
RS_LEXA_NS-
3_ARS305_NS+3_RS; Chr |
212kb::LEU2 pCYC1-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS305 after +/-3
nucleosomes.
Expression cassette
for R Recombinase
and lexA (CYC1
promoter)

Transformation of
Sbfl digested
plasmid K167 into
Y0018. Selection on
Leu

Y0038 (yMW21)

MATa; ura3q®; leu2q®;
his 3 Ipmet15qD;

RS sites and lexA
Binding sites at

Transformation of
Sbfl digested
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barl::kanMX4;

RS LEXA NS-

1 ARS316 NS+1 RS; Chr
212kb::LEU2 pCYC1-LEXA-
TAP pGAL1-10 RecR

ARS316 after +/-1
nucleosomes.
Expression cassette
for R Recombinase
and lexA (CYC1
promoter)

plasmid K167 into
Y0019. Selection on
Leu

Y0039 (yMW22)

MATa; ura3q®; leu2qo;

his 3 Ipmet15qD;
barl::kanMX4;

RS LEXA_NS-

2 ARS316_NS+2 RS;Chrl
212kb::LEU2 pCYC1-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
Binding sites at
ARS316 after +/-2
nucleosomes.
Expression cassette
for R Recombinase
and lexA (CYC1
promoter)

Transformation of
Shfl digested
plasmid K167 into
Y0020. Selection on
Leu

Y0040 (yMW23)

MATa; ura3q®; leu2qo;

his 3 Ipmet15qo;
barl::kanMX4;

RS LEXA_NS-

3 _ARS316_NS+3 RS; Chrl
212kb::LEU2 pCYC1-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
Binding sites  at
ARS316 after +/-3
nucleosomes.
Expression cassette
for R Recombinase
and lexA (CYC1

Transformation of
Shfl digested plasmid
K167 into Y0021.
Selection on Leu

promoter)
Y0042 (yACO02) MATa; ura3g®; leu2q®; ARS313 Transformation of
his 3 Ipmet15qD; exchanged amplicon derived
barl::kanMX4; for URA3 from KOO1 (primer

ARS313::URA3

0338/0457) into
Y0001. Selection on
Ura

Y0043 (yACO3)

MATa; ura3q®; leu2qo;
his 3 Xpmet15qw;
barl::kanMX4;
ARS315::URA3

ARS315 exchanged
for URA3

Transformation of
amplicon derived
from KOO1 (primer
0340/0458) into
YO0001. Selection on
Ura

Y0044 (yAC04)

MATa; ura3q®; leu2qo;
his 3 kpmet15qP;

barl::kanMX4;
RS LEXA_NS-

3_ARS313_NS+3 RS

RS sites and lexA

binding sites at
ARS313 after +/-3
nucleosomes

Transformation of
EcoRI/Hindlll
digested plasmid
K170 into Y0042.
Selection on FOA

Y0045 (yACO5)

MATa; ura3q®; leu2qo;
his 3 pmet15qP;
barl::kanMX4;
RS_LEXA_NS-

1 _ARS313_NS+1_RS

RS sites and lexA

binding sites at
ARS313 after +/-1
nucleosomes

Transformation of
EcoRI/Hindlll
digested plasmid
K168 into Y0042.
Selection on FOA

Y0046 (YACO6)

MATa; ura3q®; leu2qo;
his 3 pmet15qP;
barl::kanMX4;
RS_LEXA_NS-

2_ARS313_NS+2_RS

RS sites and lexA
binding sites at
ARS313 after +/-2
nucleosomes

Transformation of
EcoRI/Hindlll
digested plasmid
K169 into Y0042.
Selection on FOA

Y0051 (yMW24)

MATa; ura3g®; leu2q®;

his 3 Ipmet15qo;
barl::kanMX4;
RS_LEXA_NS-

1 ARS305 NS+1 RS; Sir4-
GlySer-lexA; Ura3

Sird-lexA fusion
protein targeted to

ARS305+/-1

Transformation of
amplicon derived
from K224 (primer
0639/0640) into
Y0016. Selection on
Ura
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Y0063 (yTS1)

MATa; ura3qp; leu2qo;

his 3 Ipmet15qD;
barl::kanMX4;

RS _LEXA_NS-

1 ARS305 NS+1 RS;Chrll

212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS305 after +/-1
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

Transformation of
Sbfl digested
plasmid K238 into
Y0016. Selection on
Leu

Y0064 (yTS2)

MATa; ura3qp; leu2q®;

his 3 Xpmet15qP;
barl::kanMX4;

RS LEXA_NS-

2 ARS305 NS+2 RS; Chrl
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS305 after +/-2
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

Transformation of
Shfl digested
plasmid K238 into
Y0017. Selection on
Leu

Y0065 (yTS3)

MATa; ura3qp; leu2qo;

his 3 kpmet15qw;
barl::kanMX4;

RS LEXA_NS-

3 _ARS305 NS+3 RS; Chrl
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS305 after +/-3
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

Transformation of
Shfl digested plasmid
K238 into Y0018.
Selection on Leu

Y0066 (yTS4)

MATa; ura3qp; leu2qo;

his 3 Ipmet15qD;
barl::kanMX4; Chr |
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

WT strain with
expression cassette
for R Recombinase
and lexA (TEF2
promoter)

Transformation of
Shfl digested
plasmid K238 into
Y0001. Selection on
Leu

Y0067 (yMW36)

MATa; ura3q®; leu2qo;

his 3 kpmet15qP;
barl::kanMX4;
RS_LEXA_NS-

1 ARS316 _NS+1 RS;Chrll
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS316 after +/-1
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

Transformation of
Shfl digested
plasmid K238 into
Y0019. Selection on
Leu

Y0068 (yMW37)

MATa; ura3q®; leu2qo;

his 3 kpmet15qP;
barl::kanMX4;
RS_LEXA_NS-

2 ARS316_NS+2 RS;Chrl
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS316 after +/-2
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

Transformation of
Shfl digested
plasmid K238 into
Y0020. Selection on
Leu

Y0069 (YMW38)

MATa; ura3q®; leu2qo;

his 3 pmet15qP;
barl::kanMX4;
RS_LEXA_NS-

3 _ARS316_NS+3 RS;Chrl
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS316 after +/-3
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

Transformation of
Shfl digested plasmid
K238 into Y0021.
Selection on Leu

Y0071 (yMWA40)

MATa; ura3q®; leu2q®;
his 3 Ipmet15qo;
barl::kanMX4;
RS_LEXA_NS-

Ask1-lexA fusion
protein targeted to
ARS316

Transformation of
amplicon derived
from K224 (primer

0906/0907) into
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1 _ARS316_NS+1_RS;
Ask1-GlySer-V5-GlySer-
lexA; Ura3

Y0019. Selection on
Ura

Y0072 (yMWA41)

MATa; ura3qp; leu2qo;
his 3 Xpmet15qP;
barl::kanMX4;

RS LEXA_NS-

1 ARS316_NS+1 RS;
Cyc8-GlySer-V5-GlySer-
lexA; Ura3

Cyc8-lexA fusion
protein targeted to
ARS316

Transformation of
amplicon derived
from K224 (primer
0908/0908) into
Y0019. Selection on
Ura

Y0073 (yMW42)

MATa; ura3qp; leu2qo;
his 3 Ipmet15qD;
barl::kanMX4;

RS LEXA_NS-
1_ARS316_NS+1_RS;
Swi6-GlySer-V5-GlySer-
lexA; Ura3

Swib-lexA fusion
protein targeted to
ARS316

Transformation of
amplicon derived
from K224 (primer
0926/0927) into
Y0019. Selection on
Ura

Y0074 (yMW43)

MATa; ura3qp; leu2qo;

his 3 Ipmet15qD;
barl::kanMX4;

RS LEXA_NS-
1_ARS316_NS+1_RS;
YdI144C-ClySer-V5-GlySer-
lexA; Ura3

YdI144C-lexA
fusion

protein targeted to
ARS316

Transformation of
amplicon derived
from K224 (primer
0930/0931) into
Y0019. Selection on
Ura

Y0075 (yMW44)

