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Pref ace

At presenth,i soknewomugbout the evolutionary
pr ogr ammeddi MINMNaht K soomw | e dsg ep egraspiss tceunrci¢olues aa nvtemi b
t htahdsveukar yot inckakpeoot besgeneration of vesi afmt

natur al sel ection. The work described in this

Thi s itehcespreifs etdhree studies, each of tvhitch
RNA spl proigm @ moreldi mDiNMAaatsn onh e e v ol -a b dhogn goefn epsr. o tTe
the studies have beenwipwkbdi ghad nahst &8 pedr |
(Chapters 2 and 4, respectivel yG3(ChaptTéadmi B y.
observations descjroibrerdpthiyvat t heseepchbhppt &€ogls ngf
genes carhoamluy hd et hu mabepHsa roodfdi tclad 1 roenl at i ve r ol ¢

selection and intracellular processes.

ChaptermRAldsoci ated processes -amontBkBérwuctaof
Drosophil a ,meQdiandoagsa slLteeprennet i er @h:d Gamens,e s@en
Genetipasgels6 21661 7v ol une obletthanidns a@taltbe s@éah d ytchtee d
statistiescaklnanarpduced FtCheanfdi gurwrsd tt eRbetprd nma

permi ssi ond see page

Chapter S@Blicing and cl eavage and pol yade
throughout the transcri gpiidascyepbenaesoss Cankl
2016, subbmit Gedesp Gerdomedst,ai Gerde ttihces dat a, co
anal yses, and produced the figures/tabl es. FC

Chapt€rescdt i ng signals modul at e tAeeleifriirca teit
i ar ameci um.Dti eatnraa UFreelrioa QGinKdasckespeniCat aai a,
Aci ds Re peaagre8sh68BL5 v ol umel 4p3ar tiicsypatrd in the
anae.ysFC, DF and | wr old res htthtree nfainrustcr. & phonsh

per mi ssi ong see page
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Abstract

The complexity and the plasticity of -eukar

coding genes, for exampl e, contain sequences
synt hesibsut( eadpsnos iceoidin s e q Ysepnlciecse o s o)ma T h @ natrneb n g n
removed via the process of RNA spliobhgapway
perftéer etgitehrmaz e i nagrrcac @adbedehgamdfilayt ct i onal vV a
everg démes are transcribed. Why do genes con
soon asprtohceeys Bamrde wher e do i nt rQ@uness tainodn se xroengsan sdoi
origamds}) he r e aesxoinsst efncaren dtpleed e smoee rel evant
consi dmarse ithBdamf human di seases are caused by

5

RNA splicing.

The severe genome rearranmamealics |t hdatsewl:
provide yet @ o tgheenro mex acnopmpel exi ty and pl asti
genome rearrangements Faoarethwmwdnagprseati ampot hanveé
process by which anti bodyPagreamecigemompe odearda
ad the regeneration of functional somatic gen
intervening germline sequences that are knowr
whol e gléhreonper.oced €Sy awlei eht @iksneodwni nasciplriogr amr
el i mi Baitsi omccasi ondaheyefi @apeammed DNAI ieHa mMRNAt
spli)kolhdgs the potenti al to generate functiona
regeneReacteendt.l v putbil ¢ &alhedr dunmehnatdrse s@r ot pwoosnapyr o c e
contribute significantobgi n@ ddreesevion ueulbar pdt

some key predictions of these argument s.

As a f,i rsedipmeoposhaisothakeor dmguion previously
model sher omintdldde peandent ddéfiisnipttidhgaa s istpil o iing f
and cleavage and polyadenylation factors ( CH
nei ghbouring dri ngverilteppi Wwegrlein his hitherto
CPFs would most . Beektger i hpawl edgéi adbowltd thhaevs
i mportant ,eo,jequérecasxesi gn of mor e eafsfsaocceid v e
genetic disorders or for the construction of
expression. OQur findings adeccorssi anudrnti cwil tl hul
cell ed @&ukPaFrsy oatneds SFs i nyethroughoagonhhetircahsts
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Continuing tiontfronaizdald B p@heéentmoddeeflisn,ethve nt e
second pwheidcihcthasnn been enti nélay régel eccrtoesds ttad
promoting RNA scpdina&mngr iapmtdi contahlerpr ocess@s hel
findings are consiisncdcindatwa atshsabthimRNA epar ot ke gy e

significant ciomtsrtan isbhtrewsootpunea aimmase study) .