MATa; ura3qp; leu2qo;
his 3 kpmet15qP;
barl::kanMX4;
RS_LEXA_NS-
1_ARS316_NS+1_RS;
Sgfl1-GlySer-V5-GlySer-
lexA; Ura3

Sgfll-lexA fusion
protein targeted to
ARS316

Transformation of
amplicon derived
from K224 (primer
0920/0921) into
Y0019. Selection on
Ura

Y0076 (yMW45)

MATa; ura3q®; leu2qo;
his 3 kpmet15qD;
barl::kanMX4;
RS_LEXA_NS-
1_ARS316_NS+1_RS;
Set3-GlySer-V5-GlySer-
lexA; Ura3

Set3-lexA fusion
protein targeted to
ARS316

Transformation of
amplicon derived
from K224 (primer
0918/0919) into
Y0019. Selection on
Ura

Y0077 (yMW46)

MATa; ura3q®; leu2qo;

his 3 kpmet15qP;
barl::kanMX4;
RS_LEXA_NS-

1 _ARS316_NS+1_RS;
Ipi3-GlySer-V5-GlySer-lexA;
Ura3

Ipi3-lexA fusion
protein targeted to
ARS316

Transformation of
amplicon derived
from K224 (primer
0912/0913) into
Y0019. Selection on
Ura

Y0078 (yMW47)

MATa; ura3q®; leu2qo;
his 3 Ipmet15qo;
barl::kanMX4;
RS_LEXA_NS-

1 ARS316_NS+1_RS;
Met18-GlySer-V5-GlySer-
lexA; Ura3

Met18-lexA fusion
protein targeted to
ARS316

Transformation of
amplicon derived
from K224 (primer
0914/0915) into
Y0019. Selection on
Ura

Y0079 (yMW48)

MATa; ura3q®; leu2q®;
his 3 Ipmet15qo;
barl::kanMX4;

Gcenb-lexA fusion
protein targeted to
ARS316

Transformation of
amplicon derived
from K224 (primer
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RS_LEXA_NS-

1 _ARS316_NS+1_RS;
Gcen5-ClySer-V5-GlySer-
lexA; Ura3

0910/0911) into
Y0019. Selection on
Ura

Y0080 (yMW49)

MATa; ura3qp; leu2qo;
his 3 Ipmet15qD;
barl::kanMX4;

RS LEXA_NS-
1_ARS316_NS+1_RS;
Snf6-GlySer-V5-GlySer-
lexA; Ura3

Snf6-lexA fusion
protein targeted to
ARS316

Transformation of
amplicon derived
from K224 (primer
0924/0925) into
Y0019. Selection on
Ura

Y0081 (yMWS50)

MATa; ura3qp; leu2qo;

his 3 Ipmet15qD;
barl::kanMX4;

RS LEXA_NS-
1_ARS316_NS+1_RS;
Ycr087C-GlySer-V5-GlySer-
lexA; Ura3

Ycr087C-lexA
fusion protein
targeted to

ARS316

Transformation of
amplicon derived
from K224 (primer
0928/0929) into
Y0019. Selection on
Ura

Y0082 (yMW51)

MATa; ura3q®; leu2qo;
his 3 Ipmet15qD;
barl::kanMX4;

RS LEXA_NS-
1_ARS316_NS+1_RS;
Smc3-GlySer-V5-GlySer-
lexA; Ura3

Smc3-lexA fusion
protein targeted to

ARS316

Transformation of
amplicon derived
from K224 (primer
0922/0923) into
Y0019. Selection on
Ura

Y0088 (yAC13)

MATa; ura3q®; leu2qo;
his 3 Xpmet15qw;
barl::kanMX4;
RS_LEXA_NS-

2_ARS315_NS+2_RS

RS sites and lexA
binding sites at
ARS315 after +/-2
nucleosomes

Transformation of
amplicon derived
from K293 (primer
0858/0859) into
Y0043. Selection on
FOA

Y0089 (yAC14)

MATa; ura3q®; leu2qo;
his 3 kpmet15qP;
barl::kanMX4;
RS_LEXA_NS-

3_ARS315_NS+3 RS

RS sites and lexA
binding sites at
ARS315 after +/-3
nucleosomes

Transformation of
amplicon derived
from K273 (primer
0858/0859) into
Y0043. Selection on
FOA

Y0090 (yAC15)

MATa; ura3q®; leu2qo;

his 3 Xpmet15qP;
barl::kanMX4;
RS_LEXA_NS-

2 ARS315 NS+2 RS;Chrl
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS315 after +/-2
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

Transformation of
Shfl digested plasmid
K238 into Y0088.
Selection on Leu

Y0091 (YAC16)

MATa; ura3q®; leu2qo;

his 3 Ipmet15qo;
barl::kanMX4;
RS_LEXA_NS-

3 _ARS315 NS+3 RS;Chrl
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS315 after +/-3
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

Transformation of
Sbfl digested
plasmid K238 into
Y0089. Selection on
Leu

Y0092 (yAC17)

MATa; ura3q®; leu2q®;
his 3 Ipmet15qo;
barl::kanMX4;

RS sites and lexA
binding sites at

Transformation of
Sbfl digested
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RS_LEXA_NS-
1_ARS313_NS+1_RS;Chr

212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

ARS313 after +/-1
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

plasmid K238into

Y0045. Selection on
Leu

Y0093 (yAC18)

MATa; ura3qp; leu2q®;

his 3 Ipmet15qo;
barl::kanMX4;

RS LEXA_NS-

2 ARS313 NS+2 RS;Chrl
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS313 after +/-2
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2
promoter)

Transformation of
Sbfl digested plasmid
K238 into Y0046.
Selection on Leu

Y0094 (yAC19)

MATa; ura3qp; leu2qo;

his 3 Ipmet15qD;
barl::kanMX4;

RS LEXA_NS-

3 _ARS313 NS+3 RS; Chrl
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR

RS sites and lexA
binding sites at
ARS313 after +/-3
nucleosomes.
Expression cassette
for R Recombinase
and lexA (TEF2

Transformation of
Shfl digested
plasmid K238 into
Y0044. Selection on
Leu

promoter)
Y0098 MATa trp-I-l ura3-1 his3-11, 3 | Wildtype strain (Li et al., 2002)
leu2-3, 112 ade2-I can1-100
Y0099 As Y0098 except LEU2, askl- | askl-1 temperature | (Liet al., 2002)
1 sensitive mutant
Y0100 As Y0098 except ask1-3 ask1-2 temperature | (Liet al., 2002)
sensitive mutant
Y0101 As Y0098 except askl-2 ask1-3 temperature | (Liet al., 2002)

sensitive mutant

Y0117 (yMW57)

MAT a; ur a3 g0 ;
his3mpl; met 15
barl::kanMX4; set3::ura3

Set3 knockout strain

Transformation of
amplicon derived
from K224 (primer
0998/0919) into

Y0001. Selection on
Ura

Y0122 (yMW62)

MATa; ura3q®; leu2qo;

his 3 kpmet15qP;
barl::kanMX4; pGPD- TIR1-
3myc; leu2

WT strain with
expression
cassette for OsTirl

Transformation of
Ndel digested
plasmid K289 into
Y0001. Selection on
Leu

Y0123 (YMW63)

MATa; ura3q®; leu2qo;

his 3 kpmet15qP;
barl::kanMX4; pGPD- TIR1-
3myc; leu2; Ask1-3x aid*

T 9x myc

Ask1 fused to 3x
aid* 7 9x myc.
Expression cassette
for OsTirl

Transformation of
amplicon derived
from K282 (primer
1093/1094) into
Y122. Selection on
Hygromycine B

Y0124 (yAC34)

MATa; ur a3 mo;
hi s 3mElt; 15 0 ;
barl::kanMX4;
RS_LEXA_NS-
3_ARS305 NS+3 RS; Chr |
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR,;

MNAse-HA; URA3

Endogenous
protein is fused to
Mnase-HA- Uracil
marker

Transformation of
amplicon derived
from K155 (primer
493/494) into Y065.
Selection on Ura
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Y0125 (yAC35) MATa; ur a3mo0;

his3mpl;