Finalilnw,estta gate thel exélkn(r &theavheilt)h asB(pNR NA r

role in moulding eukaryotic gene structur e,
excisionPafam&Skmmaddi ti on t o ddrirschedr atiinndg np
| ES t er mc masc tcionngt eeixnci si on signals, we find tha

bet weelGt ert'$9i asgqppli ey measuogtendgOuirg hadee ags
suggestai vsec emfarti lbe wfheerrteui t ous occurrence of C
Par amgeinnmengabdPNArvariants which, as is knowr

to the next sexuamkedgaehedaepogsesnei acRMAcChani sm

The observatiioonnss ainldl upsrtorpaotseidc i n t hi s t hesi
fundament al guestions concér ngiemnge tshter uccrtiugien si r
provide sever al poi nTleey Fendfsdpperhenvienstae rguml
bet ween intracell ul ar pr o fsepslsieoseathl ehaeisl, i aatde
maj or role in shaping thefphepengi ebBeostiamnght
DNA evel splicing isomnmbdul amnmtagsur ahe sameaont 0 |
facilitates the coexistence of antagoniwsgtal i

properties of eukaryotic genes.



Chapter 1



1. Introductory elements

Living sargamdii¥ymdehride cdoemaian s wak arbyase wi and 8 5
Wo e s e, Kandl er, (Fagd)rB&Wk eedyiotsheel 9f9d0c)u s doafraet diri ys  t |
di ver sef gsdalpll eand mul.t i Tieay ubleagrd idssphedod cetaenrdi a
ar c hhaffe@atiunrcelsudi ng t hreucpaeeygsentic@®idimpegeas i nterru
noncoding seguehiceso KoAnallss hagsit diomg i nterrogatia
t o exepulkaairoyg omp$ thxaitt wfarnogne -sehlgl ¢ o mul ti.celTHeul &

presence of < optdrogsgoeanrbtgxaphb @i m t hi s compl exit

Pr otfceidn ngc agne nbgesr e a fmd retdi on so fr Fm g R)dApgeo mot er
regtyoppisat tsghredé@etnreanscri panidan se@aognisadadc (sy
initiatiSemqueactomvtifs in the promote r,egaon
| arge and c o mpatnesxcsbDeNBzey me o0 merses ekikge o r-mRMEA Nt 0 |
he terminator regeonhsté bmdpihehedf oEmahson req

—+

synt.he@nep rog | i ceos omaayln tietrtruopg & N eb uste g u e e ¢ é e

spliconcsemd r riaacsar absedprpteesaknown Tehse BNA nsop ¢
regi oxoni besamdheencesni c@abegqgandess epigenetic
e.,0.CpG methyl ati on, doecsyn tadnifrmm mafi chn st eqei |

regulMativonfRNMMAseraperted ouatntdrfan dileaptreaods|eantm)c.e
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2. RNA splicing

2.1. Anatomy of a spliceosomal intron

A multitude of genetict hhaendpregpcegsesnedfi c RNA g
transcription. Key splicing siagnadalestaegietdedwb
proteims candg mal | nucl ear ,rivwhiogleti eeprfooremntsh ¢
(Fi gBr.e Situated at the very beginning of an i
signal i's recognized dgnrJdl hceuwlk fchhe rglglee s Uk p b n
assemblThe branchoggionentsiitsuatned demst ream of t he
by U2 snRNP. The Opwhiycphy rriensiidd ense btertawceten t he br
end i snua axnar cyrntiocsh neegi omnetawéy el Z2HRsibFult he U2
sh RNP. Finally, the acceptor spdBrce ofitan (iomt 13
bound,bywmd®mg other factors.

5' SS bp 3'SS

l

Py
5'- IEEIGU /l-—AG “exon 2 el

Pre-mRNA

Fi gBAeatomy of an intron at thd nRNAE ESiSlurne:h@ES§
flank the branch point (bp) and the polypyrimidir
per mi seée oplage

2.2.Exonization and intronization

RNA spl i airenngt iirse Inyo ta cFcuurrtahtear OIS @EC ¢ PY S NE A @ A E
that the categorization of i ntrageni c sieguen
typitchowgykor exampl e, exons may be excluded e

aby r oddctal t(errantaiterviet hspVv e omeigselitdif@)wisisret, r ns
retainendat ur e pn&kMNAG T, netxiogns | ci kséemghueesnec ecsi. rhcouwm sdt oa n «
we distinguish be?wéEka eegpasatinadn i nmaipesamexo

evenzifeuwmz over evolutionary ti me. Sp epcarffiocranh | &

11



i ntronic regi onvsi cien(Jvosheseart 2ple.8j eAl ekseyenko,

2007 ; eltr 2@I0.&&nhese observations suggest t hat a
sequences | minkoes onaedavoesru fehvtacleu(tCGaamanriya,t iGaeo, a
2009)