3 ARS313 NS+3 RS; Chr |
212kb::LEU2 pTEF2-LEXA-
TAP pGAL1-10 RecR;
MNAse-HA; URA3

met 15
barl::kanMX4;RS_ LEXA NS-

Endogenous
protein is fused to
Mnase-HA- Uracil
marker

Transformation of
amplicon derived
from K155 (primer
493/494) into Y094.
Selection on Ura

Y0138 (yYMW65) MATa; ur a3 mo; Ask1-lexA fusion
E '15k3 Cl\el>1(4 me t 15 o protein targeted to
arl::kan ;
RS_LEXA_NS- ARS305

1_ARS305_NS+1_RS;
Ask1-GlySer-V5-GlySer-

Transformation of
amplicon derived
from K224 (primer
0906/0907) into
YO0016. Selection on
Ura

lexA; Ura3

Y0139 (YMW66) MAT a ; ur a3 o0 ; Ask1-lexA fusion Transformation of
hi s3ml; met 15 proteintargeted to amplicon derived
barl::kanMX4; ARS313 from K224 (primer
RS_LEXA_NS-

1_ARS305_NS+1_RS;
Ask1-GlySer-V5-GlySer-
lexA; Ura3

0906/0907) into
Y0045. Selection on
Ura

6.1.8 Equi pment

Device

Manufacturer

2100 Bioanalyzer

Agilent

BD FACSCanto

BD Bioscience

Bioruptor UCD-200 Diagenode
Centrifuge 5424 Eppendorf
Centrifuge 5810 R Eppendorf
ChemiDoc Touch Bio-Rad
Design Kaffemihle Basic Gastroback
E220 evolution Covaris

Heratherm Thermo Fisher Scientific
Hybaid Mini 10 Hybaid Limited

HX-2 Block heater Peqglab

Kern EMB precision balance Kern

Lab 850 pH meter S| Analytics

LightCycler 480 I Roche

Mastercycler nexus Eppendorf

Mastercycler nexus gradient Eppendorf

Multiskan Sky

Thermo Fisher Scientific

Multitron Standard

Infors HT

NanoDrop 2000c

Thermo Fisher Scientific

PTR-60

Grant Instruments

Qubit 4 Fluorometer

Invitrogen

Reax Top

Heidolph Instruments

Typhoon FLA 7000

GE Healthcare
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Unitwist 3D Unitwist
U:GENIUS® Syngene
VWR 250V VWR
VXR basic Vibrax lka

6.1.9 Consumabl es
Consumable Identifier Manufacturer
384-qPCR-Plate skirted Cat# 781358 Brand
Amersham HybondE -N nylon Cat# GE10600023 GE Healthcare
membrane
AMPure XP Cat# A63880 Beckman Coulter
BcMag Epoxy-Activated Cat# FC-102 Bioclone
Magnetic Beads
Cl8 spin col umng Cat#89873 Thermo Fisher Scientific
Culture Tubes 14mi Cat# AEX9.1 Carl Roth
Disposable cuvettes Cat# 759015 Brand
DNA LoBind Tubes 1.5ml Cat# 022431021 Eppendorf
DNA LoBind Tubes 2mi Cat# 022431048 Eppendorf
Dynabeads Protein A Cat# 10001D Invitrogen
Falcon Tubes 15ml Cat# 352196 Corning
Falcon Tubes 50ml Cat# 352070 Corning
Filter Tips 10l Cat# 70.3010.355 Sarstedt
Filter Tips 200ul Cat# 70.3031.355 Sarstedt
Filter Tips 1000yl Cat# 70.3050.355 Sarstedt
Glass beads 1mm Cat# 11079110 Biospec products
High Sensitivity DNA Chips Cat# 5067-4626 Agilent
Immobilon®-P PVDE Membrane | Cat# IPVYH00010 Sigma-Aldrich
Henke-Ject syringes 24ml Cat# 4200-000V0 HenkeSassWolf
microTUBE AFA Fiber Pre-Slit Cat# 520045 Covaris
Snap-Cap 6x16mm
milliTUBE 1ml AFA Fiber Cat# 520130 Covaris
Novex WedgeWell 4-20% Tris- Cat# XP04205BOX Invitrogen
Glycine Mini Gel
Nunc Cryotube Vials Cat# 347627 Thermo Fisher Scientific
NUPAGE 4-12%, Bis-Tris Cat# NP0322PK2 Invitrogen
Parafilm Cat# PM-996 Bemis Company
Petri Dishes Cat# 633180 Greiner Bio-One
Pipettes 5ml Cat# 606180 Greiner Bio-One
Pipettes 10ml Cat# 607180 Greiner Bio-One
Pipettes 25ml Cat# 760180 Greiner Bio-One

Pipette Tips 10pl Cat# 70.3010.100 Sarstedt
Pipette Tips 200ul Cat# 70.3030.100 Sarstedt
Pipette Tips 1000ul Cat# 70.3050.100 Sarstedt
Polystyrene Round-Bottom Cat# 352052 Corning
Tubes 5ml

Protein LoBind Tubes 1.5ml Cat# 0030108442 Eppendorf
Qubit Assay Tubes Cat# Q32856 Invitrogen
Safe-Lock Tubes 1.5ml Cat# 0030120.086 Eppendorf
Safe-Lock Tubes 2ml Cat# 0030120.094 Eppendorf
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Syringe filters Minisart® NY Cat# 1CL3.1 Carl Roth
Sterile (EtO-sterilised), 0,45 pm
Tubes and Domed Caps, strips Cat# AB0266 Thermo Fisher Scientific
of 8

6.1.1 Bof t waanrde al gor i t hms

Software and algorithms Source

Adobe lllustrator Adobe
Bowtie2 v2.4.5 Open source
FlowJo v10 BD Bioscience
GenomicAlignments v1.30.3 Open source
GenomicRanges v1.46.1 Open source
ImageJ NIH

Microsoft Office Microsoft
Proteome Discoverer v2.5 Thermo Fisher Scientific
Rv4.1.2 Open source
Samtool v1.14 Open source
Skyline 22.2 Open source
Snakemake.minimal v5.2.4 Open source
Zoo package v1.8-10 Open source

6.2 Met hods

6.21 Creation of plasmids and yeast strains
Unesk snot @d twdes st aarddtech ni g werseu ed f oc¢l dnngo fp | misd an d
tan of mtion yes clds( Boeke et al ., 1987; .Goptezissoorid Schi
oipormlueoti des angpd satarisda WBend §lme masteecrtiiaoln of t hi s

The respective cloningheatse anteelgli es can be found

6.2.1.1 Creation of chemical competent yeast cells

Yeast straiwsrggfownntferesat | east two days on YPD
got noculated into 25wérgdRPINnmedierm.ni @ehkilngt sHEACA w
around ZIhGr5pmh. cwd g urreansftor (7Tddnl Y €D Wwreser cki ugmn.o wn
at 30AC hyearetascdan OD600 -0f. 80 .A5 t eswaved®, hadegllest ed
centrifugation Geal |30 0vwWeyr vefi dawha s O bset feoerindt ecinfyu g
again at 300Calghefroer rSemiumsnp elnmd e 20, st eradgtdob eaH sui t ab |
tube anedapel3l0e0t0Og Thheu@@eminnawtaasn tr e naonvdehde e | | pel |l et
resuspendddl filter sterilized 4AC cold compet en
DMSO) . 5 oMlr ec edli ISsmd ros eld 5 ml E pTpheenudboeresfr et b m @ da
box with Styrofoam -808ACsfoeezehe box in a

6.2.1.2 Yeast transformation
Competcentls ofwerat ebaawB8dAC by holding t30esneci.n t h

Cell s ewnretrred acuge8000g for 2min to remove tdhweper na
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transf or matwaosn ndaaleu ttihen pl anned number of transf .
control. The dlratnisdrmrfmarn | omeedsf e a2 60 Oh 66 #s { wt v)
3601 1M LiAc, 100l sal m&OgspeémmabDNMDNALG ma/gmle)n,t I
recombinatDoho antli al Thhé usmal médn 3§90 mb®NBohhed
for 5miG parti 0r5A o addition. After wahse rceemotwteidf uga
the transformation s dloutbieont rianacs fuadd mhegdl h éh ec DINIA p e
Af t@retultliympp iapnedt d o,vh et miwmisx i @ cautb a4t 22ME mfAd it e r
centriaftug3on0g0 g ,f ashugBelrsmeect sa nrte movde d 00 O .Ofvast er i | «
added the transtfooganadpgemd Ttuibee pel | evwaiss ppenaesti eodn
the respective growth pl atae k@mphatveeeriegatbaetded

30AC for at | Pasitithweeel dmgs. were then stored a
respective clones were cultured in 3ml l'i quid Y
Afterwards, 0. 5mledofwitthhe Oc. usInmlur3ed % s vmivx) gl ycer ol
were inverted a couple of-80iABes to mix and the s

6.2.1.3 Plasmid cloning
Plasmids in this work were cloned by using eithe
appr oaCohhen et odblyGi,bsldOn7 36 &Eembobyg et al ., 20009)

For the resitoapcptriotmxhq boeet and i nsert DNA fragmeil
a300l reaction, which included 10g of the respe
respective resf{providedemBdyNeosF) the respective r
bufferovi dedandy)OHNEOB)t he final volumeiotud@abked Thi
lh at the necessary temperature depending on th
Antarctic Rmas B8h &t rddepoefc ati iveer was added to the s:
the backbone DNA in order ®bdtepreaent heel dgédhi an
samples were purified udongmsaePERcpurettcatiizes
fragment s, the samples are analyzed using an ag
instead of the PCR puerirfeiscatiican oki tsamph & %wlaom be
agarosw tghelsubsequent gel puri fiFoat itdr dfi gtalhda ode s
at |l east 10ng of backbone was TMDNAd| wgbabeb5wamone
together Wwiethe2@eRMA viei gas eO bwafsf e’lddeltd to a fina
200l . After 1h at room temperature, 100l of th
competent B#éd dalllpsh.a

I n the Gibsor ODsngge miFl yb,ack@bone DNAmMarse mi xear twi D MA
of the Gibson As$emnl yvi isMaa&didéerd , MH#Ds t we lal fa s al v ol
2001 . The sample is incubat ed23fforraganetnhter al Zmibne
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assembl ed,ator5®GAMbmifamgdent s are being assembl e
this reaction was transfor meHeicrotel tkemi cal comp

6.2.1.4 Creation of chemical competent DH5alpha  E.coli cells

50ml SOB medium was indc&cuwefoaomdgivytbr OH5at pbkhs. T
incubated ati ghtA®nowershaker with 180rpm. The nex
i nocul ateesdd .t20 uD ng t he overnight culture. The c
a shaker with 18dsrepant huenst iOl. 5t.heT h@D cul ture was th
thhes and centrifuged at 4AC and 4000rpm for 10mi

pelslwetresuspendabufiihnebl (30mM Kageg, BOOMW MaCII, 15
gl yalerpH5. 8 adjusted with 0.2M aceticftaei d20imi ht
incubation on ice, the suspension was centrifuge
supernatant was again discarded and the cell pe

tot al vol ume of 4 ml buffer af bllOlmM(1180@hMg bWCPeS , 7
pH7adjusted with 10M NaOH, filtrated ®2bmbaugh a

incubation on ice, 1000l aliquots of the compete

6.2.1.5 E.coli transformation

Chemi cal compet e ne rtiHdwd ¢ hian ctehd spal m of the han
wer e ttrhemsferred to a 1. 5ml Eppendorf tube. 100l
was added tT thmh dédlel s.a mwlaesss carefully pipetted
ti méebeseampivese sotnoriecde f or 30mi n. wefrtee rtwaatndssfae rtrheed
heating bleddk 42 f or 60seche | snammduas blwgkeon i
after,vaarlidceghret o cool dominn .f 0800101 wlaB metdbie uwltmh e
samp, esed wti @gpreat 37AC for ~30min inA&tpgpmamkigng he
cells down at 2000r pmwasr rlemon,e dtohi en hlaR whaeyol Ofu m 5 0
wasemai.€ehfgs were nmgauspamded hewshopleneadmpl & B

agar plate containing the respective antibiotic.

6.2.2 Yeast <celflorcutlhtepeseiitfei c recombination assa
Ye & tt #s co mp enttfor reco mimatio nwere cult @di ¥ PRne di at®@Ct @n ODsoo

o fl. @ells wer @ h esmhultaneo u s &rrgsaéd i MG1 p las eb yad diiomfa |l pfhact or
(56ml an dex ps ® no fR r eéo mimas ei n ded b yad diioof gal @ o stem f &ln

co men tato m 2 %w/ vQGells ew @r wn orfanad diion adat OFh effo rear esing by

cen tfu gtio rf ol® nma 7 . 0 GI¥AC, vy i aplpdkimatgel y®de a/tellswetwei g ht

perit er of Qelsdvéruvees.u s pedwd tdt e bef ® bei npellet eidse & ead5 ml
sygdsiyc @t ratd nfgld nmat7/7. 0004fC. Th & per at a was dec at etd e

Sy riunngsé eahdt heldswer ex tdedii toiqluiidrang Teb @iln gl fecpg lktti 0

ca Isdrenat-80/AC ntil rtf lue age.
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623 Coupling of rabbit | gax tainvta tbeodd i neasg nt eot iecp obx
The -tgGpled magnetic beads for the chromatin ri
purification had to be prepared siTmoc egetnheergat vee rteh
affiniaypuoukebki she(ddapmrpetrdc celtwaa!l .f,o0.l12rd ngkehdo3r0t0O mg o f

Bc Maggpo-agyti vated magnetic beads were suspended i
falcon tube under vigorous shaking on atvaé8rtOgx m
formizZni n and the supernatant was removed. The be
0.1M sodium phosphate buffer pH7.4. The supernat
centr iaftugdan0gg .f oAf t2ernwanr ds, the beads were suspe
phosphate buffer pH7.4 before gentl ye rmegant inme.,f o
100 mg rabbit |l gGs wern@. dittsol g&d suspe&mdi oblh was
centrifugation for 10min at 13000g at 4AC. 3.5m
50ml falcon tube, while the remaoniedgf®d8r5mut aoel
The 1 gG solution is diluted with 9. 85ml of 0. 1M
dropwise addition ofs Wl féabtnd i3 Ca.mimv ns awdni um p h o sy
under gentle mixing. The | @g3Gni s10laut i802n0 gwaasn dc ednk Q
supernatant was added to the magnetic bead suspe
for at |l east 18h at 30AC with gent!l e cremttatiifoung.i nTg
at 820g forrThg meads weéntd WHMhed -OGIM mHIYcH neThe
supernatant had to be remaveS8@QOguifomkdwoibng ndenart uf
of the 1 gG polypeptides. Afterwards, -HCHe pbHe8Ba dB8s. w
The supernatant was i faetigpd8v2gddg nbfyo2ro @2l mdi. 1M tri et hyl
added to the beads wilOmigebhbl énnotavaoer fesi Bual
supernatant was remave8@826byg ftLehheilmadsgwere was
times withpHR/OM fPBES 5min wihd gemed eatradntatwasan.r e
each washing ly @&eM®ur.if bluhge2 nbgeiand s wer e washed t wi
pH7. 4 with 0160 Twivpnf Xr 5min and 15mTime each

superntatwaas removed after eaah W28ki igThe beamdsi
were then resuspended in a final vol ume of 16 ml

and stored as 1ml aliquots at 4AC unti l usage.