Sever al experi ment al findingwiawdtthlae ort etei

onversion of arer¥uiome ivsorpikassr ohe and efaddc taixgpnd a

c

obsernmtedon/ exon gai ns.i nmiphiise scoohnBvaehrresditavim t pwrodce D
out comes of a psaerqtuiecnuclea r cnouncsliesatteindde wi t h t he &
S

pliced (Biegid)reenTcweos emmp d Bl @ midnitornoni dpat il @dnupon t he

Thexoni matdebn ptrlogptossceadmenenatfed mcondisegusence
( Paremalal8.7 ; Schmitz .anhoBrvemspondd br) akbepl a,
saiendcuep |l i @aBahgnm2ad 0 dansposabl e (elddamerh 20I101Bs e rStoir @
et 2&0104; Schmitz and Br.i’Psiows d2d lctghnaferdshir orf fe 2
di srupt the openmakanddIne tflrea nfeor e@ihgen aseddJu an ¢ € a
unused ggElriypkn i) b elst.evriream,i vae spl i cing may (or
over evometCiadmanriya taind Schmitz 2015)

Alternative splicing

Exonization ‘

Figdtetronndxtoinbaaéi 9 @en as gradual processes
transi tiiomt rbeentiwe eann d nesxpa miecd Créedt p2@@il0e®. Ri ght s al
permi ssi onl see page

Exon Intron

Thient r otmozdeetli,omon t he otherchsasedcdwdg@ecepowd ent
toonvert into (Qdtramiia ared Tdhyirsehno2doedl 8 )f ur t her
mechani sm for how this convestshieoni nctorualcde |tlauklear

with the popul at it dhne rgtemc rimioztaetdéinmri tsbrpdren. fDen s

12



DNA mutati on fsamtfirimtnoeu ssltyo pc rceoadtoen ( prematiar e t
acodergihwohe activation of cryptic spliceesite
removal opboskitlieegwont h noting that the ®sedqu
fi xTeldr,dhet exi st enfcreeeofi sofPTh may rescue the g
function) at the fcloassnktetde boyo yipng ct sl i egi amt e:
new isoform could increase withTot idnamtnme,foosst r
i ntronreivzeanttisonhave peé€or die.a nmpllengeadnist s( Irred taita lv.e <
200BY mA Kaetg 201102r) fyseg&Zthru and. Niu 2013)

2.3.Splice siterecognition

During transcriptiosipedilefgiicephiae €@t dmfdorrtaaisg
el iminati on.r &@mragmr o diurd et modee e/l mMRNAc vaHownt s .
does the splicéassdme gwit 3¢ miuerdeece Sseitoenr?a larfeact ¢
t hougddat etromi ne/ facilitate spllicestsieth@teherc o9
Roc a, Sachi danandgagm,e semdceelk aatmi dniesy @0 )y enhanc
si |l enRleerscowe -0 0Zh;anXg., H.esl | e RNAnNnp o Iyreosci easssei OvDi |
(Proudfoot , Fur,genuc lasmas oDnfe€l i pPafd0i 2PR0I 0.8 N Migs t on e
modi f i (cladvedt®w2dd1.0; De Conti, BaRMNA Isee c oanndda rByu rsattrt
alploayw I mpornmamstpli clee § Bueatéeécognanhdasal may 21010
content differenti al b e(tAwma ét 2 Dila2t) r vbihcsi rhihtely patdo a
binding(tempkledl.6)

The aforementioned factors hreedgyapmaaf ihryec
mannepecwbi camplyementary model s for s pmoircee si
thaf@ years ago and are acceptka Conrtaiy, Bar aloln
2013)imtron detihei sipbmceosome recognizes the s
that this inteaqgo.<i2sF0ngawi Etodeol slha.r2g@e0 ey predi ct
mod el i's that the mutational di sr uRutritohng roafo r e
mutation at the 3Esplicenextteexmry (Itelaed <l it heo
the next functicoalsi 3Eeapl wiehSiexpleltd meandal Md
Talerico antteBengde(fR@®Eedrosnon, Cote, and Bleege
spliceosome assemrmblhheiss antercohsasn itshmi ins s@epge €etsé d et
suffilcarrgea.liyAtconding to this modelt o at matsaki g
of the prenvatohisam atklbpaam (€E€sekahamna, Casciat o,

13



Al t hoboghon and exon fdoerf r huafi wwhreekip ead creewnttal f
somespects of these hgpettdreldda call armefditheathsi sgresn e e
as sutmealt exohardefdlianded oinntihiogiea & Biir, yiat e pasbi t i
mai nl pnrelheasr vede as ed oifvnetrrtoenb rlaéthegatshp Bib ughs bee
suggaedhia@eatdr on and exon deddeniwiitomi mMmaay Dpddci asak
genfé&Mc Geitr2¢010.8; Tal erico aod | Bé&mrgettlidoh@ad¢ urf uil ¢
under(sS madm2a®dIlOBi) nslolmer y | amae rieretorgonniszed i n se
of recur si@reo ss@ahdcliaegr(tBaibnresett2H.5 ; e tDRADIL.5; eSi bl e
al201BA) present, it i's uncl ear how | mtecamsanwue

splicing.

Intron definition model Exon definition model

Introns < 250 bp Introns > 250 bp
Figstetron and exon definition model s. Curved 1ir
gl obul ar el emeht sheeppeserbsomet §UBAF65 i n purdmlige
arrows indicate the recognition mechani sm: acrobhe
exon in the exon definig,i oinn moplsseh opudridresdb e(ate eon f wht

recognition mechahi e ms®te,sBmpP3 oyRidght s and ®Beprin

14



2.4.Interactions betweemRNAassaiated processes

RNAplIsi cing i s not n®On hies pol bastterda dpmidopcpessvseit e w
t htatanscrtiipthihbdmgriconnected winhr apélolc&ldmmsa ati o
and Reed 2002; hdeegabalaemd 2dfe dt)he documented r

transcription, sflsisoicngtaeamnddd potoltessmRNAre | i st

1T The cap binding complex, which § sompaodtdeesd 1
the recruitnpernotx ionia U 15 H eseptldipfi®6 ;sd R 28Il S )

T The RNA polymerase |11 stobmubptéesisagl eohnag
such as GSR.pFongi asd RBdn2DIC7y) 2001; Das

T Splicing stimulat e(sFama@n¥.crW.ptainadn Zehloaun ge0t!

f Te U1l bound S5tEeptameppsdeseses proxi mal pol

(Gunderson,-Schwlhayezar panud Matt aj 1998; T
Maksi menkoTR&® 18)ppressive effect{Kaefdadl . a
2010)

T 3E end prpmcd dedoiwrgdlivesde i c(i Knygbeutr 2&0 6 ; Metl | &Iv.oi
2006)

T Polyadenylation signals and G5Esplice sit
i nfl uence the direction of transcriptio
pol yadenyl ated whereas thetirecr sittaments i
transcription (Al matdad®lé@B3e direction

T Spliecnhmhagncekeaf(lLaerpantd .Reed 1999)

The | ist above il lustrates onilryt er ssonaildn sp a
MRNAssoci ated processes in the eukaryotic cel
experiment al and computational studi es, whi ch

mol ecul ar, luetasiviocobhuary signi ficance of t his n
studied. To date, the hypothesis that saasd i ni
been | argely neglected. This qe9peinldiermiittigeld smac

15



2.5.U1-dependent definition

The-délpendent definition modetlhats haanv ea tbteeemmp
for gene architectureFwortkexampse, ot hgemnaeasexpr
introns atndt heg pgecrmd I55E enhances thantdeglkanthd sg
Fromm, and Wakb@®IldB9ASl 7s; o pfRamnsye mstpreccnsesr esi de pr e
gene 6Eiemd?2O0RUWNt iermar eé,ntrons are typically
(Bradnam and IKnorofne20l0a8s)t exampl e, splicing an
are described as posiwmitehetgncoiupaledppaipaddassels
stimul ating I(awits rian tarnodnThGe ®lei no ilRKgintd) ad ti Batsa ni a
and Lyn)mu,so2nlelb3ewconhlelklddedendent definition pr
for how these connecti®nseoaanabeidelai egetdhaTtTh
cleavage/ polyadenyl ation factors (CPRgs)Xessmpae
over |l apeii gd blmiumrd inmfgCastiat essnd Ly nScphiwii2msindy) c | eav e
and polyadenyl ation when thsesufbcehembbhsgedlirtadc
foll ows that by -evnihratredef gt ¢sk escthr g i dhae mg | e X
athe gene 5E end or optiismhehlo @A irceec rsuittense natr.e V
dominant, splisomBNAs3EfE&ndOtemeicvaimsia sitgi. t ut i ve
perturbed a@&ampd icl tregr tiperiryaetaiyywe ev(alnlan and Manl ey