6. 2Af finity puahrfadmattiimndommai ns

Both basic and TEV elution followed the same pr
commerci al coffeecroaqglredhdey T§gvRign pifreg ry0 i ce t wi ce.
powder of dry ice was di seamidea®9 O8ggt doff dfrryo ziecne ci

coffee mi || . Grinding was repeated ten times f
overheating of the coffee mill. Shaking of the <c
cel | powder from wdlilckomgt he driendinsg dehamber . T
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yeast can be stored at T80AC. After evaporation
of cold bu®2deM TMEROSQ pH 8) , 200mM KCI , BLrONM , Mg Ac ,

0.1% T™eenlmrmTbuff r0mBIBEGCIs (pH 8), 150mM KCI ,

0.5% Tri@®n K 19%B0TwelemmN, DO At h supplied wi t h 11
phosphatase inhibitors (Protease ganddPhashhat @an
deacetyl ase. 50Mi briitohsst(dtin A, 250M Sirtinol),

respective MB200 or MB150 buffer was then used
cel | |l ysate was cleared from cell debris by cen:
l@coupl ed magneteiec BbeckaedBge qui | i brated with buffer
and phophatase inhibitors (Proteaséggamddl X hhoisptharn
deacetylase inhibitors (0.50M Tr i cthhoes tpautriinf iAc a t2i5
the chromatin rings 3330l of magnetic bead sl ur.
l ysate. Thleeael suspsmasieon was incubated on a rot

6.2.4.1 Basic elution

Af t er itnhceu b2aht i on, twhae hleelad hrwer & i mmds cwil tdh bU5G er
1T Protease and Phophatase inhibitors (Protease
and 1x histone deacetylase inhibitors (0k.h50M Tr
washing step, the beads were gently rotated for
wi t hel750f cold buff eArc AEH (72040 nmMM tNEtht €d 1 mMt.MgeM N
Chromatin rings were el uiOdHd Ky oa ddigrhg cné ik Gign Ga.n&ltv
room temperature for 30min. This process was rep

to a final vol ume86f ACmbefhodef sobmnhsaton to mass

6.2.4.2 TEV elution

After the 2h i ncubwasihdendiviembses ke adsc7&%60Frd buffer M
Protease and Phophatase inhibitors (Protease and
1x histone deacetylase inhibitors (0.50M Trichos
step, tWwerbkbegédsantl|ly rAmnaaedi fioond&lmiwashing step w

was added |l ast, for a total of six washing steps.
in 1000! chwftfad @ OMBTENt ease. Thi s mi xt ureer wiisg htth e
at 4AC under gentle rotation. Afterwards, the su
tube and residual chromatin rings are washed froc

MB . The two elution samples wmeeofthe&n0o®dbmbAnhedh
samples could either be submitted to mass spectr

usi ngBtPhanoi ety of the LexA protein could be perf
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6.2.4.3 Calmodulin affinity purification

For a comrsad owtdiuMe n affinity purification, t he
adjusted to a total volume of 40001 whittd & uffifreal
concentration of 2mM. This sample was then appl

that had been equilibrated by washing two,ti mes
and a subsequent incubation step with thhe buff
sample bead suspension was then i ncubbatde dhgf @rf 1IH
LexA protein to the affinity matri x. The sampl e
supernatant was <collected as flowthrough sampl e.
with buf(Z@mMGCHWBI spHS8, 300mM KCI , agmML g ARBT T,2 nOM 5C
Tritd®O0 X 0. 19 0 TReenreonv a | of supernatant wa s al wa
centrifugation step at 2000rpm for 2min. After

eluted by the addit (20mMmMo fAC2 30 QIR CtmM flenl EBDH A, 10
EGTA, I1mM DTT, -1000®,% Or.ri-opThwreKetner i ncubation for 2
rotating wheel, the supernatant is collected an
with 20001 Thefteop €EEBt i onn s@onpb ierse dvetr® d hfei nal v«

6. 2DNA analysis of the purification fraction
HOwasad édt ¢ heN Asampest akd ur it mgufiatio np rcesst @af alwv aine

0flo@ 1nghl askni Wasal sadl édt ever yampeasas pé-ikh moraime f or

d fefen tDNA ex tatio reffi ienci e 3 0@ o IR Nb uer ( 5 0 nMTNs-H Cp H 8,0 mMDTE,

0. 5NdC)wa saddedt o gertwvh ttho RNAs eA( 1 0 mg foiblwd p ya 1 I leatio n

st atB 7C.Subseq enly 2 0@o aPhen aCh | for de:amy Ato h ¢ 125 : ¢ ) dsw

aded foledbywyex10ee t hor oexg mgv o oTithuetasnc @ tif rredg of 5min  at
16. 000 ¢.ugy Ftaret aswansferred t o £ Al . f5tml e tai in g6 0@o fet hanol
and AgByenoglOmg /MTimelubrvas| fe 2€@Coer ni Hléxttthes oti owas

cent rediwi g 6. 0&0/Gfor30 nm T h e uegnat a nasd war@d an dl 50 70 %

et h a wasladded t @ hpellet .fterAan ¢her cent r atid nsg e p 1vbi. tOMAtUAC f o r
10imt hsecugp at awasd i a @dan ¢ hBN Apelletd edatr o otne ramt nef olrO im .
Thded efet asv t reems pedn d G H®OFO fu r @rdmal yss, reait r i citgeo®nt i on
was perforadt @anal y z & eN Asamp ®i B u b sendglPCR ea to n ghe res ictio n

enzy mewssedf olineari z it rhg cudr DNA wer éH @l (ARS3 043-3 )B, b sARS3 1+43-3 )

Nco IAR$3 143-3)an iH @l (A B3 1+46-3 )gPC Ranal yssvas effo redu s i tnhdemwil n g
prernpai r ARB3 050463/ OMRBEHB: 0552/ACB®3; 0970/ACBNLE;:
0837/ 0®PBiegme 1 3am A 1 3a8 @ sdt det @t hke7 & pé-ikand per $ mOad @ 1

03 0wekr @ ed deb@th eumel ad egoimPDC1 cus o
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6. Fi | ter aided sample preparation (FASP) di
masspectrometry

Thel uestro nt hpurfi esampeswere ddruis i an gs @gvac asu u o © @ tatr can d

resol v@BD@5 0 meBmmoni bmcbon@B @an ddi gedls s i e gmioddiFA S P
prcedue( Gr osche et al ., 201G6Aft ai eétmicatogdnickl datio | . , 2 (
usibDIg andliAAaccording t o ,thap sa thywareocenatafped ¢ na 3 0Da

cu tffdilt edev i ovas kbdt fcewi UWBRb uffe( 8 Meau 6. 1TM /BICp H 8an BWce

wi 510 m EC. Trhres tnveere d i sfeefdo r at2 b ote rmnat e u s i 0.§5 L g-C

an dfor 1B 7ZCusitOgtrypAérnoat ratid of @lr0O matn 1 4 g 0 0ed tad

pep ides were a ¢ ifled w0 t 5T%Aan o t edl at -2 @C .

6. 2LCMS/ MS measurements and quantitative dat.
Progenesis QI for proteomics

LC-MS/ M@&nal ysswvas perfor md o na Q-E» ¢ vHeFan dHF-X ma sspe t r eten e |
coupl eah Utinba t 0 OMano-RSL C . ry @Actpep ides were aut matic 8y | o eddo na
Cl8apcolmmn (8 OGmi n ndeiratme(lD)T 5mm, Ac t a iPepMapl 0 €1 85,0m,100

i LCPaki ngt8)/minf | catver i o C1 8eversed plas echr mwwgap hygnt he
anal tya co Imm ( @n ods eMZHSS T3Comn,1 001 .081,7 ®nx 2 5m,Wat s hat
250mihf | oate i @ 9 5min ut e B-linmaacet atnr i &dei efgorm3 t &t 0 % 0 . 1 %
f mnicaci d°r il pecur s o ect sfro B0V & 5 0Nz ew eecorded at6 0 O €e® oti © n
wi @nau tmaticgai ntont (AGC} @eto Be6an dama x unm je wio rtimeo f 3 &nnds
50 msTOP1 Oan dTOP 1 & @ me rstpct raafchar g@s 2t of were eacoded at 1 5000
res auio nwi BrhAGCt et o f e5Ja maxmu mi jactio ntime o f &0 nlessgawi nd o w

oflL. 6/z,an o ralim d coll is rener goyR 8n da dynamic excl uosro 3 0e ends .

6. 2Protein I dentif-icgqgeéaaoni andat abal

Pr @d meDiceer e2. $ o fat e er(svi 2.n5. 0 wabQ@Y f o repithean dp r @ tn
iden if ci 6o rv i aa athbase earch ( & @s H Tse achen gh¢)agai nSwi s s peraotat a
bas e Blase 20167 Bs#ig,enc 68) con sei dfudtilr ypecdty alpwi igr up
t @ wmis s etdr y gleéavag esites ,p ecur s anas st lerance 1 Op p mfr @ me n t mas s
t lerance 0 . 02 Oar &dmid o met hydfay svasrsetasast at idicd donwD y amic

mo dicido n § n ced wel anidatio no fA's n n aicdArg ,0 x i d aof Pr aan dMet an da

co mimatio no fMet | o svd talctegtio no np r ent N-t m@nin u sPerco | atvasrued f or
validatin g eppd es p t r unradhes an doep ides a cep in gon | tyhtemsco r ihni gt eacho r
sptruamdatisf yi Imog t aoddlubsf oFD R<5%, an doos triecerr opr ocablity<0 . 0 1 .
Theé Bllistof e@rnost c owihl itencet sptrao n yri ¢plpeT. h e amificatio no f

pro t e iwassbased o nabun d@nce val u €@ uue i @pides .A b wWance al u ewnere
noralmed ont tal pepid eamo u na a cocu nfto rampe odd i negor sT.he te® mo

ab u mamteswerec & datt e d nsi lnmpt habd u ramte alesf oad s ® | epiges T h e
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f aln pir mtio was cal catedd u s i meyédrn ab u rante alueso t leerepilat @anal y s e s
eab . The it &@stiiijchace o ft hratio chan g was ascera n eehpoy i inlgBt e st
ap pacbhdescr e ( Navarr o ewhiaclhaseds?rObl@lgse mp othat WwWe o k
f oex pes ® nchan gsf oprr @ tntsh arte pfewi ©o mprias @ ® hreu mbettlo f
prens bei nganifed .T h e argifwi 80 nvarab lity o f t m-ehanrga h &ck g unod "
pre thcsabe edtso Brf whh ipei 0 san g kei expres ® n i atisig Hysti gcna tf i

man er .

6.2HiIi stone PTM analysis
Bul k histones from -asyaeashednoaeb|l andeG4ad extracte
culture i BoYPR .a8t. Al |l s were hdoveSmed hy. dACt at

Theelpledrseasheadce with water, followed by two was:c
sorbitol ,-HBIOmMMHTTYr bs )5 mM hMg Clupernatant was then
pell ets snapfroeen Callls gwéde nwashgd three ti me
(15mM-HICrli spH 7. 4, 80mM KCI , 2mM EDTA pH 8, 2mM E
0.2mM speér mDMeTrichostatin A, 250M Sirtinol, 11
(Protemd ePhosmhatbhaserl Cockt ail 100x). After each
2min with 16.000g at 4AC, and the supernatant w
35001 buffer A before addition of 5000lwagl ass |
compl et erlsyedi nnmmme t he waadhe.n @elrlf olryneids usi ng a VXR
orbital shaker at 2200rpm for 10min at 4AC. To

sate, t hwemeéencvreorttuebde sand the tube tipse.pihreed
bwerpd aced with the tip to the lwathem icenarlbum
r 2min at 4AC with 130g to recoveasthaeséelleld,)
a new 1. 5ml tube where c¢cmude mnMUAC ewi tahr el 6p elC
supernmedasmemoved andwasvestped ence with 9000l col c
pelleting again for 1min at 4AC with 16.000g. Af

~t
O o0 ¢ X

were snapfrozen in | i qu8iodACniutnrtoigle nf uarntdh esrt ourseed. &
extraction, nucl ei xmwealeeir epallsipetw dedl WOmeEB1 osfu l if we i
and mixed on a rotation wheel overnight at 4AC.

centri ffwgatledom ©AAC atTheb@OOmMat ant was transferrec
protein binding Eppendorf tube and hi stcooned prot
trichloroacetic acid (TCA) to the final <concentr
oni ce. Precipitated histone protfedms1O0Ovmirre gtel 4 A
160Q0gvashed 3itéenmemdtdd2i0dA Q) and resuspended in N
Extracted histones-MB8éM& pnapyseéed fusi ng@hiybat donoh
met hod as descr(iMaed epred.viddmn sggrydegdfisgudbt s of puri fi
were diluted with MS gr adel waantde rb utfof ear etdo ttaol pvHb |8u
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ofel2 o0f 1M triethylammonium pioanrboaahgdbutitewaéT
MS grade water in & rodtitdheanfarhyd®0 darsd azdlded i mme
the histone sample while vortexing and the resul
temperature. The r ebaycta dodli mad s28Qu emnc hheydd r ox y | ami n
20min incubation at room temperature. Trggptic di
trypsin per sample at 37AC. A 1% v/v solution o
freshly prepaaededndo 6each sample and incubated
were acidified by adding trifluoroacetic acid (°
wer esdkted with C18 spin columns following the
elutemdCflBospin columns with 70% acetonitrile, pa
i nel300. 1% TFA and subsMdMuemal ysiused for LC

For the histone PTM analysis of the origin chro
performedbad dbeevei with minor modi fications. I n
cells, 6g of cells were used and the | P was perf
coupled 1 gGs. After the washing step with buffer
beads were directly snapfrozen in liquid nitroge
the beads by boiling théex abetmACEbat e8r miot enn.
then resno2d%dpol yacryl amide g6l g-diwedagé WelflofE | Drwie
Coomassie staining. Hi stone protein bands were
destai ni(nlgd M fterri et hyl ammoni um bicarbonate in 5«
LEGMS analysis using the ohdyWMailde dlkragdvodpdtiezdg £fi oorn imme
di gestion. Specifically, after destadbnionfg,l OtOh%e ¢
acetonitrile for 10min at RT aApgreomiwhiydlmataoat cgmro
was prepared byetnhwlianmgmdrimMmtbiicar bonate buffer
prepared 1% (v/v) propionic anhydride solution

preparation, 1000l of propionylation solution wa
by l10miatiincn at RT. The propionylation r&daction
of 80mM hydroxyl amine and subsequent i ncubation
solution was discarded and ge¢tL poife cle0sO %vear cee tdoenhi yt
Omin at RT. Afterwards, t he acetlondftgld 0trergysposliunt i
olution in 100mM TEAB was added. Trypsin digest
ext dedy,of50000mM TEAB solution was ad8eémchi t o ea
incubation in at th®AGoarmsdhak®00r e r(ot/ at)i ssno |l ut i o
socyanate (PI C) in acetoni€lri dedevhist dreabhysam
ncubated for 60min at 37AC. Sampl ed %weref aabdbh
c

id. Peptides were desalted with C18 spin colum
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dried i mwaac,speesdus glended%i nr 50l uoroacetic acid ar
LEGMS analysi s.

The resul tingegspenvetried ea nmil yytdudrdb wu dii qguimdarcdhr omat ogr
mass spectr-MeMBYy O¢(HxXCaactQ®ve HF mass spectromet e
Ulti mate 30BDC n@dlbti mate 3000, Di onedx,pe8denyval
acquisition (DDA)ptmaddeke . .al~3Pukntg was used per one

Peptides were |l oaded automatically on a trap col
PepMap100 Cc18, 50Om, 100j; LC Packings, Sunnyval
chromatographytiomalt heolamman (nanoEase MZ HSS T3
750m I 250mm; Waters, Milford, USA). Pelptpars w
mi nute by a |linear gradient from 1% buffer B (0.
25% buf feer 4Bmownw foll owed by a I|inear gradient t

5min. After 5 min at 85% buffer B, the gradient

all owed to equilibrate for 8min. Full nhas #40r0gdnge
and product ions spectra were collected in a ft
resolution. RAW MS data wesoeraprpalSkyé.d nelsesoma svar

spectrometry proteomics data have ebeC®onn sdoerptoisui m ew
t he PRIPxERd o er o | et padtner20”R&pository wi t h t he
PXD031984.