The -délpendent definition modelt ehiamlige schang
expression. Addant ageavdgéye tstructure and e X
mechani sm for s plhiec enesihtaen i 1senc d draitetpieomel.e e, s dferf d
whil e di gthien @xidimt oaan e € hanpumiotees t hesTeo tbhweo
srcae fi-dégpendent definitiofsb pmnditt 0 ft hraetc otgma tsipoln
nor the Rax botelre iamtdtiesn f celxloonwi nlgnder t hi s model ,
bind ¢ongevbbEt $ plkdwrei rsgi tpdrsacAlspgect s of Dboth an e
inteobefgth, GS5Esplicienfslittken cdeleagtihgn woful tdhe
site. 1t is worth noting that the excisideh of
in that these exons -Hdepkndpetspefceiti b, i R d
favoured by the, cawmablssdisng s@pd mgli exg -eébnyh avn critnuge
ef f &htes.r ecofghert mioma la betxhoen ot lserf alw@rtd @chdbypr oce
sighawhli tlet eyl i cing of the | ast aindttdmusby nced
SFs to @QRFHaAamHa)(FDH 6)p @
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Efficient Splicing EfficientimRNAY3 Jend formation

L @
> g
pre-mRNA 3' end

Recruitment of splicing
factors (@) within intron

Recruitment of cleavage/polyadenylation factors (@) within intron

edelt hfeberactions between splicing factors ar

g 6.
ndi fFg oQuitteeni a ,a n2dR® lLgmtcsh and repri 82 per mi ssi on:

-2

3. Programmed DNA elimination

During ané i ndifwitd unael, t he eukaryotic gen
reorgani zations that <can Thmeaviolpy diized bgusd nfadnat th
Bradiykias, for exampl ea dhreo moesca mstdhoehe ittrasisirkin gns a
(Pigozzi and Sol ari 1998) n Gaddytiammn tEctebaor
chromatin di mi nuti on can al so take pl ace. T
rearrangamewmtcucan mnbtumans jtaeswerdatweesr during th
functional (abhet iVioldyargteanyes2002; Schatz 2004)

Ciliates are excel ldeenvte | soypsmeecnesa sf oorf sct hurdoynn ant
(Austerberry, Allis, and eMa2d|0®;8 £lte Plcé;i zKuakp u s
et 20ILE)Tr st , ciliates house bot h tthhee sgaemmeml c ynteo
Thi d ocali zed nucl ear di morphism greattlggomaci |

di fferentiati on. Second, & Wileiipr occielsisa toefs cihsr olm
pr ogrammed DNA ienviensi nrmdti om few genes but rat h
| mportant for the puipogdéi sftthiele gpr magrela snan® €l c rDIN
el imination is (nhueetadadlDBheympectmatkunobdbéds
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germspaei fic regions facilitates the -sealeti
comparati,vewhiinal yc&®mrs pr oviede logh stohgihgt sSp wandtdss s
evaliwnary giCanaath#®ldaB ¢ e

3.1.Genomic rearrangements in Paramecium

|l Par amecitilhm somati c nucl eus (macronucl eus
germline (micronucl eus, or Ml CPaat meeectrngeuvr een ti
t he best charactemugzedt spebdMMAE€s i ef compoged of
~40,00q Agetyed0l0.6)In this species,) ythedMAQageéno
estimated ~800 ®Appregxi martelepch5geone. I nternal
must be removed from the developing somatic |
(Ar nai2z0 le2t; eeagwaitlt4 ) ES r emov al i's thought to ta
i s bei ng( Daurhpal ricfoi verdt , Kel.l ePi,g gamMladaMee/ tri cladt9e8d
transpaeasaasees olueavealhisp|DINBAa nedtr paDI0.¢ st 77 % of

| ESs dePRP.ecttetdrmatugrerl yimi f ekloows t hat failure to

the developing MACArisadiRailent B®Iit ley mi etr h.aInldE Psu h
aroef tshror t er ,t lsamaomOe xbppe cttb & ed ema siommnal |y tol er
|l ndeed, i mperfect | ES excisions have Db(eleunr edtet