6. DRépl i cation timing measurement by qgPCR
A50 mpé a tutl rieMPDwasgownt ©@Dsoe O .ad d harrest € &1 p hseb yad diio n

ofal pthact ®@ml ) or 2h. As indicated, cells were treec
of 1mM for 30min att &3ggAeCd dAoS Klletgh arbec dad ddzooncee nt r at
of 150g/ ml together wit hdels®%a\wI 0 ifzoer nfle s atth eDUA @ st
c s fro mt harres t 125 Uo fPr cameandpot as phompdo Udr p Ht ca ndéli

concen ratio no 2 0 mMas ad ed . | f necessary, 200mM HU was ad
i nduce S phase c hB8anklesd b pnorgi@DiNA éxviaatio nvere t aelk befor e

t hrel ase an dever B nm afer elras i ndaells fromt har etbyad di 45mlo ft h e

cutur e5 @@o fl %s o d iauznd e tisaw/ wi )8 . 2EMITA T h eellswer evas bd o ©e

wi twater ( #4008 mpnat 4 C)and tkedilngasy e g everl esnap foz @ i rdu

ntr oeg .

Fo DNA ex ra tio nt, heé pellet sver ees upendedi % 0 OOU fieRINB( 5 0 nTks-H C |

pH8Q. 1MDTAE 0. 1% GWMevYraptoeZyha@n/alsa added t oa ndli

co o afatio o f NPovAfter i atio gdbr alh?C,t h e tisomass u pepe edwi t h
1%SDSw v0Q. 2 MCIN,. 1/mtRN\s éA ,an d . Bgmlp r @ tn alks .Afteri n catiobn

fo rl hat 55AC ,DNA was las®d alpyen bextr eionFor t hat an equal a
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Phen aCh | or ds:camy Atcoh q125: 4 whs added. Aftthemr owght ¢ xi 1
mi xture was centrifuged for 5min at full speed.
with potassium acetate to a final concentration
After vortexing thorou8hAg¢, ovke mighureAfWwasr|l ekt
at 4AC and full speed, the supernatant was remov
ethanol . Aft-20 wmirtyi ag f oo m5DNAmghet rsvert &8 v & pedi the
5@8loH,0.51 1 @yoDNAwast hen geslsvi EdoR.. Thea to nwere ldi eld 10

i H,0 an danal yeazb yqganit at PG/Rus i mmgern 4 6 3/ QMRE360 50552/ 055 3
(ARS313), 09ARBB DS0y813 7(/ (AB®B8L 680 d 0834/ W35 (Chr

6. ADMA copy Bembencing

The DNA samples from the replication ttiinmengwietxhpe
0.2 mg/ml RNAse A for 1h at 37AC. A DNA cleanup
PCR purif.That DNA Kast el Ot e d hien wh®»0 @l DM@o warsi sadde
sonication tubes (micSloiTtUBRGmMaAFA LBomme¢ B3 mPne wi t h
following settings: Cycles/ bur3bhe 2@0egintensit)
was determined by rubheiBjoahal saenpl ac ownr&iti ng tF
protaéatokerwards 500l of the solutionNEBNextsed!| foa
I DNA |ibfarhowiregp &khe¢ manMdaichurefder prbeoppoép
sampl e wasBiraamnalnyzaer t o check for the integrity
To remove remainingo adualpsequ enti melrsgnup steps we
AMPure SPRI Sbhbeaekes for the sequencing in this cas
to nmM 5concentration in 250l, the cleanup was per
in a concentration of 15nM t o aBcecaodusntwefroer al dodsesde ¢
1:1 ratpoollieditelkd t er a 5min incubat iwans srteenpo,v etdh e
using a magnetic rack. After ftavmn Wasdendhpeatdepwe
dried at room temperature for approximately 2mir
usiq@®oafter the first walsahfitnegs esttbegpd awnads ANyl st €

make sure that there were no adapters | eft, t he

6. 2Blloi nf oamaltysi s of the DNA copy number se:
Pai feemdl sequencing reads were mapgedcctlbartohmy cree:
cerevi sl-hedmRR& 4t opl evel . fa) 2usdi.mg bw wthi et2Zhred vpearrsai m
tendresyensirtraunatroeni xemedi scod da&®tL1000. Aligned rea
filtered for mapping qulall4)y wistimgtgsd p eorRekmedt( gra
were counted in 500 bpgenoniO®OOwbpdacwansesiung v &/
packages (R WwGemoimmrm Ad.i nments version 1.30.0 ani
1.46. 1) maRepadst o t he emiotnmec hwoenrder ieaxiclguded from t h

counts were normalized by t he t octoanlv enrutrmebde rt oo fb emdac
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files upon smoothing bypadtlage®, | wieGa)s.i d¢Tuhnet t18oogn2 (r
bet ween 60 min leamp4 emi wasnadaGcul ated for each r

(i .e. getmroetaytpnee notr) , respectively. The | owest 5th
prior l og2 transformati on. Replicateharagapoi hes
avegea of the replicates is shown aebraembsombewi sn

bin size of 500 or 1000bp as indicated. The r ey
Differential regions were obeéegati nednecgisdlg i Wa teia&wrht
genomic bi-walwie hcuat opf f of 0. 05 and a Prhedars dviefrfeer

generated usingARI basalgsaphisteps were carried o

using snékemaken smakemd&md 2ar4e) avail able upon r
6. B3Data availability

DNA copy number seqguencing data are available
GSE212974. Reviewers token: mxunkwaul jcbnwv. The
have been deposited tochandge o ¢ e oimie
(http:// proteomecentral .proteomexchange. org) Vi o
dataset identifier PXD031984.

6.12AChromatin | mmunoprecipitation (Chl P)
100pela cuturwasg rmmt @WDso® 06an d ham €t a@tdGlp s e dulydii onf
al pthac¢ b5@ml jor2h45mift hautur wer d¢an ferredt @50 nfdl cdmube.
Forcr o s s | if mrkailedgl evasad édt af aleonc e tatio m f1%. Afer1 5ims Bk i n g
at30/C, tehctio nwas q enched b yt h ad did no fg | y cti aa £ Alrco ©en fatio no f
128 mKit erin5 mosraki ng Aa,c és3 ew gelleted kwt r atid nag3. 0 00 @r
2 nnat AATh ecells ew evashedo sewi # B ntdo | RBS. ft Aepelletin gagai rc,és wer e
resusqgid mdmicold PBS an dt h etran sifred i to a 15ml cu p After anot her
cat gatié mst eaptl 00 0§ ornn at AAt heugp at anwas di a@d an dt he

remai in gye & pellet was froz @i figq u init ceg fsd ay reat -20AC .

T h eellep sver avas edwi 50QL gi & u fie(50 mMepes p H7.5 1 4 0 mN&AC | 5mM
EDTA pH8, EGAAMp HS8, ritod-%40 Aw/ v, 1 9OCQHw/ v ) , dag eapd ot
phosatphaseibtbo mPeatean dPh o sgias eln hit lo € @k t ali 01 ) »an dthen
resus pn edwi 5 0@L y sbi usfe Preco tedg | atesdl S( 1 mmwgr ead @édt co ert h e
whos$ espienllswer e di sonayYXRdabk i IKA Vaxb r als bhkerat22 0 pm

f otrleegtime 45minat4ACwi L B imb eak  ri ciebetwe @ . rdwo vtehhe a sfrom

the | @ 6 hbkadm f I .h%tmd bvas piercedu s i anhgorte € | am b Icadi owa 15 ml
fal con ttueter tugdtid ( 1 §,Q@ nmat4/AC) , ¢ & gemb iech t mle. 5tml ared
thel y s eotudbdcole ted 1 mle5 milu bTeh.e ofmaio t hsal pen s i casi measedt o

1 mWwi Lk sbiusfrean dran fredt @ 1@dar issom o g | atsusbSe n ¢ #oinvas
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performe d @ n Cap visrrsuen t( 2 5 mPenk, Inci d eRoter : W, De tFyatco 5%,
CylesBur 21t0:0 YfterwaA d s , she #&dchromat wascle ®edby et matdm ( 20 mi n,
16. 0atMiC) The esnatpa was thentan sefr ét e wW-in di hg5mube . The
resdilngromht i nact easwt I pto t aiquot s . Alddt eddanan i nput
cont anod Qdwasdlu t evéh2 9@L y sbiusfiean d n cau efdalr2 Oimat4/Cwi % &

oLysi Bepleed diilatreRlo t eAibe ds lrrupn dl 8gof t he i ndicated ant

Aft emmuin ceptrip at it dilme, @ swer e ashed t leg time swi tywi U fret wi ce  wi t h
was hibmudrl( 50 ndAPE Sp H7 59,0 mMAC | 2, mMEDTA, 1 %v avli o Trijo nX-1 0 O ,

0. 1[M/v o DQC)and t wi wietwhs hi m@fel ( 1 0 nTNs-HCl p H8 .2(5,0 mIMTl,

2 mMEDTA, 0. 5[% o | Mo aet P-4 0Q . 5[%v] DOC)f, owed o my aln asvh i sntge p
wi Tho udr( 1O nMMHCpPp HB. D mMEDTA) At talo B8 9800 b U flelR N( 5 O -

Aft emmuin cepcrip at it dlme, d swer e ashed t ee time swvi tybi bsufret wi ce wi t h
was himudri( 50 ndEPE Sp H7 5,0 nNAC | 2 mMEDTA, 1 %v dvl o Trifo nX-1 0 O ,

0. 1%a/v o DQPC)andt wi wietwas hi my@fel ( 1 O nMIkk-HCI p H8 .206,0 mUMLI,
Tr-HEpHS8. 0, EPTAMBMD O MNAC I r QA @aB ad édt © h emu n cepcripat i on
(IP) el san d ¢ hiep udampes yes pctivel \YDNA was i dab eldyincu latio nwi t

RMs A (10 &@/7AC.SDS asad @édt af Bloo cen tatio o D . 5t% gerwh i @

Pr @tnase KA [Aft0eGg / atio cfudor atlH@C, Inpu tan dIP sampes were

de c 0s setl atr6%C  ervn i ONA was t h e nlat ieslop ley dch | dorromx @atio n
foledbyt hapeciipat Bo ti mpan tiP DNA pellet sver e s ulsdg edn@l H,O

an danal z2edb yg anit at iCRe u Bin cag ce dimep s .

6. BW&stern blot analysis

For western blot det ectyieosans tofs tsrpaghenirsfi,it e ¢frlnolQ@DI n s
= 1ml of a yeasds dyl todr ¢ ewistt h c@D |l s were harveste
at 3000g at room temperature. Cells were resusp
i ncubation at erdom teninmer Mol e cel |l extracts wer
at room temperature and thespmpletbidaPAGBDESUSpend
sampl e b ubfMearc,apidet Afameod boiling the samples fo
were eithe20AQC oagreddiatectPIA\GEused for SDS

I f samples from the chromatin r i g0Og wafsf iamdidteyd g wr i
samples to a volume of samPl e MNuUPAGHEN®s s APl e 2 x
buf fléds h-Mer capt getwanoddded. boi ling the sampl es

samples were e20A@rorstairreac tRiIA\GEused f or SDS

A precdNuP@&LIE2 %, -TBiis) wher wuwlmd in 1x NuPAGE MES
buf.f ero Ol of the samples were applied on the gel
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unt il the front reached the end of the gel. I

p o linyyden e uJIdrfiIderan‘eeélrmtnoldoinE-PPVDFMembame)were cut to the
the gel. The what mannpdpewsswerae soaksefler buffer
Imin in WAédtkRawalrds, stahedwithansher assembled in a
tray containing 1x western transf@Whatmdhdpapar t |
SDS gMé mbr aweat man ispmearge. The cassette was cl os
inhe transfer tank filledconshdéxiwgstéenrigahnsb
transfer was the performed at 300mA for 3h in th
is transferred to a suitabl% nkiolpbadde®S % aldwe e€rh e n

in PBBSor 30min at room temperature under gentle
washed twick atitrhod®PBSt emperature. The first anti
2h at room temperatur e sorunawer greingHte athakAQ,g.a lAd
diluted in 3mBSRhe nrePsBpSecti ve diiduéi tAri@ ecan hbe f
antibody step, the membrane whsfowasédadh thmier &'t
temperature wunder gtehnet | see csohnadk i anngt.i bTohdeyn was appl i
45min incubation steep at room temperature under
in PIBS or each 5min at room t empeahd maleu nuinndeesrc egn

detection of phefpr me ddunpsetrivsaisghneal West Pico Pl us

6. BS4aut hern bl ot analysis

21509 digested genomic DNA was resolved on an 1%
buffer. The blotting was performed by d taphll a
suitable tray and soaked in depurination sol uti c
Afterwards, the geHOwabetomeeadddoinecegeg &éematuring s
1.5M NaCl) to cover the gelthiThesagledt iwars fwars heac
shaker. Then the gel Ova sAnagaier rtiwps emha svhiitnhg Kt ep

with transf esOAcyYf ffeorr (¢elaM hNH 5 mi n. I n the meant i me
( Wwer sasmHy b oEnM)wa s tcatt hef st lze gel , as wel |l oansg etrwo W
as the gel. The nylonHM@ambr ahe Whatmaakedpiems in
@M NHAEr. Another two Whatman paper as well as pa
the gel. A s taasb | el apcleadt foomrtmo wa tray conthMning -
NHOATY . The |l ong What man paper slMobdMH\egd weir ehpt aanpses
on the platform, ensuring no air bubbles are tr
What man papers is in contact with the buffer in
t he What man papers. Again, liets wvaarse etnrsauprpeeddz e dlahte nt
What man papers were placed on top of the gel . Th
top of the Whatman papers. A light weight of ~0.

This assembly was daedtt Xxhre). nAfgthar (tanhe It ransf el
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membr ane was placed in a UV crosslinker on autc
createdt hueadPRg mNA | aln gs ytem wiitnhp eatio nof [Ui3 P] AT P

accordi npetratios st hreanfuzaer For t he hybridization, the
into a hybridization tube. Thé&mmebtkr S5€s bwérferr
prehybridized for 1h at 65AC in hybridization bu

Afterwards, phehylbrfifeirzatoiron was discarded and
hybridization buffer was added. Sal mon sperm DN
added to the radioactive | abelled probe to a fi

then added otto tHlyéri di zation took place iower nig
hybridization oven. After the hybridization, t h

storage. The blot was then rinsed with 3@®@ml 3 x S
was washed with different washing buffers, Washl
0. 1%sSDS), and Wash3 (0. 1xSSC, 1.5% SDS) . Each wa

at 65AC. Afterwards, the blot was drwaed tamean spg wtr
in an appropriate cassette and exposed to a scr ¢

were aquired using the FLA 7000 i maging system.

6. ZJZFlLow cytometry

5 0@ sampes wer ¢ ak fro mye a tutu es (~OD6 0 © f0 . 6T)h.eellswer & @t r édf ug
at3. 00 @ymMmatRT. Jheeat awasdi ar@dan dl m¥ 0 % tah owas ad éd to

t h elletp Aft etrh o r ovorgvhi ntghfe edxc & § spen s i @wmsb es t adl rat 4AC u rnilt
fwérus. 80 0o fs upeh e i avarse antfarred 8 sh t arbde t dhedrfiged
(®0o@,nn RT Theenat a nvas disc a eéd an dt h eellet d isaved i n3 0@
50mModiatat ean d O /nllRNAS eA After 2 dubafionrat 0& ,  pirnoatksves

ad @édt ofi ameohc emation 0o.fl/migf oledbyan ot B & rnloatio mt5 @C .3 @o f

t Bsampewas t migedwi t hO3 T ®Mo dicitrah end0 .OM Syt Gre@( S7020,
Ther mdisher Sci e rck Prfiior FAOC Sandél ejsst h sampes wer ebref Isyoina e d
(Bi orbptea)d ,det ehc €dl mp sefbepr ceedi n ¢h wahat yss.

6. BSpot tests

Sen diiiv Yo ft e ranat u-se@ diivye & ts wirntsd y dxry ear(HU) was det mnined b y

s p intgteraldluib ne fex pneniglly g rwdo nyg a cutuesony Pp lest wo twht hou't
10mM bxyydearan d i atic mattth € ricda e dmperat @g .
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