et 20108 ; eAr2d@li.z; <€ la@ANMBa

Al t houfgahc ttehgea | at i n gh d\EeS (efextcliltsyi odfmMeuci dat ed,
epigenetic fact orisReagraert dierogy@ n € b c Eascftéi griagh ®sein gors i, d
at the I ES termini. In péarnuchéatridas]|] odEISE ai
in the somatic gerome unputtiadtigii ceksE & s e v(oMasyile&kn a n c
Forney. 1M0ddi)t ido nTaAlsl yar eb ap airntveaft e@@ and | oosel

Al t hough it is clear that nucleotides iIinSthes
excision, l'ittle is known alacsutbeteind afsgiaudtid me c
ter mi nal repeat consensus that is similar to
whi choagkttho be Pitle ranEfd i ma iLDUN3gr e better e
However, thisthppehhteirmahhygy hested.

With regard to the epigenetdiagr RYAbanr ent he
| ES excision as RNA&s mgFd bgeidi( € rne & cheet ts,c albhbhr enf eu c |
200 3; Mochi zuki andetG@0IOBs k Wo@ACG4&) , LSphet.ey, a
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S

| mocdoensi st s ,wlhli cah faerwe sftwelplsy consi stent Wi

experimentalheyideace

T The MI C genametiisonbail |l y transcribed upon
T The transcribed RNAs agter pmdbaRN&E ds d MR NATS
transported to the maternal MAC (which wun
T I'n the maternal MAC, the scnRNAs that mat
As a consequence of this operationaestthkat
arefoond in the MAC.
T The active scnRNAs travel to the-spewi yi d
sequences for removal
Step
ANANNNNNNNNNNNNNNNN
I |ES aaaaa— Mic
1 L N\NNNNNNNNNNNNNNN
PANANANAANANANAAAA  dsRNA
2 s s s nt s Small
Ny N, Npy Npg Ny A RNA
2 - ~ L
3 ::::::::é::::::; :::'::::E::::::: %NN%% ::"::::E:::::::: ::::::::: OI d
[ r————— I Mac
PAYA
Npy Ropy
4 1 e
Y V4 New
?Jf Mac
Figumde sAcnmbMledcri bed Minc :f onuirc rsatneupcsl.e u s . Il ES: int
doubl e stranded RNA. Ma c : Macronucl eus. From3Moct
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3.2.Macronuclearization and micronuclearization

The process of I ES exicliLbesildamsilse naeti tlheas tf up 4
in the developi reg,gMA&Cmatnioc DPMNAcriesgi dqns can be
flanked by crypteseerasoagsgesh shghabsrsangEkpongt
MAC gesbmehdesrequences that are alternati,vely
consistent fwintdfi DwpestetRlddl®.8s €E€at2a0hliBad i s poseasn bl e
evoluti omameg dalmebeldMMApYVe ci ngi varsieantos new so
germline c.oMofrieg srpetciicardsdat | pp to being mere n
splicing could reflect the first step e®rhrcasdgr
Foll owi ng t hei 8t@ameminnaetxidoan matdiedosn t hat are des
the origins of spliceosomal introns and exons
di stinct than tradi tvieornsaildny ctohuwludy hePvae A imaent didamsni
the presence of new ecological opportunities.
mechani sms <{aenrdmeMi cMaocnrgo€b é ani aatandnSchmitz 201

T Macronucl ea+i iMALt icoom v(eMIsC on) refers to th
|l ESs in the MAC genome. Thi sonsntdigsatupbdn

weakening I ES excision signal s.

T Micronucl eat¢rti-dklaQ i coonn v(eMAsd o n) refers to th
somatic DNA regions. This excision can b

cryptic excision signals.

4. Overview

This introdudhttaokhgmpowwvd dik sARNs pldige@ignggmmed DN
el i mi,matdi d rh eao rgautmieaniamst ai ni ntgwptr naxthh oY Klestehe pot e
af fpercap e rttheee k a gyeost@nc t he basif @1 @ atpaien@h apt er 3
focuBNAnNnspi Dciosgpahat lmeurl ti cel |l ul apulkady wtnii © e $ |
Chapteonciprrangr amMNAd el i mi nhiiregd letcedPatraae@r.el i a

Suppl ement ary mactoempiialle d iaft etxhiesteinndg ,ofi st he t he
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